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Preface
T h e  present volum e is a  co llection  o f  papers that were read at the Seventh 
Scajidinavian C onference o f  C om p u tation a l L inguistics (N ordiska D atalin gvistik ­
dage) and the S ym posium  on  C om p u tation a l L ex icograph y  and  T erm in ology  in 
R eyk javik , June 26 th -2 8 th , 1989.

T h e  C onference and the S ym posium  were jo in tly  organ ized  by  the Institu te  o f  
L inguistics and the Institu te o f  L exicography, U niversity o f  Iceland . In a dd ition  
to  the ed itors o f  this volum e, Sigurdur Jdnsson, can d .m ag ., o f  Idunn P ublish in g  
C o ., was a  m em ber o f  the organ izing com m itte .

T h e  b o o k  is d ivided  in to  three sections: M orph ology , Syntax and D iscou rse 
A nalysis (8  papers). M ach ine Translation  (15 pap ers), and  C om p u ta tion a l L ex ­
icography (7  papers).

A  few  papers were presented at the con feren ce bu t n ot received for  pu b lica ­
tion.

T h e ed itors w ould  like to  thank Sigurdur Jdnsson for  tak ing the in itiative in 
holding the C onference and  the S ym posiu m  in Iceland , and for  his assistance in 
organizing these events. T han ks are due to  B jorn  P 6r Svavarsson, and Fridrik 
M agnusson, o f  the Institu te o f  L exicograph y, for  help  in bringing  ou t these p ro ­
ceedings.

Jörgen  P in d  and E irfkur R ögnvaldsson
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Part I

Morphology, Syntax, and 
Discourse Analysis





Stefan Briem

Automatisk morfologisk analyse af 
islandsk tekst

Abstract

Automatic Morphological Analysis o f Icelandic Text
One of the projects worked on at the Institute of Lexicography at the 

University of Iceland is a frequency analysis of Icelandic vocabulary and 
grammar. The most time-consuming part of the work consists in morpho­
logical analysis of text samples containing in all more than half a million 
running words. For every single word the analysis results in registration 
of the word class, the flexion form and the lemma to which the text word 
belongs.

If manually performed, this kind of analysis would be enormously 
monotonic work requiring high precision. A method has been developed 
to perform the analysis to a great extend automatically using a computer. 
However the manual work can not be eliminated, but it has already been 
reduced significantly, and at the same time the character of the manual 
work is altered to be mainly a matter of correcting activity.

The method of automatic analysis is based on a corpus of tags and word 
forms originating in a previous manually performed analysis of more than 
54,000 text words and on a set of rules for possible relations between words 
of the same sentence. On the basis of frequencies compiled by the previous 
analysis and of points given by the rules when fulfilled, a computer program 
automatically selects the probably ‘best sentence’ among a (usually great) 
number of homograph sentences. Furthermore, in case of words not found 
in the collection of word forms, the program makes use o f a collection of 
more than 5,000 back parts of word forms in order to make an intelligent 
guess.

At the current stage the result of the automatic analysis is completely 
correct for about 70% of the text words and partly correct for about 15%. 
Our experience shows that the manual effort is reduced by about 2/3. By 
extension of the word form collection and by improvement of the relation 
rules and points giving, a significant improvement of the automatic analysis 
is expected in the near future, e.g. leading to 85%-90% of text words being 
correctly analysed.
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1 Indledning

A u tom a tisk  m orfo log isk  analyse a f islandsk tekst hører til en a f Leksikografisk 
Institu ts opgaver. D et drejer sig om  en fase a f et større  p ro jek t, som  er udar­
be jdelse  a f en islandsk frek ven sordbog . B ogen  skal g ive op lysn inger om  brugen 
a f islandsk n utidssprog , det skriftlige sprog , i form  a f forskellige slags oversigter 
over h yppigheden  a f o rd , ord form er, bøjn in gsform er, ordklasser o .s .v .

D et kan g ive en idé om  p ro jek tets  om fan g  at det v il om fa tte  ca . en halv 
m illion  tek stord . L angt den største del a f arbejdet ligger i den m orfologiske 
analyse, som  bliver sæ rlig om h yggeligt u d ført. I den sidste ende vil analysen 
b live  m anuelt u d ført eller i hvert fald  m anuelt kontrolleret. M en det har allerede 
vist sig at a rbe jd et reduceres i b etydelig  grad  ved at man i første  om gan g udfører 
analysen au tom atisk  ved  h jæ lp  a f en datam at.

2 Formål

F orm ålet m ed den m orfolog iske analyse uanset om  den bliver ud ført m anuelt 
eller m ask instøttet er følgende.

F or det første  skal analysen for  hvert enkelt tekstords vedkom m ende føre  til 
registrering a f  ordklasse o g  bøjn in gsform .

D esuden  registrerer m an hvilket kasus verber o g  p ræ position er styrer. De 
fleste o rd , som  m an p lejer at klassificere som  præ position er, bruges i nogen 
tilfæ lde som  adverbier, o g  om ven dt, m ange ord , som  trad ition elt klassificeres 
som  adverbier, bruges og så  som  præ positioner. I dette  p ro jek t har m an derfor 
valgt at beh and le  p ræ position er o g  adverbier under ét, hvilket m edfører, at man 
også  registrerer adverbiers kasusstyrelse, når den forekom m er.

E n dvidere  registrerer m an for  hvert tekstord  det tilhørende leksikonsord, også 
kaldt lem m a.

S om  et eksem pel tager v i fø lgende korte  tekst og  det tilstræ bte resultat a f 
dens analyse:

T E K S T :
had er J>ridjudagur i dag. Magnhs kemur å 
morgun. Hann dvaldist åsamt dr. Jésteini 
Samuelssyni alllengi i Danmorku. Félagi 
hans hefur ordid eftir.
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A N A L Y S E :
f p h e n j>ad t>ad
s f g 3 e n er Vera
n k 6 n ^ridjudagur j>ridjudagur
a O i i
n k e 0 dag dagur

n k e n s Nagnås Nagnås

S f g 3 e n kemur koma

a 0 å å

n k 6 O morgun morguim

f P k e n hann hann

s f m 3 e P dvaldist dvelj a

a P åsamt åsamt

n k e t> dr. dr.

n k e P S Jdsteini Jdsteinn
n k e P s Samåelssyni Samåelsson
a a alllengi alllengi
a t» i i
n V e P S Danmorku Danmdrk

n k e n. félagi félagi
f P k e e hans hazm
s f g 3 e n hefur hafa

s S g ordid verda
a a eftir eftir

I den m idterste kolonne har vi tekstordene, ét i hver linie, o g  til højre  de 
tilhørende leksikonsord. T il venstre har v i så  tegn for d e  gram m atiske op lysn in ger 
som  analysen har ført til. D et første  tegn  står for  ordklasse. F or hvert tekstord  
er der højst 7 gram m atiske tegn  i en bestem t ræ kkefølge. D en  kan m an kalde en 
gram m atisk  streng. En blank linie betegner begyndelsen  a f  en ny sæ tning.

3 Den automatiske analyse

D en m etode , som  m an her ben ytter til autom atisk  m orfo log isk  analyse, er base­
ret på  en tid ligere m anuelt ud ført analyse a f g o d t 54.000 tek stord  (PriQrik 
M agnusson 1988) o g  fungerer ved h jæ lp a f et sæ t a f m orfolog iske regler o g  ved 
betragtn ing o g  vurdering a f sandsynligheder.

H ovedanalysen udføres m ed én sæ tning ad  gangen. D et m å  derfor væ re helt 
klart, hvor hver sæ tning begyn der. F or at op n å  det udføres der en foranalyse 
som  har til form ål at registrere startfeltet for  hver sæ tning ^lf den  tekst, som  skal 
analyseres.
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3.1 Foranalyse

Foranalysen  udføres halvautom atisk , d .v .s . i sam arbejde m ellem  m enneske og  
m askin.

T E K S T : B E G Y N D E L S E S O R D ;
had er l>ridjudagur i dag. Magnhs kemur å 
morgun. Harm dvaldist åsamt dr. Jdsteini 

Samuelssyni alllengi i Danmorku. Félagi 
hans hefur ordid eftir.

P O IN T E R R E G IS T E R ;
0 < bad 

26 # Magnhs 
49 < Hann 

115 < Félagi

begyn delsesord  
— ► # for  egennavne, ellers <

startfelt i teksten

H er har v i den sam m e tekst igen. T il højre  er vist de første 20 ord  i en sam ling cif 
649 begyn delsesord , ordn et efter hyppighed . D isse 20 ord  er altså de hyppigste 
i begyndelsen  a f  islandske sæ tninger, i hvert fa ld  i den tekst som  sam lingen 
er baseret på. D et p rogram , som  udfører foranalysen , bruger denne sam ling til 
au tom atisk  at finde ud  a f  de fleste sæ tningsbegyndelser i en tekst. N år der er 
tv iv l s top p er program m et o p , inviterer m ennesket til en afgørelse o g  fortsæ tter 
når en beslu tn ing er truffet.

I dette  eksem pel m å et m enneske træ de til for  at afgøre, at M agnus er et 
p rop riu m  o g  at Jåsteinn ikke er begyndelsen  a f en ny sæ tning.
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R esultatet, et pointerregister, bruges så  sam m en m ed teksten under h oved ­
analysen, den egentlige autom atiske m orfolog iske analyse, som  v i nu går over til 
at betragte.

3.2 Den automatiske hovedanedyse

S Y S T E M E T S  B E S T A N D D E L E

D ette  billede viser system ets bestanddele . I centrum  er et program , hvori der er 
indbygget et sæt a f 75 regler, isæ r m orfolog iske regler. P rogram m et g ø r  bru g  a f 
en sam ling a f ord form er o g  en sam ling a f sidstedele a f ord . D et er program m ets 
opgave for hvert enkelt o rd  i en given tekst at finde frem  til den m est sandsynlige 
streng blandt de 566 forskellige gram m atiske strenge, sam t at finde det tilhørende 
leksikonsord.

V i vil nu betragte de enkelte bestan ddele  næ rm ere.
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3.2.1 Støtteregistre

L ad  os b eg y n de  m ed de 3 støtteregistre  som  program m et bruger uæ ndrede fra 
tekst til tekst.

D et første  støtteregister indeholder 566 gram m atiske strenge i alfabetisk  
ræ kkefølge. T allene er hyppighedstal.

G R A M M A T IS K E  S T R E N G E :
434 a a 
27 a a e 

34 a a m 

17 a e 
40 a o 

13 a u

25 n  V 

1 n V 

24 s b 
1 s b 

57 3 f

f t> g 
f t> g s 

g 2 e n 

g 2 f n 
g l e n

D et andet støtteregister indeholder knap 18.000 ord form er i a lfabetisk  række­
fø lge  sam m en m ed det tilhørende leksikonsord o g  læ ngst til venstre num m eret på 
en gram m atisk  streng. H ver ord form  kan op træ de m ange gange p .g .a . forskelle 
i leksikonsord o g  forskellige bøjn ingsform er. Tallene i anden kolonne er hyppig­
hedstal fra  den  tid ligere analyse.

O R D F O R M E R :

421 1 vélstjérum vélstjdri

453 5 vélum vél

455 3 vélunum vél

116 4 vér ég
116 171 vid ég

0 52 vid vid

4 498 vid vid

6 27 vid vid

484 1 vida vida

215 1 vidamesta vidamikill

208 1 vidamikid vidamikill
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O g  det tred je støtteregister in deholder g o d t 5 .000 sidstedele a f  o rd form er i 
baglæ ns alfabetisk  ræ kkefølge, hver sam m en m ed den tilsvarende sidstedel a f  et 
leksikonsord o g  num m eret p å  en gram m atisk  streng. T allene i anden  kolon n e er 
sandsynlighedstal som  m an kan k n ytte  til hver sidstedel for  at styre p rogram m ets 
anvendelse a f dette  register.

S ID S T E D E L E :
377 0 trjåa tré

287 0 adda addur
311 0 adda addur

41 0 alda öld

287 1 falda faldur

311 1 f alda faldur

377 0 halda hald

377 0 elda eldi

377 0 ef la ef li

429 0 regla regla

377 0 bila bil

373 0 heimila heimili

377 0 heimila heimili

287 0 mikla mikill

311 0 mikla mikill

409 0 jökla jökull

417 0 jökla jökull

377 0 falla fall

377 0 fjalla fjall

409 0 valla völlur

3.2.2 Sæt af regler

Lad os nu betragte det regelsæ t som  er direkte in dbygget i p rogram m et. T il hver 
regel er der knyttet et antal poin ts, som  gives hver gan g reglen er op fy ld t.

P rogram m et arbejder m ed én sæ tning ad  gangen. D et slår tek storden e o p  
i sam lingen a f ord form er. I de  fleste tilfæ lde findes der nogle  m uligheder for  
hvert tekstord. D et kan føre  til et stort antal a f h om ogra fe  sæ tninger, der b liver 
kandidater til stillingen ‘den  b edste  sæ tning ’ . H vis tek storden e betragtes hver 
for sig uanset deres stilling i sæ tningen , er det um uligt at a fgøre hvilken a f  de 
h om ografe sæ tninger er den rigtige eller den bedste .

M en her træ der reglerne til. F or hver enkelt a f de h om ogra fe  sæ tninger 
kalkulerer program m et det tota le  antal po in ts  som  reglerne giver hver gan g  de 
er op fy ld t. D en  sæ tning, som  får de fleste poin ts , anses for  at væ re den  bedste  
og  bliver valgt som  analysens resultat.
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I praksis kan antallet a f  h om ogra fe  sæ tninger blive så enorm t, at det ville 
tage  datam aten  m åneder eller en d og  år at betragte  dem  alle. M en da  antallet 
er kendt tid ligt under processen , løses dette  prob lem  nem t ved optim alisering a f 
kun en del a f sæ tningen  ad  gangen. D et m edfører en nedsæ ttelse a f analysens 
korrekthed  på  kun ca. 1% .

D e  fleste a f  reglerne er m eget enkle o g  kan derfor nem t om skrives til et 
program m erin gssprog . H er er vist nogen  få  a f reglerne i damsk oversættelse. 
T allene er de tilhørende poin ts.

• H vis der eftir et fa ldstyrende adverbium  følger et ikke fald- 
styrende adverbiu m  o g  derpå  fø lger et faildbøjet ord , så vil det 
faJdbøjede ord  stå  i det fa ld  som  det første adverbium  styrer. 
4 0 0

• D et er sandsynligt at ad  er en kon junktion , hvis et ukendt ord  
fø lger efter. 5 0 0

• H vis der efter et aidjektiv fø lger et substantiv, så har de næsten 
a ltid  sam m e køn , ta l o g  fald. 1 0 0 0

• H vis der efter et ad jek tiv  fø lger et substantiv i bekendt form , så 
er der større  sandsynlighed for  at adjektivet har bestem t form  
end u bestem t. 1 0

• E t verbu m  i perfek tparticip iu m  er sandsynligt, hvis det fø lgende 
ord  er verbet vera eller hvis verbet vera er et a f de to  for ­
anstående o rd . 2 0 0

K on gru en sbø jn in g  er en  a f de stæ rkeste støttep iller for den autom atiske 
analyse. E t eksem pel på  kon gruen sbøjn ing  har vi her i tred je regel i tilfæ lde 
a f su bstan tiv  o g  tilh øren de ad jek tiv . A n d re  analoge regler for kongruensbøjning 
om fa tter  og så  pron om in er o g  ta lord .

3.2.3 Resultat

K orrek th eden  a f  den autom atiske analyse frem går a f sam m enligning m ellem  den 
p å  næ ste side an førte  o g  den  tid ligere v iste korrekte analyse a f  sam m e tekst. I 
d e tte  eksem pel har program m et b l.a . taget fejl a f  tekstordet fé la g i . Ifø lge den 
au tom atiske analyse skulle det væ re singularis da tiv  a f substamtivet fé iag  som  
b ety d er  foren in g , m en i virkeligheden  drejer det sig om  singularis n om in ativ  a f 
su bstan tivet félagi som  b etyd er kam m erat. L idt senere får vi flere eksem pler på 
h om og ra f!.
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A U T O M A T IS K  A N A L Y S E :
f p h e n ^ad ^ad
s f g 3 e n er vera

n k e n # j>ridjudagur J)ridjudagur
a O i i

n k e 0 dag dagur

n k e n s MatgnUa Magnås

s f g 3 e n kemur koma

a O å å

n k e O morgun morgunn

f P k e n hann hann

dvaldist dvaldist

a 1> åsamt åsamt
dr. d r .

n k e t> s # Jösteini Jösteinn

n k e t> s # Samåelssyni Samuelssonur
a a alllengi alllengi

a t> i i

n V e i> s Danmörku Danmörk

n h e p félagi félag

f P k e e hans hann

s f g 3 e n hefur hafa

s S g ordid verda

a eftir eftir

it betyder at analysen er baseret p å  ord ets  sidstedel.

3.3 Præstation og kvalitet

R esultatet a f analysen a f en prøvetekst p å  5 .000 ord  blev:

Præstation:
M askin /m enn eske: F oranalyse 2 -  5 m in. 

M askin : H ovedanalyse 1 5 -2 0  m in.
M enneske: K orrek tur 20 tim er

Kvalitet:
70%  tekstord  korrekt analyseret 
15%  tekstord  ukorrekt analyseret 
15%  tekstord  slet ikke analyseret

Foranalysen tager næsten ingen tid . H ovedanalysen  tager heller ikke lang 
tid og  det er j o  datam atens tid . S tørstedelen  a f  arbejdstiden  er stad igvæ k  den 
menneskelige arbe jdstid  som  kræ ves til korrekturlæ sning a f den autom atiske 
analyses resultat.
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K valiteten  a f  den autom atiske analyse p å  det nuvæ rende stadium  er vist her 
i p rocen ter.

3.4 Problemer

D e største  p rob lem er h idrører fra  fø lgende tre faktorer:

1. M an ge ukendte tekstord

2. U regelm æ ssig interpunktion

3. H om ografer b lan dt hyppige ord form er

U kendte o rd  m edfører at det b liver svæ rt at analysere d e  næ rm est liggende 
ord  korrekt o g  præ cist.

P å  grund a f  uregelm æ ssig bru g  a f in terpunktion  i isl^lndsk har m an i den 
au tom atiske analyse helt set b ort fra  interpunktionen , selv om  den selvfølgelig  i 
m ange tilfæ lde kunne g ive væ rdifu lde oplysn inger.

Jeg  vil nu give et par eksem pler p å  hom ografer b landt h yppige ordform er, 
som  tit bliver fe jlagtig t analyseret under den autom atiske analyse.

o r d f o r m  leksikonsord dansk

r vid pron . pers. 1. p. pi. nom . vi
v id  < vid p ræ p ./a d v . ved

1 (v idur sb. m ase. sg. akk. ved)

O rd form en  v id  h^lr tre  helt forskellige m eninger. D e  m est alm indelige er 
p erson ligt pron om en  o g  p ræ position . D en  tred je er her sat i parenteser, ford i den 
er ikke næ r så h ypp ig  som  de andre; o g  den er faktisk  slet ikke m ed i sam lingen 
eif ord form er.

o r d f o r m  leksikonsord dansk

o r d id  I  

o r d in  |

verda v b . p .p ./s u p . blevet
ord sb. neutr. sg. n o m ./a k k . bek. ordet

verda v b . p .p . blevet
ord sb. neutr. pi. n o m ./a k k . bek. ordene

D e to  andre ord form er, o r d id  o g  o r d in  har hver for  sig to  helt forskellige 
m eninger.

D isse bestem te  h om ogra fer u d gør m åske ikke ret store  problem er. M en der 
kræ ves i hvert fa ld  m ere præ cise regler end de h id tid ige til at skelne i m ellem  
dem .
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3.5 Forbedringer

T il slut skal vi betragte  de m uligheder der gives for  at forb ed re  den autom atiske 
analyse.

• Større korpus, d .v .s . flere ord form er o g  flere sidstedele

• F lere o g  m ere præ cise regler

• P ræ cisering a f poin tsg ivn ing

• U dnyttelse a f in terpunktion

D en forbedring  som  m an venter at op n å  uden større  besvæ r skulle føre  til 
8 5 % -9 0 %  korrekt analyse.
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Eva Ejerhed

A Swedish Clause Grammar and Its 
Implementation

Abstract

The paper is concerned with the notion of clause as a basic, minimal 
unit for the segmentation and processing of natural language. The first 
part of the paper surveys various criteria for clausehood that have been 
proposed in theoretical linguistics and computational linguistics, cind pro­
poses that a clause in English or Swedish or any other natural language can 
be defined in structural terms at the surface level as a regular expression 
of syntactic categories, equivalently, as a set of sequences of word classes, 
a possibility which has been explicitly denied by Harris (1968) and later 
transformational grammarians. The second part of the paper presents a 
grammar for Swedish clauses, and a newspaper text segmented into clauses 
by an experimental clause parser intended for a speech synthesis applicar 
tion. The third part of the paper presents some phonetic data concerning 
the distribution of perceived pauses (Strangert and Zhi 1989, Strangert 
1989) and intonation units (Huber 1988) in relation to clause units.

1 What is a Clause in Linguistic Theory?

In trad ition a l gram m ar a  clause is defined as a  unit consisting o f  a  su b ject 
and a  pred icate . T h e  term s su ppositu m  and appositu m  were used in scholastic 
gram m ar to  den ote  the synttictic fu n ction s o f  these tw o basic parts o f  a  clause. 
T rad itiona l gram m ar malces a  d istin ction  betw een m ain clauses and dependent 
clauses.

In current tran sform ation al gram m ar as presented by R adford  (1988 ), three 
typ es  o f  clauses are recogn ized  (see (1 )).

(1 ) (a ) O rd in ary  Clauses 

S'

14
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(b ) E xception a l Clauses 

S

N P  I V P

(c ) Sm all C lauses

N P

SC

X P

A ccord in g  to  R^ldford (1988) “ the three C lause types d iffer prin cipally  in that 
O rdinary Clauses contain  b o th  I and C , E xcep tion a l clauses con ta in  I (= in fin i- 
tival to ) but n ot C , and Sm all C lauses conta in  neither C  n or I. M oreover, b o th  
E xceptional C lauses and Sm all C lauses are h igh ly  restricted  in their d istribu ­
tion: for exam ple, E xception a l C lauses typ ica lly  o ccu r  on ly  as the C om plem en ts 
o f  certain specific types o f  verbs; and Sm all C lauses o ccu r  m ain ly  as the C om p le­
ments o f  a  subset o f  V erbs and P reposition s . . . ”  It shou ld  be  n oted  that I here 
is tense, m oda l, or  infinitival to , and C  is com plem en tizer. E xam ples o f  o rd in ary  
clauses are given in (2 ), (3 ) and (4 ) below .

(2)

N P
I I

M ary m ight

V
I

think C
I

that

S'

N P
I

he

S

I
I

will

V P
I

resign

(3)

approve the p r o je c t '
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(4)

w hether N P

P R O approve the p ro je ct  -

In com p u ta tion a l linguistics, there is n o  single answer to  the question  o f  what 
a  clause is, since this depends on  the particu lar gram m atica l theory  chosen in a 
g iven  com p u ta tion a l fram ew ork.

In ord er to  illustrate on e  particu lar and explicit n otion  o f  clause, or m ore 
precisely  p red ica tion , in com p u tation a l linguistics, I want to  qu ote  an interesting 
s tu d y  b y  H enry K u5era  (m s, 1985) on  the com p u tation a l analysis o f  predicational 
stru ctu res in the B row n  C orpus.

H e considers a  p red ica tion  to  be, first o f  all, any verb or  verbal grou p  w ith  a 
tensed verb  that is su b ject to  con cord  (for  person  and num ber) w ith  its gram m at­
ica l su b je ct. T h ese  verbal con stru ction s he calls finite predications. In addition  
to  th at, he a lso  includes in his analysis non-fin ite predications, consisting o f  in­
finitival com plem en ts, gerunds and particip les. W h at he did  in his stu dy  was to  
iden tify  and  classify  all the pred ication s, w hich  were 145,287 in all the 54,724 
sentences o f  the B row n  C orpus.

T ab le  1 show s for  each genre in the corp u s, the m ean sentence length  (w ords

Genre Words Pred. Words
per per per
Sent. Sent. Pred.

A. Press, report. 20.81 2.65 7.85
B. Press, edit. 19.73 2.74 7.20
C. Press, reviews 21.11 2.65 7.96
D. Religion 21.23 2.90 7.32
E. Skills 18.63 2.60 7.17
F. Pop. lore 20.29 2.82 7.20
G. Belles lett. 21.37 2.94 7.27
H. Misc. 24.23 2.82 8.59
J. Learned 22.34 2.87 7.78

K. Fiction, gen. 13.92 2.41 5.78
L. Mystery/detect. 12.81 2.29 5.59
M. Science fict. 13.04 2.23 5.85
N. Adv./Western 12.92 2.30 5.62
P. Romance 13.60 2.45 5.55
R. Humor 17.64 2.84 6.21

CORPUS 18.49 2.65 6.97

Table 1:
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per sentence), sentence com p lex ity  (p red ication s per sen ten ce), and m ean pred­
ication  length (w ords per p red ica tion ).

Table 2 below  show s that w hereas sentence length  varies a  great deal betw een  
a  m ean o f  21 w ords per sentence in in form ative prose (IN F O ) and  13 w ords per 
sentence in im aginative prose  (IM A G ), sentence com p lex ity  d oes  not vary that 
m uch betw een  genres: 2 .80  versus 2 .38 predications per sentence.

Measure INFO IMAG CORPUS

Words/Sent. 21.12 13.55 18.49
Pred./Sent. 2.80 2.38 2.65
Words/Pred. 7.54 5.69 6.97

Table 2:

Table 3 below  show s how  the finite (F ) and non-fin ite  (N F ) p red ication s were 
distributed in the genres o f  in form ative and im aginative prose.

Group Type No. Pred. Percent
per

Sent.

INFO F 68,157 1.91 68.09%
NF 31,935 0.89 31.91%

100,092 2.80 100.00%

IMAG F 34,329 1.81 75.96%
NF 10,866 0.57 24.04%

45,195 2.38 100.00%

CORPUS F 102,486 1.87 70.54%
NF 42,801 0.78 29.46%

145,287 2l65 100.00%

Table 3:

W h a t KuCera considers as the m ain result o f  his stu dy  is the lack  o f  correla ­
tion  betw een sentence length  and sentence com plexity , and it is indeed  surprising.

KuCera’s stu dy  was con cern ed  w ith  finding, cou n tin g  and classify ing predi­
cations units (verbal grou p s) in the B row n  C orpu s. It was not con cern ed  w ith  
w hat w ould have been an even m ore  difficult goa l, that o f  find ing entire clause 
units, in the sense o f  dem arcatin g  their beginnings and endings. T h ere  is an o b ­
vious relation betw een pred ication s and  clauses, in that a  reasonable defin ition  
o f  clause, I think, w ou ld  b e  on e  in w hich  there is on e  pred ication , in K uCera’s 
sense o f  the term , per clause.

In E jerhed (1988 ), w hich  is a  com p u tation a l linguistic s tu d y  o f  clauses in 
English, don e in co llabora tion  w ith  K en  C hurch  w hen I v isited  A T T  B ell L a b o ­
ratories 1986-87 , I used a  defin ition  o f  clause that differed som ew h at from  the 
one considered in the previous paragraph. In m y  defin ition  o f  clause in  E nglish ,
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on ly  finite and to-in fin itiva l pred ication s are criteria! for  clau seh ood . O ther in­
finitival pred ication s, gerunds and particip les are not taken to  im ply the presence 
o f  a  clause unit.

A n oth er feature o f  m y defin ition  o f  clause that was used in parsing clauses in 
unrestricted  tex t, is that th e  op en in g  o f  a  new clause alw ays im plies the closure 
o f  the previous clause unit, w hether or  not this unit is com plete  w ith su b ject and 
p red icate , o r  com p lete  w ith  respect to  the argum ent structure o f  its predicate. T o 
illustrate this n o-n estin g  o f  clauses, the sentence in (2 ) is reprodu ced  in (5 ) below  
w ith  clause bou ndaries inserted w here the clause parsers described  in E jerhed 
(1988 ) w ou ld  p lace  them .

(5) [Mary might think] [that he will resign]

T h ere  are several reasons for  the m ove to  ad op t the hypothesis that clauses do 
n ot nest, at a  very superficia l level o f  syn tactic  structure.

T h e  first reason is that the hypothesis m akes po.ssible an exceed in g ly  sim ple 
defin ition  o f, and  recogn ition  a lgorithm  for, clauses: a  clause can  be  defined as 
a  set o f  perm issible sequences o f  w ord  classes by  m eans o f  a  regular expression ,
i.e. b y  using the op era tion s o f  con ca ten ation , union and K leene star on  elem ents 
that are w ord  classes.

T h a t such a  sim ple defin ition  o f  clauses, or  sentence form s as he called  them , 
was possib le, was som eth ing  H arris considered , but rejected in the follow ing 
passage from  H arris (1 9 6 8 :3 1 -3 2 ):

. . .  in E nglish  a  w /^clause can  b e  away from  its noun (usually i f  n o  other 
noun  intervenes):

F in ally  the m an arrived w h om  they had all com e to  m eet.

In describ ing  sentences, on e can  still say that there is a  constituent, even 
th ou gh  w ith  n on -con tigu ou s parts: the su b ject a b ove  is M A N  w ith  ad­
jo in ed  T H E  on  the left and W H O M  . . .  a fter the verb  on  the right.^^ B ut 
the d ifficu lty  lies in form ulatin g  a  con stru ctive  defin ition  o f  the sentence. 
F or i f  we wish to  con stru ct the sentence b y  defining a  su b ject constituent 
and then n ext to  it a  verb  (o r  p red ica te) con stituen t, we are unable to  
specify  the su b ject i f  it is d iscon tiguou s, becau se we cannot specify  the 
loca tion  o f  the secon d  part (th e  ad ju n ct at a  d istance). A t least we can­
n ot specify  the loca tion  o f  the distant ad ju n ct until we have p laced  the 
verb  con stituen t in  respect to  the su b ject; but we can not pl2u;e the verb 
in respect to  the su b ject as a  single en tity  unless the su b ject has been 
fu lly  specified.^^

^^And one can specify that it can be at a distance primarily if no noun intervenes.
To the extent that such problems did not arise, it would be possible to define 

sentence forms as short sequences of morpheme classes (or word classes), each class 
being expandable by a certain neighborhood of other classes (my emphasis EE).

T h e  sentence discussed in the passage a b ove  w ou ld  be  parsed as indicated  in
(6 ), g iven  the clause gram m ar o f  E jerhed  (1988).
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(6)
[Finally] [the man arrived] [whom they had all come to meet]

T h e  second  reason for  the hypothesis that clauses d o  n ot nest has to  d o  w ith  
perform ance con siderations , i.e. observational d a ta  from  studies in psych olin ­
guistics and phonetics.

For a  review  o f  the clausal h ypothesis in psycholingu istics and  studies relat­
ing to  it, the reader is referred to  F lores d ’A rca is and Schreuder (1 9 8 3 :1 4 -1 9 ). 
T h ey  present the clausal hypothesis as a  v iew  o f  sentence com preh en sion  that is 
characterized  b y  tw o m a jo r  features. F irst, clauses are taken to  be  the prim ary 
units o f  norm al speech percep tion . In com ing m aterial is organ ized  in im m ediate  
m em ory  clause by  clause; the listener or  reader accum ulates ev iden ce until the 
end o f  a  clause. Second, at the end o f  a  clause, w orking m em ory  is cleared  o f  
surface gram m atical in form ation  and the con ten t o f  the clause is represented in 
a  m ore abstract form . T h e y  poin t ou t that these tw o m a jo r  p roperties  o f  the 
hypothesis axe logica lly  independent.

P hon etic ev idence for the segm entation  o f  speech  (in  percep tion  as well as 
p rod u ction ) at the level o f  clauses, as stru ctu ra lly  defined units, will b e  dis­
cussed in the last section  o f  the paper, a fter a  presentation  and illustration  o f  a  
structural definition  o f  Swedish clauses.

2 A Swedish Clause Grammar
T his gram m ar for  Swedish clauses has the sam e structural units as targets as the 
gram m ar for  English clauses in E jerhed  (1988 ), m od u lo  the difference betw een 
the tw o languages, i.e. finite (tensed ) clauses and  infinitival clauses in trodu ced  
by  att are clauses. In add ition , there axe three types o f  clause fragm ents: verb 
phrase fragm ents, noun  phrase fragm ents and adverb  fragm ents.

In an append ix  to  this paper, there is a  Swedish n ew spaper tex t from  A pril 
1984 w hich  has been  segm ented in to  clauses and clause fragm ents, labelled  to  
the right a ccord in g  to  the typ e  o f  unit in the gram m ar that th ey  instantiate. T h e  
categories that are criteria! to  the identification  o f  a  clause o r  clause fragm ent 
accord in g  to  the gram m ar, have been labelled  underneath.

GRAHMAR

Main clause (me)

1. mc-noninv

2. mc-inv

3. mc-coord

(COORD)

(COORD)

COORD

NP' VFIN 

VFIN (SADV) 

VFIN ...

NP

Subordinate clause (sc)

4. sc-comp

5. sc-coord

(COORD) (PREP) COMP ... 

COORD (SADV) VFIN/VSUP
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6. sc-nocomp 

VP-fragment

(COORD) NP' (SADV) VFIN/VSUP . . .

7. me vp-fragment VFIN

8. sc vp-fragment (SADV) VFIN/VSUP ...

NP-fragment

9 .
10.

ADV-fragment

11.

(COORD) (COMP) NP' 
NP' COORD NP'

(COORD) PP/ADVP/SADV*

A  few  w ords on  the n ota tion  used in the gram m ar are required. F or readabil­
ity, con ca ten a tion  is represented sim py by  ju x ta p osition . U nion (i.e . a lternatives) 
is represented b y  / ,  and the specia l case w here som ething alternates w ith  n oth ­
ing (i.e . op tion a lity ) is represented by  ( ) . K leene star is represented b y  *, which 
has sco p e  over / .  T h e  three d o ts  . . .  shou ld  b e  read as a  variable over any w ord 
class.

• COORD is the ca tegory  o f  coord in a tin g  con ju n ction s, och, eller, m en.

• NP is a  non -recu rsive noun  phrase consisting o f  any prenom inal m odifiers 
plus head noun . NP d oes  n ot in clude any postn om ina l m odifiers. For the 
con cep t o f  such a  noun  phrase as applied to  E nglish , see C hurch (1988).

• NP' consists o f a non-recursive NP followed by postnominal modifiers that 
are non-clausal, i.e. prepositional phrases PP, or adverbs ADV. Thus, NP' = 
NP PP/ADV*

• VFIN is the ca teg ory  o f  fin ite verbs, active  or  passive, and VSUP is the cate­
g o ry  o f  supinum  form s o f  verbs occu rrin g  after the auxiliary hava. B ecause 
finite form s o f  hava  can be  op tion a lly  deleted in subordinate clauses in 
Sw edish, it is necessary to  allow  occu rren ces o f  VSUP in such cases to  count 
as finite.

• COMP is the category o f subordinating conjunctions, including att as infini­
tive marker.

• SADV is the category o f sentence adverbs, in te, ofta, aldrig.

• ADVP is the category o f adverbial phrases.

• PREP is the category o f prepositions.
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E ach o f  the regular expressions 1 throu gh  11 con stitu tes ein a lternative def­
in ition  o f  clause or  clause fragm ent. T h e  way that these alternative defin itions 
interact in the processin g  o f  a  text is very  im portan t. In cases w here tw o or  m ore  
alternative analyses com p ete , the regular expression  that m a tch es the lon gest sub­
string wins. T h is  can  b e  illustrated b y  considering  how  the first sentence o f  the 
text in the ap p en d ix  is processed . T h e  sentence is repeated  be low  w ith  num bers 
indicating linear position s in the string o f  w ords.

(7) 0 Allting 1 verkar 2 så

NP VFIN
3 okontrollerat 4

T h e  regular expression  9, N P -fragm ent, m atches the string o f  w ords from  0 to
1.

T h e  regular expression  7, V P -fragm en t, m atches the string o f  w ords from  1 
to  4.

T h e regular expression  1, non-inverted  m ain clause, m atches the string o f  
w ords from  0 to  4. T h is is the expression  that m atches the longest substring, 
and it wins over the alternative analyses o f  the string from  0 to  4.

T h e status o f  the im plem entation  o f  this particu lar clause gram m ar for 
Swedish is that it is in the process o f  be in g  im plem ented . W h a t that m eans, is 
that I d o  not yet have a  running program  fo r  Swedish th at au tom atica lly  decides 
the loca tion  o f  boundaries betw een clauses and clause fragm ents in unrestricted  
text. T his is an am bitious and lon g  range goa l, and the b iggest p rob lem  in de­
velop ing such a  program  is lexica l. E ach  w ord  in a  tex t has to  be  labelled  w ith  
a  unique syn tactic ca tegory  (inclu din g  in form ation  a b ou t the form  o f  the w ord ) 
before any m atching against the regular expressions in the gram m ar can  take 
place. T h e  category  label assigned to  a  w ord  has to  b e  the on e  that is correct 
for  the w ord  in its con text o f  occu rren ce.

A  successful approach  to  the p rob lem  o f  au tom atica lly  assigning unique and 
correct syn tactic categories to  E nglish w ords in con tex t is p robab ilistic  (C h urch  
1988, D eR ose  1988, E eg-O lofsson  1985). T h is  is on e o f  several approaches that 
will be  applied to  Swedish in the con text o f  a  jo in t corpu s based research p ro je ct  
betw een the universities o f  S tockh olm  and U m eå (K ällgren , E jerh ed ) th at will 
start in the fall o f  1989.

A nother approach  to  the d isam biguation  o f  the syn tactic  ca teg ory  and  form  
o f  a  w ord  in con tex t is rule based, constraint based or  heuristic, and the d isam ­
biguation  betw een alternative analyses o f  a  w ord  is d on e as an in tegrated  part 
o f  the parsing o f  a  tex t, rather than as a  separate su brou tin e com p leted  before  
p^lrsing begins. A  version o f  this approach  has been  applied  to  Swedish w ith 
successful (95%  correct) results (B ro d d a  1983, K ällgren  1984a, 1984b).

Fred Kcirlsson cla im ed in his paper at this con feren ce, on  the basis o f  his 
recent research on  d isam biguation , that m ore than 60%  o f  the con secu tive  w ords 
in a  Swedish text are at least tw o-w ay am biguous, as com p ared  w ith  45%  in 
English a ccord in g  to  D eR ose  (1988), and 11%  in F innish. K arlsson ’s figure for 
Swedish tallies w ith w hat is reported  in A llén  (1 9 7 0 :X V , X X V ) :  645,000 ou t o f  
the 1,000,669 w ords o f  the Swedish corpu s P ress-65 were hom ograph s, and that 
2im ounts to  64.5% .



22 Computational Linguistics — Reykjavik 1989

W h a t I have b y  w ay o f  im plem entation  at this tim e is a  m od ifica tion  o f 
the fin ite state  parser for  Sw edish, described  in E jerhed &  Church (1983 ), E jer- 
hed &  B rom ley  (1985 ), and E jerhed  (1986). S u b ject to  the lim itations o f  its 
lex icon , w hich  is cu rrectly  b e in g  expan ded , the m od ified  parser, in its parsing 
o f  o rth ograh p ic  sentences as in put, is capab le  o f  identify ing and assigning con ­
stituent stru ctu re to  substrings that can b e  put in d irect correspon dence  w ith the 
11 different clauses and clause fragm ents enum erated in the new  clause gram m ar 
d escribed  here.

3 Phonetic Data concerning Clause Boundaries

T h ere  are tw o recent ph on etic  studies o f  spoken  Swedish, based on  recordings o f  
several d ifferent speakers reading the sam e texts a loud. O ne is by  E va Strangert 
(S tran gert and Zhi 1989, Strangert 1989) and the other by  D ieter H uber (1988).

S tran gert’s research p ro je c t , w hich  is still goin g  on , studies perceived  pauses 
in 2 texts o f  a  to ta l o f  810 w ords read aloud  by  10 different speakers at 3 differ­
ent speech  rates, and the acou stic  and  gram m atica l properties o f  such pauses. 
T h e  first o f  the tw o texts is identical to  the text in the append ix  o f  this paper. 
A cou stica lly , a  perceived  pause can be  signalled in several different ways: by  fi­
nal lengthening, a  specia l fundam ental frequency con tou r, silence, a n d /o r  voice  
qua lity  irregularities. S trangert and  Zhi (1989) reports findings prim arily con ­
cern in g  these a cou stic  p roperties o f  the pauses perceived by  tw o different judges. 
S trangert (1989) is a lso  con cern ed  w ith  the distribution  o f  the perceived  pauses 
in relation  to  th e  fo llow in g  kinds o f  boundaries: paragraph, sentence, clause and 
phrase.

U sing th e  defin ition  o f  clause presented in this paper, I have segm ented the 
tw o texts  used in S tran gert’s stu dy  and fou n d  that th ey  consist o f  a  to ta l o f  
115 units that are clauses o r  clause fragm ents. T h e  num ber o f  perceived pauses 
at these 115 clause bou ndaries is presented in T ab le  4  below , for  w hich I am 
in debted  to  E va  S trangert. A  perceived  pause is here a  pause ju d ged  by b oth  
o f  the tw o ju d ges  to  be  present in the speech  o f  at least 5 o f  the 10 speakers. 
F or the pu rposes o f  this tab le , all clause boundaries have been included, w hether 
they  are sentence internal, or  happen  to  co in cide  w ith  sentence boundaries or  
paragraph  bou ndaries. In Strangert (1989) these three bou ndary  con d itions are 
treated  separately.

Speech
rate

Number of clause 
boundaries with 
perceived pauses

Percent 
(N =  115)

Fast 57 50
Normal 78 68
Slow 97 84

Table 4: The frequency of clause boundaries where pauses were perceived.
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T h e  stu dy  o f  H uber (1988) is con cern ed  w ith  in ton ation  units in record ings 
o f  3 new spaper texts read a lou d  by  4 different speakers o f  Sw edish, a  to ta l o f  2.2 
hours o f  con n ected  speech . H e defines the con cep t o f  in ton ation  unit in pu rely  
acoustical term s, related to  fundam ental frequ en cy  on ly , and devises a  m eth od  
o f  au tom atica lly  segm enting con n ected  speech in to  such in ton ation  units. T h e  
advantage o f  this segm entation  procedu re  is that it m akes n o  reference to  either 
higher level linguistic in form ation  con cern in g  syn tax , o r  to  low er level ph ysio ­
logical in form ation  con cern in g  pausing, breath ing, ph onation  onset or  offset etc. 
He arrives at a  to ta l o f  1664 in tonation  units in the accu m u lated  tex t m ateri­
al (3  texts , 4  speakers). T able  5 show s the gram m atica l correlates o f  the 1664 
in ton ation  units, averaged across four speakers and three texts . F or the exact 
definitions o f  the gram m atical units, see H uber (1988 :78 ). O f  interest here is 
that he defines as sentences “graphic sentences that begin  w ith  a  cap ita l letter 
and end w ith a  full stop  (o r  som e oth er m ark o f  ‘ fina l’ p u n ctu a tion )” . A n d  he 
defines as clauses “units o f  linguistic organ isation  sm aller than the sentence and 
consisting o f  at least on e su b ject and on e finite verb” .

Grammatical
Unit

Number of 
intonation units

Percent

SENTENCE 299 18.2
CLAUSE 662 39.7
SUBJECT 83 4.8
VERBPHRASE 76 4.5
ADVERBIAL, init. 35 2.0
ADVERBIAL, final 141 8.5
PARENTHETICAL 132 8.0
MISCELLANEOUS 238 14.3
Total 1666 100.0

Tsbie 5: Frequency of intonation units corresponding to different grammatical categories.

U nfortunately, these figures can not b e  d irectly  related to  the n otion s o f  clause 
and clause fragm ent discussed in this paper, becau se the defin itions o f  the gram ­
m atical categories d o  n ot agree. H ow ever, it is likely that we can  equate m on o- 
clausal sen ten ces  (w hich  accou nted  for  63 .6%  o f  the 1 -IU -per-sentence that o c ­
curred) w ith  a  subset o f  m ain clauses (R u les 1 -3  in the Swedish clause gram m ar), 
clauses w ith either a  subset o f  m ain clauses (in  the case o f  m ulticlausal sentences) 
or a  subset o f  su bord in ate  clauses (R u les 4 -6 ) ,  and  in itial adverbials w ith  adverb - 
fragm ent (R u le  11), and  these three categories togeth er a ccou n t fo r  60%  o f  all 
intonation  units. It is also likely that su bject correspon ds to  N P -fragm en t, and 
verbphrase to  V P -fragm en t on  the basis o f  the illustrative exam ples o f  these 
categories in H uber (1 9 8 8 :8 3 -8 5 ). I f  so, c lose  to  70%  o f  H u b er ’s in ton ation  units 
w ould correspond to  a  clause or  clause fragm ent in the sense o f  the present paper. 
In order to  establish the exact extent to  w hich  the n otion s o f  clause and clause 
fragm ent p roposed  here correlate w ith  the in ton ation  units fou n d  in H u b er ’s 
study, a  separate stu dy  is be in g  undertaken in co lla b ora tion  w ith  H uber.
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Text A1
T h e  text is d iv ided  in to  paragraphs by  con secu tive  num bering. T h e  paragraphs 
are d iv ided  in to  o rth ograp h ic  sentences by  sentence final punctuation  m arks. 
T h e  sentences are d iv ided  in to  non-recursive clauses o r  clause fragm ents m arked 
by  [ ], and  each such unit is labelled  accord in g  to  the Swedish clause gram m ar 
presented in this paper.

Paragraph 1
[Allting verkar sä okontrollerat.] mc-noninv
NP VFIN
[Det tycks] mc-noninv
NP VFIN
[som om ingen längre häller i styret.] sc-comp
COHP
[Framför allt] adv-fragment
P NP

[verkar läget vara okontrollerat inne i Tripoli] mc-inv 
VFIN NP
[där ungdomar i femtonärsäldem pä nägot sätt 

sc-comp COMP
har fätt tag i skjutvapen.]

Paragraph 2
[Det sade en ung spanjor]
N VFIN
[som var en av de 113 personer] 
COMP
[som lyckades komma ut ur Libyen 
COMP

med den första flygningen]

mc-noninv

sc-comp

sc-comp

[sedan USA bombade Tripoli och Bengeizi 
COMP
i början av veckan.]

sc-comp

[Den unge spanjoren fanns ombord 
NP VFIN

pä det reguljärplan frän Libyan Airlines]

mc-noninv

[som kredtigt försenat landade pä 

COMP
den internationella flygplatsen utanför Rom 

sent pä torsdagen.]

sc-comp

Paragraph 3
[Planet ätervände eddrig till Tripoli 
NP VFIN 

pä torsdagskvällen.]

mc-noninv
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[En väntande skara journalister fick mc-noninv
HP VFIN

officiellt beskedet]

[att besättningen helt enkelt var för uttröttad.] sc-comp 
COMP

Paragraph 4
[Libyan Airlines flygning 167 tillbaka till oc-noninv
NP ADV P

den libyska huvudstaden uppsköts därför till 
HP VFIH
någon gång under fredagen.]

Paragraph 5
[Ingen av de 113 passagerarna på den första mc-noninv
HP P HP P HP

utflygningen från Tripoli var svensk.]

P HP HP VFIH
[Oet finns omkring 200 svenskar i Libyen] mc-noninv

HP VFIH
[varav ungefär hälften bor i huvudstaden Tripoli.] sc-comp 
COMP
[Den svenska ambassaden har rekommenderat] mc-noninv
HP VFIH
[att de svenskar] np-fragment
COMP
[som arbetar i Libyen] sc-comp
COMP
[skall evakuera sina familjer] vp-fragment

VFIH
[så snart tillfälle ges.] sc-comp

COMP

Paragraph 6
[Den unge spanjoren,]

HP
[som ville vara anonym,]
COMP
[talade om en skräckstämning i Tripoli] 

VFIH
[där ingen egentligen vet]
COMP
[vem som bestämmer.]
COMP

np-fragment

sc-comp

vp-fragment

sc-comp

sc-comp

Paragraph 7
[En vild ryktesflora grasserar också 
HP VFIH

om ledaren Muammar Gadaffi.]

mc-noninv
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[Det har även under torsdagen förekommit mc-noninv
NP VFIN

skottlossning i den militärförläggningen i Tripoli]

[där Gadaffi och hans familj bodde] sc-comp
COMP
[när de amerikanska bombplanen slog till sc-comp
COMP

natten till tisdagen.]

Paragraph 8
[Det osäkra läget befästes mc-noninv
NP VFIN

pä torsdagen ytterligare]

[av att minst tre passagerarplan frän Spanien, sc-comp 
P COMP

Rumänien och Jugoslavien avbröt sina flygningu 
till Tripoli.]

[Planen startade]
NP VFIN
[men fick ätervända till sina hemorter.] 

COORD VFIN

mc-noninv

mc-coord

Peiragraph 9
[Dä det gällde Libyan Airlines första utflygning] sc-comp 
COMP
[florerade ocksä ryktena.] mc-inv
VFIN SADV NP
[Dä planet skulle ha startat äterfärden sc-comp
COMP

frän Rom kl 17]

[hade det ännu inte lyft frän utgängspunkten 
VFIN NP 

Tripoli.]

[Flera passagerare dementerade dock uppgifter 
NP VFIN

om skottlossning i samband med starten utanför 
Tripoli.]

mc-noninv

Paragraph 10 
[Men de bekräftade]

COORD NP VFIN
[att det räder kaotiska förhällanden i 
COMP

den libyska huvudstaden.]

mc-noninv

sc-comp
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[De flesta passagerarna var frän öststater.] mc-noninv
HP VFIN

Paragraph 11
[De flesta häller sig inomhus även under dagtid,] mc-noninv 
NP VFIM
[sade en polsk medborgare.] mc-inv
VFIN HP
[Ute pä gatorna] adv-fragment
ÅDV P HP
[är det alldeles för osäkert.] mc-inv
VFIH HP
[Det finns alldeles för mänga ungdomar med gevär] mc-noninv 
HP VFIH
[för att man skall kunna känna sig säker.] sc-comp
P COMP

Paragraph 12
[Och ryktena om överste Gadaffi] 
COORD HP P HP 
[och vad som har hänt honom] 
COORD COMP
[är lika mänga som fantastiska.] 
VFIH

np-fragment

sc-comp

vp-fragment



Lars M G ustafsson

Händelsestyrd textgenerering

Abstract
This paper describes the system RADAR, an event-driven text gen­

erator. The system reads input from a radar-system i.e. time,id,position, 
and generates comments in Swedish about the objects on the screen. The 
problem as such is quite easy to grasp and is not discussed much, but 
the techniques that have been utilized axe described in more detail. The 
system is written in an object-oriented environment, implemented as a 
meta-interpreter in Prolog. Another technique that plays a major role is 
Data Driven Execution, this is also implemented on top of a Prolog-system.
The source code for the entire system is available in C-Prolog and fuUy 
portable. The system makes an object-instance for every new physical 
object on the Radar-screen and lets the objects themselves generate com­
ments about their situation. The Data Driven Execution rules generate 
comments on the simplest level, i.e. X appears, Y  disappears. Other rules 
try to combine these simple observations with the comments generated by 
the objects themselves to more complex phrases and sentences.

1 Inledning
D e tta  p ap p er beskriver u ppbyggn aden  av program m et R A D A R , som  är im ple- 
m enterat helt i C -P ro lo g . E n  ursprungsversionen till p rogram m et skrevs p å  Inst. 
fö r  A llm än  Språkvetenskap v id  L unds U niversitet. D en  nuvarande versionen av 
system et är u tveck lat i huvudsak  v id  C arnegie-M ellon  U niversity i P ittsburgh  
och  C oT ech  A B  i L und. D et p rob lem  som  studerats är att utifrån in form ationen  
&ån en övervakningsradar generera kom m entarer i realtid . Som  fram går av  titeln 
så är det besk rivn a  system et baserat på  a tt textgenereringen  sker fortlöpan de. 
D et iinns a lltså  ingen m öjligh et a tt p lanera längre sam m anhängande yttranden  
d är hänsyn  tas till senare händelser. P rob lem et som  sådant är ganska lättfattligt 
o ch  inte m ycket a tt o rd a  om . D ärem ot så  kom m er dom  tekniker som  använts 
a tt beskrivas m er i detalj o ch  deras förtjän ster v id  denna typ  av textgenerering 
k om m er förh oppn in gsv is  a tt fram gå.

30
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2 Använda tekniker
D et är i första  hand tv å  m etodik er ja g  använt m ig av.

1. O O P -O b je c t  O riented  P rogram m ing

2. D D E l-D ata  D riven  E xecution

Jag kom m er först a tt beskriva (m otiveringen  för o ch  im plem enteringen  av ) 
ob jektorien terin gen . D ärefter kom m er ja g  a tt beskriva den datauirivna exekverin ­
gen, för  a tt till sist kom m a in på  hur dessa bå d a  tekniker kan knytas sam m an 
till e tt system .

3 Varför objektorientering?
1. D et är i det här fallet naturligt m ed ett ob jek ttän k an d e eftersom  det finns 

en naturlig korrespondens m ellan ob jek ten  i y ttervärld en  och  deras repre­
sentation  i en ob jek torien terad  program m erin gsm iljö .

2. M odu lariteten  ligger på  klassnivån (k on cep tn ivå n ), där m an i k lassbeskriv­
ningen anger de variabler och  m etoder som  tillsam m ans m ed ärvd a  vari­
abler och  m etoder u tgör ob jek tbesk rivn in gen .

3. Sen bindning, dvs. dynam isk  allokering av nya  ob jek tin stan ser under ex­
ekveringen. M en även m öjligheten  a tt fortlöp an de  lägga  till funktioner och  
d atatyper som  inte kunnat förutses vid  den ursprungliga program kon stru k­
tionen.

4. A rvning, d etta  är visserligen inte n ödvän d igt för  O O P , m en vä ld igt natur­
ligt o ch  arbetsbesparande. A rvn in g  skapar ock så  en gen om gåen de konsis­
tens i program m et. D etta  kan n aturligtvis (som  tra d ition ellt) till en viss 
n ivå  uppnås genom  en hård discip lin  hos program m eraren , m en det är vare 
sig önskvärt eller effektivt.

P rob lem ets realtidskaraktär gör  att m ultipel ärvn ing är av stor n ytta . M an 
kan då  specificera  ob jek trepresen tation en  m er i detalj efterhand som  in form a tio ­
nen kom m er in. T ex. kan m an lå ta  ett okänt o b je k t  först ärva egenskaper från 
klassen F lygp lan . D ärefter när m an fått nya indikationer (fart, h ö jd  o sv .) så  kan 
m an precisera o b jek te t gen om  ärvn ing  från klassen Jetplan. D en n a  precisering 
kan fortgå  under hela ob jektin stan sens livslängd gen om  ytterligare observation ­
er, tex. visuella  rapporter. M öjligh et finns även att ta  b ort ärvn ingar som  visat 
sig bero  på  felaktiga in form ationer.
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4 Implement at ioner av OOP
Sm aIltalk-80 
Sim ula 
A d a  
C H — h

O b je ctiv e -C
Schem e
F lavours
P ro lo g  m eta -in terpretator

D e tta  är några  av d om  m öjligh eter som  finns för den som  vill använda sig av 
ob jek torien terad  program m ering. D e olika språken har naturligtvis sina fördelar 
respektive nackdelar, A D A  tex . saknar en naturlig  ärvningsm ekanism . Sm alltalk- 
80 är den m est ren od lade im plem entationen  och  tillåter inget annat än o b je k t­
program m erin g, vilket försvårar k on traktion  av hybridsystem .

F ö r  m in im plem en tation  så har ja g  skrivit en objektm ekanism  som  en m etain- 
terp reta tor i P ro lo g . D e tta  g ö r  det m öjlig t att konstruera hybridsystem  där vissa 
delar är ob jek torien tera d e  m edan an dra  delar av program m et u tn yttjar andra 
problem lösn in gsparad igm er.

5 OOP i Prolog
O b jek ten  representeras som  enhetsklausuler i P ro log  m ed m etodern a  o ch  vari­
ab lern a  i en lista.

o b j e c t(n a m e , [m e to d _ l, m etod_2 , . . . ,  m etod_n ]) .

D en  hierarkiska in form ation en  lagras i en separat klausul. 

i s a (  O b j, O b j.S u p er ) .

M öjligh eter finns ock så  a tt definiera andra typer av relationer, tex. 

p a r t o f ( O b j, O b j.0  ) .

A ll kom m unikation  m ellan ob jek ten  sker m ed predikatet sen d , tex.

sendCName, shov).

send(Name, a le r t (A ) ) . 
send(plane,
createJ.nstance(N am e)).

Metoden shov gör att objektet ritar 
ut sig på skärmen.
Returnerar värdet på aiert i A. 
Skapar en instans av klassen plane, 
ett unikt namn (id) returneras i 
Name ; om Name är instansierat så 
blir istället detta objektets namn.

send (Name, se t(d e s cr ip tio n , 
v ig g o n -l ) .
send(Name, k il l (d e s c r ip t io n )  . Sätter/tar bort variabler.
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Figure 1: Object hierarchy in Radar

6 Objekthierarkien
D etta  äx en förm inskad version av den ob jek th ierari som  ja g  använt m ig  av  i 
system et. C on tro ller  är h u vu d ob jek tet som  kontrollerar resten av system et och  
innehåller m etoder  för  anpassning till m ekanism en för  m önsterdriven  exekver- 
ing som  kom m er a tt beskrivas senare. A n d ra  exem pel p å  o b je k t  är sm hi, som  
anropas för väderin form ation  och  ud  som  hanterar in form ation  om  det politiska 
läget. A lla  relationerna i denna hierarki är av ’isa ’-ty p , alla  löven  är a lltså  o b ­
jektinstanser.

7 Metoder
Här är några av dom  m etoder som  ob jek ten  i program m et är u trustade m ed.

M etodern a  i o b jek te t ’a ll’ ärvs av alla  andra o b je k t  i system et. D essa m etoder 
skulle visserligen kunna vara in byggda  system funktioner m en p å  d e tta  sätt blir 
system et ’ renare’ o ch  m an kan även m odifiera  dessa m etoder om  så skulle önskas. 
M etoden  internals hos klassen m a n m a d e jsb jects  finns hos alla  o b je k t  i system et. 
D et är denna m etod  som  ger ob jek ten  m öjlighet att sjä lv  generera kom m entar-
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Objects Methods

all create-instance 
set(NewMethod) 
kill(Method)

smhi visibility(Visi)

ud
controller

alert(Alert) 
start

manmade-ob j ect show

see(List, Sdist) 

f iring-range (Range) 
country(Country) 

internals

Figure 2: Methods in the classes of Radar 1

O b je c ts  M eth ods
plane moving_dimensions(3)

boat moving-dimensions (2)

base moving-dimensions (0)

internals* 
show*

* Overides the inherited methods.

Figure 3: Methods in the classes o f Radar II

er utifrån  varje o b jek ts  egn a  speciella  förutsättn ingar. M etoden  internals finns 
a lltså  hos alla  o b je k t , m en funktionen  varierar beroen d e p å  ob jek te ts  typ .

8 Data Driven Exekvering
G ru n dprin cipen  m ed D a ta  D riven  E xekvering är a tt m an har en gem ensam  
d ataarea  — ” b la ck b oa rd ” , där alla  fakta  lagras. R un t denna area ligger ett an­
ta l regler som  kan påverka innehållet i dataarean  om  vissa triggvilkor är upp­
fy llda . D essa  regler kan triggas av ” IF -A D D E D ” eller ” IF -E R A S E D ” vilkor. 
D om  vän tar alltså  på  a tt e tt visst m ön ster av in form ation  skall dyka u pp  eller 
försv in n a  och  p å  så  sätt tr igga  actiondelen  av regeln. D essa regler skulle direkt 
kunna överföras till en ren péirallell m askinarkitektur eftersom  det inte finns 
någon  speciell ord n in gsfö ljd  m ellan reglerna.

D e tta  g ö r  a tt m an kan trigga  ou tpu tregeln  (R u le -5 ) v id  vissa tidpu n kter så 
a tt system et genererar ” den  bästa” ou tp u t det hunnit skapa fram  till denna 
tidpu n k t. V id  k om p lexa  scenarios kan d etta  vara n ödvändigt för  att system et 
skall kunna jo b b a  i realtid .
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Figure 4: The structure o f the pattern-matcher
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•/. Rule.l

[condition.!, condition_2,...,condition_n] 
--->

[action_l,action_2,...,action_n]

y, Rule.n

[condition.!, condition.2,...,condition.n]
------>
[action.!,action_2,...,action.n]

%End Rule 

[] ---> [stop] .

All rules are tried starting from the top, 

whenever a rule triggers, the matcher restarts 

from the first rule.

All rules are tried until no more matches 
are possible (and the matcher reaches the 
End Rule).

Figure 5: Rule format in pattern-matcher

9 Regelformat
I figur 5 vises regelform atet där ” con d ition ” kan vara forekom sten  eller från­

varon  av ett visst m ön ster i dataarean . A ction  är de opera tion er som  utförs 
d å  regeln triggas. D essa opera tion er påverkar innehållet i dataarean så a tt ett 
n y tt tillstånd  u ppstår som  eventuellt kan trigga  nya  regler. P rincipen  är alltså 
a tt m an lägger in faJcta om  ob jek ten  på  den lägsta  n ivån  (fysisk  position ) och  
startar därefter m atchningsm ekanism en o ch  låter den stegvis b ygga  upp  m er 
k om p lexa  u ttryck  än da  u pp  till det slutliga  yttran det.

10 Generering av enkla observationer
G enereringen  av  enkla  observationer kan ske p å  tre olika sätt.

1. G enerering  utifrån m atchn ing från position -n ivån .

2. G enerering  av en instans av m an m ade_ob ject v ia  m etoden  internals.

3. G enerering  av ett o b je k t  av klassen ” base” som  har en speciell variant av 
internals som  kontrollerar alla  o b je k t  som  närm ar sig och  passerar osv.

O m  m an efter program konstruktionen  vill lägga till ett o b je k t som  ställer 
speciella  krav på  på  att nya kom m entarer genereras, så är det bara  att se till
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Match Le v e l s  In Radar
Real world

Perceptions From radarequipment

Simple observations

factdime, Points,[m1g21,dyker,upp,fran,norr] ). 
factdime, Po1nts,[viggen,dyker,upp,fran,norr]).

/ Level 2

Complex observations (phrases)

fact2(T1me, Points,
[m1g21 ,och,v1ggen,dyker,ater1gen,upp,fran,norr] ).

\Sorting and filtering

Utterance

mig 21-1 och v1ggen_1 dyker återigen upp fran norr , 
medan hms_dalarna stavar mot sydväst .

Figure 6: Match levels in Radar
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Figure 7: Sample stages in the matching process
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att dessa genereras av ob je k te t sjä lv  i m etoden  internals. D et öv rig a  system et 
behöver alltså inte m odifieras.

11 Faktanivåer i systemet
System et utgår från in form ation en  från en övervakningsradar, bestående av 
tid,id ,position. Från denna in form ation  finns det ett antal regler som  detekter­
ar uppdykande och  försv inn an de o b je k t . V idare  finns det på  denna n ivå  an dra  
regler som  detekterar kurs o ch  hastighet osv . D essa regler skapar d om  enkla 
observationer som  syns i figur 6 på  n ivån  ” sim ple-observation s” .

D är variabeln  ” P oin ts”  indikerar hur intressant den na in form ation  bed öm s 
vara. D etta  räknas ut ifrån ob jek te ts  egen poän g , händelsens p oä n g , n ation alitet, 
beredskapsgrad osv . D essa enkla observationer kom bineras sedan ih op  av en an­
nan u ppsättn in g  regler till k om pletta  fraser. P oän gen  från den nedersta  nivån 
förs upp  till överliggande n ivå  gen om  a tt m an tar hänsyn  till b l.a . d om  ingående 
ob jek ten s poän g , händelsens p oä n g  sam t eventuella  sam ordn in gspoän g. U tifrån 
dessa fraser bildas sedan ett y ttran de m ha. ett antal sorterings och  filtreringsre­
gler. D e egenskaper hos ob jek ten  som  b eh övs  v id  m atchningen  fås naturligtvis

ocK  e c _ l  f e r t r a r c n d r  p «  h o l 1 l « 1 o n a h u rt  
c c _ l  atp w p r « « a t a e u t  f lw c * '' n e r d v a a t ,

och  c c _ l  * r  i n t *  la n t ^ *  P * k o l l i t l o n t h u r t  , 
c c l _ l  c c m o r  nu e t t p r v t  w d o n  fo r t T o r o n d *  F lu c * ^
M«c n D r ^ a a c . O

Figure 8: Interacting with Radar
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gen om  att m an v ia  ” send” till respektive o b je k t  frågar om  den önskade egen­
skapen.

I figur 7 ser m an hur hela genereringsprocessen går till vid  en viss tidpunkt.

12 Systemets användargränssnitt
I figur 8 ser m an ett exem pel på  hur bildskärm en kan se ut vid  en given tidpunkt 
i p rototyp system et.
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Steffen Leo Hansen

På vej mod en fagsproglig 
tekstfortolker?

Abstract
The FAGFLADE Project

“FAGFLADE” is short for Danish “fagsproglig grænseflade” ( “special 
purpose language interface” ). The aim of the FAG FLADE project is to de­
velop and test theories and methods for automatic interpretation of texts 
written in special purpose language. We use the expression “text inter­
preter” to designate a program which transfers the information contained 
in a natural language text into knowledge representations in a knowledge 
base. Thus a text interpreter is meant to perform part of the task of a 
knowledge acquisition system in an expert system.

The FAG FLADE project takes as its basis the text of the Danish Com­
panies Act ( “Lov om aktieselskaber” ). It is not our ambition to build an 
expert system, nor do we aim at the construction of a complete text inter­
pretation system, fit for use, and capable of translating statutes into legal 
knowledge brises. Rather, we take the development of a specific interpreter 
to be an ideal goal which defines an overall project capable of giving rise to 
a handful of interesting subprojects for the investigation o f general theories 
and principles concerning interpreters, e.g. in the domain of syntactic and 
semantic analysis, parsing strategies, knowledge representation, dictionary 
databases, and terminological analysis.

The choice of the Danish Companies Act as a text basis is motivated 
partly by our desire to work with an LSP central to industry and com­
merce, pcirtly by the evident practical perspectives which will open up if 
text interpreters for legal directives become a realistic possibility.

This paper deals with the initial phase of the project. In this phase we 
have constructed a framework for the syntactic and semantic analysis of 
simple sentence structures, and we have developed a program, written in 
Quintus Prolog, which carries out syntactic and semantic parsing of these 
structures.

1 Introduktion
P å  Institut for  D atalingvistik  på  H andelshøjskolen  i K øb en h a vn  har v i siden 
instituttet b lev  op rettet i 1985 udvik let en trad ition  for  et forskn ingssam arbejde.

41
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der i staxten form ede  sig som  en række datalingvistiske sem inarer over udvalgte 
em ner, m en som  siden 1987 har ført til arbe jdet p å  et egentligt forskningsprojekt 
m ed deltagelse a f  alle forskn ingsm edarbejdere, nem lig p ro jek tet F A G F L A D E , 
hvilket står for  ‘/«^ sp ro g lig  g iæ n se fla d e '.

M ålet for  d ette  p ro jek t er at a fprøve  o g  udvikle teorier og  m etoder bag 
konstruktionen  a f en tekstfortolker, dvs. et system  som  analyserer en tekst og  
overfører v iden  herfra  til v idensrepræ sentation  i en vidensbase. En sådan tekst­
forto lk er, forestiller v i os, kan in dgå  som  kom ponent i et ekspertsystem  som  en 
del a f et v idensindlæ ringsm odul.

D en  tekst vi har valgt som  grundlag  for  p ro jek tet er den danske ,JjOv  om  
aktieselskaber", o g  det sprog  som  er repræ senteret i loven er derm ed det sublan­
gu age som  fortolkeren  skal kunne analyser o g  forstå.

P ro je k te t sigter ikke m o d  at udvik le et fæ rdigt ekspertsystem , m en er ud­
gangspunkt for  en række m indre p ro jek ter der fokuserer p å  problem er o g  om ­
råder kn yttet til udvik lingen  a f en tekstfortolker, det vil først o g  frem m est sige 
grundlaget for  den syntaktiske o g  sem antiske analyse, vidensrepræ sentation , ud­
v ik ling o g  a fprøvn in g  a f parsing strategier, den m askinlæ sbare ord b og s  struktur 
o g  om fan g  sam t term inologiske prob lem er så  som  identifikation o g  repræsenta^ 
tion  a f  flerledede term er, syn onym er, defin itioner og  begrebsrelationer.

I dag  er p ro jek te t nået dertil at der er udvik let en parser i Q uintus P ro log  
som  kan klare sim ple sæ tningsstrukturer, dvs. sæ tninger der kun indeholder 
valensbundne led  som  op træ der p å  den forven tede position  i sæ tningen. V i kan 
a ltså  ikke p å  nuvæ rende tidspunkt klare spørgebisæ tninger eller topikaliseringer, 
heller ikke £idverbialer, ledsæ tn inger og  adskillige andre ting.

D et ou tp u t v i får fra  parseren er dels sæ tningens synt2dctiske struktur i form  a f 
et konstituentstrukturtræ , dels en sem antisk struktur. D en  syntaktiske struktur 
anvendes ikke i øvrig t a f  tekstfortolkeren , h vorim od  den sem antiske struktur 
skal danne udgangspu n kt for  den  vidensrepræ sentation  som  skal overføres til 
v idensbasen .

E t input som

D en n e aftale påfører selskabet en forp ligtelse 

vil derfor g ive fig. ou tpu t:

(1 ) s (n p (d e t(d e n n e ), n (a fta le )), v p (v (p å fø re r ), 
n p (n (se lsk a b et)), n p (d e t(e n ), n (fo rp lig te lse ))))

(2 ) p å føre (a g en t(a fta le ), th em e(forp ligte lse ), 
locu s(se lsk ab ))

G ru n d laget for  den syntaktiske analyse o g  den sem antiske repræ sentation  
er dels en konstituentstruktur gram m atik , dels et leksikon m ed en leksikalsk 
beskrivelse a f  verbern e ud  fra  en valensbaseret kom bination  a f gram m atiske funk­
tioner o g  roller. Jeg skal i det fø lgen de kom m e næ rm ere ind på  de overvejelser 
der ligger til g rund for  denne leksikalske beskrivelse o g  p å  dens im plem entering 
i selve parserprogram m et.
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2 Konstituenterne
D en parser vi har bygget er en ‘ le ft-corn er, b o tto m -u p ’ parser. D en  starter 
således m ed det første  o rd  i en input-sekvens o g  forsøger at op b y g g e  en kon- 
stituentstruktur for et S som  har dette  første ord  som  sit venstre h jørn e. G ram ­
m atikken der rum m er flg. genskrivningsregler, h vora f 2 -9  repræ senterer de sim ­
ple sæ tningsstrukturer som  parserne kan klare n etop  nu:

(1 ) S — > NP VP
(2) VP — > V
(3) VP — > V NP
(4) VP — > V PP
(5) VP — > V AP
(6 ) VP — > V NP NP
(7) VP — > V NP PP
(8) VP — > V NP AP
(9) VP — > V PP PP
(10) PP — > P NP
(11) PP — > P AP
(12) NP — > N
(13) NP — > DET N
(14) AP — > A
(15) AP — > A PP

I leksikon er hvert enkelt ord form  forsyn et m ed en op lysn in g  om  konsti- 
tu tenttype. Subkategoriseringen a f V P ’erne genfindes i leksikon som  en sub- 
kategoriseringsram m e, der repræ senterer de k on stitu tenttyper som  verbet kan 
forb indes m ed som  valensled. D enne konstituentram m e skal unificeres m ed en 
identisk ram m e i en P ro lo g  regel o g  tjener derfor det form ål at effektivisere selve 
parsningen. H vis unificationen lykkes, v il parseren væ lge den pågæ lden de regel.

V i kan således begyn de at se på  op bygn in gen  a f en p ost i leksikon der har form  
a f en P ro lo g  klausul m ed præ dikatet d /6  hvis argum enter alle er sam m ensatte 
term er:

d(word(_), lexeme(_), lexcat(_), gram_fonn(_), 
a y n t . s p e c s e m _ s p e c

For verbet ‘p å føre ’ som  op træ der i eksem pelsæ tningen  oven for ser udfy ldn in ­
gen a f de første argum enter således ud:

uord: 

lexeme: 

gram_form: 

lexcat: 

synt_spec
const.frame: 

adj:

påfører
påføre

[pres]

V

v_n p _n p
[ n i l ]
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A rgum entet lexcat indeholder op lysn in g  om  konstituenttype, s y n ts p e c  hax 
to  sam m ensatte  term er som  argum enter: dels consL fram e, der angiver konsti- 
tu ten tram m en , dels adj (a d jek t), der som  argum ent har en liste over tilladte 
p ræ position er hvis der kan op træ de  et valensbundet P P . N otationen  [ n i l ]  an­
g iver at det ikke kan forek om m e ved d ette  verbum .

3 Funktioner
D e funktioner der opereres m ed i F A G F L A D E  er hentet fra  den valensteori 
som  H erslund o g  Sørensen (1985, 1988a, 1988b) har udvik let i deres arbejde 
m ed franske verber. D er kan her kun blive p lads til at skitsere hovedtræ kkene i 
denne teori, der bygger p å  en d istinktion  m ellem  sæ tningsled der hører til hele 
sæ tningen , frie tilfø je lser, o g  sæ tningsled  som  er dikteret a f det konkrete verbum  
som  op træ der i sæ tningen. E t valensled defineres som  det syntaktiske udtryk  for 
de relationer der består m ellem  et verbum  som  sem antisk præ dikat o g  dets argu­
m enter o g  m ellem  argum enter indbyrdes, o g  det er derfor kun verbaJafhængige 
sæ tningsled  m ed argum entstatus der kan op fa ttes som  valensled. E n dvidere an­
tages det at valensled alene kan beskrives i form  a f funktioner, o g  at der til enhver 
leksikalsk beskrivelse a f et verbu m  hører et valensskem a m ed angivelse a f  hvilke 
fu n ktion er, resp. valensled, det pågæ lden de verbum  forbindes m ed. D er opereres 
m ed et inventar på  tre gram m atiske funktioner: su b jek t, ob jek t og  ad jekt. Hertil 
har vi i F A G F L A D E  for  egen regning fø jet en fjerde funktion , agential, for også  
at kunne h åndtere passiv.

Sam m enlignet m ed antallet a f valensled i traditionelle  valensgram m atikker 
er der sket en drastisk  reduktion  i antallet a f funktioner. F unktionen adjekt 
repræ senterer på  den ene side en valensgram m atisk  nytæ nkning, o g  er på  den 
anden  side den  fu n ktion  som  rum m er nøglen  til rationaliseringen i antallet a f 
funktioner.

T rad itionelt er m an vant til at arbe jde  m ed valensled som  D O  (d a tiv ob jek t), 
lO  (ind irekte o b je k t ) , A  eller L O  (a d v e rb ia l/lo k a tiv o b je k t), SP  o g  O P  (hhv. 
su b jek ts- o g  ob jek tspræ d ik a t). Ved anvendelsen a f et givet verbum  kan m an 
således kom m e ud for  at det er m uligt at væ lge m ellem  en konstruktion hvor 
verbet op træ der m ed D O  eller 1 0 : m an kan fx . ‘g ive nogen  n og et ’ eller ‘give noget 
til n ogen ', eller det kan væ re et valg m ellem  D O  o g  L O : ‘je g  har efterladt ham  
m ine b ø g e r ’ overfor ‘je g  har efterladt m ine bøger hos ham ’ . Hvad m an derim od  
ikke kan kom m e ud for, er en k om bination  a f begge  funktioner sam tidig, dvs. 
at de oven næ vnte, traditionelle  valensled gensid igt udelukker h inanden. D erfor 
antages det, at d e  alle repræ senterer en o g  sam m e ledfunktion  som  im idlertid  
kan realiseres p å  forskellig  m åde. V i kan illustrere det m ed flg. eksem pler:

(1 ) H an e fterlod  børn ene en betragte lig  form ue

D O  O

(2 ) H an e fterlod  en betragte lig  form ue til børnene

O 1 0
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(3 ) Han efterlod  sin b o g  hos sin broder

O L O

(4 ) H an efterlod  sin b il på  banegården

O  L O

(5 ) H an e fterlod  hende d y p t frustreret

O P

A rgum entationen  fo r  at sam m enfatte i dette  tilfæ lde D O , 1 0 , L O  o g  O P  i 
een og  sam m e fu nktion , adjekt, er, at uanset hvilken betegnelse m an væ lger at 
anvende så gæ lder det i alle konstruktioner at funktionen  som  sådan  etablerer en 
ny relation  i sæ tningen, i ovennæ vnte tilfæ lde en relation  m ellem  objekt +  adjekt. 
D enne relation  op fattes som  en sekundæ r prsedikation der kan p2irafraseres m ed 
enten V Æ R E  eller H A V E  og  som  supplerer verbets  b etydn in g  ved at placere 
referenten for O  i forh old  til referenten for  ad jektet.

P laceringen kan væ re enten m eget konkret som  i eksem plerne (3 ) : bogen  
er hos hans broder, o g  (4 ): bilen er p å  banegården , eller m ere abstrakt som  i 
(1 ): børnene har en betragtelig  form ue. D er kan im id lertid  også  væ re tale om  
en placering i forh old  til en egenskab eller en klasse, nem lig  i de tilfæ lde hvor 
adjektet svarer til en præ dikativ konstruktion  m ed enten SP eller, som  i (5 ), m ed 
OP.

B egrundelsen for at in d føre ad jekt er derfor p å  den ene side at det er afhæ n­
gigt a f sæ tningens verbal som  argum ent i logisk  forstand , o g  p å  den  anden side at 
det som  argum ent gør det m uligt at relatere et a f  de to  fundam entale valensled, 
S o g  O , til et andet argum ent i sæ tningen o g  at denne relation  m ellem  valensled 
indbyrdes er udtryk  for en sekundæ r præ dikation . U dfyldn in gen  a f ad jektet kan 
væ re forskellig, m en den sekundæ re præ dikation  er konstant.

Som  tid ligere næ vnt om fatter den leksikalske beskrivelse a f et verbum  et 
valensskem a som  angiver hvilke fu n ktion er der kan forek om m e sam m en m ed et 
givet verbum . E t sådant valensskem a findes og så  i det leksikon som  vores parser 
benytter, m en inden v i skal se næ rm ere på  d ette  vil det væ re n ødven d igt at 
behandle de tem atiske roller, idet de gram m atiske fu n ktion er i valensskem aet 
associeres m ed en sem antisk  rolle.

4 Roller
M ed udgangspunkt i op fattelsen  a f verbet som  et præ dikat m ed tilh øren de ar­
gum enter kan de sem antiske rela tion er  m ellem  argum enterne beskrives vh ja . 
sem antiske roller. D en  sem antiske analyse s tø tter  sig ligeledes p å  H erslund og  
Sørensen (1985) sam t endvidere på  K orzen  et alii (1983) o g  deres a rbe jd e  m ed 
den såkaldte P K -gram m atik , idet den oven for om ta lte  valensteori o g  d e  syntak­
tiske funktioner er udgangspunkt for  at associere funktioner m ed roller.

A ntallet a f roller synes at væ re en tem m elig  ubestem m elig  størrelse, m en vi 
har foretrukket at reducere antallet i h enhold  til de  næ vnte arbe jd er o g  i vores 
p ro jek t indskrænket det til tre: agent, tem a o g  locus.
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a g e n t  svaxer til den traditionelle  op fattelse  a f  agent o g  kan kun associeres m ed 
funktionerne subjekt o g  agential.

l o c u s  op træ der kun ved præ dikater m ed m indst to  argum enter. D enne rolle 
relaterer referenten for  et amdet argum ent til den loca tion  som  locus- 
argum entet udtrykker. L ocus  kan associeres m ed funktionerne subjekt, ad- 
jek t  o g  agential.

t e m a  er sem antisk set den m este generelle o g  den m indst præ cise a f de tre roller. 
R eferenten  for  tem a er den ‘en tity ’ som  enten påvirkes a f handlingen eller 
p laceres m ht. en lo ca tion . Tem a  kan associeres m ed funktionerne subjet, 
ob ject o g  adjekt.

D istribu tion  o g  k om bin ation  a f roller associeret m ed funktioner kan således 
se ud  som  vist i flg. skem aet:

V E R B SU B J O B J A D J A G L
anse agent tem a locus none
anses tem a none locus agent
bestem m e agent tem a none none
bortfa lde tem a none none none
eje locu s tem a none none
ejes tem a none none locus
finde agent tem a locus none
påføre agent tem a locus none
væ re tem a none locus none

A f  skem aet frem går at fx . verbet anse op træ der m ed en funktionsram m e 
‘su b jek t +  o b je k t  +  a d jek t ’ o g  at der dertil svarer rolleram m en ‘agent +  tem a +  
lo cu s ’ . U dtrykket ‘n on e ’ b etyd er at den pågæ ldende funktion  ikke kan forekom m e 
ved det an førte  verbum .

Jeg vil gerne k n ytte  en enkelt kom m entar til rollen locu s m ed udgcingspunkt 
i disse sæ tninger:

(1 ) spørgsm ålet bortfalder  s u b (th e m e )
(2 ) m inisteren ftestemmer reelen s u b (a g e n t )  o b j  (th em e)
(3 ) stifterne e je r  d ette  selskab su b  ( l o c u s )  o b j  (th em e)
(4 ) disse aktier er  fon dsaktier su b  (th em e) a d j ( l o c u s )
(5 ) bestyrelsen  yinder disse su b  (a g e n t )  o b j  (them e)

undersøgelser n ødvend ige  a d j ( l o c u s )
(6 ) denne afta le  pd/iører s u b (a g e n t )  o b j  (th em e)

selskabet en forp ligtelse  a d j ( l o c u s )
(7 ) disse undersøgelser anses su b (th e m e ) a d j ( l o c u s )

for  n ødven d ige  a f bestyrelsen  a g t  (a g e n t )
I sæ tn in g  (4 ) o g  (5 ) er locu s  associeret m ed funktionen ad jekt, som  her svarer 

til hhv. det trad itionelle  su b jek tspræ dik ativ  (4 ) o g  ob jek tspræ d ik ativ  (5 ), o g  i
(6 ) er lo cu s  associeret m ed et ad jekt der svarer til det traditionelle  d a tivob jek t.

Jeg an førte  tid ligere at rollen locu s  kun op træ der sam m en m ed et andet 
valensled o g  at den den oterer en lo ca tion  for referenten denoteret a f det andet
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valensled. Ser vi på  de tre sæ tninger oven for så er det su b jek tet, disse aktier, der 
i (4 ) localiseres ekstensionalt i forh old  til en klasse, klassen a f fon d saktier, ad jek - 
tet, o g  i (5 ) er det o b je k te t , disse undersøgelser, der localiseres intensionalt m ed 
hensyn til egenskaben at væ re n ødvend ig , udtryk t i ad jek tet. L igesom  for  funk­
tionernes vedkom m ende kan loca tion en  også  væ re m ere a b stra ct sådan  som  det 
er tilfæ ldet i (6 ) hvor o b je k te t , en  forp ligtelse, localiseres i forh o ld  til selskabet, 
ad jektet, forstået p å  den  m åde at det er selskabet som  hax en forp ligtelse.

V i kan herm ed a fslutte udfyldn ingen  a f argum enter i leksikonposten  o g  ind­
sæ tte valensskem aet i form  a f  de sem antiske specifikationer:

word: 

lexeme: 
gram_form: 

lexcat: 

synt_spec
const_frame: 

adj : 

sem_spec

func_to_role 

sub: 
obj: 

adj: 

agl: 
aspect:

påfører
påføre
[pres]

v_np_np
[nil]

agent
theme
locus
none

nil

Jeg vil ikke kom m e yderligere ind på  rollerne her. P å  nuvæ rende tidspunkt 
i p rojek tet fungerer denne op fatte lse  a f  roller kom bineret m ed valensteorien  
udm æ rket når det gæ lder om  at p rod u cere  en sem antisk repræ sentation  a f  de 
sim ple sæ tninger v i arbejder m ed. N år v i skal i gan g m ed at etablere selve v idens­
basen kan det im idlertid  m eget vel v ise  sig  at denne sem antiske repræ sentation  
er utilstræ kkelig, o g  at fx . antallet a f roller skal suppleres.

5 Opbygningen af den semantiske 
repræsentation

D e oplysn inger der ligger i leksikon som  vist oven for indtastes m anuelt ved  h jæ lp 
a f en sæ rlig ed itor, D IC T E D , udvik let a f H enrik K erstin g  (u n der u dgivelse) i 
forbindelse m ed F A G F L A D E  p ro jek tet. D e danner u dgangspunkt for  en p ro ce ­
dure som  genererer et nyt leksikon i form  a f  en p ro log  database, hvor lexem navnet 
associeres m ed en sem antisk repræ sentation  i form  a f et lam bd au d tryk  beregnet 
p å  baggrund a f argum enterne i den sam m ensatte term  f u n c ( t i o n ) _ t o _ r o l e .  
D et skal her indskydes, at kun verber o g  ad jektiver, herunder også  particip ier, 
p å  nuvæ rende tidspunkt forekom m er m ed en specifik  sem antisk  repræ sentation . 
A lle  andre ordklasser, dvs. determ inativer, præ p osition er o g  substantiver, har det 
pågæ ldende leksem navn som  sem antisk repræ sentation . Sam m ensatte  N P ’er har
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kerneleddets leksem navn som  sem antisk repræ sentation  o g  P P ’er har styrelsens 
kerne som  sem antisk  repræ sentation . U dtrykkene aktie, aktierne, disse aktier  og  
a f  disse ak tier  har således alle en o g  sam m e repræ sentation , nem lig aktie.

A rgum enterne i term en f u n c _ t o _ r o l e  er de fire syntaktiske funktioner i 
ord n et ræ kkefølge: su b j, o b j ,  ad j, agl, a fb ildet p å  de sem antiske roller agent, tem a 
o g  locu s. A lle  fire funktioner op træ der, også  i de tilfæ lde hvor de rent faktisk 
ikke kan forek om m er o g  derfor som  væ rd i har ‘ n on e ’ som  vi så det ovenfor. D e 
anvendes ved  konstruktionen  a f lam bdau dtrykkket, hvis argum enter ligeledes 
forek om m er i kanonisk ræ kkefølge: a g e n t  ( _ ) ,  them e ( _ ) ,  l o c u s  ( _ ) .

V erbet ‘p å føre ’ har således fig. f u n c _ t o _ r o l e  repræ sentation :

f u n c _ t o _ r o l e (  s u b ( a g e n t ) ,  o b j ( t h e m e ) , a d j ( l o c u s ) , a g l ( n o n e ) )  

som  konverteres til fig. lam bdau dtryk :

X~Y“Z~påføre(agent(Z), theme(Y), locus(X) )

D ette  u d tryk  beregnes a f fig. regel:

V, Verb + adject + object (V NP NP) .
•/. Verb + object + adject (V NP PP & V NP AP) .

build_Lambda£xpr(Lexeme.
func_to_role(sub(RoleS),obj(RoleO),adj(RoleAd),agl(none)), 

X"Y~Z"Expr) :-

RoleS \== none,

RoleO \== none,
RoleAd \== none,

RoleSTerm =.. [RoleS,Z],
RoleOTerm =.. [RoleO,Y],
RoleAdTerm =.. [RoleAd,X],
sort.RoleTerms([RoleSTerm,RoleOTerm,

RoleAdTerm], SortedRT),

Expr =.. [Lexeme|SortedRT].

N år parseren skal bygge  en sæ tnings sem antiske struktur har den d a  for 
verbernes vedk om m en de den typ e  in form ation er til sin rådighed som  vist på  fig. 
side.

K olon n en  m ed fu n ktion er o g  roller kan læ ses på  to  m åder: dels som  udtryk  
for  en a fb ildn in g  a f syntaJetiske fu n ktion er på  roller, dels kan m an for  hvert ver­
bu m  aflæ se en fu n ktion sram m e o g  en rolleram m e ved alene at læ se funktioner 
o g  roller. R am m ern e udtrykker tilladte  kontekster for et verbum  i form  a f kon- 
stituenter, fu n ktion er eller roller. Strukturerne, den syntaktiske o g  sem antiske, 
bygges a f  parseren ved  at relatere orden e i den konkrete sæ tning til konstitu- 
ten ttyper, roller eller funktioner.
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Konsti-
tuent
ramme

Func-to- 
role map­
ping

Prolog lambda 
udtryk

V E R B E R
anser v.np.pp sub(agent) 

obj(theme) 
adj(locus)

X*Y*Z*anse(agent(Z),theme(Y).locus(X))

anses V .p p .p p sub(theme) 
adj(locus) 
agl(agent)

X*Y*Z‘anse(agent(Y),theme(Z),locus(X))

bestemmer v.np sub(agent) 
obj(theme)

Y'Z'bestemme(agent(Z),theme(Y))

bortfalder V sub(theme) Z~bortfaide(theme ( Z ) )
ejer v^np sub(locus) 

obj(theme)
Y“Z*eje(theme(Y),locus(Z))

ejes V .p p sub(theme)
agl(locus)

Y*Z'eje(theme(Z).locus(Y))

er v.ap sub(theme) 
adj(locus)

Y*Z"vare(theme(Z).locus(Y))

er v.np sub(theme) 
adj(locus)

Y*Z*vare(theme(Z).locus(Y))

finder v.np.ap sub(agent) 
obj(theme) 
adj(locus)

X~Y*Z*finde(agent(Z).theme(Y).locus(X))

følger v.pp sub(theme) 
adj(locus)

Y-Z-f01ge(theme(Z).locus(Y))

påfører v.np.np sub(agent) 
obj(theme) 
adj(locus)

X‘Y*Z*pftf0re(agent(Z).theme(Y).locus(X))

undtager v_np_pp sub(agent) 
obj(theme) 
adj(locus)

X*Y~Z*undtage(agent(Z).theme(Y).locus(X))

U nder parsningen a f sæ tningen „D enne aftale påfører selskabet en forp lig ­
te lse" vil parseren— når den skal bygge  den sem antiske struktur for  sæ tningen—  
starte m ed at identificere denne aftale som  et N P  der opbevares i en variabel. 
I leksikon under p å fører  vil den få  op lysn in ger om  den konstituentram m e der 
gæ lder for verbet sam t det lam bdau dtryk  der svarer til verbet. U d fra  en m atch ­
ing a f konstituentram m en finder den frem  til den regel som  skal anvendes og  
identificerer herefter en konstitutentstruktur m ed to  N P ’er efter verbet. D et 
første NP, selskabet, associeres m ed rollen locu s som  er tildelt ad jek tet, det an­
det N P, en  forp lig telse, m ed rollen tem a som  er tildelt o b je k te t . T il sidst vil 
den udfylde rollen agent m ed su b jek tet, det første N P  den læ ste, o g  aflevere det 
fæ rdige resultat:

påføre(agent(aftale), theme(forpligtelse), locus(selskab))

D en sem antiske repræ sentation  vi kan få  frem  nu er baseret på  rollestrukturen  
ford i vi anser den for  et centralt elem ent når den in form ation  sæ tningen  inde­
holder skal fastholdes som  vidensrepræ sentation  i v idensbasen . V i er g o d t  klar 
over at der er flere forskellige sem antiske fæ nom ener som  ikke er repræ senteret 
i den nuvæ rende fase, tidsrelationer, m odalitet eller fx . adverbialsem antik . V i 
har også  en liste over punkter som  skal løses o g  andre punkter som  forestår. D et
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er også  derfor je g  har kaldt ind læ gget „P å  vej m od  en fagsproglig  tekstfortolk ­
e r " , o g  forh åben tlig  kan v i når v i m ødes igen om  to  år præ sentere en yderligere 
u d bygn in g  o g  forb ed rin g  a f vores tekstfortolker.

H vis der er nogen  der er interesseret i en m ere udførlig  rapport om  projektet 
sam t en deta ljeret gennem gang a f  p rogram m et, så kan m an orientere sig nærm ere 
i L A M B D A  N R . 11.
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Is Two-level Morphology a 
Morphological Model?

Janne Bondi Johannessen

Abstract

This paper contains a close look at Koskenniemi’s Two-level morphol­
ogy from a linguistic point of view. The model will be compared to three 
other traditional, linguistic morphological models, lA , IP and WP. It will 
be shown that there are linguistic phenomena that can hardly be handled 
by some of the just mentioned models, and not at all in a linguistically 
satisfactory manner by the Two-level morphology.

1 Introduction
K oskenniem i’s T w o-leve l m orp h ology  (T M ) has b e co m e  well know n since it was 
d eveloped  in 1983. O ne reason for  this is p rob a b ly  that it is on e  o f  the few  
m odels w ithin  com pu tation a l linguistics that has taJten m orp h o log y  seriously. 
T o  store  full w ordform s, in flected  and  derivated , in the lex icon  m ay b e  possib le  
for  a  language like English, w ith relatively  p o o r  m orph ology . B u t K oskenniem i 
saw that for  F innish, where a  single verb  can  have betw een  12.000 and 18.000 
different graphem ic form s (included  c litics ), such a  solu tion  w ou ld  not w ork. 
If the A m erican  com pu tation a l linguists had been  R ed  Indians speaking the 
C herokee-language O neida, instead o f  w h ite  and  E nglish -speaking, then they 
to o  w ould p rob a b ly  have developed  a m orph olog ica l m odel that cou ld  handle 
their verbs w ith  up to  100.000 form s each.

I assum e the T w o-leve l m orp h ology  to  be  w ell-know n, and  I will thus on ly  
g ive a  very short descrip tion  o f  it, be fore  I p roced e  to  the m ain task; to  com p are  
the T w o-level m orp h ology  w ith oth er m orph olog ica l m odels, and to  see if  this 
m odel can be  said to  be  a  m orph olog ica l m odel.

2 A Short Description of Two-level 
Morphology

T h e T w o-level m orp h ology  is designed to  perform  b o th  analysis and synthesis on  
the basis o f  m ore o r  less the sam e data . It has at its d isposal a  rule m od u le  and
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a  lex icon  m odu le. T h e  rule m od u le  takes care o f  one-segm ent correspondences, 
m ostly  ph on olog ica l ones. T h e  lex icon  m odu le  m ay consist o f  several lexicons, 
on e  or  m ore  for  stem s and others for  affixes. From  each lexicon  there is a  pointer 
to  the next possib le  lex icons. T h e  entries in the lex icon  m ay look  different from  
their surface representation , w hich  the rule m odu le  takes care of. (1 ) and (2 ) are 
exam ples o f  lex icon  entries in tw o su b lex icons for  N orw egian;

(1) LEXICON Nouns

vintEr /MNoim Lexeme=WINTER 
gutt /MNoim Lexeme=WINTER

(2) LEXICON /MNounSg 

0 /Genitive
/Genitiveen

Num=sg/Def in=ind/Gender=m/. 
Num=sg/Defin=def/Gender=m/.

T h e  in form ation  that we get a b ou t a  w ord -form  that is an8dyzed, is the infor­
m ation  that is accu m u lated  th rou gh  all the lexicons that have been consulted . 
T hu s i f  w e analyze vin teren , w e get the in form ation  from  b oth  the stem - and the 
suffix lex icon :

(3) vinteren: Lexeme=WINTER Num=sg/Defin=def/Gender=m/

(T h is  accu m u lation  is the reason for  the seem ing zero-in flectional m orph  that 
is apparent in (2 ). It is n ot m eant as a suffix, it is ju st there to  ensure that the 
in form ation  a b ou t singular and indefinite is co llected . T his in form ation  cou ld  not 
have been  represented in the stem  lex icon , even i f  the stem  is identical to  the w ord  
form  o f  indefinite singular, becau se the stem  lex icon  also points to  lex icons for 
plural and defin ite form s. S ince in form ation  is accum ulated  on  its w ay through 
the lex icons , w e w ou ld , i f  we had given the singular indefinite in form ation  in 
the stem  lex icon , have gotten  absurd results like vin tren e =  singular, plural, 
indefin ite, definite. In o th er  w ords: T h e  stem  lex icon  can  on ly  include inform ation  
that is com m on  for  all the w ord form s belon g in g  to  on e lexem e.)

T h e  lex ica l form  o f  the en try  we have look ed  at is v in t E r  (1 ), but the surface 
representation  shou ld  be  as in (4 ), o f  course:

(4 ) vin ter

T h e  default a lph abet then includes a  lexical E that corresponds to  a  sur­
fa ce  e , (E :e ) ,  (in  a dd ition  to  the usual e : e ) .  T h e  reason for this cu m bersom e 
representation  is that v in ter  and  m any oth er N orw egian lexem es g o  throu gh  a 
m orp h op h on em ic  change that deletes the e  before  certain  m orph olog ica l endings:

(5 ) Singular: v i n t e r  -  v in t e r e n
P lural: v i n t _ r e r  -  v in t _ r e n e

I f we w ant to  have the sam e lex ica l en try  for all w ordform s o f  on e  and the 
sam e lexem e, w hich  is ob v iou sly  the m ost satisfactory  solu tion  from  a linguistic 
p o in t o f  view , we have to  m ake the ‘e ’ w hich  can  g o  away, a  little  different 
from  oth er ‘e ’-s  that can  not b e  deleted  (e .g . in vin teren ), so that we can later 
form ulate a  rule that refers on ly  to  the appropria te  ‘e ’ . O n ly  then can  we keep 
on e  lex ica l en try  fo r  this lexem e, v in t E r ,  instead o f  tw o, e.g . as in (6 ):
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(6) vinter

vintr
/MNounSg
/MNounPl

Lexeme=WINTER

Lexeme=WINTER

W e then form ulate a  rule that overrules the lexical default values:

(7) "E-deletion in stem before plural"

E:0 <= _ Liquid PlSuffix ;

(T h e  rule con text consists o f  nam es that refer to  certain  sets and  defin itions 
that we have predefined .)

3 How Can Two-level Morphology be
Characterized When Compared to Other 
Linguistic Models for Morphological 
Description?

In ou r century trad ition ally  there have been  three m odels for  m orph olog ica l 
analysis; lA  (Item  and arrangem ent), IP  (Item  and P rocess) and  W P  (W ord  
and paradigm ). For a  d iscussion  o f  these m odels, see H ock ett 1954, M atthew s 
1972, 1974, R ob in s 1970. A  fou rth  m od el can  a lso  be  m en tioned , w hich  I shall 
not g o  in to here; N M  (N atural m o rp h o lo g y ), see W urzel 1982 or B y b e e  1985. 
B elow  I shall com pare  the T w o-level m orp h o log y  w ith  each o f  the three m odels. 
(T h e  discussion will to  a  large degree b e  built on  Johannessen 1988.) A s th ey  
have not existed  qu ite sim ultaneously, I will start w ith  the o ldest on e  and  then 
end w ith the newer one.

3.1 Item  £md Arrangement

T h e  m ain characteristic o f  this m od el is that there are m inim al units, m or­
phem es, that can  be  arranged in a  num ber o f  w ays to  form  b igger units. T h e  
m orphem es are abstract units that are represented th rou gh  their a llom orphs. 
Since at the tim e o f  lA  (approx im ately  1930-1950) the view  held that syn tax  
and m orp h ology  shou ld  be  described  in the sam e w ay; that there is ideally  a 
on e -to -on e  relationship  betw een m orph em e and a llom orph , m ore  precisely  a  re­
lationship  w here on e m orph em e has on e  surface realization  and v ice  versa:

(8 ) lA : 
M orphem es: A llom orph s: ‘W o rd ’
f g u t t }  + { i n d e f  p i }  g u t t - e r  gu tter ( =  boy s )
•{hus} + { i n d e f  p i }  h u s -0  hus ( =  houses)

lA  and T M  have in com m on  that the different elem ents are arranged lexically, 
as we see. B ut the elem ents o f  lA  (m orph em es) are abstract, so  that in (8 ) 
we have the sam e secon d  elem ent in b oth  w ords, it is ju st realized differently 
(different a llom orph s). In T M  on  the o th er hand, the tw o plural form atives have 
noth ing in com m on  becau se o f  their d ifferent realization  in the lex icon . In T M  
they are actually  tw o different endings, since th ey  are different graphem ically :
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(9 ) T M :
L ex ica l (stem ) entries: L exica l (a ffix ) entries: ‘W o rd ’
g u t t
hus

e r
O (nothing)

gutter ( =  boys) 
bus ( =  houses)

W e d o  n ot see any m orp h osyn tactic  in form ation  here, since it is irrelevant 
for  the m odel. T h e  gram m atica l features that are present in the lexicon  entries, 
can  n ot b e  m ade use o f  b y  the rules. T M  d oes n ot get past the con crete  level o f  
a llom orph s, it can  thus n ot be  equivalent w ith the lA -m o d e l.

3.2 Item  euid Process

T h e  IP  m od el was p op u la r until the 1960s. Like lA  this t o o  is a  m odel based 
on  the m orph em e-a llom orph  d istin ction . T h e  difference from  the lA  m odel is 
th at the IP  m od el a llow s processes, that is, it allows elem ents to  undergo a 
m etam orphosis  to  gain  a  shape different from  the original one. T h is  is possible 
b o th  at ph onem e and m orph em e level. T h e  m od el allows rules o f  b o th  sorts.

W h en  it com es to  the p rocess part, we can  say that IP  and T M  have som e­
th in g  in com m on . W e have seen the rule part o f  T M , and even if there we deal 
w ith  pairs o f  segm ents that correspon d  w ith  each oth er in certain circum stances, 
th e  idea  cou ld  be  that the corresp on d en ce  look s  like a process. (In  fact: T h e  rule 
form alism  is designed to  take care o f  m orp h oph on em ic changes that are abundant 
in  F innish  (vow el h arm on y and con son ant g ra d a tion )). I can also c ite  Kaxlsson 
eind K oskenn iem i (1985 :127 ): W h a t is described  by  rules is “ fairly natural one- 
segm ent m od ifica tion s; m ostly  au tom atic , transparent, produ ctive , exception less 
a lternations betw een  ph on olog ica lly  closely  related single phonem es in predom i­
nantly  p h on olog ica l con tex ts .”  P h on o log ica l rules axe then taken caxe o f  in T M . 
M orp h o log ica l rules, on  the o th er hand, i.e. processes that form  e.g . plural w ord- 
form s from  stem s, are not possib le  in T M , w hich  handles all form atives in the 
lex icon  part.

M orp h op h on em ic  changes can  thus b e  d escribed  in T M  in a  m anner sim ilar 
to  IP  (w hen  w e ign ore the lack  o f  m orph em ic level in T M ) :

( 1 0 ) IP : 
M orphem es: A llom orph s: M orph oph on em ic rule: ‘W o rd ’
{ b o k }  + { i n d e f  p i }  b o k - e r

(1 1 ) T M : 
L ex ica l (stem ) 
entry:

L ex ica l (a ffix ) 
entry:

o  ->  0 /  -  C e r

T w o-leve l rule: ‘W o rd :’

bøker

b ok 0 / -  C e r bøker

T h e  tw o m odels  are sim ilar so  far, but on ly  as lon g  as the ru le-con text is 
purely  p h on olog ica l (graph em ical). M orp h olog ica l con text is im possib le  in T M , 
bu t possib le  in IP  :

( 1 2 ) IP :
M orph em es: A llom orph s: M orph oph on em ic rule: ‘W o rd ’
{bok} + {indef pi} bok-er o -> 0 / . C {+pl ind} bøker
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T h e  on ly  w ay T M  can  use m orph olog ica l in form ation , is to  m ake the m orp h o­
logical in form ation  ‘p h on o log ica l’ b y  adding  ex tra  characters in the rule con tex t. 
T h e extra  character w ill then  sym bolize  the m orph olog ica l class or  feature. E .g . 
can we put a  dollar sign in front o f  the affix (w hich  m ust o f  cou rse a lso  b e  present 
in the lex icon  w here the affix has its en try) or  the m orp h olog ica l ending m ay 
itself get a  different lex ica l shape, to  satisfy the need for  a  con tex t that can  be  
m orph olog ica lly  unique:

(13 ) T M :
+ morphophonemic rule: o -> 0 / _ C $er 

or

+ morphophonemic rule: o -> 0 / _ C Er

N ow  on e m ight want to  reply that it is n ot im portan t. B u t in natural language 
it is often  necessary to  distinguish betw een  ph on olog ica l and m orp h olog ica l con ­
dition ing. A  num ber o f  N orw egian d ia lects have p rod u ctiv e  palatalization  o f  / k /  
and / g /  in front o f  noun  suffixes, bu t n ot otherw ise:

(14 ) / s t o k /  ( =  stick )
/s t o c - e n /  ( =  the stick  (n o m .))
/d r e k -e /  ( =  ( t o )  drink)
/s t o c - a /  ( =  the stick  (d a tiv e ))
/ t a k -a /  ( =  thanked)

It w ould  be  a  m istake to  ph on olog ize  this ty p e  o f  m orp h op h on olog ica l process. 
It is the m orph olog ica l ca tegory  o f  the suffix that con d ition s  the a lternation  o f  
the stem , and not the p h on olog ica l shape.

3.3 Preliminary Summary

W e have look ed  at tw o linguistic m odels  for  m orp h olog ica l analysis w hich  b o th  
have the d istin ction  m orph em e-a llom orph , i.e. w hich  take the segm ental side o f  
natural languages very seriously. O n e o f  them , IP, is a  little  m ore  flexib le in that 
it accepts segm ental changes triggered by  som e ph on olog ica l o r  m orph olog ica l 
feature.

W h en  we com pared  T M  to  these m odels, we saw that it seem s to  b e  inspired 
by  them . It t o o  em phasizes the segm ental side, throu gh  the linked lexicons. 
A lso  it seem s to  be  inspired by  the rule m odu le  o f  IP, a lthough  T M  on ly  allow s 
“ph onolog ica l” con d ition in g  for  the triggering o f  rules.

T h e  serious defect o f  T M , how ever, is that it lacks a  con cep tu a l, m o rp h o log ­
ical level. It operates on ly  at the con crete , ph on o log ica l (grap h em ic) on e , w hich  
is o f  course the reason for  the ju st m entioned  ph on olog ica l triggering.

W e have seen that lA  and IP  are n ot fash ionable  today . T h e  reason is that 
they are to o  lim ited to  accou nt for  all facts a b o u t natural language. B u t the 
know ledge that m orph olog ica l processes can  b e  m ore  than  ju st elem ents ar­
ranged in a  certain  order is not new . E .g ., the A m erican  linguist E dw ard  Sapir 
in his b o o k  “L anguage” in 1921 d istinguished betw een  six different processes.
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(i.e. w ays o f  expressing m orph olog ica l characteristics) w here he included things 
like “ internal m od ifica tion  o f  the radica l o r  gram m atica l elem ent” , reduplication , 
accen tu a l and quantita tive processes.

It is this k now ledge that led to  a  revision  o f  m orp h ology  by  M atthew s in 
1972.

3.4  W ord and Paradigm

T h e  W P  is a  m od el that attem pts to  take m orp h ology  seriously in that a  gram ­
m atica l feature can  b e  realized in m any different ways, like Sapir suggested. In 
this m od el the u nderlying representation  is even m ore abstract than in the tw o 
p reced in g  m orph em e m odels. A n y  w ord form  is represented through  its lexem e 
(an  invariant representation  o f  the w ord ) w ith  the gram m atica l (m orph osyn tac- 
t ic ) in form ation  represented as an unorded  set:

(1 5 ) G U T T jyj m asculine, indefinite, plural

T o  reach the correct w ord form , the stem , w hich  is the starting poin t, can go  
th rou gh  various processes:

(16 ) G U T T j^  m asculine, indefinite, plural:
Stem : gutt
+  op era tion : suflSx -er
=  W ord  gutter

T h e  num ber o f  processes is p oten tia lly  infinite, the reason fo r  this is that 
it is the w ord  w hich  is the basic unit in this m odel: I f  a  w ord form  differs in 
m ore  than on e  w ay from  .any o th er w ord form  in the sam e paradigm , then it goes 
th rou gh  m ore  than on e  process to  reach its final shape. A n d  all the processes 
w ill b e  expon en ts o f  the sam e gram m atica l (m orph osyn ta ctic ) feature. W e shall 
lo o k  m ore  close ly  at three linguistic ph enom ena  that are p rob lem atic for  the tw o 
o th er lingu istic m odels  and  for  T M , but n ot for  W P .

T h e  first and  m ost im portan t d ifference betw een  the W P  m odel and the 
m orph em e m odels is that w hile the m orph em e m odels need a  on e -to -on e  rela­
tionsh ip  betw een  m orp h olog ica l con ten ts and  its realization , W P  accepts a  m any 
to  o n e /o n e  to  m any-relationsh ip :

(17 ) B O K jq  fem inine, indefinite, plural
Stem : b ok
-I- operation: suffix -er
-I- operation: change stem vowel
=  W ord : bøker

A s w e have seen previously, the m orph em e m odels and T M  necessarily must 
g ive  p riority  to  on e  o f  the realizations, and  let the o th er(s ) be  con d ition ed  by  it. 
T h is  poses stron g  constra in ts u pon  the linguist, w h o will have to  g ive arbitrary 
p riority  to  on e  rea lization , e.g . to  let an affix trigger a  vow el change.
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A  second prob lem  is that w hile there still m ight be  som e universal claim s 
abou t the priority  o f  aflSxes to  ‘ internal m od ifica tion s ’ , so  that the first p rob lem  
m ay lo o k  sm aller, a  w orse case occu rs  w hen there are m ore than  on e  affix  that 
represents a  gram m atica l feature. T h is  is the case in G erm an  past particip les:

(18) ge-sag-t

In the G erm an case w e m ight still argue to  g ive priority  to  the suffix, th ou gh , 
since the o th er verbal features in the language axe m arked b y  suffixes, bu t con ­
sider the K u b a ch i d ia lect o f  D argw a from  the N ortheast C aucasus, w here each 
ad jective agrees w ith  the n ou n ’s gender and num ber b o th  in itia lly  and finally, 
in add ition  to  agreeing w ith  num ber penultim ately :

(19 ) K u bach i (d ialect o f  D argw a, N ortheast C aucasus):
b-Tk’arzi-b qalC’e ‘ little  b ird ’
d -lk ’arzu-d qulC’-n e  ‘ little  b ird s ’

(T h e  exam ple is from  A nderson  1988:32)

T h e m orphem e m odels that we considered  prev iou sly  w ou ld  have to  g ive  on e 
afiSx priority  over the other, or  m ake use o f  the con cep t circum fix . T h e  T M  on  
the other hand, does n ot present a  satisfactory  solution .

It cou ld  represent the prefixed affixes in a  separate lex icon , and  have p o in t­
ers from  there to  the further lexicons. T h is  how ever w ou ld  m ean that the stem  
w ould o ccu r  as m any tim es in the stem  lex icon  as there are prefixes in the lan­
guage, since the suflSxes have to  agree w ith  the prefixes. O ther equally  inelegant 
solutions are also possible.

B ut even i f  T M  has prob lem s in representing ph enom ena  like the above , it 
cau d o  it in an inelegant way. T h e  th ird  p rob lem  is m ore  serious, how ever:

T h e  third area is ph enom ena that are n ot ‘ segm en tal’ in their nature. W e 
recall Sapir w h o allowed internal m od ifica tion  as a  m eans for  representing m or­
p h olog ica l features. A  typ ica l exam ple o f  this is the G erm anic um laut and  ablaut, 
which in m any cases is the sole distinguish ing fa ctor  betw een tw o w ord form s o f  
the sam e lexem e:

(20 ) m ann (in d ef sg )-m e n n  (in d e f p i) (m a n -m e n )
se (in f in it iv e )-s i  (preterite) (see -sa w )
m ouse (s g ) -m ic e  (p i)

B oth  the m orphem e m odels  that w e look ed  at and T M  have prob lem s in 
describing such ph enom ena as vow el alternation , w hen it is n ot the b ip rod u ct o f  
som e other segm ental, m orph olog ica l process, but rather the m ain exp on en t o f  
that m orph olog ica l feature.

T h e  m ain prob lem  for  T M  is that all gram m atica l (m orp h osy n ta ctic ) in for­
m ation  is on ly  represented in the lex icon  part o f  the system , and  not in the rule 
part. I f  a  tw o-level rule should  take care o f  this in form ation , it w ou ld  1) need a 
segm ent to  trigger the rule, and 2) let the m orp h olog ica l in form ation  be  a cco m ­
panied by  the trigger, and n ot b y  w hat is really  the difference betw een the tw o 
form s— the vow el a lternation :
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(21 ) T M : 
L ex ica l (stem ) 
entry:

L ex ica l (a ffix ) 
entry:

T w o-leve l rule: ‘W o rd ’ :

mann -0 a : e  <=> _ C* - 0  m enn

4 Conclusion
T h e  qu estion  w hich  is the title o f  this paper, ‘Is T w o-leve l m orp h ology  a  m or­
p h o log ica l m o d e l? ’ , can  from  the previous discussion  b e  answ ered quick ly and 
clearly  negatively. T h e  reason  for  this is th at a  m inim um  to  be  dem anded  from  
a  m orp h olog ica l m odel, is fo r  it t o  a ccep t m orph olog ica l features and categories 
as prim itives. In that w ay it cou ld  allow  m orph olog ica l con d ition in g  on  stem  
variation . B u t T M  has to  m ake use o f  artificia l null-segm ents and oth er triggers, 
i.e. it has to  m ake the orig ina lly  m orph olog ica l con text ‘ p h on o log ica l’ , segm en­
tal. A n yth in g  that is m orp h olog ica l— like the in form ation  in the lex icons— can 
b e  used on ly  b y  the linguist, n ot b y  the m odel. In this w ay it does n ot have any 
p ossib ility  o f  m aking generalizations independently  o f  ph onolog ica l shape. It is 
even  w orse than the m orph em e m odels , as it can  not say that b o th  a  suffix and 
a  vow el a lternation  cou ld  represent ‘p lu ra l’ , e.g ..

It therefore  seem s fair to  say that T M  is n ot a  m orp h olog ica l m odel. T here  
are, how ever, languages that can  b e  well described  b y  it, viz. the languages 
th at are usually ca lled  agglu tinative in traditional typology . T hese are languages 
like F innish , w hose m orp h o log y  consists o f  easily separable affixes that each 
corresp on d s to  on e  m orp h olog ica l unit. T h e  ph onolog ica l alternations in Finnish 
are n ot realizations o f  m orp h olog ica l features, on ly  p h on olog ica lly  determ ined 
a u tom a tic  a lternations, w hich  the tw o-level rules handles well. T h e  import^lnt 
rule-paxt o f  the m od el m akes the T M  m ore  ph on olog ica l than m orph olog ica l.

W e m ay ask a  last question : Is it im portan t that a  com p u tation a l m odel 
has lingu istic qualities? F rom  the a b ove  d iscussion  I th ink the answer should be 
p ositive .

References

Anderson, S.R. 1988. Inflection. In Hammond, M. & M. Noonan (eds.). Theoretical 
Morphology, 23—44. Academic Press Inc., San Diego.

Bybee, J. L. 1985. Morphology. A Study of the Relation between Meaning and Form. 
John Benjamins Publishing Company, Amsterdam.

Hockett, C.F. 1954. Two Models of Grammatical Description. Word, 10, 210-231. New 
York.

Johannessen, J. 1988. Automatisk morfologisk analyse og syntese. Lingvistisk institutt. 
Universitetet i Oslo, Oslo. Hovedoppgave.

Koskenniemi, Kimmo. 1983. Two-level Morphology: A Gener2il Computational Model 
for Word-form Recognition and Production. Publ. no. 11, Department of General 
Linguistics, University of Helsinki, Helsinki.



Janne Bondi Johannessen: Two-level Morphology 59

Källgren, G. 1983. Computerized Analysis and Synthesis of Finnish Nominals. In Pa­
pers from the Seventh Scandinavian Conference o f Linguistics, 433-444. Publ. no. 
10, Department of General Linguistics, University of Helsinki, Helsinki.

Karlsson, F. and K. Koskenniemi. 1985. A Process Model of Morphology and Lexicon. 
Folia Linguistica, 207-231, Haag.

Matthews, P.H. 1972. Inflectional Morphology. Cambridge University Press, Cambridge.
-----1974. Morphology. An Introduction to the Theory o f Word-structure. Cambridge

University Press, Cambridge.
Rankin, I. 1986. SMORF— An Implementation o f Hellberg’s Morphology System. In 

Papers from the Fifth Scandinavian Conference o f Computational Linguistics, 
161-172. Publ. no. 15, Department of General Linguistics, University of Helsinki, 
Helsinki.

Robins, R.H. (ed.) 1970. Diversions o f Bloomsbury. Selected Writings o f Linguistics.
North-HoUand Publishing Company, Amsterdam.

Sapir, E. 1921. Language. Harcourt, Brace &c World, New York.
Wurzel, W. U. 1982. Phonologie -  Morphonologie -  Morphologie. In Linguistische Stu­

dien, 93, Reihe A, Arbeitsberichte. Akademie der Wissenschaften der DDR, Zen- 
tralinstitut fiir Sprachwissenschaft, Berlin.

In stitu tt for hum anistisk in form atikk , 
U niversitetet i O slo , 

P .b . 1102 B lindern , N -0317 
O slo  3.



Gunnel Källgren

Automatic Indexing and Generating of 
Content Graphs from Unrestricted Text^

1 Introduction

F or qu ite som e tim e, I have been  exp lorin g  the surface signals o f  language, and 
try in g  to  put them  to  as m uch use as possib le , prim arily  in m orp h ology -based  
p art-o f-sp eech  assignm ent (K ällgren  1984a,b ,c, 1985) and pattern -based  syn tac­
tic  analysis (K ä llgren  1987). T h is  kind o f  large-scale, probabilistic  parsing on  the 
basis o f  m orph olog ica l and syn tactic  patterns has lately com e to  use in several 
p ro je cts . S om e m odels  that have been  docu m en ted  axe the U C R E L  parser in 
E ngland for  the B row n  and L O B  co rp o ra  (G arside &  Leech 1987), the V O L - 
S U N G A  parser in the U S A  for  the B row n  corpu s (D eR ose  1988), K en  C hu rch ’s 
stoch astic  m odels  (C h urch  1988), as well as oth er w ork in the US (B lack  1988), 
bu t I am  sure w ork  a lon g  these lines is go in g  on  in several places.

T h e  im petu s beh in d  the w orks ju st m entioned is m ainly  a need for analyzing 
large am ou n ts o f  unrestricted  text in a  w ay that is n ot t o o  resource-dem anding, 
e ither on  tim e or on  com p u tin g  pow er. A s a  secon dary  goa l, I have seen the needs 
o f  large-sca le in form ation  retrieval. K eep in g  m y original surface-orientation , I 
have gon e  further from  the analysis in to  parts-o f-speech  and constituents and 
started  to  lo o k  at the ex traction  and  representation  o f  som e kind o f  ‘ con ten t’ 
from  the surface o f  texts , w ith ou t any kind o f  know ledge base support. T h is 
m ight seem  qu ite  im possib le . M an y o f  the o th er papers in this volum e deal w ith  
h ow  unavailable in ferences are to  the com prehension  o f  text, and o f  course they 
are right. I f  th e  aim  is t o  bu ild  a  com pu terized  system  that will in any way 
sim ulate language understanding, it is necessary to  have a  large know ledge base 
and  m echanism s for  m aking inferences from  it, but there are also applications 
w here the hum an know ledge and  in ferencing capacities can  be  used instead. M y 
ap p roach  in the experim en t to  b e  reported  here has been to  let each on e do

* My sincere thanks to Boris Prochaska and Sten-Erik Bergner, formerly at Ericsson Tele­
com, who wrote the original version of the graph drawing program that I have used, and to 
Howard Gayle who set me in contact with them. Sune Magnberg has done a great job in trans­
ferring the program to a PC environment and has also written the part of the whole system 
that checks for collocational pairs. I also wish to thank Benny Brodda, Kari Fraurud, and Sune 
Magnberg for valuable comments on earlier drafts of this article.
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what h e /s h e /i t  is g o o d  at; let the com p u ter store , sort, and  find facts , and  let 
the hum an being d o  the inferencing.

T h is is actu ally  the w ay it n orm ally  is in the field o f  in form ation  retrieval, 
where it is the hum an user that (interactively, at best) decides w hether s h e /h e  
has g ot the desired m aterial. T h e  prob lem  is then to  p rod u ce  an op tim a l basis 
for that decision. I have so  far been testing a u tom atic  indexing  o f  texts , i. e. 
to  find central con cep ts  in  texts  au tom atica lly  (K ällgren  1984c). T h is  is n ot all 
that diflBcult, bu t n ot all that effective either. In ord er to  b e  coverin g , the index 
lists will easily grow  t o o  lon g ; i f  shortened , im portan t descrip tors m ay d isappear. 
T his is an instance o f  w hat is know n as the con flict betw een  recall and  precision . 
Still it is clear that sim ple w ord  lists can  b e  qu ite in form ative, th ou gh  a  bit 
boring.

I have also gone to  the oth er extrem e and tried  to  a ctu a lly  generate coherent 
abstracts autom atica lly  (K ällgren  1988). T h is  w ould  certa in ly  be  desirable, and 
though  it is far away, I d o  not th ink it is im possible.

W h at I will report on  here is som eth ing  in betw een. It is a  w ay o f  show ing 
central con cepts and their interrelations in w hat I have ca lled  ‘ con ten t grap h s ’ . 
It is then up to  the user to  interpret the relations and m ake the inferences that 
are needed in order to  get a  p icture o f  the content o f  the con cern ed  text.

In principle, it m ay be  w ron g  to  talk  abou t con ten t graphs. T h e  graphs 
picture ‘ what a  text is a b o u t ’ , rather than its con ten t, but to  ca ll them  ‘ abou tn ess 
graphs’ is ju st to o  clum sy. W h a t these graphs actu a lly  d o  is to  g ive  a  hint abou t 
the content o f  a  given tex t, n ot a  full and true representation  o f  it.

G iven these lim itations, the graphs still have their ju stifica tion . T h e  deriva­
tion  o f  them  from  texts is an interesting task, for a  set o f  reasons: T h e  process 
can b e  fu lly autom atized . It can  be  run on  unrestricted  tex t w ith ou t m anual pre­
processing. T h e  ou tpu t can  o ften  be  strik ingly  accu rate. It a lso seem s to  have 
som e interesting psycholingu istic im plications.

2 Surface-Oriented Indexing and Information 
Retrieval

O f course, different kinds o f  surface-oriented  m eth ods have been  used exten ­
sively through  the years in research on  au tom atic  in form ation  retrieval. Salton  
&  M cG ill (1983) g ive a  broad  overv iew  o f  the field and  a lso  report interest­
ing data  on  the n otoriou sly  diflScult evaluation  o f  in form ation  retrieval system s. 
M any o f  the system s described  m ake use o f  a d ja cen cy  and  term  frequ en cy  fea­
tures in different com bination s, and som e system s take in to  a ccou n t n ot on ly  
term s that are im m ediately  2uljacent but a lso  term s that ap pear w ith in  a  lim ­
ited  distance o f  each o th er (ib id . p. 33 ). S ophisticated  m eth od s for  com p u tin g  
frequency and relative weight o f  term s occu rin g  in docu m en ts are also described . 
Frequency o f  im m ediately  ad jacent term s is used as a  m eans o f  find ing com p lex  
term s (such as ‘ in form ation  retrieval’ ), bu t the authors d o  n ot rep ort any w ork 
dealing w ith  frequency o f  m ore loose ly  con n ected  term s. T h e  results o f  their ex ­
perim entation  is encouragin g  in that they  show  that w ell-constructed  au tom a tic
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in dexin g  system s m ay perform  qu ite as well as m anual indexing, and also that 
sim ple su rface-based  procedu res can  b e  as g o o d  as or  better than m ore refined 
m eth od s (ib id . p . 102).

T h e  orig ina l insp iration  for this w ork  com es from  Phillips (1985) which relates 
to  som e very  early  w ork  w ith in  com p u tation a l linguistics (e .g . Sinclair et al. 
1970). M an y o f  the ideas suggested  at that tim e w ould  deserve a  renewed interest 
today , w hen com p u ta tion a l pow er as well as linguistic know ledge has increased 
(th e  form er con siderab ly  m ore  than  the latter, how ever). A  g o o d  o ld  idea  that 
turns up every now  and then is the con cep t o f  co lloca tion . C o lloca tion s  are w ords 
that appear togeth er con siderab ly  m ore  o ften  than w ould b e  exp ected  on  purely 
statistica l grou nds. T h e y  can  either b e  im m ediately  ad jacent or  appear within 
a lim ited  d istance from  each other. T h is  d istance, in term s o f  num ber o f  words, 
6an b e  ca lled  a  span. ‘ C o llo ca t io n ’ and ‘ sp an ’ are basic con cep ts  in m y m ethod  
for  generating graphs.

T o  search for  co llo ca tion s  can  b e  a  w ay o f  finding the id iom s o f  a  language, 
b o th  those that are entirely fixed, like ‘ red ta p e ’ , and those that conta in  slots, 
like ‘pull som eon e ’s leg ’ . It can  also be  a  w ay o f  finding relations betw een w ords. 
In the kind o f  con ten t analysis that is carried  ou t in the social sciences, co o ccu r ­
rences betw een  predesigned  pairs or  sets o f  w ords have som etim es been  investi­
gated . M y  treatm ent o f  the co llo ca tion s  is related to  b oth  uses; to  the form er in 
regarding all w ords in a  text as liable to  enter co lloca tive  relations, to  the latter 
in assigning som e kind o f  sem antic load  to  the relations. T h is am ounts to  saying 
th at the fa ct that tw o w ords co o c c u r  suspiciously  often  carries som e m eaning in 
itself.

T h ere  is, how ever, on e  lim itation  on  w hat w ords can form  co lloca tion s  in m y 
system . T o  avoid  uninteresting co lloca tion s , such as article  plus noun etc ., I on ly  
take con ten t w ords in to  regard, n ot form  w ords. T h e  d istin ction  betw een content 
w ords and  form  w ords is o f  cou rse not tota lly  clear (w hich  linguistic d istinctions 
a re?), bu t clear enough  to  b e  operationalizable . T here  are som e rare instances 
o f  h om ograph y, as w hen ‘o u t ’ can be  a  noun in con n ection  w ith baseball, and 
som e adverbs can  b e  felt to  b e  ‘ con ten t h eavy ’ . D isregarding this, form  w ords 
can  b e  given  as lists o f  w ords from  the closed  categories; pronouns, prepositions, 
adverbs, auxiliary  verbs, articles, particles, and con ju n ction s. R em ovin g  such 
w ords from  running tex t, o r  p lacing  them  on  so-ca lled  ‘ stop  lists ’ , is a  m uch 
used p ractice  in au tom atic  indexin g , and it is estim ated  that abou t 250 com m on  
w ords cover 40-50  percent o f  an average E nglish text (Salton  k . M cG ill p. 71). 
L em m atization  and rank orderin g , as described  in steps 2 and 3 in the algorithm  
be low , are a lso  w ell-established techniques.

3 The Algorithm
T h e  m eth od  can  now  b e  presented in the form  o f  an a lgorithm , w hich  I will 
p roceed  to  d escribe  and exem plify .
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(1) T he ALGORITHM:

1. Eliminate all form words.

2. Lemmatize the remaining words, i. e. disregard differences at the end of words 
that either belong to the sets of derivational and inflectional endings or are 
admissible combinations of those.

3. Rank the lemmas in order of frequency.

4. Decide on a lowest frequency of lemmas and exclude the lemmas below that level. 
The level is dependent on the length of the text and the degree of recall wanted. 
The lemmas above the frequency threshold form the set of INDEX words.

5. Decide on a SPAN length. The length of the span is not dependent on text length 
or wanted recall, but might be language dependent.

6. Find all instances where two words from the index set appear within the same 
span. These are the COLLOCATIONAL PAIRS.

7. Find all pairs that are identical, disregarding order, as the pairs in themselves 
are unordered.

8. Rank the collocational pairs in order of frequency.

9. Decide on a lowest frequency of collocational pairs, based on the same principles 
as for the lemma frequency. Pick out all pairs above that frequency.

10. Construct ADJACENCY LISTS, i. e., for each lemma, list all other lemmas with 
which it forms a pair.

11. Use the adjacency lists as input to the GRAPH-drawing program.

A ltern ative version  w ith  graphs draw n by  hand:

10' Try to find optimal orderings of the pairs, look for central concepts that occur 
in many pairs.

11' Draw the GRAPH.

4 Implementation
T h e  system  has been tested  for Swedish, and the program s for  rem oving  form  
w ords and lem m atizing con ten t w ords so  far on ly  exist in Swedish versions. T h e y  
are a  set o f  L isp procedures running on  P C s. F or the pu rpose  o f  d em on stra tion , I 
will how ever use an English text w here the lem m atizing has been  d on e  m anually. 
T h e  full English text is g iven in A p p en d ix  A  and all exam ples b e low  are taken 
from  that text. A p p en d ix  B  conta ins three shorter Swedish texts  and  A p p en d ix  
C  their respective graphs. T hese  have been  p rod u ced  in a  w h olly  au tom atica l 
way as specified  in the algorithm .

T h e  rem oval o f  form  w ords is, as stated  above , sim ply d on e b y  rem oving  all 
w ords on  a  pre-specified  list from  the text. L em m atization  is n orm ally  a  far from
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triviaJ process, but can  in this con n ection  be  don e in a  sim plified m anner. T h e 
tex t, devo id  o f  its form  w ords, is treated as a  w ord  list and sorted a lphabet­
ically. W ords th at start in a  sim ilar w ay are com pared  as to  their endings. I f 
tw o w ords axe iden tica l all the way, th ey  clearly  be lon g  together. I f  the parts 
w here th ey  differ be lon g  to  the pre-defined set o f  endings, they  are also regarded 
as be lon g in g  togeth er. T h is  m atch ing  can  be  don e in m ore  o r  less sophisticated 
w ays. E ither the pairs o f  m atched  endings m ust signal the sam e part-of-speech  
and  b e  m orp h olog ica lly  con n ected , as w hen berry  and berries  form  a lem m a 
berr  w ith  m atch ing  endings y  —  ies . O therw ise, anyth ing ‘endinglike’ will do, 
as w hen fa v o r ite , favored  and  favorable  are m atched. A ctu a lly , I th ink the latter 
a lternative, lem m atizing  across part-o f-speech  boundaries, shou ld  be  preferred, 
as we are prim arily  look in g  for  sem antic relations, regardless o f  h ow  they are ex­
pressed. In this way, the tru n cated  stem s (see be low ) that represent e2w:h lem m a 
com e  to  refer to  a  con cep t m ore  than ju st a  w ord. T h is kind o f  lem m atization  
has been  ca lled  ‘ ro o t lem m atiza tion ’ and a linguistically  soph istica ted  way o f  
do in g  it is d escribed  in F je ld v ig -G o ld en  (1984).

S em antica lly  erroneous lem m atization  cau  o f  course not be  avoided , as when 
late, w h ich  in the tex t is used in  the sense o f  deceased, is lem m atized  w ith  a 
tem pora l lately. T h is  is how ever n ot such a b ig  prob lem  as one m ight suspect, as 
such in felicitious pairings rarely  reeich a  frequ en cy  where they will in fluence the 
o u tco m e  o f  the entire p rocess. T o  so lve  the problem , on  the other hand, w ould 
dem au d  a  very  large apparatus based on  n ot on ly  sem antic but also pragm atic 
know ledge.

W h a t is left w hen possib le  endings have been  rem oved is a  tru n cated  stem , 
w here th e  tru n cation  process has som etim es been  qu ite brutal. T h e  truncated  
stem s can  now  b e  sorted  accord in g  to  frequ en cy  and  those below  a  certain  level 
are rem oved . F or th e  short sam ple text o f  tw o typ ed  pages, a  frequency level o f  
tw o was settled . T h is  is o f  cou rse the m inim al frequency. A  frequency o f  on e has 
n o  d iscrim in atory  effect w h atsoever, as those lem m as can  never o ccu r  in m ore 
th an  on e  pair. T h e  lem m as w ith  a  frequ en cy  o f  tw o o r  m ore  in the sam ple text 
axe g iven  in (2 ). T h e y  are ca lled  in d ex words and axe saved on  a  sepaxate file 
to  b e  m atched  against th e  fu ll text in the next step  o f  the process. For a  longer 
tex t, a  higher frequ en cy  level m ight have been  preferred in order to  lim it the 
set o f  in dex  w ords. T h is  is a  typ ica l instance o f  ba lancing  recall and precision  to  
reach a  result that is felt to  b e  adequate.
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(2) Index words. (Lemmas with frequency > =  2.)

acre hair orchard
berr I past
brow n includ plant
captivat N orth J sla n d p rod u c
ch ance Jim -M aclou gh lin seed
Chinese kiwi ship
com m ercia l kiw ifruit sold
cou n tr late success
d evelop lem on tast
ear like T e-P uke
egg m arket thousajid
favor m e vine
five m illionaire w hite
flesh m ost wild
&uit new w orld
green New JZealand year

N ext, a  span length has to  be  settled . T h is  d oes n ot, how ever, seem  to  be  con ­
nected to  recall and precision  in the sam e w ay as the frequ en cy  lim its. R ath er, 
there seem s to  be  an op tim a l span  length . Increasing or  decreasing the span 
length in relation  to  the op tim a l length  w ill in crease /d ecrease  recall in the way 
that w ould be  expected , w hile b o th  increase and decrease o f  span length , inter­
estingly enough , seem  to  reduce precision . A n  increase in span length  will g ive 
m ore o f  accidental and thereby uninteresting co llo ca tion s  and  also a  h igher rel­
ative frequency o f  such uninteresting co llo ca tion s  am on g  all co llo ca tion s  a b ove  
the critica l threshold  that is to  be  set in step  9 o f  the a lgorithm . A t the sam e 
tim e, increased span length  seem s to  g ive surprisingly  few  new  ‘ h its ’ , w hile the 
o ld  hits run a  risk o f  be in g  ou tn um bered  b y  the new  acciden tal co llo ca tion s . A  
decrease in spcin length  w ill rem ove m any w anted co llo ca tion s , w hile the relative 
p rop ortion  o f  hits am on g  the rem aining co llo ca tion s  will not increase. A n y  vari­
ation  o f  the span length  thus seem s to  g ive a  reduced  p rop ortion  o f  sem antica lly  
significant co lloca tion s . T h is  is, how ever, on ly  su b jectiv e  im pressions from  sm all- 
scale tests w ith  varying span length. S im ilar results have been  reached b y  others 
(S inclair et al. 1970, referred in Phillips 1985), and have led to  establish ing a 
span length o f  four orth ograp h ic  w ords as optim al.

T his is a  po in t that w ou ld  deserve a  m ore th orou gh  investigation . It p rob a b ly  
has som ething to  d o  w ith the norm al size o f  com m on  con stru ction s: m odifier 
and noun will a lm ost alw ays appear w ith in  less than  fou r w ords d istance, as will 
m ostly  su b ject— verb and verb— o b je c t , w hile e. g. m ore peripheral adverbials 
will not o ccu r  that close to  the nexus part o f  the sentence.

In the sam ple app lica tion , the span length  is settled  to  the op tim a l 4. T h e  
original text, including form  w ords, is searched for  occu ren ces  o f  the (tru n ca ted ) 
stem s o f  the index w ords. W h enever a  w ord  con ta in in g  such a  stem  is fou n d , a  
span o f  four w ords is scanned for m ore  occu ren ces o f  (stem s o f )  index  w ords. I f
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any are fou n d , the resulting pairs are stored  and the search goes on . In (3 ) a 
clause from  the text is g iven w ith  all in dex  w ords capitalized .

(3 ) T H O U S A N D S  OF A C R E S  ARE N E W ly  P L A N T E D  EACH Y E A R  IN A 
DOZEN OR MORE C O U N T R IE S , . . .

H ere, thousand  co llo ca tes  w ith  acre  and  n ew , but n ot w ith  plant. A cre  co l­
loca tes  w ith  n ew  and plan t, n ew  w ith  plant and year, emd plant w ith year. 
C ou n tr  has n o  co llo ca tion s  in this instance. T h e  internal order o f  the co lloca ­
tion a l pairs is o f  n o  im p ortan ce , so  the stem s w ithin each  pair ^lre stored in 
a lp h abetica l order. T h e  pairs are then sorted  a lph abetica lly  and the frequency 
o f  each  co llo ca tion a l pair is ca lcu lated .

T h e  n ext step  is again  to  d ecide  on  a  low est frequency, this tim e o f  co lloca ­
tion a l pairs. T h is  decision  governs w hich  pairs, and consequently  w hich  lem m as, 
are to  be  regarded  as representative o f  the content o f  the text. A s this has such 
great im p a ct on  the ou tp u t, it m ay well be  that it should be  possib le  to  vary 
the frequ en cy  th resh old  for  co llo ca tion a l pairs interactively, in order to  facilitate 
closer in spection  o f  in teresting findings. A  way o f  m aking exp^lnsions o f  the sets 
o f  lem m as and  relations w ill b e  d escribed  below .

In (4 ) , all co llo ca tion a l pairs w ith  a  frequency equal to  or a b ove  2 in the 
sam ple tex t axe given in a lph abetica l order.

(4) Collocational pairs with frequencies.

berr —  kiw ifruit 2
com m ercia l —  kiw ifruit 2 
d evelop  —  kiw ifruit 2
flesh —  green 2
I —  kiw ifruit 3
I —  N ew -Z ea lan d  2

T h e  idea  is th at this can  give a  m ore  o r  less accu ra te  p icture o f  con cepts 
and  relations that are centra l t o  the tex t, at least in the sense that they show  a 
h igh  frequency. M ostly , this is suflicient to  p rov ide  a  hint abou t w hat the text 
is a b ou t. In  som e cases there m ay how ever b e  a  need for enlarging the basis o f  
th e  representation . T h is  can  b e  d on e b y  settin g  a low er m inim al frequency level 
for  lem m as o r  co llo ca tion a l pairs or  b o th , bu t this m eans redoing parts o f  the 
p rocessin g . A  b etter w ay can  b e  to  use a  set o f  expansion  operations as defined 
below .

W ith o u t changing the given  frequ en cy  levels for  lem m as and co lloca tion a l 
pairs, we can  derive th e  fo llow in g  sets o f  con cep ts  and relations betw een con cep ts:

(5) Expansions

P r im a r y  c o n c e p t s :  the lem m as occu rin g  in the pairs orig inally  picked ou t by 
the algorith m .
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F ir s t  e x p a n s io n : all co llo ca tion s  betw een prim ary con cep ts.

S e c o n d  e x p a n s io n : all o th er lem m as co llo ca tin g  w ith  prim ary  con cep ts . T h is 
gives the set o f  secon dary  con cep ts.

T h i r d  e x p a n s io n :  all co llo ca tion s  betw een  secon d ary  con cep ts.

F o u r t h  e x p a n s io n :  all lem m as co llo ca tin g  w ith  secon dary  con cep ts.

E t c .

T h e  secon d  and  fou rth  (generally : all even ) expansions are ‘op en in g ’ expan ­
sions, as th ey  brin g  in new  con cep ts. T h e  first and th ird  (^lnd all o d d ) expansions 
are ‘ c los in g ’ , as they  establish  relations betw een existing con cep ts  and  m ake the 
correspon d in g  graph m ore closely  knit.

In  (6 ) below , we see for each o f  the p rim ary  con cep ts  the co llo ca tion s  it enters:
a ) w ith  oth er prim ary con cep ts and w ith  a  frequ en cy  a b ove  the m inim al level;
b ) w ith other prim ary con cep ts  but w ith  a  frequ en cy  be low  the m inim al level 
(first expan sion ); c ) all co lloca tion s  betw een p rim ary  con cep ts  and oth er lem m as 
from  the set o f  in dex  w ords (secon d  expan sion ). T o  con stru ct all interrelations 
betw een all those item s w ou ld  in its turn g ive the th ird  expansion .

From  (6 ) we can  also see that another ch aracteristic  o f  the co llo ca tion s  is 
their ability  to  delim it the in terpretation  o f  polysem ou s w ords. T h e  pairs that a  
w ord  can enter w ill o ften  signal the specific  m eaning in w hich  the w ord  is used 
in a  particular text. T h is  is n ot so  strik ing in this text as in som e others, but 
look ing  at e g  green  we w ill see that we have to  d o  w ith  the green o f  fru it, not 
that o f  green paint, and  com m ercia l d oes n ot d irectly  refer to  e. g. banking, but 
to  com m ercia l aspects o f  grow ing fruit.
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(6 ) C o l l o c a t io n a l  p a ir s  w it h  f r e q u e n c ie s : a ) p r im a r y  c o n c e p t s , b )
FIRST EXPANSION, C) SECOND EXPANSION

Primary concepts Possible expansions
kiwifruit:
a) 3 kiwifruit I b) 1 kiwifruit New.Zealand

2 kiwifruit berr c) 1 kiwifruit captivat
2 kiwifruit commercial 1 kiwifruit chance
2 kiwifruit develop 1 kiwifruit includ

1 kiwifruit Jim.Macloughlin
1 kiwifruit millionaire
1 kiwifruit adjacency
1 kiwifruit plant
1 kiwifruit sold
1 kiwifruit tast
1 kiwifruit vine
1 kiwifruit year

berr(y):
a) 2 berr kiwifruit c) 1 berr brown

1 berr like
1 berr tast
1 berr wild

commercial:
a) 2 commercial kiwifruit b) 1 commercial New .Zealand

c) 1 commercial orchard

develop:
a) 2 develop kiwifruit b) 1 develop New.Zealand

c) 1 develop taste
1 develop vine

flesh:
a) 2 flesh green b) 1 flesh I

1 flesh kiwifruit
c) 1 flesh tast

green:
a) 2 green flesh b) 1 green I

1 green kiwifruit
c) 1 green fruit

1 green seed

I:
a) 3 I kiwifruit c) 1 I I

2 I New.Zealand 1 I vine

New .Zealand:
a) 2 New.Zealand I c) 1 New.Zealand captivat

1 New.Zealand lemon 
1 New.Zealand NorthJsland 
1 New.Zealand produc 
1 New.Zealand tast

B oth  (4 ) and  (6 ) can , as said before , g ive hints a b ou t the con ten t o f  texts if 
the lists are in terpreted  b y  a norm ally  inventive hum an being. A  graph ic repre­
sentation  o f  the sam e facts  seem s, how ever, to  be  m ore striking and to  facilitate
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inference m aking. T o  p roceed  to  this, a  set o f  a d ja cen cy  lists is con stru cted  on  the 
basis o f  (4 ). T h e  a d jacen cy  lists form  the input to  the graph -draw ing  program , 
where eaeh lem m a will correspon d  to  a  n od e  in  the graph . In an ad ja cen cy  list, 
eaeh lem m a, i. e. each n od e , is given  a  list o f  all its im m ediately  ad jacent nodes. 
T his way, each co llo ca tion a l pa ir will be  represented tw ice, corresp on d in g  to  the 
tw o possible d irections o f  th e  arc betw een the nodes. T h e  graphs resulting from  
this system  are how ever u ndirected . It w ou ld  be  p ossib le  to  have w eighted arcs 
in the graph , corresp on d in g  to  the frequencies o f  co llo ca tion a l pairs, bu t this has 
not been im plem ented in the present system . T h e  a d ja cen cy  lists derived  from  
(4 ) are show n in (7 ).

(7) A djacency lists

kiw ifru it(I, berr, com m ercia l, d evelop )
berr(k iw ifru it)
com m ercia l(k iw ifru it)
develop(k iw ifru it)
flesh(green)
green(flesh)
I(k iw ifru it, N ew -Z ea lan d)
N ew -Z ea lan d (I)

5 Graph-Drawing
T h e  last step in the a lgorithm  is the draw ing o f  a  graph . A u to m a tic  draw ing o f  
graphs b y  m eans o f  a  com p u ter is a  dem an din g  task, especia lly  i f  the w ork , as 
in the present case, is to  be  don e on  a  P C . W e have, how ever, been  able to  find 
a  satisfactory  solution .

T h e  program  consists o f  tw o m ain parts. T h e  first on e finds the areas and 
subareas that togeth er build  up the graph . It tries to  avoid  crossing arcs, but 
if  that is not possib le, the program  finds the best p laces to  add  ‘p seu d o -n od es ’ , 
i. e. crossings. Its ou tp u t is a  ‘ road  d escrip tion ’ o f  the graph . T h e  secon d  part o f  
the program  perform s the com p u tation a lly  heavy task o f  actu a lly  draw ing the 
graph, laying it ou t n icely  on  the screen or in a  file that can  be  stored  or  printed 
out on  paper.

T h e  first part o f  the program  was originally  w ritten  by  B oris P rochaska  as 
a part o f  his exam ination  at the R oya l Institute o f  T ech n ology  in S tock h olm  
(P rochaska 1988), and the secon d  part was w ritten  by  S ten-E rik  B ergner, w h o 
was B oris ’ supervisor during his exam ination  jo b  at E ricsson  T elecom . T h eir  
version o f  the program  is w ritten  in P S L -L isp  and had to  be  rew ritten  in G C - 
L isp , a  subset o f  C om m on  L isp , for use on  P C s. T h is  n on -triv ia l jo b  has been 
undertaken by Sune M agn berg , w hose program m ing skills, earlier know ledge o f  
graph theory, and general com bin ation  o f  inventiveness and patience, m ade the 
jo b  o f  transporting  the ‘ p orta b le ’ L isp possible.

T h e  result o f  all this is a  graph ic representation  o f  the lem m as and relations 
that have a  high frequency in a g iven text and, for  that reason , can  b e  assum ed
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to  have stron g  con n ection s  to  w hat the text is ab ou t. T h e  graph that, by  means 
o f  the described  system , can  b e  au tom atica lly  derived from  the text in A pp en d ix  
A  is show n in (8 ) , w hile (9 ) is the first expansion  o f  that graph (cf. (5 )).

8
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6 Concluding Remarks
T hese graphs su pport in princip le the sam e inferences as d id  the lists o f  pairs, 
but in a  neater way. T h e  kind o f  relations that are signalled by  the arcs varies 
considerably  and is left t o  the hum an user to  guess— at the risk o f  m aking 
m istakes. A  very  natural qu estion  to  ask is w hether all this apparatus gives 
anything m ore than w ou ld  a  sim ple list o f  h igh -frequ en cy  w ords. M y  im pression  
is that it does. B elow  is a  list o f  the 9 m ost frequent lem m atized  con ten t w ords in 
the text, all lem m as w ith  a  frequ en cy  o f  4  o r  higher. T h e  list shou ld  b e  com pared  
to  the w ords o f  the a d ja cen cy  lists, (7 ) , and  to  the fu ll text in A p p e n d ix  A .

(10) Content words from K iwi-text, lemmatized and sorted ac­
cording TO FREQUENCY

13 kiw ifruit 
10 New_ZeaJand 

5 berr 
5 ship 
4 Chinese 
4 vine 
4 I
4 lem on 
4 m arket

K iw ifru it, N ew .Z ealand , berry/ies, and /  are a lso represented am on g  the 
eight lem m as picked ou t by  the gra p h -con stru ctin g  a lgorithm  and the graph  
clearly show s their centrality. T h e  graph  also show s com m ercia l and d evelopm en t 
as highly central, while the descrip tion s green  and  flesh  are show n to  b e  som e­
w hat less central. T h e  pure frequency statistics, how ever, has it that ship/ping, 
C hinese, and lem on  are qu ite as im portan t as m arket and vin e. B u t th e  article  
(in  A p p en d ix  A ) is certa in ly  n ot a b ou t the sh ipp ing  o f  C hinese lem ons, it is a 
su b jective ly  co lored  boastin g  abou t the com m ercia l success o f  k iw ifruit and  all 
that this has m eant to  N ew  Zealand, interspersed w ith  lyric bursts a b o u t the 
look  and taste o f  the berry. T h ere  is n o  d ou b t that this is m ore  clearly  signalled  
by  the graph  than b y  the frequency list, a lthough  b o th  representations need a 
g o o d  deal o f  hum an in ference m aking to  b e  added .

T h e  results have not yet been  independently  evaluated, bu t the m eth od  has 
been applied  to  several Swedish texts. T h ree  short Swedish texts  are show n in 
A pp en d ix  B  and their correspon d in g  graphs in A p p en d ix  C . O n e very  interesting 
finding is that the m eth od  seem s to  be  u tterly  im possib le  on  literary  texts , bu t 
okey on  others. W h y  this is so  is som ething  that has to  b e  investigated m ore 
closely. It m ust a lso b e  investigated for  w hich  text types the m eth od  is best suited  
and under w hat circum stances it runs a  risk o f  being seriously  m isleading.

A n oth er step w ould  b e  to  try  the m eth od  under realistic circu m stances in 
con nection  w ith in form ation  retrieval. T h e  idea  is som eth ing  like this: T h e  user 
sits at a  term inal and types in a search question , either in natural language, 
in w hich case it has to  b e  parsed, o r  as a  set o f  key w ords w ith  o r  w ith ou t 
B oolean  operators. T h e  key w ords are then m atched  against graphs that have
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been  prev iou sly  derived  from  the texts  in the data  base to  be  searched. I f  the 
search question  was in natural language, the presence o f  interrelations betw een 
key w ords can  a lso  be  checked. A  m easure for w hen a  graph  is ‘ satisfactorily  
s im ilar’ t o  the in form ation  derived from  the search question  m ust be  defined. 
N ext, on e  selected  graph  at a  tim e w ill b e  show n on  the screen and the user can 
ch oose  i f  s h e /h e  w ants to  have the full text. In d ou btfu l cases it m ay be  possible 
to  get on e  o r  m ore  o f  the expansions in  order to  get a  b roader basis for decisions. 
T h e  search can  a lso  b e  carried  ou t in such a  way that graphs that are ju d ged  as 
relevant can  b e  used for  deriv ing  new , con jo in ed  graphs.

I f  these ideas can  b e  d eveloped  to  w ork  well, the p ractica l usefulness o f  the 
con ten t graphs is clear, but am on g the m ost thrilling questions are why the 
m eth od  w orks w hen it w orks, and w hy it d oesn ’t w ork w hen it d oesn ’t. T his is 
as yet far from  clear.
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A The Captivating Kiwifruit
Thirty years ago, growing up in New Zealand, I often sliced into a brown berry that 
looked like a duck’s egg in a bristly hair skirt. Repulsive? Not really, for I knew a 
secret: The berry’s odd ap]>earance disguised an equally exotic interior, a sunburst of 
neat white streaks radiating from a creamcolored core, past tiny black seeds and into 
shimmering green flesh (above). Sweet-tart in taste, it seemed a succulent blend of 
strawberry, banana, melon, and pineapple flavors. Delicious! I loved the kiwifruit.
I stiU do, and today this peculiar product of a woody vine is captivating palates outside 
New Zealand at an extraordinary pace. In 1986 more than a billion kiwifruit, once 
called Chinese gooseberries, were tucked into trays and shipped to at least 30 nations. 
Thousands of acres axe newly planted each yecir in a dozen or more countries, including 
the United States, France, Japan, and Italy, the leading producers after New Zealand.
This universal success has uniquely New Zealand roots. The kiwifruit’s conversion to 
a commercial crop occurred in New Zealand, and its name— coined in the 1950s as a 
marketing tactic— conjures up both that likable country and its whimsical, flightless 
native bird, renowned for oversize eggs and hairlike brown feathers. Moreover, exports 
of the fuzzy, four-ounce berry are increasingly important to New Zealand’s economy 
and the creator of more millionaires than anything else in my homeleind’s history.
The only fruit with such bright green flesh, the kiwifruit is one of just a handful of 
food plants domesticated within the past thousand years. Originating in the Yangtze 
Valley, it has long been a favorite of the Chinese, glorified in poetry as early as the 
eight century. Chinese peasants stiU gather the wild fruit for sale in rural markets. 
The transformation of a small, hard, and wild Chinese berry into fleshier, tastier ki­
wifruit began about 1904, when a traveler returned from a China visit with seeds for 
Alexander Allison, a nurseryman on New Zealand’s North Island. In the following three 
decades he and other gardeners developed superior kiwifruit vines through careful se­
lection, pruning, and grafting. Most of these early fcinciers were as much interested in 
the vine’s showy white blossoms and attractive fan-shaped leaves as in its berries. 
Kiwifruit farming got its commercial start in the 1930s, most successfully at Te Puke 
on the North Island’s east coast. The late James MacLoughlin became the father of 
the modern kiwifruit— and ultimately a millionaire— by chance.
After he lost his job as a shipping clerk during the Great Depression, Jim’s wife’s aunt 
invited them to stay on her lemon orchard at Te Puke. “Later the bottom fell out of 
the lemon market,” he told me, “but a neighbor sold the kiwifruit from a single plant 
for five pounds (then worth about $20 U.S.). To me that was a lot of money, so I risked 
putting in half an acre of them.”
Luckily for MacLoughlin, the warm, wet climate and volcanic soil at Te Puke favored his 
vines. Neighbors soon launched their own commercial orchards, which further expanded 
during World War II when GIs stationed in New Zealand developed a taste for kiwifruit. 
Then chance intervened again. In 1952 an English fruit importer ordered a shipment 
of New Zealand lemons. “To fill spare space in the ship, we included ten cases of
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kiwifruit,” Jim MacLoughlin explained. “A dock strike delayed the ship five weeks and 
the lemons arrived rotten, but the kiwifruit were in perfect shape." They sold well, and 
New Zealanders suddenly realized that they’d opened a world market.

B Swedish Texts

Text 1

Rudi och Renate hyr en liten stuga ovanför sjön, fast de h2ir visst aldrig råd att betala 
den. Där finns ett rum och kök.
När Malin och jag kommer dit, sätter vi oss på golvet och jag tar av mig skorna också, 
jag vill vara som hon. Rudi spelar Mozart på en grammofon, som han lånat hem “på 
prov” . Det är alldeles lör dyrt att köpa egna grammofoner.
Solen skiner rakt in i köket. Rudi visar sina bilder, Malin röker pipa och ler så gott när 
hon ser tavlorna och Rudi pratax så mycket att jag slipper.
(Göran Tunström: Prästungen)

Text 2

M etropolen  Oslo får en ny profil
Inte på 100 år har så många och omfattande byggprojekt påbörjats i Oslo. När de är 
klaxa kommer den norska huvudstaden att få en ny profil och nya möjligheter. Under 
tiden lider Osloborna.
Nordens högsta hotell, en kongresshall med plats för 10 000 åskådare och Europas 
längsta gågata under tak är några av de projekt som redan är i full gång.
Det har skett en snabb utveckling de senaste åren. Oslo blir alltmer en metropol. 
Vad gäller nattliv och restauranger kan staden konkurrera med både Stockholm och 
Köpenhamn. Den sista sammanräkningen visade 90 nattklubbar och kafeer som höll 
öppet mellan två och fyra på natten.
Aker Brygge med sin kombination av butiker, restauranger, teater och kontor i läckra 
omgivningar vid hamnen har blivit något som Osloborna stolt visar upp för tillresande. 
En bärande tanke har varit att öppna staden mot fjorden igen. Biltrafiken ska läggas 
så mycket som möjligt i tunnlar.
(DN 1987-12-05)

Text 31

Om  batterier och  batteribyte
Låt inte ett kvartsur som stannat bli liggande. Batteriet kan börja läcka och skada din 
klocka.
Vågax man då byta batteri själv?
Några få klockor har ett särskilt batterifack med lock, se bruksanvisningen. Då är det 
möjligt att själv byta batteri, men eftersom det kan vara svårt att få locket tättslutande 
igen efter bytet, är det klokt att ändå cinlita féickmannen.
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Det är också viktigt att du får rätt sorts batteri och inte ett som är avsett för fotoar­
tiklar eller hörapparater. Då gäller inte garantin som de flesta tillverkare av urbatterier 
ger.
På de flesta klockor måste boetten öppnas vid batteribyte. Då fordras specialverktyg 
och stor försiktighet för att inte elektroniken ska ta skada. Och det är viktigt att boetten 
sluter ordentligt tätt efter batteribytet.
Det är ett axbete du ska överlåta till en fackman.

C Conceptual Graphs of the Swedish Texts

Text 1

Text2
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Abstract

For a wide variety of semantic theories we shall present a common 
method of calculating the semantic representation when starting from the 
input text and a grammar covering the syntactic description of the text. It 
appears that the so-called data-flow trees play a huge and central role in 
this kind of analysis and translation into a semimtic representation. The 
method here seems particularly well fit for the analysis of natural language 
queries to database systems. The considerations here are rather tentative 
and reflect research in progress.

Introduction

T h is paper investigates m eth ods and  too ls  for  develop in g  a specific  kind o f  m od el 
o f  hum an language learning capability , by  presenting a  perform ative  sim ulation  
m odel (here term ed a  com pu tation a l log ico -sem an tic  in du ction  system  [16, 18]).

T h e  s£tme m eth ods and too ls  m ay be  applied  for  the pu rpose  o f  im plem enting 
a  w ide variety o f  com pu tation a l system s including certain  kinds o f  ru le-based  
expert system s and certain  kinds o f  m odern  gram m ars (in  particu lar the so - 
called unification  gram m ars) [17].

T h e  advantage o f  log ico-sem an tic in du ction  is its app licab ility  in th e  con tex t 
o f  con stru cting  natural language interfaces as well as a  variety o f  o th er user- 
friendly types o f  interfaces to  expert system s and oth er com p u ter  system s.

W e are stu dyin g  the p rob lem  o f  con stru ctin g  language acqu isition  m odels  
from  specific data . T h a t is, w e cou ld  be  cla im ed to  be  m od ellin g  an extrem ely  
advanced typ e  o f  in form ation  processin g  system s, v iz. hum an beings in the role 
o f  acquiring language capabilities. H ow ever, we are m odellin g  the perform ative  
aspects only. N o cla im  w h atsoever is m ade as to  the possib le  descrip tive  pow er 
o f  the resulting m odels from  a p sych olog ica l po in t o f  v iew  (so  we m ight ca ll it 
purely an tropom orph ic  in form ation  tech n ology ).

T h e  focu s  o f  this paper is on  log ico -sem an tic  in d u ction  w hich  is a  m eth od  for  
the system atic pattern  identification  and  extraction  in lingu istic d a ta  sequences.

77
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in particulax at a  sem antic and a  com bin ed  syn tactic and log ica l level o f  inter­
pretation . It prov ides a m eans for  the au tom ated  analysis o f  verbal p rotoco ls , 
and  it con stitu tes a  m eth od  for  the au tom ated  con stru ction  o f  a  logico-sem antic 
parser.

L og ico -S em a n tic  In du ction  and its au tom ated  variant C om putation a l L og- 
ico -S em an tic  In d u ction  designate a  com p lete ly  new m eth od  from  the area o f  
log ic  p rogram m in g  and  natural language processing. In contrast to  the m ajority  
o f  o th er  in d u ctive  approaches th e  m eth od  here does n ot deal w ith in duction  in 
a  sp ace  o f  p ossib le  assertions but instead  w ith  in duction  in a  space o f  possible 
log ico -sem a n tic  representations. H ere is given  a  short in trodu ction  to  the con ­
cep ts. A  m ore  com preh en sive discussion  b y  this author m ay b e  fou n d  elsewhere.

T h e  particu lar kind o f  in du ctive  in ference that we have in m ind m ay be illus­
tra ted  b y  m eans o f  a  d iagram . A lo n g  the first axis we shall m ap  all the possible 
assertions o r  utterances (in  som e su itable en cod in g ), and a lon g  the second  axis 
w e shall m ap all possib le  representations w ithin the fram ew ork o f  a  particular 
representational n ota tion  (an d  sim ilarly in a suitable en cod in g ). A  sem antic the­
ory  w ill then  o ccu r  in th e  shape o f  a  m appin g  from  the axis o f  utter£inces into 
th e  axis o f  representations (as lon g  as we presuppose unam biguity, otherw ise it 
w ill be  generalised to  a  re la tion ).

F or exam ple , we m ight & om  the fo llow in g  facts

crow  num ber 1 is black  
crow  num ber 2 is black  
crow  n um ber 3 is b lack  
etc.

m ake the a ttem p t to  in du ce  the fo llow in g  m ore general assertion ; [2] 

all crow s axe black.

T h e  ty p e  o f  in d u ction  a d v oca ted  here is o f  a  different k ind: F rom  the follow ing 
con vention s

text E l  has the log ico -sem an tic  representation  F I  
text E 2 has th e  log ico -sem an tic  representation  F2 
text E 3  has the log ico -sem an tic  representation  F3 
etc.

we sh ou ld  like to  find a  (p oss ib ly  very  lim ited ) linguistic universe L  and a  (log i­
ca l) program  P  such that for  e2u:h text e  in L  its correspon d in g  log ico-sem an tic 
representation  f  is th e  result (o u tp u t) o f  execu tin g  the program  P  w ith  the given 
e  as in pu t. H ere the exam ple  texts  E l ,  E 2, E 3 etc. are all included in the linguistic 
universe L .

C om p u ta tion a l L og ico -S em an tic  In du ction  m ay be  considered  a  generalisa­
tion  o f  th e  o ld  co n ce p t g ram m atica l in ference that m ay be  characterised as a 
k ind  o f  com p u ta tion a l syn tactic  in d u ction  [11].

T h e  possib ility  o f  a u tom ation  is d iscussed  in con siderab le  detail. T h e  im ple­
m en tation  o f  com p u ta tion a l sem antic in du ction  has to  d o  w ith  the con stru ction
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o f  a  kind o f  bleickbox to  a ccep t a  trad ition al syn tactic  descrip tion  o f  a  linguistic 
universe. Besides the b la ck b ox  m ust ciccept as input a  finite set o f  pairs <ek,fk  >  
where ek is a  text from  the lingu istic universe, and fk is the in tended  sem antic 
representation corresp on d in g  to  the input ek- For instance, the fk m ay b e  in the 
form  o f  a  log ica l form ula  o r  a  log ica l cod e . O u tp u t from  th e  b la ck b ox  shou ld  b e  a 
program  that translates linguistic input e in to  log ica l ou tp u t f  w here especia lly  
the input ek gives the ou tp u t fk. H ere is required a  com p lete  m atch  w ith  the 
given exam ples.

Som e possib le  principles fo r  such a  b la ck b ox  are d iscussed. T hese  principles 
are clarified b y  app lication  to  a  few  sm all sam ple texts . W e con clu d e  that th is new  
con cep t o f  com pu tation a l log ico -sem an tic  in d u ction  is extraord in arily  prom ising.

T h is paper contains a b r ie f discussion  and sketches a  solu tion . A  m ore  co m ­
prehensive discussion is in p reparation  [13, 14, 16].

H ere we are con cern ed  exclusively  w ith  parsing o r  textu a l analysis. A n a logou s 
considerations can  be  m ade con cern in g  textu a l synthesis o r  generation .

T h is w ork on  com pu tation a l log ico -sem an tic  in du ction  was perform ed  under 
heavy influence by  som e o f  the leading approaches w ith in  log ic  gram m ars like 
those o f  A . C olm erauer [3, 4], V . D ah l [7, 8 , 9], F . P ereira  [23, 24, 25], P. Saint- 
D izier [27, 28], and M . M cC o rd  [21, 22].

It m ay really be  seen as an a ttem pt to  unify  som e rather d iverg ing  tendencies 
in the ph ilosophy o f  language, nam ely C resw ell’s la m b d a-ca lcu la toric  th eory  [5, 
6] and som e m on tagovian  ones [19, 10], and  on  the o th er hand, the first order 
logical theories from  log ic  gram m ars [12, 16]. T h e  con trib u tion  here seem s to  
su pport any o f  these theories.

A s an exam ple we m ay investigate the fo llow in g  E nglish  sentence

(1 ) M ary  believes that P eter loved  a  w om an

W ith in  the lim its o f  a  m odestly  exten ded  first ord er p red icate  ca lcu lus we 
m ay assign to  the sentence the fo llow in g  tw o in terpretations or  log ico -sem an tic 
representations, respectively :

(2 ) 3 y [w om a n (y ) k  be lieve(pres,m ary ,love(p ast,peter,y ))]

(3 ) believe(pres,m axy,3y[w om an (y) k  lov e (p a st,p e ter ,y )])

A n  absolu tely  central p rob lem  o f  sem antics (here ca lled  the log ico -sem an tic 
prob lem ) is to  assign to  each  input text from  the appropria te  lingu istic universe 
on e or  several form alized  sem antic representations. A s form alization s we will 
here consider on ly  log ica l form ulae belon g in g  to  som e particu lar log ica l calculus 
(like definite clauses or  H orn  clauses, first order p red icate  log ic , som e exten ded  
first order predicate  log ics, the lam bda  calcu li, and M on tagu e ’s intensional log ic  
[19]).

T h e  principles o f  im plem entation  are qu ite clear and  fairly  well develop ed , 
as m ay be  seen by  stu dy in g  the exam ple  b e low  (an oth er exam p le  m ay b e  fou n d  
in [16]). B ut as far as an actu al im plem entation  is con cern ed , w e are w ork ing on  
it a lbeit in a  rather slow  pace  (du e  to  lack  o f  resources).
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A  Small Example
N ow  tim e is p ro b a b ly  ripe to  investigate the exam ple m entioned above. T h is m ay 
b e  seen as a  further developm en t o f  the ideas discussed in [16]. I f  the syntactic 
d escrip tion  is th e  fo llow in g  little  gr<immar

(4 ) Sent —► N p V p
N p  —► D et N ou n  | P ro p  
V p  —> T v  N p I V p -s  that S

(in  th e  last p rod u ction  rule we have used a  categorial grsim m ar n ota tion ) then we 
m ay lo o k  fo r  a  representative, also called  an exhaustive text. Such an exhaustive 
sam ple tex t m ay b e  the fo llow ing:

M ary  believes that P eter loved  a  w om an

W ith in  th e  chosen  sem antic representational notation  (a  p red icate  calculus o f  
a rb itrary  high order, PC^^) w e m ay prefer to  use a  kind o f  generalised quantifiers 
for  representing som e (tw o ) possib le  interpretations o f  the sam ple text in the 
fo llow in g  w ay:

(5 ) a (y ,w om a n (y ),b e liev e (p res ,m a ry ,lov e (p a st,p eter ,y )))

(6 ) b e liev e (p res ,m a ry ,a (y ,w om a n (y ),lov e (p a st,p eter ,y )))

T h e  tw o  in terpretation s dev iate  b y  on e  having as a  presupposition  the exis­
ten ce  o f  such a  fem ale and the o th er n ot having that presu pposition . M ontague 
gram m ars like P T Q  w ou ld  ob ta in  the sam e distinction .

I f  w e ch oose  to  con sider the first form ula  (5 ) to  b e  th e  intended represen­
ta tion , the m eth od  here w ill lead in a  m echanical fash ion  to  the log ic  program  
show n b elow  (7 ) , w ritten  in the form  o f  a  log ic  gram m ar.

T h e  program  con stitu tes ju st a  syn tactica l descrip tion  augm ented w ith at­
tributes o r  decora tion s  as m ay b e  seen b y  ignoring  the fu nctional argum ents 
(th en  qu ite  s im p ly  the gram m ar o f  (4 ) o ccu rs ).

L et us see w hat happens m ore  precisely  in  ou r m eth od . T h e  intended resulting 
form ula  (5 ) sh ou ld  b e  represented as a  tree structure like that in figure 1. T hen  
the fo llow in g  steps sh ou ld  b e  perform ed :

Step 1: E num erate the boxes  in the intended result structure. (In  ou r  exam ple
th is m eans that the boxes  w ill get the num bers from  1 to  7, as in figure

1).

Step 2: C on stru ct th e  syn tactic  structure (b y  perform in g parsing o r  syntactic
analysis).

Step 3: C rea te  a  m atch  betw een  the result structure and the syn tactic  struc­
ture. M ore  precisely, m ake a  con n ection  from  a  num bered b o x  in the 
result stru ctu re to  the lex ica l ca tegory  in the syn tax  structure to  which 
the w ord  (lex ica l or  syn categorem atic) belongs. T h is  is an in dication  o f  
the vertex  in the syn tax  tree w here that fraction  o f  the result structure
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Figure 1:
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Figure 3:

having  th e  relevant w ord  as its top  vertex, is be in g  con stru cted  as the 
result a ttribu te  o f  the vertex.

Step 4: C on stru ct the flow  from  the so-ca lled  focu s  variables (form  a new vari­
ab le  fo r  each  N p  phrase, as in flgure 2 ).

Step 5: C on stru ct the flow  in the lex ica l rules.

S tep  6: C on n ect each  pair o f  num bers correspon d in g  to  an edge in the result
stru ctu re (here the tree stru ctu re  shou ld  b e  respected , as in flgure 3 
w here the fo llow in g  pairs are con n ected : 7 -6 , 5 -4 , 6 -4 , 3 -2 , 4 -2 , 2 -1 ) .

S tep  7: C heck  the con sisten cy  con cern in g  arity  and loca l flow.

In  ou r  exam ple  the augm ented  syn tactic  structure w ill be  like figure 3.

T h e  resu lting log ic  gram m ar w ill b e  the follow ing:

(7 ) S (V ,W ,U ) N p (X ,Y ,Z ) ,V p (X ,W ,V ,U )
N p (X ,Y ,Z )  P r o p (X )
N p (X ,Z ,W ) ^  D (X ,Y ,Z ,W ) ,N (X ,Y )
V p ( Y ,X l ,Y l ,V )  ^  V p -s (X ,Y ,Z ,W ),[th a t ] ,S (W ,Z ,V )
V p (Y ,W ,V ,U )  ^  T v (X ,Y ,Z ,W ) ,N p (Z ,V ,U )
D (X ,Y ,Z ,a (X ,Y ,Z ) )  ^  [a]
D (X ,Y ,Z ,e v e r y (X ,Y ,Z ) )  [every]
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Concluding Remarks and Perspectives

A s to  w hich  representation  languages are a ccep tab le  w ith  respect t o  this m eth od , 
there seem s to  be  a high degree o f  freedom  so that we seem  to  b e  near th e  im ­
plem entation  o f  a  general in form ation  th eoretica l or  com p u ter  scien ce parad igm  
like this:

Anyw ay, there exists a  requirem ent that a  kind o f  h om om orp h y  property , 
a  kind o f  com position a lity  shou ld  b e  available in the relationship  betw een  in­
put and ou tpu t. O ne or another variant o f  F rege ’s princip le o f  com p osition a lity  
should be  obta ined :

T o  the extent that ou r rules axe o f  the form

P o (G (y i, . . . ,y n )) -> p i(y i ) ,. . . ,P n (y n ) 

we know  abou t the sem antic representation  fu n ction  Sem that 

S e m (P o )= G (S e m (P i) ,. .. ,S e m (P n )) 

w here P o = P i ^ P 2 ^  Pn

provided  that P^ is the fragm ent o f  the input tex t be lon g in g  to  the syntax 
ca tegory  pk for  all k e { 0 , l , . . ,n } .

A n d  this p roperty  is precisely on e w ay o f  expressing Pregean com position a lity .
O ne perspective o f  this approach  is that it a llow s a  generalisation  in to  w hat 

we tend to  ca ll com pu tation a l log ico-sem an tic a bstraction  [18]. In this con text 
it is profitab le  to  m ake use o f  certain  results from  the m odern  com p u ter science 
disciplines o f  log ic  program m ing, attribu te  gram m ars, and den otationa l sem antic 
theories.

A n oth er perspective  concerns au tom ated  learning. C om p u tation a l log ico - 
sem antic in du ction  has the property  that the system  will be  able to  im prove  
its linguistic perform an ce (i.e ., handling new  in form ation  o f  a  sem antic nature) 
by  a doption  from  a  single occu rren ce  o f  a  gram m atica l rule. T h a t m ust b e  effec­
tive autom ated  learning par excellence!

So, besides con clu d in g  that the m eth od  o f  log ico-sem an tic in d u ction  is not 
on ly  new bu t also prom ising we are able to  discuss A l-p rob lem s related to  in­
du ctive  learning from  the fo llow ing  perspective: in du ctive reasoning as a  w ay o f  
m anaging linguistic in form ation  in log ica l system s. H ence in this case it is not 
really a  question  o f  em pirical in form ation , and o f  course its relationsh ip  to  A I 
is always arguable (w hat is the precise con ten t o f  A I? ), but a  surprisingly  high 
degree o f  au tom ated  learning is actu a lly  obta inab le .
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Jordan Zlatev

Criteria for Computational Models 
of Morphology:

The Two-Level Model 
as an NLP Framework

Abstract

Computational models of morphology are best seen not as morphologi­
cal models but rather ets natural language processing frameworks which can 
express descriptions in the style of one morphological model or the other, 
and even go further, but without necessarily being bound by “purely” 
theoretical considerations. Criteria for their adequacy can be derived by 
treating them (together with the linguistic descriptions that are expressed 
in their formalisms) as NLP systems, for which a number of goals can be 
stated, among which are sufficient coverage, efficiency, augmentability and 
flexibility. The two-level model (TW OL) of Kimmo Koskenniemi is the 
main object of attention in this article and examples of its applicability to 
Bulgarian morphology are presented.

1 Introduction
T h e  criteria  for  w hat a  “ m orp h olog ica l m od e l” should  be  able to  accou nt for, 
and th e  m anner in w hich  this shou ld  be  don e , have risen high during the past 
few  years in a ccord a n ce  w ith  the situation  in the n eighbouring linguistic “ levels” 
o f  syn tax  and  sem antics. A pa rt from  the trad ition al requirem ents for linguistic 
fe l ic ity  ( “ cap tu rin g  the generalizations” ), rigour, and sim plicity, op in ion s are 
b e in g  expressed  that a  m orp h olog ica l m odel should  be  general, (u n d erstood  as 
universa l), exp lan atory  and even psychologica lly real. N ow  far from  d ou btin g  the 
p lau sib ility  o f  these requirem ents, I feel that th ey  tend to  p lace the m odels o f  
hum an language p rov ided  b y  the field o f  com pu tation a l linguistics in a  rather 
unfavourable  light. T h is  is especia lly  relevant for  com pu tation a l m orphology, 
w h ich  on ly  during th is decad e  seem s to  have “ stepped  ou t from  the cradle” , as 
for  exam p le  L ars B orin  (p .c .)  has im plied . A n d  inste^ui o f  being b lindly  critical 
and  scep tica l tow ards its poten tia ls, (w hich  “ linguists p roper” often  tend to  be

8 6
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tow ards com pu tation a l linguistics in general, as a  form  o f  se lf-defen ce), isn ’ t it 
best to  w atch its first steps carefully, w ith  a  helpful hand w here it can  b e  lent?

I f  in the previous paragraph  I have suggested the p icture o f  com p u tation a l 
m orphology, and  m ore con crete ly  o f  it ’s best know n representative, the tw o- 
level m odel, (first presented in (K oskenn iem i 1983) and  m ost o ften  abbrev iated  
T W O L ), as a  clum sy, stum bling baby, then I have gon e  to o  far in  m y  m anner 
o f  expression . N oth in g  can  be  further from  the tru th  con siderin g  the en orm ou s 
am ount o f  attention  and subsequent w ork  that K osken n iem i’s d issertation  un­
leashed. H axdly a  con ference can  g o  b y — including this one— w ith ou t a  few  con ­
tributions poin ting  ou t T W O L ’s achievem ents— or deficiencies, and  in the best 
case offering im provem ents or  a lternatives, e .g . (S proat and  B run son  1987, B ear 
1988, K a ta ja  and  K oskenniem i 1988, C a lder 1989). B u t even these can  w ith ou t 
d ou bt fall at the hand o f  the th eoretica l linguist w h o  will n ot fail t o  see the 
inadequacy o f  B ea r ’s rein trodu cin g  the n otion  o f  “negative rule features” , or  
o f  C a lder ’s “string equ ation s” . A s the last au th or h im self carefu lly  states: “ . . .  
one m ay ju stifiab ly  have reservations a b ou t in trod u cin g  string equations in to 
ling -’ -^tic descrip tion s.”  (C a lder 1989:62).

In this paper I wish to  p rop ose  w hat I th ink is a  m ore  “ con stru ctive” v iew  
o f  the aim s o f  com p u tation a l m orph ology , w hich  is a lso  m ore or  less app licab le  
to  the field o f  (com p u ta tion a l) natural language processin g  in general. I w ill 
argue that there are a  num ber o f  p roperties , w hich  can  help us com p are , evalu­
ate and develop  m odels in a  m ore  sh ort-term  perspective  so  that on e  need not 
necessarily be  overw helm ed b y  the “ th eoretica l argum ent” from  the beginn ing. 
In m y op in ion  a  com pu tation a l m od el that finds the best com bin ation  o f  these 
properties, has also the best chances o f  be in g  th eoretica lly  significant as well, 
though  this is a  som ew hat controversial m atter. A  v iew poin t that is at least le s s  
controvercia l is that the goa ls o f  com p u ta tion a l and th eoretica l linguistics differ. 
Shieber (1987), for exam ple, has cla im ed that these differences, especia lly  con ­
cerning “ restrictiveness” , are so  essential that from  a  com p u ta tion a l perspective  
on e is m ore interested in w h a t  the linguistic theories say than h o w  they  say it 
and that it is m eaningful to  try  to  separate theories ( “ how ” ) from  their analyses 
( “w hat” ) and con cen trate  on  the latter in com p u tation a l m odels.

I w ould  like to  continue on  this line o f  thought w ith  on e  substantial difference: 
w hile Shieber discusses m odels in their p rop erty  o f  be in g  “ com p u ter  too ls  for 
linguistics” , I regard them  as poten tia l candidates for b ecom in g  language theories 
on  their ow n. T h is  d ifference is illustrated in the ch oice  o f  m od el to  exem plify  the 
issues under d iscussion: in Sh ieber’s case this is the form alism  o f  P A T R -II , w hile 
I w ill use the tw o-level m odel. I will be  presupposing  at least s o m e  previou s 
know ledge o f  it.

2 Computational Models as NLP Frameworks

I believe that on e cou ld  say that the aim s o f  com p u tation a l and th eoretica l 
linguistics eventually  converge, nam ely to  gain  a  b etter u nderstanding o f  the 
nature o f  hum an language and o f  its user. Still they  differ in their m ethods.
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C om p u ta tion a l linguistics (partly  becau se o f  utilitarian reasons) is m uch m ore 
inclined  to  use the tria l-an d-error approach , starting w ith  a  fragm ent and then 
augm enting it; tak ing som e categories for  granted, (phonem es, for exam ple) as 
“w ork ing  h ypoth eses” , i f  they  facilita te  the overall w ork o f  the system . T h is  is so 
becau se the sh ort-term  g oa l o f  com p u ta tion a l linguistics is the con stru ction  o f  a 
natural language processin g  system , n o  m atter i f  it does or  does not m odel human 
language processin g  at a  sufficiently th eoretica l level. O n  the oth er hand it is 
th eoretica l linguistics that shou ld  stand  for  the “con cep tu a l insights” , the new 
ideas and  the quest for  lingu istic universals. O f course, the closer the connection  
betw een  com p u tation a l and th eoretica l linguistics, the b etter, but at least to  
begin  w ith , this is n o t  a  necessity.

W h a t I ’m  aim ing at is to  say that com pu tation a l and  theoretica l m odels 
sh ou ld  not b e  con sidered  on  a par. A  com pu tation a l m od el is b o th  less and 
m ore  than a  th eoretica l one. Less, becau se it is the b a ck bon e  o f  a  system  and 
thus is su b jected  to  the lim itations I m entioned  above, i.e. w ork ing hypotheses, 
fragm ents e tc . M ore , becau se i f  it is flexible enough it cou ld  perm it s e v e r a l 
th eoretica l m odels  to  be im plem ented  (sim ulated) w ithin  it. S o the question 
w hether T W O L  is a  m orph olog ica l m odel or  n ot, is not all that relevant. A s to  
w hether it is “general” and in w hat sense, I will com e to  that later. R igh t now 
an im p ortan t (in  m y  op in ion ) question  arises, nam ely:

I f  at least the short term  aim s o f  com pu tation a l and theoretical linguistics 
sp lit, then w hat are to  b e  the criteria  for, let us say “evaluating” , com p u ta ­
tional m odels  (theories, form alism s— the term in ology  varies) for m orp h ology  in 
particu lar, and  natural language in general? T here  is n o  sim ple answer to  this 
qu estion . A s a  h a lf yea r ’s survey o f  the relevant literature, reported  in (Z la tev  et 
al. 1989) and (Sagvall-H ein  et al. 1989), has m anaged to  con v in ce  us— opin ions 
differ. W e cam e to  believe that in order to  com e to  m ore  abstract th ings such 
as desiderata , requirem ents e tc . for  the m odels, on e  shou ld  start w ith  som ething 
m ore  con crete . T h e  key lies in w hat I m entioned  a b ove  was on e o f  the first aims 
o f  com p u ta tion a l linguistics, and  defin itely  the first o f  its m ore practica lly  ori­
ented  su b -bran ch . N atural L anguage P rocessin g  (N L P ): the creation  o f  an N L P  
system .

N ow  w hat kind o f  anim al is th a t? T h is  need hardly be  defined for “ insiders” , 
bu t fo r  som eon e unfam iliar w ith  the ja rg on  in the field, it should be enough  to  
say that an N L P  system  can  be  regarded as a  unity o f  (a t least) the follow ing 
elem ents: (1 ) an im plem entable  form alism , (2 ) a  processing m echanism , and (3 ) 
lingu istic k n ow ledge expressed in the form alism . (1 ) and (2 ) togeth er m ake up 
the com p u ta tion a l m od el o r— using a  term  m ore neutral to  the com p u tation ­
a l/th e o re tica l d ich otom y  w hich  I m yself in trodu ced— an N L P  fram ew ork. (3 ) is 
the language d escrip tion . T h e  three are as I said interdependent, but to  different 
degrees in d ifferent system s.
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3 Viewing TW OL as an NLP Framework
T h e  m ain advantage in  v iew in g  com p u tation a l m odels o f  natural language and 
o f  m orp h ology  in particu lar as N L P  fram ew orks com es from  the fa ct that it is 
possible to  form ulate relatively  clearly  w hat goa ls N L P  system s shou ld  aim  at. 
T hen  one cou ld  con tin u e “ b o tto m -u p ” to  state  “ criteria”  on  how  the m odels  
should be  shaped  in ord er to  correspon d  to  these goals. C onsequ en tly  these are 
criteria o f  a  p ractica l nature w hich  are n ot “ th eoretica lly  b o u n d ” to  begin  w ith . 
M ost interestingly, how ever, they  have im plication s w hich  are h igh ly  com p a tib le  
w ith lingu istically  m otivated  considerations. I w ill com e  to  this in the last section .

A  com p u ta tion a l m od el such as T W O L  m ay be  seen as p rov id in g  the fram e­
w ork for  an N L P  system . It still rem ains to  b e  “ filled”  w ith  the con crete  linguistic 
know ledge. N ow  the first question  that arises is: how  m uch k now ledge can  be  
expressed in the fram ew ork? T h e  first goa l fo r  an N L P  system  is that this know l­
edge is sufficient for current purposes, or  a lternatively  form ulated , that it has 
sufficient coverage.

3.1 Sufficient Coverage

I f  a  description  o f  a  certain  fragm ent o f  on e or  several languages can  b e  m ade 
so that the system  “ w orks”  as intended w ith  respect to  this fragm ent, then the 
fraonework can  be  regarded as expressive enough  in relation  to  this fragm ent. 
T hus on e m ay say that an N L P  fram ew ork  is weakly com plete  (in  S h ieber ’s 
term in ology ) if  and on ly  i f  it prov ides a  system  w ith  the lingu istic coverage 
necessary for  the given purposes.

T W O L  has been applied  to  substantial fragm ents o f  the in flectional m orp h ol­
o g y  o f  a  num ber o f  languages ranging from  Finnish  (1983) to  Japanese (A lam  
1983) and O ld  C hurch S lavonic (L in dstedt 1986). N ow  w hile this im plies that 
the T W O L -fram ew ork  is general in the sense that it has a  p o t e n t i a l ly  large 
coverage, it does not m ean that T W O L  is “general” in  the sense that it can  be  
applied to  all o f  the w orld ’s languages and  their m o rp h o log y  - in flectional and 
derivational (w here this d istin ction  ex ists), i.e. that it is a  universal m orp h o log ­
ical m odel. It is rather a  m atter o f  degree: T W O L  is “ b etter”  than m ost o th er 
m odels because it has been  applied  to  larger fragm ents o f  single languages, e.g. 
“an (a lm ost) full descrip tion  (o f  all the form s o f  all in flectional ty p e s )” (K osk en - 
niem i 1983:125) and becau se it has been applied  to  m ore  languages. B u t then, 
w hat m ore is n eeded? T h e  fa ct that the m orp h ology  o f  for  exam ple K u b a ch i (cf. 
Johannessen, this vo lu m e) y ields difficulties, d oesn ’ t m ake T W O L  a less su itable 
fram ew ork for the descrip tion  o f, le t ’s say, B ulgarian in flection . T h is  on ly  m eans 
that the m orph olog ies o f  the tw o languages are different— the op p o s ite  w ou ld  be  
surprising. H ow ever, i f  on e  b y  a  “general” fram ew ork  m eans on e  that can  p rov ide  
adequate descriptions for all language types: agglu tinating, isolating, in flecting, 
etc. then m ore is to  be  desired. T h is  falls, in m y op in ion , n ot under the g oa l o f  
coverage but o f  flexibility, w hich  will b e  discussed further on .

L et us be  m ore con crete . In (Z la tev  1988) I have given w hat I th ink is a  
com plete  description  o f  B ulgarian  nom inal in flection  in term s o f  the orig inal
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T W O L , i.e. as presented in  (K oskenn iem i 1983). B ulgarian m orp h ology  is very 
w ell deve lop ed  and  poses som e n on -triv ia l problem s for  any linguistic descrip ­
tion , com p u ta tion a l o r  n o t, such as extensive a llom orph y and m orph oph onem ic 
a lternations w ith in  the stem s. T W O L  has proved  qu ite satisfactory  in describing 
b o th , w ith  its fin ite-state  lex icon  and  tw o-level rules, respectively. T h e  dem on ­
strative p ron ou n s, how ever, d ispay an “ irregular” internal in flection , w hich in the 
orig ina l (Pasced) form at o f  the lex icon  gives n o  oth er op p ortu n ity  for  description  
than  the fo llow in g , w hich  is far & om  elegant.

o-a-ov-e/P "PRON DEM IDENT"

w ith  ‘ t ’ as the “ invariant stem ”  (I have sticked to  the princip le: “ O ne entry per 
S tem ” so  as to  avoid  m asking som e prob lem atica l areas through  listing) and 
the con tin u ation  class o - a - o v - e / P  w hich  is the nam e o f  a  m in i-lex icon  w ith the 
fo llow in g  content:

LEXICON o-a-ov-e/P ozi # "MASC SING";

azi # "FEM SING";

ova # "NEUTR SING"

ezi # "PLUR"

I f  this had  been  th e  regular pattern  for  in flection  in B ulgarian, then a  possible 
com p u ta tion a l descrip tion  in the form  o f  a  system  o f  intersecting lex icons— as 
th ose  presented in (K a ta ja  and  K oskenniem i 1988) for  the n on -con caten ative  
m orp h o log y  o f  S em itic languages— w ould  have been necessary (an d  p robab ly  
su fficient). H ow ever, since the num ber o f  m ini-lexicons o f  the k ind show n above 
is 5 a ltogeth er and all o th er  types fall neatly  in to the fin ite-state pattern , a 
com p rom ise  seem s to  b e  the best solu tion : I consider T W O L  expressive enough, 
i.e. sufficient for  current pu rposes, and  decide to  leave the descrip tion  at that.

W h a t i f  I d ecide  to  treat derivational m orp h ology  as well? F ive classes o f  
B ulgarian  pro -form s seem  to  b e  readily  describable  as a  derivational pattern 
w hich  is som eth ing  o f  the sort:

INTERROGATIVE I + to = RELATIVE

INDEFINITE = nA + 1 kakyv

NEGATIVE = ni + 1 koga

GENERALIZING = vsA + 1 
1

kak

A
1

B

T h a t is, the in terrogative pro-form s (B ), act as the “ base” , w hich  together 
w ith  the ap p rop ria te  “ prefix” , bu ild  respectively  indefinite, negative and general­
izing pro -form s (A ) , and  w ith  the “suffix”  ‘ t o ’ (w hich  is actually  the p ostpon ed  
defin ite article  for  nouns and ad jectives o f  neuter gen der)— relative p ro fo r m s  
(C ). H ow ever, i f  w e try  to  express this sim ple pattern  in a  fin ite-state lexicon  
then we w ill a lso  derive u ngram m atica l w ord -form s such as *nAkakto, *nikakyvto 
e tc ., i.e. overgeneration . T h e  reason is that i f  a  fin ite-state m echanism  allows
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A B  and B C , then it m ust a lso  allow  A B C , w hich  in this case w e w ant to  forb id . 
Similar problem s w ith  the E nglish  prefix u n-, are d iscussed  in (K arttu n en  and 
W itten bu rg  1983).

N ow  does this m ean that w e have fou n d  a  p oin t w here T W O L  is n ot sufiBcient 
in term s o f  coverage and  an  argum ent that it is in app licable  to  B ulgarian  as well 
as possib ly  the derivational m orp h ology  o f  m ost languages?

T o  som e exten t— yes. F or practica l purposes we m ay d ou b le  the entries o f  
typ e  B  in the lex icon , so  that we have B ’ an d  then con n ect the m in i-lex icon s, to  
get A B  and B ’C  (fo r  exam ple). B u t this is a  kind o f  “solu tion ”  that w ou ld  lerid 
us back  to  w here w e started, and it is in som e sense even w orse than  listing the 
different w ord -form s— it is absurd that w e shou ld  have to  g o  all this w ay on ly  to  
start du p lica tin g  entries. (H ere I ’m  n ot con cern ed  w ith  m atters o f  e fficiency— but 
these are o f  course m ore than relevant as w ell.)

T h ere  are, however, tw o oth er m uch b etter w ays ou t. O n e w ou ld  b e  to  rep lace 
the fin ite-state lexicon  com p on en t w ith  a  phrase-structure on e , w hich  further­
m ore can use a feature-m atch ing (u n ifica tion ) m echanism  w hich  w ou ld  guarantee 
that on ly  the gram m atica l form s are generated. F or exam ple  the p rob lem  I m en­
tioned above can be  resolved the fo llow in g  way:

(1) PRO(IND) — > nÅ + PRO(INT)

PRO(NEG) — > ni + PRO(INT)

PRO(GEN) — > vsA + PRO(INT)

PRO(REL) — > PRO(INT) + to

A n alternative— w ith ou t increasing the expressive pow er o f  the form alism —  
is to  use the m od e l’s tw o-level rules in ord er to  b lo ck  ou t u ngram m atica lities. 
In the case a bove  on e m ust use at least tw o “d iacritic  characters” , let us say, 
Q and #  (w hich  m ust b e  clearly  defined as bearers o f  m orp h olog ica l features 
and have noth in g  to  d o  w ith p h on o log y ) and  associa te  them  w ith  the entries 
o f  typ e  A  and  C , respectively. T h en  a rule can  b e  stated  w hich  w ou ld  prevent 
their co -occu rren ce , (th e  op era tor / < -  m eans “ is d isa llow ed”  and w hat fo llow s 
is the con text w hich  characterises all B ulgarian  interrogatives, fo llow ed  b y  the 
“relative sign” ):

(2) 0 /<= _ k V C (V) (C) #

B oth  (1 ) and (2 ) shou ld  have the sam e effect, and w hich  on e  w ou ld  b e  preferred 
is largely a  m atter o f  h ow  th ey  influence the goa ls to  b e  d iscussed be low , nam ely 
efficiency and  augm entability .

3.2 Efficiency

E fficiency is som ething  that con cern s n ot on ly  N L P  system s for  p ractica l p u rp os­
es, but theoretica l ones as well, since all in teresting app lica tion s o f  com p u tation a l 
techniques to  natural languages in volve fragm ents that g o  b eyon d  vocabu laries 
o f  several hundred w ords and  a predeterm ined  num ber o f  sentences.
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It is n ot hard to  believe that it is ju st this criterion  that has been the main 
reason  fo r  T W O L ’s p op u la rity  rather than its linguistic characteristics. T h e  re­
s tr ic tiv en ess  o f  the form alism  gives the op p ortu n ity  o f  extrem ely  efficient im ­
p lem entations in w hich  the lex icon  has the form  o f  a  w ord  tree and the rules—  
fin ite-state  transducers. T h is  has brou ght abou t the possib ility  o f  constructing  
system s w ith  lex icon s o f  tens o f  thousands o f  stem s w hich  can  process text cor­
p o ra  and return analyses w ith  m orph olog ica l features at a  spend o f  up to  100 
w ord -form s a  m inute (F red K arlsson  p .c .)

I d o n ’ t in tend  to  indu lge in this m atter since I ’m  n o  exp ert. Still, the interde­
p en den cy  o f  system  efficiency and oth er  goals m ust be  poin ted  ou t. For exrimple, 
w hen  it com es to  ch oosin g  betw een the tw o solutions to  the coverage problem  
w hich  I d iscussed  above , on e  w ou ld  p rob a b ly  adopt the secon d  alternative— that 
w ith  the d isa llow ing rule— if  aban don in g  the finite-state form at o f  the lexicon  is 
likely to  slow  dow n  im plem entations drastically . A n d  this w ould  be  a  reasonable 
m ove— as lon g  as it d o e sn ’ t get in the way o f  the next goal.

3.3 Augm entability

A n  N L P  system  is said to  be  augm entable  i f  it can be  im proved  w ith  regard 
to  each  o f  its su bcom p on en ts— form alism , processing m echanism  and linguistic 
descrip tion . E ven if  the first tw o are far from  unchangeable, th ey  are neverthe­
less m ore  stable  than  the th ird , the developm ent o f  w hich  is b y  its nature an 
increm ental and  inter^lctive process, w hich  goes through  loop s , dead  ends, par­
tia l solu tion s, gradu al generalizations e tc ., until it reaches a  provisionally  stable 
level, a jid  then  again  m ust be  such that it is possib le  to  develop  it w hen the need 
arises. F or this reason  it is central that the form alism  is persp icu ou s— a quite 
in form al criterion , bu t nevertheless an im portan t one.

I have a lready  d iscussed  questions pertain ing to  the T W O L  lex icon  co m p o ­
nent so  I w ill take a  few  exam ples from  the “ heart”  o f  the m odel— the tw o-level 
rules. B e fore  a  com piler  fo r  them  existed , it was a  cu m bersom e affair to  trans­
la te  in to  transducers even the sim plest rules. T h e  T W O L  com piler (K arttunen  
et al. 1987) was a  great advance in this respect. It gives the op p ortu n ity  for a 
qu ite  general m orp h op h on em ic rule to  be  form ulated  as sim ply as this, (F ron tV  
is defined as I ,E . ) :

(3) "Palatalization of Velars"

Cx:Cy <=> _(V:0) FrontV:
where Cx in (k g x)

Cy in (c z s) 

matched ;

T h e  reading is (fo r  on e  unfam iliar w ith  the n ota tion ): “ lexical k is realized as 
surface c ; lex ica l g  as surface z and lex ica l x  as surface s, i f  and on ly  i f  they 
are fo llow ed  b y  an op tion a l lex ica l vow el w hich  is realized as n oth in g  (because 
o f  an oth er ru le), and  a lex ica l fron t vow el (realized as anyth ing on  the surface 
lev e l)” . It w ill a ccou n t fo r  exam ple  for  the fo llow in g  pairs. (T h e  second  exam ple 
show s how  p rod u ctiv e  the rule is!)
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L exica l representation : r  y  k a E (h an d  + PL)
Surface representation: r y e  e

L exica l representation : h o t d o g  I  (h o t d o g  + PL)
Surface representation : h  o  t  d  o  z  i

O ne o f  the reasons w hy such rules axe m ore  persp icuous than for  exam ple  
rules o f  generative p h on o log y  is that th ey  are purely  declarative  statem ents w hich  
need not take in to  con sideration  any requirem ents o f  orderin g  and  the com p lex  
interactions th at g o  w ith  it. It is first after com p ila tion  (in to  fin ite-state trans­
ducers) that th ey  gain  their p rocedu ra l in terpretation .

A n oth er fa ctor  that m akes it easier fo r  a  T W O L  system  to  be  augm ented 
is the lex ico n /ru le s  d istin ction  itself, w hich  is an  exam ple  o f  the p ositive  co n ­
sequences o f  modularity. F or exam ple even i f  new  in flectional and  derivational 
types are eventually  d iscovered , the lex icon  can  be  chemged, but i f  a  rule— as 
the on e a bove— is general enough , then  it need not b e  “ tinkered w ith ” at all, 
but can  safely app ly  on  the new  lex ica l in form ation .

N ow , the rule as I stated  it a b ove  is actu ally  different from  that in (Z la tev  
1988) in that it does n ot use any d iacritic  characters w hich  have the fu n ction  
o f  “m orphem e bou ndaries” , “ triggers” , “ b lockers”  e tc . T h e  poin t is that such 
characters w ork against th e  persp icu ity  o f  the form alism  and thus against the 
augm entability  o f  the system . F or exam ple in (Z la tev  1988:33) I w rote : “T h e  
operational lex icon  can  be  augm ented  w ith  new  lex ica l stem s w hich  on ly  have 
to  be given the appropria te  con tin u ation  classes (an d  i f  necessary to  use the 
d iacritics in the right p os it ion s )” . It is ju st these “ right p osition s” , w hich  w ou ld  
m ake it so  hard for anyone else than m yself to  d evelop  the system .

3.4 Flexibility

T h e  goa l o f  flexibility  is close  to  that o f  au gm en tab ility  d iscussed above , but 
concerns the ability  o f  change not on ly  for  the sake o f  im provem ent, bu t as a 
value in itself.

T here  £ire different levels o f  flexibility. O n e is the hardw are d im ension : a 
system  should  preferably  be  independent o f  any particu lar typ e  o f  m achine. T h e  
recent “em an cipation ”  o f  the T W O L  com piler  from  the dem an din g  environm ent 
o f  L isp-m achines, i.e. the existence o f  a  com piler  running on  the m ore  pow erful 
m odels o f  A pp le  M^lcintosh (K im m o K oskenn iem i p .c .)  m ay be  con sidered  in 
this respect as a  step  in the right d irection .

A n oth er aspect o f  flex ib ility  is w ith  regard to  softw are: a  system  shou ld  not 
in any m a jor  degree depen d  on  a  particu lar p rogram m ing  language. T h e  fact 
that m odern  program m ing languages have equivalent a bsolu te  expressive pow er, 
i.e. that they axe T uring equivalent, d o e sn ’ t m ean that th ey  are fu n ction a lly  and 
notationally  so  (cf. Sh ieber 1987) and  it is som etim es easy to  fall for  th e  “ p ro­
cedural sedu ction ”  o f  com pu tation a l linguistics th at K ap lan  (1987) discusses, 
e.g . to  depend on  P R O L O G ’S backtrack ing m echanism  o r  on  L isp ’s evaluation  
procedures. T W O L  has been  im plem ented  in P ascal (K oskenn iem i 1983), C om ­
m on L isp  (G a je k  et al 1983), Interlisp-D  (D a lrym ple  et al 1987) and  C  (K im m o
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K oskenniem i p .c .)  w hich  is a  sign that the m odel is m ore  or  less independent 
o f  p rogram m in g  environm ent. B oth  these aspects o f  flex ib ility  call for treating 
hard- and softw are in d ependence  as a  criterion  in itself.

M atters o f  im plem en tation , how ever, are not o f  p rim ary  interest for  us here. 
I w ou ld  actu a lly  w ant to  “ stretch”  the con cep t o f  flex ib ility  o f  an N L P  system  
and interpret is as linguistic flexib ility , o r  in other w ords: the property  o f  al­
low in g  different styles o f  descrip tion . It is here that th e  relevance o f  theoretical 
con siderations is greatest. L et us lo o k  again  at T W O L  in a  little  m ore detail.

A s fam iliar, T W O L  cein p rov ide  m orph olog ica l descrip tions in the style o f  
b o th  o f  the trad ition a l m orph olog ica l m odels “ Item  and A rrangem ent”  ( lA )  and 
“ Item  and P rocess” (IP ). F or exam ple considering rule (3 ) and the exam ples 
in 3 .3 . on e  can  describe  th e  singular and plural form  o f  the B ulgarian lexem e 
‘ h o td o g ’ in the fo llow in g  w ay (assum ing the feature-value form at o f  the lexicon 
presented as an op tion  in (D a lrym p le  et al 1987), though  w ith ou t the facilitating 
dev ice  o f  “ tem plates” ):

(4) hotdo [[semantics: [meaning: ‘hotdog’]]

[syntax: [cat: n]

[continuation: G/Z]]].
LEXICON G/Z

g [[semantics: [num: sg]]

[syntax: [continuation: #]]].

z [syntax :[continuation: /i]].

LEXICON /i

i [[semantics: [mm: pi]]
[syntax: [continuation: #]] .

and a lternatively :

(5) hotdog [[semantics: [meaning: ‘hotdog’]]

[syntax: [cat: n]
[continuation: /I]]].

LEXICON /I

I [[semantics: [num: pi]]
[syntax: [continuation: #]].

W h ile  (4 ) m akes use on ly  o f  the lex icon , (5 ) relies on  the “P alata lization  o f  
V elars” -ru le  as well (p lus a  default m echanism  statin g  that num  recieves the 
value sg, i f  unspecified ).

I f  we have to  com p a re  th e  tw o alternatives, (5 ) seem s to  be  b etter in al­
m ost all respects. It is n o t on ly  m ore  “elegant” , it is shorter, sim pler and as I 
a rgu ed  in the previou s section  this ty p e  o f  descrip tion  is m ore persp icuous and 
m od u lar, thus a  system  based on  it w ou ld  b e  m ore  easily augm ented. From  a 
lingu istic p erspective  (4 ) w ou ld  sim ply describe ‘h o td o g /h o td o z ’ as allom orphs
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in com plem en tary  d istribu tion  w here on ly  the secon d  takes plural w hich  is ob lig ­
a tory  w hile (5 ) w ould  furth erm ore in corp ora te  the process o f  pa la talization  in 
the description  and thus “exp la in ”  the allom orphy.

T his cou ld  possib ly  im p ly  that B ulgarian  m orp h o log y  (and  p ro b a b ly  any 
m orph ology  w ith  m orp h op h on em ic a lternations) is m ore  readily  d escribab le  in 
term s o f  IP  than lA . T h is  is equivalent to  saying that it cou ld  b e  associa ted  
w ith a  “ typ o log ica l param eter”  w hich  determ ines the m ost ap p rop ria te  style o f  
description  (cf. M atthew s 1974:163).

H ow ever, the fa ct that this is an op tion  in T W O L , w hich  also perm its descrip ­
tions o f  ty p e  (4 )— su pposed ly  sufficient for  purely  agglu tinating  languages— is 
an obv iou s advantage in term s o f  flexibility.

So T W O L  can  in pr^lctice fu lly “ m od el”  b o th  IA  and IP. T h e  exten t to  w hich  
this is so  is som etim es overlook ed  becau se o f  the fa ct that all im plem entations 
that I know  o f  have used input such as b o o k  + s , instead o f  b o o k  + PL during 
generation , i.e. neglelected the in form ation  in the lex icon . T h is  shou ld  n ot be 
considered a  disadvantage o f  the m od el itself, since the on ly  reason w hy it h asn ’ t 
been im plem ented is that up  to  now  T W O L  has not been  used for  w ord -form  
p rod u ction  in any larger app lica tion . M orp h olog ica l con d ition s  are furtherm ore 
expressible (and  are expressed all the tim e) in the con tex ts  o f  the rules through  
the di^lcritic signs and “ m orph oph on em es” — ^just as in IP.

W h at abou t “ W ord  and  P arad igm ” (W P )?  T h e  fa ct is that i f  T W O L  w ou ld  
also be  flexible enough  to  perm it descrip tion s o f  ty p e  W P , this w ould  im prove  
the m odel in term s o f  persp icu ity  to  a  con siderab le  extent. I m en tioned  in the 
previous section  that for  the sake o f  the latter, d iacritic  characters are best 
avoided. H ow ever, in elim inating the “ m orph em e b ou n d a ry ” (e .g . + or  - ) ,  I had 
to  specify  that the front vow els the suffixes start w ith  d o  n ot be lon g  to  the stem  
and I d id  that in usual m anner— b y  using u ppercase letters (i.e. I  and  E), w hich  
under the popu lar term in ology  usually g o  as “ m orph oph on em es” . N ow  as for  
exam ple N ym an (1988) poin ts ou t, these are n ot internal to  the m od el in any 
theoretica l aspect, but sim ply express a  convenient w ay o f  en cod in g  m orp h o log ­
ical in form ation  in segm ents (e .g . I  = i  + PL e tc .) and  are necessary becau se 
the tw o-level rules, or  rather the fin ite-state  transducers th ey  are com piled  in, 
operate on ly  on  segm ents.

N ow  look in g  at (5 ) above , we can  furtherm ore see that this in form ation  is 
redundant, since I  is specified  as a  plural suffix in the lex icon  as well. Further­
m ore there m ust b e  an “ord inary i” plural suffix for ad jectives such as “ p la x ” 
(frightfu l), w hich  d o  n ot u ndergo palatalization  in plural form  (p la x /p la x i ) .

A  possible way to  preserve the efficiency that processin g  segm ental represen­
tation  provides, w hile avoid ing  inconsistencies and im provin g  clarity  w ou ld  be  
to  in corpora te  a  W P  elem ent in the T W O L  form alism . T h is  cou ld  p ossib ly  lo o k  
the follow ing way:
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(6) hotdog {[[semeoitics: [meaning: 'hotdog']] 

[syntax: [cat: n]
[continuation: /i]]] 

(paradigm: 'HOTDOG')}.

LEXICON /i
i [[semantics: [num: pi]] 

[syntax: [continuation: # ] ] .

T h e  idea  is that ‘H O T D O G ’ can  be  defined (for exam ple  under the heading 
P A R A D IG M S ) as a  p ro to ty p ica l en try  for a  paradigm  w hich  undergoes an 
a lternation — it need n ot b e  specified  w hich , the in form ation  for  this is contained 
in the rule— in p lu r a l  f o r m . N ow  the sim plest w ay to  im plem ent this w ould be 
som eth ing  like:

(7) TRANSFORM(entry (continuation))

IF (num (continuation)) = p i

O n  th e  o th er  hand the set w hich  th e  palatalization  rule referred to  cou ld  be 
redefined, so  that it says instead:

( 8 )  FrontV = i + p i ,  e + p i .

N ow  i f  these can  b e  com piled  togeth er, then on e should b e  able to  (though  
I haven ’ t figured ou t a  general m echanism  y et) associate the value o f  T R A N S ­
F O R M  w ith  the value o f  respectively  i + p i  and e + p i .  A  trivial w ay to  d o  
this w ou ld  b e  to  express the first after com p ila tion  as I ,  the secon d  as E and 
T R A N S F O R M  w ou ld  then on ly  have to  b e  a  fu n ction  such as U P P E R C A S E . In 
this w ay th e  result w ou ld  b e  the sam e as w ith  “ m orph oph onem es”  but on  a  level 
that m ore  clearly  be lon gs to  th e  “m achinese”  (cf. N ym an  1988) than the present 
form alism . T h e  m a jor  gain  from  such a  strategy  w ou ld  be  that on e w ould not 
have to  w orry  a b o u t using uppercase letters “ in the right position s” , o r  to  assign 
different con tin u ation  classes for  the sam e suffix— as lon g  as on e gives the right 
“ parad igm ” , w hich  seem s in tu itively  a  m uch easier th ing to  d o  and, at the sam e 
tim e, is m ore  lingu istica lly  m otivated .

I f  th is, o r  som e sim ilar m echanism , existed  at least as an op tion  in T W O L  
(w hich  as yet it does n o t), then m ost p rob a b ly  the flex ib ility  o f  the overall system  
w ou ld  b e  increased  in a  w ay w hich  w ou ld  also perm it faster developm ent. T his 
cou ld  b e  d escribed  as a  m atter o f  econ om y, w hich  m ay also be  considered  as a 
g oa l in itself, a lbe it m ain ly  fo r  p ractica l system s.

3.5 Economy

I f  b y  “e co n o m y ”  we m ean th at b o th  the con stru ction  and  the running o f  a  system  
sh ou ld  n ot b e  t o o  expen sive in term s o f  tim e and  w ork then on e cou ld  say that all 
the criteria  I have discussed in  the previous sub-sections, i.e. sufficient generality, 
persp icu ity , m od u larity  e tc . can  be  regarded as relevant. O ne m ay further point 
o u t that for  th e  sake o f  econ om y  is is m uch m ore p ractica l to  have a  system
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that analyses and generates ( i f  b o th  are required, o f  cou rse) w ith  the sam e 
program , than to  use tw o different ones, and  this can  on ly  b e  ach ieved  i f  the 
N L P  fram ew ork is bidirectional.

In this respect, to o , T W O L  “scores a  p o in t” , becau se the fin ite-state  trans­
ducers are actu ally  c o r r e s p o n d e n c e s ,  not transform ations, and it is as easy to  
g o  from  lexical to  surface form , as in the o p p os ite  d irection . O ne draw back  in all 
im plem entations up  to  now , as I m entioned  above , is that the lex icon  has on ly  
been equ ipped  for  recogn ition , bu t this should  b e  am endable.

3.6 Psychologic£j Plausibility

F inally I com e  to  the controversial m atter o f  w hat it m eans for  a  m od el t o  be 
“p sych olog ica lly  plausible” , and since so  m uch has been  w ritten  and  said on  the 
m atter, (e .g . L inell 1979) I will try  to  say as little  as possib le . E xpressed  w ith  
precaution , a  m odel m ay be  regarded as plausible i f  it adheres— on  som e feasible 
level— to  the psych olog ica l ev iden ce we have o f  hum an verbal behaviour.

O bviou sly  psych olog ica l plausibility, as a  goa l for an N L P  system , is quali­
tatively  different from  the o th er goals d iscussed above . F irstly  it con cern s on ly  
system s w hich  exp lic itly  try  to  m odel hum an verbal beh aviou r. A  great m any 
o f  them — op en ly  or  n ot— d o  n ot aspire to  d o  so , b e  it for  p ractica l o r  theoreti­
cal reasons ( “ com p eten ce  m odels” e tc .) . T h en  it seem s that such a  g oa l w ould  
take us back to  the vagueness that o ften  characterises approaches to  th eoretica l 
linguistics and that we in d irectly  tried  to  avoid  b y  settin g  up  all “goa ls” and 
“criteria” up  to  now.

T h is is n ot qu ite so. W h en  I said at the begin n in g  that I was scep tica l to  
such m axim um  goals as exp lan atory  adequ acy  and  psych o log ica l reality in the 
field o f  com pu tation a l linguistics, I tried  to  stress— “ to  begin  w ith ” . T h e  poin t 
o f  laying dow n  alternative goals was rather to  g ive an idea  o f  w hat properties 
form alism s or m odels should  have in ord er to  g o  b eyon d  the lim itation s inherent 
in m ost current com pu tation a l w ork  w ith  natural language. W h en  the N L P  
fram ew orks have been  developed  to  the degree th at it b ecom es m eaningful to  ask 
questions perta in ing m atters such as p lausibility  and  exp la n a tory  adequ acy—  
then o f  course on e shou ld  ask them .

T W O L  seem s to  have been  a breakthrough  for  com p u ta tion a l m orp h ology  
in this respect as well. O n e can still b e  critica l tow ards it— for  exam ple con ­
cerning its stress on  eflBciency while som ew hat neglecting  perspicu ity, but on  
the w hole— as the d iscussion  o f  properties 3 .1 -3 .5  in d irectly  d em on strated— it 
provides reliable ground to  bu ild  on .

P rob a b ly  it has also been  the first com p u ta tion a l m od el o f  m orp h o log y  to  
make an interesting hypothesis abou t hum an processin g  o f  m orp h olog ica l in for­
m ation . T h e  ev iden ce that K oskenniem i (1983) discusses is based on  perform an ce 
errors. It concerns the fa ct that speakers— m ainly  ch ildren  and  aphasics— tend to  
m ake m istakes in that th ey  p rod u ce  w ord -form s o f  m ore  p rod u ctive  in flectional 
patterns instead o f  less p rod u ctive  ones. B u t errors that corresp on d  to  “a u to ­
m atic alternations” , i.e. p h on olog ica lly  m otivated  ones, are extrem ely  rare. So 
if  on e describes on ly  this typ e  o f  a lternations w ith  tw o-level rules, the fo llow in g
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“error m od el”  can  be  stated: “ T h e  perform an ce errors in p rodu cin g  w ord  form s 
are m ostly  fau lty  ch oices in the con stru ction  o f  the lexical level— there are hardly 
any errors in the app lica tion  o f  the tw o-level rules” (K oskenn iem i 1983:132). T h e 
s im p licity  and  directness o f  the tw o-level rules in contrast w ith the interm ediate 
stages and  orderin gs o f  generative p h on o log y  rules m ake it possible to  say that 
the T W O L  fram ew ork  actu ally  p r e d i c t s  this error m od el. In this sense T W O L  
is m ore  plausible than  e.g . generative phonology .

4 Conclusions
In the p reced in g  I have presented in a  som ew hat specu lative w ay a  num ber o f  
goa ls fo r  natural language processin g  system s. T o  m ake this less specu lative I 
have con cen tra ted  on  com p u tation a l m orp h o log y  and m ost o f  all on  on e sin­
gle representative— the tw o-level m odel. T h e  exam ples o f  B ulgarian  m orph ology  
have been  prov id ed  in th e  b e lie f that “ m etath eoretica l”  studies in linguistics can 
n ot b e  carried  on  successfu lly  w ith ou t “ anchorings”  in particular languages. T h e 
ch o ice  o f  B ulgarian  has been  d icta ted  b y  the fact that on ly  there cein I claim  
som e originality.

T h e  goa ls w h ich  I have brou gh t up are o f  course not absolu te, bu t I have held 
th at th ey  p rov id e  a  g o o d  startin g  poin t for  settin g  “standards” in com pu tation a l 
linguistics and m ore  specifica lly— in com p u tation a l m orphology. For each o f  these 
goa ls  I have discussed properties  o f  the fram ew orks that the system s are based 
on , w h ich  are necessary o r  s im ply  desirable for the sake o f  these goals. T h e  
fo llow in g  tab le  show s these on ce  m ore,

G O A L S  o f  N L P  S Y S T E M S  P R O P E R T IE S  o f  N L P  F R A M E W O R K S

SuflScient coverage
EflSciency
A u gm en tab ility

F lex ib ility

E con om y

W eak  com pleteness
R estrictiveness
P ersp icu ity
D eclarativeness
M odu larity
H ard- and  softw are independence 
L in gu istic  flexibility  
B id irection a lity

P sy ch o log ica l p lausib ility  ?

It is th e  goa ls that are th e  m ore  stab le  part. D ifferent system s can  lay stress 
on  som e as op p o se d  to  oth ers bu t still system -goals are less controversial and  less 
co n tra d ictory  to  on e  an oth er. T h e  properties , how ever, can interact in com plex  
w ays an d  som etim es w ork  against som e oth er goa l than the on e  w hich  has called 
for  them  in th e  first p lace. S o  there is n o  exa ct relation  betw een goals and 
p rop erties , bu t rather a  d yn a m ic  process g iv ing  priority  to  som e instead o f  others 
in particu lar cases.

D esp ite  th at, I believe th at these p roperties  can  b e  regarded as guidelines for 
w ork  in th e  field  o f  com p u ta tion a l m orp h o log y  and  p rob a b ly  in com pu tation a l
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linguistics as a  w hole, w hich  is even m ore  im portan t in the absense o f  clear cr ite ­
ria for w hat should  be  con sidered  as psych olog ica l p lausib ility  and  exp lan atory  
adequ acy  in the field o f  th eoretica l linguistics and the n eigbou rin g  disciplines. 
T h e  question  m ark in the table  a b ove  shou ld  sign ify  th at. W h a tev er  its answer, I 
think that on e cou ld  say that it is not “ lingu istic fe licity ” . W h a t is m eant b y  this 
is as controversial as an yth in g  in linguistics now adays. U n le s s , it is equivalent 
to  w hat I have ca lled  (in  3 .4 .) “ linguistic flex ib ility” , i.e. the possib ility  o f  ex ­
pressing language descrip tion s a ccord in g  to  different typ es  o f  th eoretica l m odels. 
H owever, I see this as a  m eans for ach ieving the aim , n ot as the aim  itself.

T h e  w hole poin t o f  w orking in depen den tly  o f  th eory  is on ly  to  return  to  the­
ory, but w ith less sectarianism  and greater insight. O n ly  this w ay will com p u ta ­
tional linguistics con tribu te  to  the u nderstanding o f  w hat a  p sych olog ica lly  p lau ­
sible m odel sh ou ld  be , w hich is a  prerequisite fo r  a p p ro2u:bing a  m o d e l/th e o ry  o f  
natural language that is “p sych olog ica lly  real” . In do in g  so , com p u tation a l lin­
guistics is b ou n d  to  com e closer and  p rob a b ly  m erge w ith  the broader paradigm  
o f  cogn itive  science.
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Part II

Machine Translation





Poul A ndersen

How Close Can We Get to the Ideal 
of Simple Transfer in Multi-lingual 

Machine Translation (M T)?

Abstract
The ideal of simple transfer aims at restricting transfer rules to the 

exchange of unstructured lexical entities— the terminal leaves in the tree 
structure that is output from monolingual analysis. All information that 
is not lexicalised in the source language is represented as features to be 
transferred unchanged to the target language. In EUROTRA this ideal is 
approached through a centrally coordinated research within various phe­
nomena which are supposed to be of translational relevance, i.e. having lan­
guage specific surface manifestations. The outcome of this research ideally 
is to agree on a uniform treatment of these phenomena across languages, 
thus leading to simple treinsfer.

The paper makes a non-exhaustive overview over problems solved, 
problems under investigation, known but outstanding problems, and on 
this basis introduces a discussion of what will remain as unsolvable prob­
lems within an essentially sentence-based MT-system.

1 Introduction
M T -system s trad ition a lly  are classified in to  transfer-based system s and interlin­
gual system s, as illustrated by  figure 1 and  figure 2, resp ., on  the next pages. 
T h e  Interface S tructure (IS ) for  som e language is an an notated  tree structure, 
w here in form ation  is en cod ed  as structure -1- features:

structure features

I
B

A
. 1.

B = {attribute 1 = value X, 

attribute 2 = value Y,

}
_ _ C _ .

I
E

103
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I L2 
I text

I______
I /\

analysis I I synthesis (> generation)

I L2
transfer 
LI -> L2

I interface I transfer 
I structure I L3 -> L2

--------- > 1 ______i<-----------1
transfer 1 1 transfer 1
L2 -> LI 1 1 L2 -> L3 1 

1 - I I1 . . . 1 

V
1 ' I I  

V 1

I LI I transfer LI -> L3 I
I interface I ------------------ > I

L3
interface

structure I transfer L3 -> LI I structure I

I. .1 <- .1
/\ I

analysis I I synthesis

_l___ V_
I LI I 
I text I 

I________I

I/\
analysis I I synthesis

_l___ V_
I L3 I
I text I 

I________I

Figure 1: Schematic representation o f transfer-based multi-lingual M T

I L2 
I text

I /\
analysis I I synthesis

_______V____ I______
I interlingual I

analysis I representation I analysis
I----------------- >1__________________ |<---------------- 1
I synthesis I | synthesis I
I I--------------1 I------------- 1 I

_l____V_ _V____L
I LI I I L3 I
I text I I text I

I________ I I_______ I

Figure 2: Schematic representation o f interlingual multi-lingual M T
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E U R O T R A  is con ceived  as a transfer-based system , w hich  m ay seem  less 
appropriate  for an M T  system  com prisin g  9 languages in all com bin ation s, thus 
leading to  the con stru ction  o f  72 transfer m odu les on  to p  o f  9 analysis and 
9 synthesis m odules, instead o f  ju st having on e interlingua, 9  analysis and  9 
synthesis m odules.

W h at we want to  show , is that the d istin ction  betw een  transfer- cind inter­
lingua-based system s sh ou ld  n ot b e  pushed t o o  hard, especia lly  i f  an interlingua 
is not perceived  as a  natural lem guage-like representation  bu t as any kind o f  
in form ation  en cod in g  th at is neutral w ith  respect to  a  sou rce language and a 
target language.

T h e  ideal in transfer is som etim es described  as sim ple lex ica l transfer, which 
m eans that the lex ica l values are the on ly  in form ation  in the in terface structure 
that is not shared b y  sou rce and target language and w hich  con sequ ently  has to  
be chcinged b y  a  transfer com p on en t, w hereas all o th er in form ation  is represented 
language-independently  in an interlingua. A ctu a lly , the greater part o f  lex ica l 
transfer m ay also be  dispensed w ith  through  the inclusion  o f  a  com preh en sive 
term inologica l com pon en t that is treated  interlingually.

A s the IS representation  m ay b e  split up  in to  stru ctu re in form ation  and 
feature in form ation , we shall treat these independently  and  distinguish  betw een

1. Transfer o f  structure 

and

2. Transfer o f  features

2 Transfer of Structure
H ere we distinguish betw een three possibilities:

2.1 Sim ple transfer =  interlingua ( =  n o  exp licit transfer)

LI L2

I
__c__ 
I I 
D E

<==

I I 
D* E’

2.2 D eletion /in sertion  o f  n ode

LI L2

__C__

V
_ L



Poul Andersen: Simple Transfer in Multi-lingual Machine Translation 106

2.3  R eorderin g  o f  elem ents

LI

I I
B __C__

I I
D E

< . . . » >

L2

LI

I I
B __C__

I I
D E

L2

I
B’

I

I I 
E* D'

2.1 Simple Transfer

T h is is the u n prob lem atic  case w here there is isom orphy betw een sou rce lan­
gu age and  target language o r  w here this isom orphy is achieved betw een ou tpu t 
from  sou rce language analysis and  input to  target language synthesis. H ow  this 
isom orp h y  is ach ieved , is described  in 2.2 and  2.3 below .

2.2 D eletion/Insertion of Node

2.2.1 Direct/Indirect Government
W e have to  delete, respectively  insert, a  n ode  in cases w here we have direct 
governm ent b y  a  verb  o f  a  noun  phrase in on e  language correspon d in g  to  indirect 
governm ent throu gh  a  p reposition  in another language, e.g.

VP

J _ .
I
NP

I
N

==>
VP

- l _ .
I
PP

J _ _
I
NP

I
N

EN : (He) trusted her DA : (Hon) stolede pA hende
DA : (Han) betragtede hende EN : (He) looked at her

T h e  so lu tion  is to  featurise all va lency b ou n d  preposition s, w ith ou t regard 
to  w hether they  have a  corresp on d en ce  o r  n ot in on e o r  m ore oth er languages, 
and  delete  the p reposition  and  the P P -n o d e  from  the IS representation:
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VP

- L .
VP

. L _
Danish analysis

PP

. L _
V

I
'stole’ I I Danish synthesis 'stole’

p NP <

1
på’

1
N
1

‘pige’

I
HP {pfonn='på’}

I
K
I

‘pige’

T his featurisation  o f  the preposition  is a ccom pan ied  b y  a  feature in the IS 
d iction ary  entry  fo r  the verb:

{da_lu " ‘stole’, valency = subject.object, pfoni_of_object * ‘p4’}

It should be n oted  that it is not alw ays w ith ou t prob lem s to  distinguish  
betw een valency b ou n d  com plem ents, w here th e  preposition  is deleted  from  the 
structure, and free m odifiers, w hich  at present keep their preposition .

A n oth er related prob lem  is ind irect governm ent by  a  verb  through  an N P, 
which is described  in deta il in Susanne N 0hr P edersen ’s paper ‘T h e  T reatm ent 
o f  S upport V erbs and P red icative  N ouns in D an ish ’ .

2.2.2 Function Words vs. Inflectional Endings
A n oth er exam ple o f  d e le tion /in sertion  o f  n odes are fu n ction  w ords in on e  lan­
guage w hich  correspon d  to  in flectional endings in o th er  languages, e.g . articles 
w ith nouns and auxiliaries w ith  verbs. H ere again  the prob lem  is solved  b y  rep­
resenting the in form ation  conta ined  in the fu n ction  w ord  as a  feature on  the 
content w ord  or  its p ro jection , i.e. the N P  o r  th e  V P .

A  prob lem  arises e.g . in  cou n try  nam es, w hich  take the definite article  in 
French but g o  w ith ou t article  in D anish , E nglish  and G erm an. In these cases we 
w ould prefer to  b lock  the au tom atic transfer o f  definiteness and  leave it to  the 
target language to  ca lcu late  its surface representation . M od ified  cou n try  nam es, 
again, m ight have their definiteness transferred, as in ‘a  united  E u ro p e ’ o r  ‘das 
E uropa  der N achkriegszeit’ , a lthough  this is not w ith ou t p rob lem s. D eterm in a­
tion  and quantification  in general is a  very com p lica ted  su b je ct to  b e  treated  
contrastively, and at present it is b e in g  investigated as a  specia l research top ic  
w ithin E U R O T R A .

2.2.3 Featurisation vs. Structural Representation
T here are stron g  advantages in representing as m uch in form ation  as possib le  
as features and thus redu cin g  com p lex  structural transfer,— an approach  I per­
sonally  favour. In E U R O T R A  there is, how ever, a  certain  op p o s itio n  against 
rem oving to o  m uch from  the structure. T h e  argum entation  is that m ost surface 
w ords can b e  m od ified , and it is m ore  convenient to  represent a  m od ifica tion  o f



Poul Andersen: Simple Transfer in Multi-lingual Machine Translation 108

a  n od e  in a  stru ctu re than  to  m od ify  in form ation  that has been featurised. As 
tw o exam ples o f  surface expressions that m ight be  featurised— and actually  were 
featurised , bu t now  m ust b e  present as n odes in the IS representation— we m ay 
m ention  m od a l verbs and  dem on strative  pronouns.

2.3 Reordering of Elements

2.3.1 Reordering at NP Level
R eorderin g  o f  elem ents o ccu rs  at N P  level, where a  m od ifier m ay precede the 
noun  o r  fo llow  after the noun , and  w here the ordering in different languages also 
differ a ccord in g  to  the ca teg ory  o f  the m odifier:

Adjective -t- Noun Noun -t- Adjective

DA : den blA himmel
EN : the blue sky
DE : der blaue Himmel
but 
FR : la petite fille

FR : le ciel bleu

NP modifier + Noun

DA : landets indbyggere

(SSS> Noun NP/PP modifier

EN : the inhabitants of the country

DE : die Einvohner des Landes

FR : les habitants du pays

T h e  solu tion  is to  have a  com m on , language-independent orderin g  (referred 
to  as ‘ can on ica l ord erin g ’ ) o f  the elem ents in the IS representation , and d o  the 
necessary reordering  in analysis and  synthesis:

Canonical ordering

. 1.
I I I
governor complements (valency-bound) modifiers (free)

Canonical ordering of NPs

NP

J _ _
NP

.L _

AP

I
ADJ

NP {case»genitive}

I
N {case°genitive}
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featurisation of prepositions:

HP

EH
FR

1
P 

I
of 
de

_ EH/FR analysis 

PP
EH/FR synthesis

1 ----- --- ----- --
HP 

I
H

HP

. L .
I I
H HP

I
H {case>genitive}

{case-genitive}

2.4 Reordering at Sentence Level

T w o  exam ples o f  reordering at sentence level: 

sentence 1

HP + VeuT + Vmain + HP HP + Vaux + HP + Vmain

DA : Hun her spist brødet
EH ; She has eaten the bread DE : Sie hat das Brot gegessen

FR : Elle a mangé le pain

sentence 2

AdvP + Vaux + HP + Vmain PP
DA : I gAr blev forslaget vedtaget a± RAdet

AdvP + Vaux + HP + PP + Vmain

DE ; Gestem vurde der Vorschlag vom Rat verabschiedet

AdvP + HP t Vaux Vmain + PP

EH
FR

Yesterday the proposal vas adopted
Bier la proposition a dtd adoptde

by the Council 
par le Conseil

In analysis, articles and  auxiliary verbs axe featurised and rem oved  from  the 
structure, and  the fact th at the sentence is in passive v o ice  is m arked as a  feature 
at the top  n ode . A t present, we d o  not use a  refined set o f  sem antic case roles 
but restrict ourselves to  a  num bering o f  argum ents, w here i.a . the su b ject o f  a  
sentence in active v o ice  is labelled  ‘a r g l ’ and the o b je c t  is labelled  ‘ arg2 ’ . T h e  
m axim um  num ber o f  argum ents in a  sentence is 4.

Som ew hat sim plified, and w ith ou t feature in form ation , the IS representation  
o f  the tw o sentences look s like this:
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governor argument 1 argument 2 modifier

1 <- 
1

‘semantic’ subject)

1

(• ‘semantic’ object) 

1
1
1

sentence 1

DA : spise hun brød
DE : essen sie Brot
EH : eat she bread
FR : manger elle pain

sentence 2
DA : vedtage RAdet forslag i gAr
DE : verabschieden der Rat Vorschlag gestem
EH : adopt the Council proposal yesterday
FR : adopter le Conseil proposition hier

T h e  can on ica l orderin g  o f  the elem ents is in  itself fairly  straightforw ard and 
poses n o  m a jo r  p rob lem s. W h a t creates prob lem s m ay be  differences betw een lan­
guages and differences betw een  language grou ps in analysis o f  som e constituent, 
e .g . as com plem en t o r  m odifier. T h is  is th e  reason w hy we are very  w ary o f  in tro­
d u cin g  a  to o  am bitiou s approach  in assigning case roles, as this w ou ld  give rise 
to  inconsistencies betw een  assigm ent carried  ou t in different language groups.

3 Transfer of Features
H ere again  we distinguish  betw een  three possibilities:

3.1 Features w hich  are transferred unchanged.

3 .2  Features w hich  are n ot transferred bu t ca lcu lated  again  in the target lan­
gu age o r  fou n d  in the target d ictionary.

3 .3  Features w ith  an exp licit translation  in  the transfer com pon en t.

A  feature has the form  {a t tr ib u te = v a lu e }, and  w hat is transferred unchanged, 
ca lcu la ted  o r  translated  exp lic itly  is on ly  the value o f  the feature.

In th e  first tw o cases n o  exp lic it transfer is needed, which m eans that w e have 
sim ple transfer o r  interlingual treatm ent. In 2.2.2 a b ove  we m entioned definite­
ness as an exam ple  o f  a  surface ph enom enon  that gives rise to  b o th  the first tw o 
typ es  o f  treinsfer o f  features. In m any cases m orph o-syn tactic  definiteness m ay 
express sem antic definiteness in a  consistent w ay across languages, and in these 
cases we m ay transfer the value for  the ‘defin iteness’ a ttribu te  unchanged. Som e 
(su b )ca tegories , how ever, allow  on ly  o f  on e  o f  the paradigm atic set o f  values for 
definiteness, and  this value m ay not b e  the sam e for different languages. In these 
cases th e  value is n ot transferred bu t fou n d  in the target d iction ary  —  or in the 
target gram m ar i f  it is p ossib le  to  generalise over a  class o f  w ords, cf. the exam ple
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m entioned in 2.2 .2  w ith  cou n try  nam es, e .g . ‘la  F rance ’ {d e fin iten ess= d e iin ite } 
versus ‘Prankrig ’ {d e iin iten ess= a b sen t}.

In general, feature values w hich  are n ot transferred, are typ ica lly  b ou n d  to  
a  lexical value, e.g . gender and  sem antic features on  nouns and p form s on  verbs 
(i.e. the preposition  used in  a  va lency b ou n d  P P ) , as well as o th er  va len cy  fram e 
in form ation , in clud ing  restrictions on  the sem antic features o f  va len cy  b ou n d  
com plem ents. T hese  values are look ed  up  in the d ictionary. T h e  value fo r  ‘gen d er ’ 
is then used to  generate the correct form  o f  m od ify in g  ad jectives and  determ iners, 
and the valency in form ation  in the d iction ary  en try  fo r  a  verb  is m atched  w ith 
the available in form ation  on  the com plem ents. It is a lso  used to  con n ect the 
com plem ent b y  m eans o f  the correct p reposition  in the target language.

W h ere  there is m ore  thcin on e translation  o f  a  verb , the va lency in form ation  
in the target d iction ary  is used to  d ecide  w hich  translation  m atches the structure 
o f  the IS o b je c t , which m ay be  transferred unchanged , e.g .

EH IS-object

I I
governor subject

I I
knov HP

transfer EN->DA DA IS-object

I
object

I
Scompl

____
I I

S

__________  I_________
I I I

governor subject object

I I I
vide HP Scompl

_____ 1 ____
I I I

verb subject etc. verb subject etc.

lexical transfer rules

{en.lu
{en_lu

knov}

knov)

{da_lu
{da_lu

kende}

vide}

D2mish target dictionary

{da_lu ■ kende, da_isframe > np_subject_np_object}
{da_lu • vide, da.isframe ■ np_subject_scompl_object}

W e d o  not need to  transfer the valency in form ation  o f  ‘k n ow ’ , as on ly  ‘v id e ’ 
m atches the transferred IS -o b je c t , due to  the restriction  on  ‘d a J sfra m e ’ in the 
D anish target d iction ary  (th e  descrip tion  here is som ew hat sim plified ).

W e want to  restrict exp licit translation  in th e  transfer com p on en t to  lex ica l 
values in the narrow  sense as uninfiected w ord form s. B u t this lex ica l transfer 
m ay also b e  reduced th rou gh  an interlingual app roach  to  certa in  categories o f  
w ords. W e have already m entioned  fu n ction  w ords such as noun determ iners and 
auxiliary verbs, w hich  are featurised and  given an interlingual descrip tion .

B ut w here we really  h ope  to  save a  lo t o f  exp licit transfer rules is in the 
treatm ent o f  term s. T h e  im plem entation  o f  term in o logy  is ju st be in g  started, 
but we h ope  to  treat the greater part o f  the planned 20.000 entries d iction aries
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fo r  each  o f  th e  9  E U R O T R A  languages as term s w ith ou t entering them  in the 
72 transfer d ictionaries. T erm s are co d e d  centrally  w ith  their valency freimes and 
th ey  are assigned a  unique term -num ber to  b e  used as reference (instead o f  the 
lex ica l value) b y  all language groups. T h e  general fram e description  specifies 
how  m any, an d  w hich , va len cy  b ou n d  argum ents a  given term  takes, and each 
language grou p  then  com plem en ts this w ith  language-specific in form ation  abou t 
w hich  prep osition , surface case e tc . is used togeth er w ith  w hich  argum ent.

4 Conclusion
A s con clu sion , we shall show  b y  m eans o f  an exam ple how  far tow ards an inter­
lingual interface stru ctu re w e in princip le have advanced. T h e  exam ple is som e­
w hat sim plified , and  the actu a l state  o f  im plem entation  in E U R O T R A  m ay diifer 
slightly  from  this presentation  o f  an ‘ idea l’ im plem entation .

French text
Hier, la France a adopté la proposition du Conseil.

nmiiHli t.-ranBlat.ion
I går vedtog Frankrig Rådets forslag.

P lease n ote  th at the translation  involves i.a . —

e reordering  o f  ‘ la  P ran ce /F ran k rig ’ and ‘a  a d o p té /v e d to g ’

e reordering  o f  ‘ la  p ro p o s itio n /fo r s la g ’ and ‘du C o n se il/R å d e ts ’

• change o f  m orp h o-syn ta ctic  ten se /a sp ect from  ‘parfait sim ple ’ to  ‘ im per­
fek tu m ’ , —  b o th  expressing the sam e sem antic past

e change o f  m orp h o-syn ta ctic  definiteness o f  ‘ la  F ran ce /F ran k rig ’

e change o f  th e  surface m anifestation  o f  the definiteness o f  ‘du C on se il/ 
R å d e t ’ an d  ‘ la  p ro p o s it io n /fo rs la g ’ (in  the latter case on ly  bein g  expressed 
th rou gh  a  p rep osed  gen itive)

IS representation

I
governor 
{fr_lu»adopter/ 
da_lu~vedtage, 
time^past}

I I I
subject object modifier
{term“184} _______I______  {fr_lu-hier/

I I da_lu>i_g&r,
governor modifier position^

{termB200, {term>237} initial}
number* 
singular, 
definiteness* 
definite}
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T h e  on ly  difference in the IS representation  for  th e  tw o languages are the 
lexical values for the tw o non -term s, so  the on ly  exp licit transfer rules needed 
are the follow ing:

FR-DA transfer dictionary

{fr_lu “ adopter} 
{fr_lu ■ hier}

“> {da_lu = vedtage} 
=> {da_lu = i_gAr}

A ll Other information is contained in the two monolingual dictionaries:

FR dictionary

{term = 184, 
fr_lu = ‘France’, 
fr.definiteness ■ definite, 
fr_gender ° feminin, 
fr_number » singular}

{term • 200, 
fr_lu ■ ‘proposition’, 
fr_gender • feminin}

{term = 237, 
fr_lu “ ‘Conseil’, 
fr.definiteness = definite, 

fr_gender =■ masculin, 
fr_number • singular}

DA dictionary

{term ” 184, 
da_lu = ‘Frankrig’, 
da.definiteness • absent, 
da_gender • neuter, 
da.number » singular}

{term ” 200, 
da_lu “ ‘forslag’, 
da.gender • neuter}

{term = 237, 
da_lu “ ‘RAdet’, 
da_definiteness = definite, 
da_gender > neuter, 
da.number “ singular}

{fr_lu ■ ‘adopter’, {da_lu « ‘vedtage’,
fr.isframe • subject_object} da.isframe • subject.object}

{fr.lu = ‘hier’} {da.lu = ‘i_går’}

For clarity  o f  exp osition , on ly  in form ation  relevant to  ou r  exam ple  is in cluded  
here.

In this exam ple we distinguish  betw een  ‘defin iteness’ and ‘fr_defin iteness’ /  
‘da .defin iteness ’ . T h e  idea  is that a  feature m ay have a  language-independent 
a ttribu te nam e in cases w hen it expresses sem antic in form ation  to  b e  carried  
over, and the sam e attribu te  nam e w ith  a  language prefix  in cases w hen the 
value is not sem antically  significant bu t con cern s m on olin gu al w ellform edness. 
T h e  d istinction  betw een universal features and  m on olin gu al features is currently  
m ade in E U R O T R A  b y  m eans o f  uniform  a ttribu te  nam es +  prefixes, which 
enab les/d isab les m atch ing, but this w ay o f  using the sam e attribu te  nam e w ith 
or  w ithout prefix  is not im plem ented.

E U R O T R A -D K  
N jalsgade 80 
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Abstract

TACITUS is a text understanding system being developed at SRI In­
ternational. One of the main components in the system is a knowledge­
base which contains commonsense and domain specific world knowledge 
encoded as axioms in a first order predicate calculus language. The prime 
function o f the knowledgebase is to provide extra-linguistic facts to be 
used in the resolution of a range of ambiguities such as compound nom­
inal constructions, definite reference, and in drawing conclusions on the 
basis of the implicatures in the text. The paper discusses the methodology 
used in building a knowledgebase for analyzing news reports about terror­
ist attacks, and demonstrates how it is used in an application extracting 
information to be stored in a simulated database.

1 Preamble

D u ring  m y term  as In ternational Fellow  at S R I International, C alifornia , this 
past w inter, I had the op p ortu n ity  to  fam iliarize m yself w ith  the T A C IT U S  
tex t understand ing  system . U nder the supervision  o f  Jerry H obbs, w h o is head 
o f  the T A C IT U S  p ro je c t , I deve lop ed  a  dom ain  specific know ledgebase fo r  the 
T A C IT U S  system . T h e  present paper is a  b r ie f and fairly  high-level and non­
tech n ica l overv iew  o f  the enterprise.

S ection  2 o f  the paper presents the m eth o d o lo g y  used in the con stru ction  o f  
the k now ledgebase for  new s reports  a b ou t terrorist attacks; a  cru de outline o f  
the T A C IT U S  system  is g iven in section  3 as necessary background inform ation  
b e fore  w e g o  on  to  look in g  in detail at an exam ple text in sections 4 and 5. W e 
con clu d e  w ith  som e final rem arks in section  6.

114
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2 The Methodology behind the Construction 
of the Knowledgebase

O ur goal was to  build  a  fa irly  large k now ledgebase for  a  specific  dom ain , nam ely 
terrorist attacks, to  b e  used as a  basis for  au tom ated  u nderstanding o f  texts 
falling w ithin this dom ain , and subsequent au tom atic  ex traction  o f  specific  in­
form ation . W e decided  to  w ork  on  the basis o f  a  set o f  sam ple texts , and we 
com piled  a corpu s con sistin g  o f  several news reports a b ou t terrorist events. T h is 
corpus then con stitu ted  the ba ck b on e  in ou r work.

R ather than a d op t w hat m ight b e  term ed a  strict sublanguage app roach  to  
the descriptive task (cf. H irschm an 1986, and  H ob b s 1984 fo r  m ore deta iled  dis­
cussions), we em ployed  a  m e th od o logy  o f  stepw ise refinem ent (cf. H ob b s 1984).

T h e  three steps o f  ou r w orking m eth od o logy , w hich  w ill b e  e labora ted  on  
below , consisted  in:

• A n  (in form al) analysis o f  the corpu s texts in order to  establish  a  basic 
vocabu lary, determ ine and select relevant facts for  the dom ain.

• B reaking up the dom ain  in to  self-con ta in ed  and coherent sub-dom ains.

• A xiom atizin g  the facts o f  the subdom ains.

2.1 The Analysis o f Corpus Texts

Firstly, the corpu s texts served the pu rpose  o f  establish ing the basic voca b u la ry  
in our system . Secondly, they  con stitu ted  a  p ictu re  o f  the w orld  we intended 
to  m odel in ou r know ledgebase, i.e. w hat are the settings, w hat are the typ ica l 
actions, w h o are the agents, w hat are the roles and relations betw een  the entities 
in ou r ‘ terrorist’ universe, etc. T h u s th ey  in d icated  w hat lingu istic an d  extra - 
linguistic in form ation  w ould  be  needed in ou r know ledgebase.

U sing a  fu ll-sentence con cordan ce  o f  the sam ple texts , we look ed  at each 
single lexical item  in con tex t, and n oted  dow n , in an in form al m anner, w hat 
facts were linguistically  presupposed  and  w hat general back grou nd  know ledge 
w ould be  needed in ord er to  understand a  given  occu rren ce  o f  a  lexical item  in 
its con text. (W e will n ot discuss the m eaning o f  ‘u nderstand ’ here, bu t we use it 
in a  sense sim ilar to  that o f  E c o ’s term  ‘a ctu a lisa tion ’ (E co  1979)).

T h e analysis results in  a  first breaking dow n  o f  each  item  in to  com p on en t 
parts and explicit statem ents abou t the im plicatures (G rice  1975) carried  by  the 
text.

2.2 Structuring the Domain Information

T h e  aim  o f  the second  step  was to  structure the dom ain  in form ation  by  sorting 
f2w:ts in to sub-dom ains o r  ‘ c lu sters ’ (H ayes 1985). T h e  prim e reason for  im posin g  
a  structure on  the dom ain  is to  enhance con cep tu a l clarity, attain  m odularity , 
and to  be  able to  d iscover gaps and log ica l dependencies in the know ledgebase.
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S ortin g  fa cts  in to  su b -dom ains is generally  a  straightforw ard process. T h e 
first cru de d istin ction  w hich  can  be  m ade, is that betw een facts pertaining to  
com m on sen se  know ledge and  dom ain  specific  or  specialized know ledge. T h e  for­
m er is facts a b o u t the w orld  in general and not particu larly  tied to  a  specific d o ­
m ain  (b e  it terrorist actions, in form ation  technology, or  w hat have y o u ), whereas 
the la tter characterizes the facts w hich  are qu ite often  fou n d  to  be  restricted and 
h igh ly  specia lized .

F acts perta in ing  to  for  exam ple space, tim e, and b e lie f are considered com ­
m onsense know ledge, w hereas various facts abou t terrorist organizations are 
clearly  dom ain  specific , and essential for  the understanding o f  reports abou t 
terrorist events. G eograph ica l facts a b ou t the location  o f  cities and countries 
seem  to  fall som ew here betw een  the m ore abstract com m onsen se n otion  and the 
specia lized  dom ain  know ledge.

O n  the basis o f  the results from  ou r fact-finding, i.e. step  on e above, we 
defined 30 su b-dom ains. T h e  overall con cep tu a l structure for the know ledge base, 
the su b -dom ains and the relations betw een  them , can be  schem atica lly  rendered 
b y  the illustration  in figure 1.

A p a rt from  prov id in g  con cep tu a l clarity, the advantage o f  this m odu lar ap­
p roach  is ob v iou s ly  that it perm its you  to  later enhance or  m od ify  the sub- 
dom ain s in th e  know ledgebase independently  o f  each other.

2.3 Axiom atization of the Facts

T h e  final step  in the con stru ction  o f  the know ledgebase consisted  in creating 
precise  on to log ies fo r  the in dividual sub-dom ains, i.e. w hat entities exist and 
w hat are the relations betw een  them , and axiom atizing  the facts.

T h e  m ain task here was to  decide on  w hich  pred icates to  d ecom pose , i.e. 
ch aracterize  b y  o th er  or  new  predicates, and w hich  w ere to  be  basic predicates, 
i.e. grou n d  term s for  w hich  n o  further descrip tion  is provided .

T h e  idea  beh in d  the a d op ted  approach  is neither to  fu lly  define each lexical 
item  in the sense o f  p rov id in g  necessary and sufficient con d itions, nor to  decom ­
p ose  it in to  a  predefined set prim itives in the Schankian tradition . R ath er, the 
p u rp ose  was to  ch aracterize  the pred icates used in the know ledge-base. C onsider 
as an exam ple  the fo llow in g  ax iom s from  the ‘o rgan iza tion ’ sub-dom ain .

organ ization  (o )  - >  E  s (V x . xG s - >  person  (x ) &
m em ber (x ,o ) )  &

E  p ,g  plan (p ,g ,o )

m em ber (x ,o )  - >  E  e. role (e ,x ,o )

role  (e ,x ,o )  < -  agent (x ,e ) &  in .servicejD f (e ,g ,p ) &
plan (p ,g ,o )

T h ese  ax iom s g ive the basic fa cts  a b ou t organ izations, i.e. that an organizar 
tion  has persons as m em bers, and that they  have a  plan. F urtherm ore, a  m em ber
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bomb.attack kidnap.attack

I
terrorist.organization
I I I

country I ethnicity
I— organization —I

1
police

I - -

I
city
-I

publish— I---

firm

plansftgoeds
--- communication

I
property

I
I daily_life 
I

I
belief

1

possession

person.move

injury ----

I
I

process
I
1

time
I
I

scale—
I I I 
I set I 

numbers | -

bomb_structure
I

— phys_obj 
I 1
I I-

normal

I
I
I geography
1 I 

space —
I I

modality
I-

■— predicates

Figure 1:
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has a role, w hich  is be in g  the agent o f  som e action  w hich is in service o f  the plan 
o f  the organ ization .

3 The Knowledgebase and the TACITUS 
System

T o  test ou r  kn ow ledgebase, we im plem ented  a  subset (ap p . 100) o f  the axiom s we 
had  defined on  th e  system , and  ran different types o f  sentences. T h e  axiom s are 
stated  in  the ‘on to log ica l p rom iscu ou s ’ n otation  developed  b y  H obbs (cf. H obbs 
1985b).

T h is  n ota tion  is a  first order pred icate  calcu lus language w ith  the add ition  o f  
a  n om in a lization  op era tor , w ritten  ‘ ! ’ , and  an extra  argum ent, in form ally  referred 
to  as th e  ‘ s e lf ’ argum ent.

T o  b e  m ore  con cre te  and to  con vey  the basic intuition o f  the notation  to  the 
reader, let us con sider a  sim ple exam ple:

ex p lod e  (b ) w hich  is to  be  read as: b  exp lodes

e x p lo d e !(e l ’", b )  w hich  is to  b e  read as: the explosion  o f  b.

W h ere  p (x )  says that p is true o f  x , p !(e ,x ) says that e is the eventuality  or 
p ossib le  s ituation  o f  p be in g  true o f  x . Consequently, H ob b s ’ n otation  can  be 
related to  standard  first order pred icate  expressions b y  the fo llow in g  axiom :

(V x )  p (x )  < = >  (E e) p !(e ,x ) &  R exists(e )

w here R e x ists (e ) says that th e  eventuality  ‘e ’ does in fa ct really  exist.
In sum , the basic idea  o f  the n otation  is that o f  sp litting  a  sentence in to its 

p rop osition a l con ten t and  an assertion a l/ex isten tia l cla im . Furtherm ore, the self 
argum ent, i.e. the ‘e ’ , p rov ides a ‘h and le ’ for  referring to  a  pred ication , i.e. a 
p red ica te  and  its argum ent, in o th er predicates.

B efore  w e g o  on  to  d iscussing a  sam ple text, we w ill g ive a crude overview  
o f  th e  basic com p on en ts  and  their fu n ction in g  in the T A C IT U S  system . W e 
d eliberate ly  ign ore som e o f  th e  m ore advanced  features o f  T A C IT U S  in order not 
to  get b o g g e d  dow n  by  t o o  m an y  tech n ica l details. U nfortunately, this m eans that 
we d o  n ot d o  T A C IT U S  full ju stice  (b u t fo r  m ore  detailed  and com prehensive 
descrip tion s o f  th e  system , see for  exam ple  H obbs 1986c and later).

T h e  system , w hich  is im plem ented  in L IS P  and runs on  S ym bolics, com prises 
an in terpretation  com p on en t and  a  task specific  analysis com pon en t. In the 
in terpretation  com p on en t, there is a  parsing and a  pragm atics m odu le. T h e 
parsing m odu le  handles the syn tactic  and  w hat w e will call the basic sem antic 
analysis; this m od u le  is a  further developm en t o f  the D IA L O G IC  system  (G rosz 
et al. 1982) used in  T E A M  (G rosz  et al. 1987). A s ou tp u t, it p rodu ces a  logical 
form  o f  the parsed sentence in a  first-order pred icate  calculus language. T h e 
log ica l form  is e labora ted  on , or  m ore  precisely, further processed  by the second 
m od u le  o f  the in terpretation  com p on en t, the pragm atics m odu le. T h e  task o f
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the pragm atics m odu le is to  resolve referential expressions and som e syn tactic  
am biguities, to  expand m etonym ies, and to  interpret the im plicit relations in 
com pou n d  nom inals. T h e  pragm atics m odu le  w orks by  con stru ctin g  a log ica l 
expression for  the basic sem antic analysis result, and  ca lling the K A D S  th eorem  
prover (Stickel 1982) to  p rove  o r  derive it using a  schem e o f  a b d u ctiv e  in ferencing 
in w hich it is perm itted  to  assum e the existence o f  ‘n ew ’ facts. T h e  th eorem  
prover draw s on  the know ledgebase o f  com m onsen se and dom ain  kn ow ledge to  
com plete  the task.

A b d u ctiv e  in ference is, o f  course, a  log ica lly  invalid m o d e  o f  in ference, i.e. 
given p (X ) —► q (X )  and q (a ) we con clu d e  p (a ). H ow ever, we m ay argue, as 
does H obbs (cf. H obbs et al. 1988), that it is a  reasonable way o f  look in g  at text 
understanding becau se a b d u ction  is inference to  the ‘ best exp lan ation ’ in a  g iven 
con text. q (a ) can  be  thought o f  as the observerable  ev iden ce, the im p lica tion  as 
the general princip le that cou ld  explain  the occu ren ce  o f  q (a ) , and  the antecedent 
o f  the im plication  as the underlying cause or  exp lan ation  o f  q (a ).

A n  interesting feature o f  the pragm atics  m odu le  is that it uses a  schem e for 
abd u ctive  in ferencing in w hich  weights and costs are assigned to  the ax iom s (for  
further details, see e.g . Stickel 1988). T hu s i f  we can n ot p rove  an antecedent, 
we assum e its existence at som e cost. S om e basic heuristic princip les con tro llin g  
the weights and assum ability  costs are hardw ired in to  the system  (e .g . it is m ore 
expensive to  assum e a  fa ct than to  prove it, and  it is less expensive to  assum e 
an indefinite entity than a  definite o n e ), bu t the ax iom s in the know ledgebase 
m ay be  assigned costs m anually (cf. 4 .2 ). T h e  in terpretation  o f  a  tex t in this 
abdu ctive  and assum ption-based  fram ew ork , am ounts to  p rod u cin g  the m inim al 
explanation  o f  w hy the text w ould  be  true (cf. H obbs et al. 1988 for  a  deta iled  
d iscussion).

T h e  analysis com pon en t, i.e the com p on en t for  ex tractin g  task specific  in­
form ation  from  an interpreted tex t, is basica lly  a  specia lized  ca ll t o  th e  th eorem  
prover (see further be low ). T h e  enhanced  log ica l form , i.e. the result ou tp u t from  
the pragm atics m odu le, is abd u ctive ly  proved  b y  back -chain ing  over the ax iom s 
in the know ledgebase.

In the next sections, we will have a lo o k  at an exam ple text and  show  how  
the know ledgebase is used for  d isam biguation  and  com p u ta tion  o f  im plicit in for­
m ation .

4 An Example
Let us now  consider the fo llow in g  tw o sentences as an exam ple text to  be  treated  
within our fram ew ork:

(1 ) A  b om b  exp lod ed  at a  R enau lt sh ow room  in B ilb a o . A  person  cla im in g  to  
represent the E T A -M  had w arned o f  the blast in a  call to  the police .

L inguistically, the sentences present us w ith  prob lem s o f  resolving a  co m ­
pou nd  nom inal con stru ction , ‘R enau lt sh ow room ’ , and loca tin g  a possib le  an­
tecedent for ‘ the b last ’ .
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T h e  extra -lin gu istic  know ledge needed in order to  achieve som e reasonable 
level o f  u nderstanding o f  the text is am on g  oth er things; R enau lt is a  French 
firm  m anufacturing p rod u cts , i.e. cars, a  sh ow room  is a  bu ilding ow ned by  a 
firm  w here the p rod u cts  o f  that firm  are on  display, B ilb a o  is a  city  in the 
cou n try  Spain, E T A -M  is a  terrorist organ ization , and  terrorist organizations 
have m em bers, certain  plans and  goals and violent m eth ods for reaching their 
goa ls , and  an exp losion  generally  involves a  blast.

T h e  basic facts such as for  instance Spain being a  cou n try  and E T A -M  being 
a  terrorist organ ization , are en cod ed  as existential ax iom s in the knowledgebase. 
E .g :

(la) (Defaxiom COUNTRY-SPAIN-1 (terror)
‘‘Spain is a country’’

((SOME ((el* . ev) (country! el* Spain)))

(lb) (Defaxiom TERORG-ETA-M-1 (terror)
“ETA-M is a terrorist orgemization’’
((SOME ((el* . ev) (terorgi el* eta-m)))

T h e  quantified  variables in the ax iom s are m arked for their ty p e  such that 
‘e v ’ den otes event and  ‘n e v ’ non-event variables.

4.1 Axiom s for Disambiguating Compound Nomined 
Constructions

F rom  the lingu istic p o in t o f  view , the T A C IT U S  fram ew ork  offers interesting 
possib ilities for  d isam bigu atin g  com p ou n d  nom inal expressions using linguistic 
as well as extra -lin gu istic  know ledge.

T h e  in d iv idua l nouns in a  com p ou n d  n om inal con stru ction  are analyzed as 
argum ents o f  the generic ‘n n ’-p red icate . T h a t is, the expression  ‘R enault show ­
ro o m ’ , w ou ld  appear as n n ( e l ’'‘ ,R e n a u l t ,S h o w r o o m )  in the in itial log ica l form  
o f  the sentence p rod u ced  as ou tp u t from  the parsing m odule.

In form ulatin g  the ax iom s for  resolving such nn-relations, we adopted  a  strat­
egy  com bin in g  the line o f  analysis for  cou m p ou n d  nom inals p roposed  by  D ow n­
ing (1 9 7 7 ), and  that a d v oca ted  b y  L ev i (1978 ). In sum m ary. D ow ning argues 
th at the sem antic relationship  betw een  the elem ents o f  a  cou m pou n d  can not be 
ch aracterized  in term s o f  a  finite list o f  appropria te  com p ou n d in g  relationships, 
w hereas L ev i tries to  establish  such a list for  the m ost com m on  cases on  the 
basis o f  the tran sform ation a l relationship  betw een the elem ents.

O u r com bin ed  approach  can  b e  seen in  the fo llow in g  sam ple axiom s, where 
the first tw o ax iom s e n cod e  the possib le  general relationship as expressed in 
term s o f  preposition s, and  the subsequent tw o axiom s state further specific con ­
straints.
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(2a) (Defaziom NN-1 (terror)
“An nn-relation: for”
(ALL ((el* . ev) (p . nev) (s . nev))

(IMPLY (for! el* s p)
(SOME ((e2* . ev))

(nn! e2* p s)))))

(2b) (Defaziom NN-2 (terror)
“An nn-relation: of”
(ALL ((el* . ev) (f . nev) (s . nev))

(IMPLY (of! el* s f)
(SOME ((e2* . ev))

(nn! e2* f s)))))

(3a) (Defaziom FOR-1 (terror)
“A shovroom is for products’’
(ALL ((e2* . ev) (s . nev) (e3* . ev) (p . nev) (e4* . ev) (f . nev)) 

(IMPLY (AHD (shovroom! e2* s) (product! e3* p) (firm! e4* f)) 
(SOME ((el* . ev))

(for! el* s p)))))

(3b) (Defaziom OF-1 (terror)
“A shovroom is ovned by a firm’’
(ALL ((o2* . ev) (s . nev) (e3*. ev) (e4* . ev) (f . nev))

(IMPLY (AND (shovroom! e2* s) (ovn! e3* f s) (firm! e4* f))
(SOME ((el* . ev))

(of! el* s f)))))

In trying to  abdu ctive ly  p rove  a  relevant log ica l form  ou tp u t from  the parsing 
m odu le and to  m ake im plicit in form ation  exp lic it , the pragm atics m od u le  haa 
the theorem  prover back-chain  over the ax iom s in the kn ow ledgebase. T h u s an 
nn-relation  as the above is resolved against 2a and  2b , then the new goals, 
o f ! ( e l*  s f )  and fo r !(e l*  s f ) ,  are resolved against 3a  and 3b respectively , y ie ld in g  
new goals to  be  resolved.

4.2 Axiom s for Resolving Referring Expressions

A s m entioned above , on e o f  the basic heuristic assum ption  hardw ired in to  T A ­
C IT U S ’ pragm atics m od u le  is that an indefinite noun  phrase in trodu ces new 
inform ation  and a  defin ite noun  phrase refers to  a  know n entity, i.e. som ething  
which is either in the know ledgebase or  has been in trodu ced  in the previou sly  
processed text. H ence the cost o f  assum ing an indefinite noun  phrase is cheaper 
than assum ing a  defin ite noun  phrase.

In the exam ple sentences given  in (1 ), the noun phrase ‘ the b last ’ , is related 
to  the event o f  the exp losion  m entioned in the preceeding sentence. S im plify ­
ing som ew hat (cf. further b e low ), we cou ld  say that ’ the b la st ’ is in a  sense a  
nom inalization  o f  ‘a  b o m b  e x p lo d e d ’ .

In order to  establish reference con n ection s o f  this typ e , w e define th e  fo llow in g  
kind o f  ax iom  in ou r know ledgebase:
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(4) (Defaxiom EXPLOSIOK-BLAST-1 (terror)
‘‘An explosion generates a blast'’
(ALL ((el* . ev) (x . nev) (y . nev) (z . nev))

(IMPLY (AND (ASSUMABLE (etc-expl el* x y z ) 0.3)
(explode! el* x y z))

(SOME ((e2* . ev) (b . nev))
(AND (blast! e2* b) (genn el* e2*))))))

Essentially, this ax iom  says that a  b last (e2 * ) im plies the occu rren ce  o f  som e 
exp losion  event ( e l * ) ,  and that the latter generates the form er, w hich  is stated 
by  w ay o f  the prim itive p red ica te  ‘gen n ’ . T h e  pred icate  ‘e tc -e x p l’ , which can 
be  seen as ‘a d d ition a l’ , bu t n ot spelled  ou t properties relating to  the exp lode 
p red icate , is in trod u ced  becau se  we d o  n ot want to  state fla tly  that ‘ a b last’ and 
‘an ex p lo s io n ’ is the sam e thing.

S ince an ‘e x p los ion ’ is know n (it was in trodu ced  in the previou s sentence), it 
is free o f  charge to  resolve the secon d  pred icate  in the antecedent o f  the axiom  
against this know n fact. T h e  first p red icate  in the antecedent has been assigned 
such a low  assum ability  cost (0 .3 ), that prov in g  ‘ b last’ by  use o f  the ax iom  is 
cheaper than to  assum e its existence.

5 Extracting Specific Information from 
the Texts

T h e  log ica l form  en capsulatin g  the interpretation  found for  a  text, i.e. the ou tpu t 
from  the in terpretation  com p on en t, is the input to  the task specific analysis 
com p on en t. T h e  analysis is perform ed  on  the basis o f  the log ica l form  and a 
‘ task schem a sp ecifica tion ’ g iven to  the th eorem  prover.

5.1 The Schema

L et us here con sider a  sim plified exam ple  o f  the kind o f  event related specific 
in form ation  we w ou ld  like the system  to  com p u te . F or a  given text describing a 
terrorist event, we w ou ld  like to  find answers ( i f  any) to  ‘questions’ such as the 
fo llow ing:

INCIDENT TYPE:

TARGET TYPE:

TARGET NATIONALITY:

INCIDENT CITY:
INCIDENT COUNTRY:

RESPONSIBLE ORGANIZATION:

etc.
T h e  a b ove  actu a lly  sim ulates a  database record  to  be  au tom atica lly  filled 

in. H ow ever, as the system  was not yet h ook ed  up  to  p rod u ce  actual database
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entries, the ajiswers fou n d  are printed  ou t on  the screen. T h e  slots in the ‘ re co rd ’ 
are filled b y  the values fou n d  for  variables w hen presenting the th eorem  prover 
w ith goals to  be  ab d u ctive ly  proven  b y  using the in form ation  from  the text 
interpreted and the facts in the know ledgebase.

T h e goals o f  the schem a appear as the consequent in w hat m ight in form ally  
be  called the ‘ linking a x iom s ’ in the a pp lica tion  task specific  part o f  the know l­
edgebase. L inking axiom s can  b e  th ou ght o f  as guidelines fo r  how  to  find answers 
to  the ‘qu estion s’ posed  b y  w ay o f  the schem a specification .

T h e schem a itself is a m eta log ica l L IS P  expression  in a  first-order p red icate  
calculus form  an notated  b y  n on -log ica l op era tors for  search con tro l and  resource 
bounds. T h e  tw o n on -log ica l op era tors are ‘p rov in g ’ and  ‘en u m erated -for-a ll’ . 
W ith ou t go in g  in to  technical details a b ou t these tw o op era tors  (fo r  m ore  details, 
see T yson  and  H obbs 1988), let us sim ply  present a  sm all excerp t from  the 
schem a for  the above  exam ple ‘ re co rd ’ , and  meike som e exp la n a tory  com m ents 
in order to  con vey  the basic intu itions o f  the process to  the reader:

(proving
(enumerated-for-all ((el . ev))

(proving
(some ((it . nev)) (incident-type el it)) 
(terror-limits default-time) 
print-incident)

(and
(enumerated-for-all ((it . nev))

(proving

(incident-type el it)
(terror-limits default-time) 
print-incident-type)
:true)

(enumerated-for-all ((ro . nev))
(proving

(responsible-organization el ro) 

(terror-limits default-time) 
print-responsible-organization)
:true)

(terror-limits default-time) 

print-sentence-finished)))

T h e  linking axiom  in the know ledgebase for  ‘ responsib le  organ iza tion ’ cou ld  
be the follow ing statem ent:

(5) (Defaziom RESP-ORG-1 (terror)
'‘The organization responsible for the attack’’
(ALL ((el* . ev) (e . ev) (e2* . ev) (o . nev) (e3* . ev)) 

(IMPLY (AHD (terattack! el* e) (responsible! e2* o e)
(terorg! e3* o))

(responsible-organization e o))))
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T h u s, w e find the organ ization  (o )  responsible for  an attack  (e ) by  proving 
that e is a  terrorist a ttack , that o  is a  terrorist organ ization , and that o  is 
respon sib le  fo r  e.

C on trary  to  the pragm atics m odu le , n o  assum ptions are m ade in the task 
sp ecific  analysis phase w hen try ing  to  prove the goals o f  th e  schem a; this step 
is m eant to  ex tra ct in form ation  on ly. H ow ever, the process is still back-chaining 
con tro lled  a b d u ctive  in ferencing. T h is  m eans that everyth in g  has to  be  proved 
against the k now ledge in the database in con ju n ction  w ith  the in terpretation  o f 
the text.

P rov in g  the antecedents o f  the linking axiom s m ay o f  cou rse involve resolving 
the new  goals w ith  kn ow ledge asserted in the text or  in this case, provin g  further 
ax iom s in th e  know ledgebase.

T h ere  m ay also b e  different ax iom s for  the sam e goal, in d icatin g  that a  goal 
can  b e  exp la ined , or  m ore  correctly  p roved , in different ways. A ctually , this 
is on ly  a  reflection  o f  the fa ct that a  g iven phenom ena can b e  brought abou t 
in d ifferent ways. F or exam ple, there are actually  three different axiom s for 
‘ respon sib le ’ in ou r know ledgebase.

5.2 The Information Extracted from the Interpretation 
Result

L et us now  return to  ou r  exam ple text. For illustration , we first show  an ex­
cerp t from  the result o f  the in terpretation  o f  the sentences in external form at 
(6 ) —  n ote  the resolved com p ou n d in g  relationship; and then the prin t-out o f  
the in form ation  au tom atica lly  ex tracted  by  the analyze com p on en t from  the 
in terpretation  (7 ) o f  the tw o exam ple sentences.

(6) INTERPRETATION 1 OF SENTENCE:

Cost: 34

New emd Assumed Information: 
xl: bomb!(e2, xl)

yl: explode!(e4, yl, xl)
xl2: bilbaol(el3, xl2)

x8: renault!(e9, x8)

x6: showroom!(e7, x6)
in!(ell, x6, xl2) 

e4: at!(e5, e4, x6)

past!(el5, e4)

Given or Inferred Information: 

x8: renault!(e9, x8)

nn!(elO, x8, x6) 

own!(e25, x8, x6) 

firm!(o26, x8)

x6: of!(e29, x6, x8)
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(7) INCIDENT TYPE: explosion 

TARGET TYPE: commercial 

TARGET NATIONALITY: french 

INCIDENT CITY: bilbao 

INCIDENT COUNTRY: Spain 

PROPERTY DAMAGE: <unknown>

WARNING: yes 

METHOD: phone

RESPONSIBLE ORGANIZATION: eta-m

6 Final Remarks
T A C IT U S  offers an interesting fram ew ork  for  experim enting w ith  know ledge- 
based natural language processing, and in fact it is a  qu ite soph istica ted  system . 
P reviously, the T A C IT U S  team  at S R I has been experim enting  w ith  im plem en­
tations o f  know ledgebases for  dom ains such as the break -dow n  o r  m alfu nction in g  
o f  m echanical parts in ships (H ob b s  1987). C on stru ctin g  a know ledgebase for  the 
terrorist a ttack  dom ain  was the first a ttem p t to  deal w ith  a  slightly less restrict­
ed su b ject field in the T A C IT U S  system . T h e  m ain  con clu sion  to  be  draw n from  
the experim ent w ith the terrorist tex ts  is that very  carefu l ax iom atiza tion  o f  the 
f2w;ts is necessary in order to  achieve g o o d  results, i.e. ‘nuts and b o lts ’ have to  
be  carefully  fitted  togeth er to  create ‘delusions o f  gran deu r ’ .
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A nna Braasch

Udnyttelse af maskinlaesbare 
ordbogsdata 

til maskinoversaettelse

Abstract
The multilingual machine translation project EUROTRA works with 

a transfer-based system. For the running prototype, which is going to be 
produced in the last phase of the project, each language group has to reach 
the goal of approximately 20.000 dictionary entries.

In the Danish EUROTRA group, we have started a small-scale pilot 
project. The purpose is to investigate the possibilities for reuse of existing 
machine-readable dictionary data in the extension and improvement of the 
monolingual Danish dictionary.

We have two different data sets available: The machine readable version 
of the official Danish Spelling Dictionary (R 02) and a small subset of 
records from the Danish-French Dictionary Base (DFOB).

The two main points of the pilot project are:

1. To get an idea as to how the dictionary information should be 
systematized for it to be useable in different applications;

2. How we can exploit existing machine-readable dictionary information 
in the coding process of the general vocabulary.

The state of the art:
1. We have made a comparison between information types needed for 

the EUROTRA Translation System (ETS) and the information types 
represented in the two data sets.

2. We carried out some tests with a subset of available dictionary data 
to estimate how much of the information needed by the ETS can be 
deduced and/or converted without too extensive programming effort.
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1 Indledning
K o rt skitse a f p ro jek te ts  form ål;

V i hax fo r  nylig  ind ledt et p ilo tp ro jek t i den danske E U R O T R A -g r u p p e , der 
har til form ål at vurdere hvilke m uligheder v i har for autom atisk /h a lvau tom atisk  
hhv. m anuel tilpasn ing a f  o rd b og sd a ta , der er kodet til andre form ål end 
m askinoversæ ttelse. P ilo tp ro jek te t koncentrerer sig først og  frem m est om  at 
finde frem  til d e  op lysn in gstyper, hvis bearbejdelse ikke kræver kom pliceret 
program m ering.

M etod e :
V i sam m enligner d e  op lysn in gstyper, som  vort oversæ ttelsessystem  har brug 

for  i sine leksikalske regler (m orfolog iske, syntaktiske o g  p å  senere tidspunkt 
sem antiske in form ation er) m ed op lysn ingerne i de valgte ord b øger  o g  finder 
derved  frem  til, hvilken delm æ n gde a f de oplysn inger, vi har beh ov  for, der 
princip ielt kan findes i disse ordbøger.

F orventet resultat:

1. overb lik  over, hvilke krav der kan stilles til system atisering a f  o rd b og sop ­
lysn inger, hvis gen brug for  forskellige form ål skal væ re m ulig;

2. rent konkret: lem m aordbogsin dgan ge til brug i oversæ ttelsessystem et.

2 Pilotprojektets baggrund
D a  E U R O T R A  arbejder m ed et n iveaudelt oversæ ttelsessystem , bruges der 
tilsvarende n iveauspecifikke e tsprogsordbøger til analyse o g  generering for hvert 
sp rog , sam t et sæ t tran sferordbøger for  hvert sprogpar.

I stedet fo r  at lave d e  etsprogede n iveauspecifikke ord b øg er  hver for  sig, ønsker 
v i at frem stille  én niveauuafhæ ngig o rd b o g  ved  at sam le sam tlige oplysninger, 
der er relevante p å  hvert enkelt n iveau, i én o rd b o g . H erfra skal system et så for 
hvert opslagsord  selektere de op lysn inger, der er b eh ov  for  på  det pågæ ldende 
n iveau  i oversæ ttelsesprocessen . En o rd b o g , der er op b ygget på denne m åde 
kalder v i for  l e m m a o r d b o g .

D en  v iste  o rd b ogsin d ga n g  består a f to  dele, jf . F igur 1:

1. Selve den k ørbare leksikalske regel, der indeholder ‘de  indre op lysn in ger ’ 
der anvendes a f oversæ ttelsessystem et;

2. D e  ikke k ørbare  ‘y d re  op lysn in ger ’ til brug for  leksikografen, indledt m ed 
udkom m enteringssekvensen  ‘ % % ’ , hvilke om fatter

(a ) adm inistrative op lysn in ger (k oder, d a to , kilde, kom m entarer) og

(b ) ‘p ragm atiske ’ op lysn in ger (defin ition , eksem pler).

O rd bogsin dgan gen e er kodet efter det sam m e princip  som  gram m atikkens 
regler, m en i stedet for  at in deh olde generelle op lysn inger om  fx  sæ tnings- eller
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antal_n3’ - (cat-n, scat-specifier, part-no, level-zero, 
dalu-'antal', darno-n3,
ers_f rarae-compO , dapforinl-no, dapforra2-no, dapform3-no, dapform4-no, 
daisframe-argO, dapargl-no, daparg2-no, daparg3-no, daparg4-no, 
flex type-fx3, dagd-neut, dcons-1, oc-no, infl-sub_root, term-xxO). 

f%% Coder: anna 22-May-89 
%% Source: Ph3 corpus
%% DEF: en m(ngde enheder af ngt. t(llellgt 
%% Comments: 'NDO: uden piur.
%% Examples: TV-sSt <nm> er en tysk satellit med 3 TV-kanaler og et ukendt 

antal radiofonikanaler. 362 text4

Figur 1: Eksempel på en ordbogsindgang fra den danske lemmaordbog.

fraaestruktur, in deholder den specifikke leksikalske op lysn in ger om  de enkelte 
opslagsord .

3 Ordbogskodning
I oversæ ttelsesprojektets tred je  o g  sidste fase, som  v i befinder os  i, skal det 
forventede antal ordbogsin dgan ge nå o p  p å  ca . 20 .000 enheder ialt (nu: 4600), 
d era f 6 .000 tilhørende det generelle ord forråd  (nu ; 3 .9 0 0 ), 14.000 E U R O T R A -  
term er (disse kodes ikke helt efter de sam m e prin cipper som  det generelle 
ord forråd , m en dette  vil je g  ikke kom m e næ rm ere ind  p å  her).

D er er altså  en hel del k odn in gsarbejde tilbage, især hvis v i og så  tager 
m ed i betragtn ing , at de allerede k odede indgfinge skal op dateres i taJct 
m ed gram m atikkernes u dbygn ing. I den afsluttende (indevæ rende) p ro jek tfase  
opprioriteres ordbogsarbejdet.

V i har b eh ov  for  efiektivisering a f  a rb e jd et, hvilket kan gøres på  forskellige 
m åder, dels ved organisationsm æ ssige æ ndringer, dels vha. au tom atiserin g  a f 
kodningsarbejdet på  de om råder, hvor det praktisk  er m ulig.

K odn in gen  kan til en vis grad  autom atiseres ved bru g  a f  m a k r o e r  i 
inddateringsproceduren . D ette  letter leksikografens a rbe jd e  ved tastatu r og  
skærm .

D en m anuelle ord bogsk od n in g  rum m er m uligheder for både skrivefejl og  
indholdsm æ ssige fejl. F or at begræ nse disse fejl bar v i u darbejdet faste o rd b og s- 
m akroer i U N IX -ed itoren  e m a c s . D isse sm å program m er om fa tter  forskellige 
faciliteter, såsom  konsistens- o g  valid itetscheck, p rom pt for  op lysn in gtyp e  til 
inddatering, liste a f lov lige  væ rdier for  hver in form ation stype  (a ttr ib u t) osv .

D esuden anvendes E T S  ( E U R O T R A  Translation  S ystem ) regelfortolkeren 
til at kontrollere, at ordbogsin dgan gen  er kodet i overensstem m else m ed 
regelsæ ttet for  form el o g  indholdsm æ ssig  beskrivelse a f leksikalske regler.

D er gives fejlm eddelelse om  syntaksfejl (m anglende separatorer, parenteser 
e tc .) , sam t hvis et attribu ts k odede væ rdi ikke er elem ent i det pågæ ldende 
a ttributs væ rdiliste (dvs. ikke lov lig  væ rd i). D er gives ingen fejlm eddelelse, hvis 
a ttributtets væ rdi er en fri streng (fx  opslagsord  eller p ræ p osition ).
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E n anden  m etod e  til a t effektivisere ordbogseirbejdet er at u dnytte  op lys­
ninger om  ord  fra  m askinlæ sbare ord bøger. D ette  er em net for  p ilotpro jek tet. 
F orm ålet er at u ndersøge, hvilke m uligheder v i har for  at u dn ytte  m askinlæsbare 
o rd b o g sd a ta  ved u dbygn ingen  a f lem m aordbogen . V i arbe jd er j o  i forvejen  
p å  den m åde, at v i definerer opslagsordet og  derefter ‘ slår o p ’ m anuelt 
i forskellige trykte, m on olin gvale  ord bøger, prim æ rt i N udansk O rd bog , 
R etsk rivn in gsordbogen  o g  D ansk  Sprogbrug. D ette  betyder at v i henter de 
relevante in form ation er fra  ord b øger , der er lavet til andre form ål end 
m askinoversæ ttelse.

A rb e jd e t m ed disse ord b øg er  viser, at oplysn ingerne ikke beh øver at væ re 
form aliserede, o g  at d e  ikke altid  er eksplicit til stede. A n d re  gange følger 
o rd b o g e n  ikke helt den  præ definerede form atbeskrivelse. D er kan fx  væ re 
a fvigelser fra  den erklæ rede forkortelsesliste, eller det kan forekom m e, at den 
søg te  op lysn in g  ikke er repræ senteret i den ord b og , m an har slået o p  i.

D ette  er o ftest ikke n oget større prob lem  for ordbogsbru geren , m en et 
m askinoversæ ttelsessystem  skal have entydige, eksplicitte o g  u dtøm m ende 
op lysn in ger til råd ighed  i sine ord b øger , u dtrykt i den valgte form alism e, som  i 
vort system  hedder E -(E U R O T R A )fo r m a lis m e n .

O rdbogsk oderen s a rb e jd e  ved  anvendelse a f de traditionelle, tryk te  ordbøgers 
op lysn in ger til u dbygn in g  a f  lem m aordbogen  består altså a f flere trin:

S øgning o g  udvæ lgelse, system atisering, validitetscheck, konvertering til El­
form alism e o g  selve indtastningen  a f ordbogsaxtiklen .

E U R O T R A s  o rd b øg er  har naturligvis en række sæ rlige træ k, der er afhæn­
gige  a f  m askinoversæ ttelsessystem ets krav, m en de grundlæ ggende leksikalske 
o g  kontekstuelle op lysn in ger svarer til dem , der og så  findes i de næ vnte trykte 
ord b øger .

4 Pilotprojekt —  indledende overvejelser
D a  v i rent faktisk  ‘gen bruger’ en del op lysn in ger fra  trykte ordbøger, er 
spørgsm ålet nu, hvordan  vi kan inddrage m askinlæ sbart ordbogsm ateria le  i 
a rbe jdsgan gen  for  ord bogsk od n in g : H vilke trin i processen  kan autom atiseres, 
i h vor h øj grad  kan vi in ddrage  m askinkraft til at udføre opgaver autom atisk  
eller in teraktivt, o g  hvilke op lysn in ger skal indføres rent m anuelt?

V i har valgt p .t. at in ddrage t o  forskellige d atasæ t i p ilotp ro jek tet, som  læ gger 
h ovedvæ gten  på  forskellige op lysn in gstyper, svarende til deres leksikografiske 
k on cep t o g  anvendelsesom råde:

V i har erhvervet den  m askinlæ sbare version  a f R e t s k r iv n in g s o r d b o g e n  
(herefter fork ortet: R 0 2 ) .  D ette  m ateriale er m ed få  undtagelser indholds­
m æ ssigt identisk  m ed den tryk te  udgaves alfabetiske afsnit ‘ O rd b o g  a -å ’ , som  
o m fa tter  opslagsord  tilh øren de det a lm indelige danske ord forråd . M aterialet 
in d eh older h ovedsagelig  op lysn in ger om  selve opslagsordet uden (større) 
kontekst, fx  ordklasse, bø jn in gsform er, sam m ensæ tningsform er, sideform er. 
D er er d o g  artik ler, der og så  in deholder kom m entarer o g  eksem pler, fx  ved 
forh oldsorden e ‘a f ’ o g  ‘a d ’ på  grund a f disses kom plekse betydningsstruktur.
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D en m askinlæ sbare version  ( R 0 2 )  adskiller sig  p å  to  væ sentlige punkter fra  
den trykte udgave:

1. H ver op lysn in g  indledes a f en fe ltkode, der angiver det pågæ lden de felts 
op lysn ingstype. (F eltkoden  overtager derm ed skriftgradsskiftets rolle som  
adskiller a f op lysn in gstyper.)

2. D er er yderligere nog le  få  op lysn in ger i den m askinlæ sbare version  (fx  
ordklassebetegnelse for  n avneord  o g  u dsagnsord ), der kun im plicit er til 
stede i den tryk te  version .

V i har a f o rd b ogsgru pp en  på  H andelshøjskolen  i K øb en h a vn  (H H K ) fået 
stillet et udvalg a f o rd b og sp oster  fra  D a n s k - f r a n s k  o r d b a s e  (herefter fork ortet: 
D F O B )  til rådighed. O rdbasen  in deholder ord bogsin d gan ge  fra  B linkenberg- 
H øyb ye ’s D ansk-fransk O rd b og , der er en oversæ tte lsesordbog  m ed k ildesproget 
dansk og  m ålsproget fransk.

M aterialet er på  H H K  blevet op tisk  indlæ st o g  derefter lagt ind  i 
databaseposter. D et a f os  u dvalgte m ateriale om fa tter  kun et m indre antal 
substantiver begyn den de m ed ‘ a fv - ’ o g  trcinsitive verber b egyn den d e m ed ‘a f- ’ .

Ved dette  m ateriale er det tale om  kontrastiv beh andlin g  a f de danske 
opslagsord ; foruden  basisop lysninger vedrøren de ordklasse o g  bø jn in g  er der til 
de fleste ord  yderligere m ateriale, om fa tten de b etyd n in gsopdelin g , defin itioner, 
sem antiske op lysn inger (em n eom råde), brugsrestriktioner, frekvens, eksem pler 
og  naturligvis de tilsvarende franske oversæ ttelser.

D en  franske del a f m aterialet er p .t . ikke inddraget i p ilo tp ro jek tet, m en 
bliver det på læ ngere sigt.

B egge datasæ t foreligger som  strukturerede A SC II-tek stfiler o g  v i har fået 
detaljeret form atbeskrivelse a f dem  begge.

D et første  trin i p ilo tp ro jek tet var at skaffe overblik  over, hvilke a f d e  op ly s ­
ninger, E U R O T R A -o v e rsæ tte lse ss y s te m e t  har brug  for, der er repræ senteret

' a n t a l _ n 3 '  -  s c a t - s p e c i f i e r ,  p a r t - n o , l e v e l - z e r o ,
d a _ l \ ^ » d a r n o » n 3 ,
e r s _ f r a m e - c o m p O , d a p f o r m l - n o ,  d a p £ o r m 2 - n o ,  d a p f o r m 3 - n o ,  d a p f o r m ^ - n o ,  
da i  5 f r a m e - a r g O , d a p a r g l - n o ,  d a p a r g 2 - n o ,  d a p n r g 3  = no ,  d a p a r g ^ - n o ,
J J - ^ ' c ^ g d - n e u t ,  d c o n s - 1 ,  oc* " no ,  i n £ l » ' s u b  r o o t ,  t e r m - x x O ] .
\% C o o e r !  anna 2 2 - H a y ^ 0 9  ~
%% S o u r c e :  Ph3 c o r p u s
^  D E F : ^  m(ngde e n h e d e r  a f  n g t .  t ( l l c l l g t  
%\ Comments :  NDO: uden p l u r .
\\ E x a m p l e s :  T V - s 5 t  <nm> e r  en t y s k  s a t e l l i t  med 3 T V - k a n a l e r og e t  u k e n d t  

a n t a l  r a d i o f o n i k a n a l e r . 3 6 2  t e x t d

HORD: ani tal IIORD: tal
HOKL: no HOKL: no
HTGN t t HENT: -let.
HSMS: antals-, HNTL: tal -lene;
HSHX: antalsbegr(nsning HEKS: 1200-tallet

Figur 2: Lemmaordbogsindgang og tilsvarende poster fra R 0 2 .
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i de  to  datasæ t, hvordan  d e  er k odet, o g  p å  hvilken m åde v i kan u dnytte  eller 
overføre  disse til lem m aordbogen .

I frem stillingen  i F igu r 2 v il je g  prim æ rt koncentrere m ig  om  R 0 2 ,  og  for 
overskuelighedens skyld  viser je g  kun substantivernes k odning som  eksem pler.

L em m aordbogsin dgan gen  i F igu r 1 er forsynet m ed m arkering a f de væ rdier, 
der indsæ ttes a f system et (u bru dt understregning), sam t op lysn inger der er 
au tom atisk  indsat fra  R 0 2  (m arkeret m ed stiplet lin je). F iguren  viser desuden 
sam m enhæ ngen  m ellem  en ord b ogsin d ga n g  i E -form alism e o g  den artikel i 
d a tasæ ttet, som  op lysn in gen  hentes fra. (I dette  tilfæ lde kræ ves 2 opslag  i R 0 2 ,  
d a  et sam m ensat opslagsords bø jn in g  som  regel findes i o rd b ogen  under det 
sidste led .)

5 Pilotprojektets indeværende fase
E fter at have lavet en liste over d e  op lysn in gstyper for de enkelte ordklasser, som  
v i skal have adgan g til i lem m aordbogen , o g  efter at have sam m enlignet denne 
liste m ed d e  op lysn in ger, der er til stede i de  maskinlæsbeire m aterialer, har vi 
vu rderet at m ulighederne for  ‘gen bru g ’ er følgende:

1. E n del op lysn in ger kan konverteres direkte fra  det m askinlæsbaxe 
m ateriale til op lysn in ger i E -form alism e vha. ed itor-m ak roer (em acs), bc 
ordklassebetegnelse i feltet H O K L  ( = ‘ordklasse ’ ): n o  —► cat ( = ‘ordk lasse ’ )
=  n;

2. O p lysn in ger kan konverteres vha. program m eret opslag  i R 0 2  og  
sam m enlign ing a f  den m askinlæ sbare op lysn in g  m ed listen over de 
væ rdier, der kan repræ sentere in form ation stypen  (a ttribu ttet) i en 
lem m aordbogsin dgang ; fx  kan de k odede bøjn ingsendelser for substantiver i 
feltet H N F L  ( = ‘ n avneord  flerta l’ ) sam m enholdes m ed listen over væ rdierne 
for  a ttribu ttet yjea;_tj/pe(=‘ b ø jn in g sty p e ’ ).

F ørste  kolon n e i tabellen  i F igu r 3 angiver koden  i E -form alism e (udsnit: 
f l e x . t y p e = fx l  . . .  fx5  for regelm æ ssigt b ø jed e  su bstan tiver), anden kolonne: eks. 
p å  opslagsord  i ental, ikke gen itiv . K olon n ern e 3 o g  4  viser, hvordan R 0 2  
an fører de pågæ lden de bøjn ingsendelser. K o lon n e  5 indeholder den autom atisk  
ekspliciterede flertalsendelse i bestem t form  (ved  regelm æ ssig dannelse er denne 
ikke til stede i R 0 2 ) .  K o lon n e  6 viser a ttribu ttet d .con s  ( = ‘ ford ob lin g  a f 
slu tk on son an ten ’ ); denne op lysn in g  bliver ekspliciteret i konverteringsforløbet, 
udskilt fra  felt H E N T  eller H N FL.

3. U dledn ing  a f en op lysn in g  der kun er im plicit til stede i m aterialet, fx  
kønnet for  et su bstan tiv , udledes a f RFJV T-feltets ( = ‘navneord  ental’ ) 
sidste tegn  o g  konverteres til eksplicit op lysn in g  i E -form alism e i attributtet 
dagd ( = ‘D anish  gen der ’ ).

F oruden  au tom atisk  konvertering hhv. udledning a f op lysn inger har vi andre 
m uligheder:
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**************************************************************************
s.ind-nge s.def pl.ind-nge pl.def-nge

-en -e
-ten -te
-et -e
-ket -ke

FX1: stol
hat 
bord 
blik (1)

-ene (d_cons-no)
-tene (d_cons-t)
-ene (d_cons-no)
-kene (d cons-k)

**************************************************************************

s.ind-nge s.def p i .ind-nge pl.def-nge
FX2: rede -n - C -rne

vindue -t - r -rne
NB! ingen fordobling af konsonant

******#*★*************'**********★***********'***'************************■***
s .ind-nge s.def p i . ind-nge p i .def-nge

FX3: virksomhed -en -er -erne (d cons«no)
anorak -ken -ker -kerne (d cons“k)
abstrakt -et -er -erne (d cons-no)
Stakit -tet -ter -terne (d cons-t)

s .ind-nge s .def p i . ind-nge pi.def-nge
FX4 ; film -en - -ene (d cons-no)

bi t -ten - -tene (d cons-t)
forslag -et - -ene (d cons-no)
ar (2) -ret - -rene (d cons-r)

itlimrlttli'klUiliiili'klimHiiilfkmiliiiii************************************************

*«*********ik******ik***«**************************l^*****4******************
FXS: s.ind-nge s.def pl.ind-nge pl.def-nge

bager -en -e -ne
NB! Ingen fordobling af konsonant

*********************************1^*******************************1^*******1»

Figur 3: Udsnit af tabel til sammenligning a f koder i E-formalisme og kodningen af 
bøjningsendelser i R 0 2 .

4. A utom atisk  opslag  o g  selektering a f visse op lysn in ger o g  au tom atisk  el. 
in teraktiv  overførsel a f disse;

5. M ulighed  for in teraktiv kodning: valg a f eksem pler sam t tilpasning a f 
eksem pler (tilfø jelse, sletning e tc ).

D e sidste to  m uligheder bliver isæ r aktuelle ved im p ort a f D F O B ’s danske 
oplysn inger: D F O B  indeholder naturligvis langt flere op lysn in ger end  R 0 2 ,  
bl.a . kom m entarer o g  eksem pler. D et har d o g  vist sig, at selv om  d ette  m ateriale 
er fy ld igt, har v i brug  for  begge  datasæ t, da  v i har fundet visse tilfæ lde, hvor selve

HORD; afviserttsten 
HOKL: no
HENT: -en,
HNFL: afvisersten -ene

OPSL afviser/sten
U N DERK C,
HENV V .  afviser (2).
ADM #OPSL (afvisersten)

SDATO 1975/10/01 
#BEAR (o)

Figur 4: Post fra R 0 2  og  D F O B .
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* afvigelse nl' - (cat-n, 6cat*no, scat-no, level-zero 
dalu-'afvigelse', darno-nl, 
ers frame-flO, dapforml-no, dapforw2-* fra ' 

dalsframe-acQl2, dapargl-no, daparg2-* f ra' 
flex type-fx2, dagd-comtn, d_cons-no, oc-ye 

Co3er: anna 21>Apr-69 
%% Source: makrotest 
W  DEF:
II Comments:
II Examples: afvigelser fra regelen (NDO)

dapformB-no, dapform4-no, 
daparg3-no, daparg4-no, 
infl-root, term-xxOJ.

afvigelse •

HORD:
HOKL:
HENT:
HNFL:

afvigelse
no
-n,
-r

s iT is e ll«  c ( 'f )  ( -  v>9<n <>( •iäe. fjtm tn  aig fra) (1) 
dévialioD* (2) é ctr l ( fra de. d ’ avec) (3) (om magneindU. 
OVI.) déclJoAlBOD*; (oiTFoiT) (4) (i bone) perlurbttioa ' (6) 
(aijtnura) f tb e m llo o * ; (C) (drt.) dérogalioo* (fra k). U) 
( -  foraluUigtiid) (7) dlvergeDce* (6) dlUéreoce* (0) (i 
iTuninver, ogi.) dlssidonce*.

— fra t t t i n g e l a a r  ( fx.  i rom^uri) t  d licordooce*; 
•' fra d aga oT dentn  l6). lo c id e o l; danne tn — fra b . 
Taire dirogBlloct k q c.; fra em ne t  digiessloo*; en »  
m fIJ«m  . . .  og . . .  UD t c ir t  eolre . . .  e l . . . .  uo écarl 
qui sépire . . .  de . . p r i n c i p p e t  (undert.) Um-
pétam eol du prioclpe; p r o je l : ( i / «  (1) (2): *■ fra regelen  
( 1) (2), »oom oU e*. excep lioo*; (un^err.) lempéramcnl do 
b  tégle; u d o i ie  «n ^  fra préseotcr uo écarl avec.

OFs;.
UNOCRK
FICXS
CLOS
Nun
OVCRS
NUn
OVCRS
PAKT
min
CL9S
ovens
c:.3$

CfWE
ovtns
PAPT

oveni
min
CLCS
OVER9
DAORDP
tn.vCCDO
rooMP
OAORør
rnonor
OAour
rnenoF
OAORSr
noRfir
DAonor
rnonor
oAonor
OLOSCOO
rnoRDP
DAonor
FRonDr
OAoaor
noner
GMSrro
rnonor

• v>9tn e i i  l id « .  

d iliviatl«:*. '

e> B A enttiu llila . o fa . 
dalacilnaiaoA * i
aatcen.

d ft .
Oalaiegatloa * 
fra alB 
•
• (ecanallipliad 

dlvar̂ aDCt ■ 

dirfaSaranet •

i •aaineai, e fa . 
diiaidaAci •
a lia  tra bacinealaat l ( a .  1 raabural

dlaeordaAea * i 
a lla  Cia daoi

In e td a n t:
dana« an a lia  fea n. 

fa ic «  dalaroeatlOA a3a q c .i 
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Figur 5: Overblik: En lemmaordbogsindgang —  og det tilsvarende opslagsord fra de valgte 
ordbøger.

den søg te  op lysn in g  (fx  et sam m ensat substantivs flertalsendelse, eksem pelvis 
ved ord et ‘a fv isersten ’ ) m angler i D F O B  (se F igur 4 ).

O m  v i v il bruge begge  datasæ t parallelt, eller bruge R 0 2 ’s ordklasse- og  
bøjn ingsangivelser til at verifleere hhv. kom plettere  op lysn ingerne v i hax hentet 
fra  D F O B , har v i endnu ikke taget stilling til.

F igu r 5 om fa tter  foru den  en autentisk  lem m aordbogsin dgang  (a ), den 
tilsvarende tryk te  ordbogsartikel fra  R etsk rivn in gsordbogen  o g  ord b og sp ost fra 
R 0 2  (b ) , sam t ordbogsartik len  fra  D ansk-fransk  O rd b o g  o g  databaseposten  —  
uden typografiske styretegn  —  fra  D F O B  (c ) . (B em æ rk  det specielle  tegnsæ t i 
D F O B -p o s t e n !)
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V i har en del u løste grundlæ ggende spørgsm ål i forb indelse  m ed au tom atisk  
udfyldning a f  lem m aordbogsin dgangen , som  det frem går a f m arkeringerne i F igur 
5:

• K an  et h om ografnum m er hhv. et betydn in gsn um m er fra  R 0 2  eller D F O B  
udnyttes til at definere opslagsordets læ sninger fo r  oversæ ttelsessystem et, 
svarende til a ttrib u ttet d a m o  ( = ‘D anish  reading n um ber’ );

• K an  valensram m erne {e rs .fra m e  hhv. daisfram é) til et o rd  udledes a f  de 
danske ord forb in delser der er an ført i artiklen som  brugseksem pler for  ordet 
o g  udtrykkes i El-form alism e vha. en konverteringsrutine;

• K an  det antages, at alle ob ligatoriske valenser er repræ senteret, at 
de valensbundne præ position er {daparg/d a p fo r m l- i )  er til stede, at 
eksem plerne er valgt o g  listet ud fra et bestem t leksikografisk prin cip , 
som  kan danne grundlag for  den påkræ vede (sandsyn ligvis interaktive) 
form alisering a f op lysn in ger?

I indevæ rende fase a f p ilo tp ro jek te t har vi undersøgt m aterialet fra  D F O B  
for at skaffe os overblik  over, hvilke m uligheder v i har for  at løse  disse 
spørgsm ål. M aterialet indeholder konteksteksem pler for  næ sten hvert kodet 
dansk opslagsord . E ksem plerne er o fte  sæ tninger, hvor ordet op træ der m ed 
alle sine valensbundne led (b å d e  m ed o g  uden præ p osition er). D et tosproged e  
m ateriale er kodet udfra  et kontrastivt synsvinkel m ed fokus p å  danske ord  o g  
disses betydn in gsopdelin g  (o g  deres franske æ kvivalenter).

O fte  er der knyttet defin itioner o g  kom m entarer til o rd et, isæ r fx  vedr. 
syntaktisk  subkategorisering, sem antiske selektionsrestriktioner o g  pragm atiske 
forh old . I D F O B  er disse op lysn inger ikke form aliserede. V i m ener d o g  at 
kunne hente de m anglende op lysn inger for  kodningen  a f lem m aordbogsin dgan ge 
efter at have u d foldet ordbogsartik len  helt, dvs. op rette t en ny artikel for  hver 
num m ererede b etydn in g  a f  opslagsordet, hvor ord et au tom atisk  er b levet indsat 
(eller dets korrekt b ø jed e  form ) i stedet for  tilde osv .

V i er i gan g m ed at u d folde artiklerne o g  væ lge de op lysn in ger fra, som  vi ikke 
vil bearbejde  på  nuvæ rende tidspunkt. D esuden  u darbejdes der en liste over de 
søgekriterier, sam t tabeller m m . der b liver bru g  for når v i henter o g  konverterer 
op lysningerne fra  D F O B . I første om gan g  udføres aktionerne interaktivt.

6 Pilotprojektets næste fase

D et andet trin i p ilo tp ro jek tet skal koncentrere sig om  at undersøge forh oldet 
m ellem  på  den ene side den nuvæ rende m anuelle del a f kodn in gsarbejdet i 
forbindelse m ed udbygn ing  a f lem m aordbogen , o g  p å  den  anden side den 
m ulige effektivisering der kan påregnes ved overførsel a f  op lysn in ger fra 
m askinlæ sbare ordbøger. V ed vurderingen  skal der naturligvis og så  tages hensyn 
til kvalitetsaspekter.
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7 Konklusion
P ilo tp ro jek te ts  em ne o g  form ål er bestem t a f  et konkret b eh ov  i E U R O T R A  
oversæ ttelsessystem et. D et gru ndlæ ggende spørgsm ål er, om  behovet til dels kan 
dæ kkes ved at au tom atisere a rbe jd et m ed eksternt ordbogsm ateria le , der kan 
erhverves i m askinlæ sbar form .

D et er ikke u prob lem atisk  at forsøge  at sam m enføre op lysn inger fra 
m askinlæ sbart ordbogsm ateria le , der dels er kodet til forskellige form ål o g  ud 
fra  forskellige leksikografiske prin cipper, dels frem træ der teknisk forskelligt, fx  
hvad tegnsæ t (jf. posten  fra  D F O B )  eller d a tastru k tu r/form at angår.

A n d re  prob lem er er fx , at de indhentede op lysn inger kan væ re inkom patible 
in dbyrdes eller m ed E U R O T R A s  system , eller at det m askinlæ sbare m ateriale 
in deh older sam m enlæ gning a f forskellige indholdstyper i ét oplysn ingsfelt (i 
R 0 2 ) .  Selve selektionen a f  relevante op lysn inger fra  et m eget om fattende 
m ateriale er og så  forbu n det m ed væ sentlige principielle beslutninger.

D isse aspekter kan selvsagt ikke glem m es, kun gem m es, d a  v i først og  
frem m est ønsker en generel vurdering  a f m ulighederne for  udnyttelse a f 
eksisterende m askinlæ sbare o rd b o g sd a ta  i E U R O T R A - D K ’s ordbøger.

V i har beh ov  for  en ny typ e  o rd b o g , der indeholder udtøm m ende, 
system atiserede o g  form aliserede op lysn inger, der kobler m orfologiske, syn­
taktiske, sem antiske o g  evt. pragm atiske op lysn inger sam m en til en helhed 
—  den  fu lde  beskrivelse a f opslagsordet. D ette  vil kunne danne basis for en 
e tsp rogsord b og , der kan bruges som  k ildesprogsordbog  ved  op bygn in g  a f to ­
eller flersprogsordbøger.

D a  den  o rd b o g  v i har beskrevet her, om fatter veldeflnerede op lysn ingstyper 
o g  form aliserede op lysn inger, v il den efter autom atisk  kontrol o g  konvertering 
(d er kan in dbygges i system et) også  kunne blive velegnet til andre form ål.

E n tak til:
B o d il N istrup  M adsen , H H K , for  at ven ligst have stillet D F O B -m a te r ia le t  

til råd igh ed ; B ente M aegaard  o g  H enrik Selsøe Sørensen, E U R O T R A -D K , 
fo r  at deltage i drøftelserne a f p ilo tp ro jek te t , sam t O le N orling-C hristensen, 
G y ldendals  O rd b øger , fo r  om h yggelig  korrekturlæ sning o g  kom m entarer til 
m anuskriptet.
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Stefan Briem

Msiskinoversættelse fra esperanto til
islandsk

Abstract
Machine Translation from Esperanto to Icelandic

It has become evident that Esperanto, due to its logicality and regu­
larity, is well suited as an intermediate language in m2tchine translations 
between ethnic languages. The project presented here is intended to be 
a contribution to a later inclusion of Icelandic in a larger multilingual 
system for machine translation, where Esperiinto is used as an intermediate 
Icinguage. In fsict such a multilingual machine translation system, DLT 
(Distributed Language Translation), is being developed at BSO/Research 
in Utrecht (Netherlands).

My project started in the year 1981. It was a spare time 2ictivity 
exclusively on a private basis until two years ago when it received public 
support in Iceland. This is a machine translation system applicable as an 
instrument for studying various ideas relating to machine translation from 
Esperanto to Iceleindic.

An effective machine translation system must be capable of coping with 
unexpected words, i.a. words created by spontaneous need in the daily 
use of the language. Those new creations follow rules and conventions 
that can be different from one language to another. This theme, that 
involves automatic word creation, is discussed with respect to Esperanto 
and Icelandic. The derivation of words from words of different word classes 
by changing the endings of the words, is a common feature of Esperanto 
and Icelandic. In cases where this happens in a similar and systematic 
way in both languages, automatic word creation is feasible. A noticeable 
charttcteristic of Esperanto is the extensive use of affixes, both prefixes 
and suffixes, in order to modify the meaning of words and to create new 
words. In Icel2indic affixes are used less frequently. This means that when 
translating between Esperanto and Icelandic sometimes suffixed words in 
Esperanto correspond to different word constructions in Icelandic.

1 Indledning
I de sidste o tte  år har je g  beskæ ftiget m ig m ed m askinoversæ ttelse fra  esperanto 
til islandsk, ganske vist ikke u afbrudt. D e  første  6 år var det udelukkende

138
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& itidsbeskæ ftigelse helt på  egne vegne. M en i den sidste tid  har m it p ro jek t 
m ødt stadig voksende interesse o g  har fået offentlig  støtte .

Jeg vil begyn de m ed at placere m it p ro jek t i større  sam m enhæ ng.
H vis m an betragter m askinoversæ ttelse parvis m ellem  m ange sp rog  så  kunne 

den tænkes at foregå  d irekte m ellem  hvert sprogpar.

E n amden m ulighed er at bruge et fæ lles m ellem sprog , hvor f.eks. esperan to 
tjener som  m ellem sprog.

Valget a f esperanto som  m ellem sprog er ikke tilfæ ld igt, m en baseres på, at 
esperanto er et sæ rdeles logisk  sprog  m ed regelm æ ssig gram m atik , hvorfor det
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er velegnet til data lingvistisk  brug. D et er n etop  denne idé, som  je g  har sluttet 
m ig  til, d a  je g  har valgt at beskæ ftige m ig  m ed m askinoversæ ttelse fra  esperanto 
til islandsk. G runden  til at je g  h idtil har begræ nset m ig til oversæ ttelse i denne 
retn ing, m en ikke fra  islandsk til esperanto, er sim pelthen den at parsning a f 
esperan to  er m eget nem m ere end  parsn ing a f andre sprog , o g  der er jo  alligevel 
p rob lem er nok  at g læ de sig over.

M ed  henblik  p å  denne grundlæ ggende idé går m it p ro jek t i takt m ed det 
kendte D L T -p ro je k t for  m ultisproglig  m askinoversæ ttelse, hvor m an også  har 
valgt esperan to som  m ellem sprog.

I tidens lø b  har je g  udvik let et oversæ ttelsesprogram  sam m en m ed en ord ­
sam ling p å  g o d t  6 .000 ord . P rogram m et er i stand til at gengive esperanto-tekst 
p å  islandsk, således at de islandske ord  har den ønskede bø jn in gsform  o g  sætn­
ingernes struktur er æ ndret i retn ing a f  korrekt islandsk syntaks.

Jeg har fundet det n yttigt at have et oversæ ttelsesprogram , som  fungerer. 
Selv om  program m et m eget lidt berører sem antik så kan det bruges til at studere 
forskellige p rob lem er ved  m askinoversæ ttelse, især syntaktiske o g  m orfologiske 
prob lem er. M an kan eksperim entere m ed idéer o g  m ulige løsn inger til disse 
p rob lem er ved at æ ndre lid t på  program  og  ordsam ling o g , hvad der kan væ re 
m eget opm u n tren de, hurtigt se et resultat på  dataskæ rm  eller p å  papir.

2 Programmets funktion
H vordan  fungerer oversæ ttelsesprogram m et?

esperanto islandsk

ordsam ling

1
IN D program U D

sæ tning på 1 2 3 sæ tning på
esperan to islandsk

2.1 Etaper:

1. A nalyse

2. O versæ ttelse  o rd  fo r  ord

3. Strukturæ ndringer

P rogram m et arbe jd er m ed én sæ tning ad gangen og  går fra det enkle til 
det m ere kom plicerede. In d d a ta  er a ltså  en sæ tning på  esperanto. P rogram m ets 
første  op era tion  er at dele  sæ tningen  o p  i enkelte ord . D en  anden operation  er at 
slå  o p  i ordregistre  som  giver for  hvert enkelt esperan to-tekstord  det tilsvarende
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islandske o rd  sam m en m ed m orfolog iske op lysn inger. D en  tred je  op era tion  består 
a f strukturæ ndringer i h enhold  til forskellen på  esperan to o g  islandsk. T il slut 
afleverer program m et som  u d da ta  en islandsk sæ tning m ed næ sten islandsk 
syntaks o g  forh åben tlig  nogenlunde sam m e m ening som  den oprin d elige  sæ tning 
på esperanto har.

D et, som  je g  især v il d isku tere ved denne lejlighed, er hvilke u dveje  m an 
har når et esperan to-ord  ikke findes direkte i ordsam lingen . L øsn ingen  a f dette  
prob lem  indebæ rer au tom atisk  orddannelse.

3 Ordsamlingens inddeling
P å  grund a f esperantos sim ple gram m atik  afdæ kkes et tekstords ordk lasse o g  
bøjn in gsform  p å  grundlag  a f  ordets endelse alene, uafhæ ngigt a f  d e  an dre ord  i 
sam m e sæ tning. Jeg har derfor fundet det n yttigt at dele ordsam lingen  o p  i fem  
ordregistre som  vist her.

esperanto islandsk

endelser
1. Substantiver o o j  on  o jn
2. A djek tiver a aj an ajn
3. A dverb ier e en
4. V erber i as is os  us u
5. Sm åord (pron om in er, præ p osition er.

k on junktioner, adverbier.
num eralier o .fl.)

R egister num m er 5 indeholder en lukket klasse a f ca . 200 ord . D e  andre 
registre indeholder åbne ordklasser. H vis et esperan to-ord  ikke findes i register 
5 så tilhører det m ed sikkerhed én bestem t a f  de fire andre registres ordklasser. 
Så&emt ord et er til stede i ordsam lingen, finder program m et hurtigt frem  til det. 
M en hvad hvis ordet alligevel ikke findes? O g  det v il m an j o  ikke kunne u ndgå  
i tilfæ lde a f nydannelser.

4 Automatisk orddannelse
M an kunne selvfølgelig  sim pelthen  give o p  o g  lade væ re m ed at oversæ tte  ordet. 
I tilfæ lde a f  esperanto kunne m an alligevel holde rede p å  syntaksen, idet ord ets  
ordklasse o g  bø jn in gsform  er kendt fra  endelsen, selv om  stam m en  m åske er 
ukendt. M en der er o g så  den m ulighed at ord ets  stam m e eller bestan ddele  faktisk  
er til stede selv om  ord et ikke findes d irekte i registret fo r  den  rigtige ordklasse. 

M an kan dele de ukendte esperan to-ord  i fem  tilfæ lde:

1. Sam m ensatte ord

2. O rd  afledte & a andre ordklasser
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3. O rd  m ed affikser

4. K om bin ation er a f 1 -3

5. A n d re  ord

A f  disse tilfæ lde har je g  isæ r eksperim enteret m ed 2 til 4 o g  i den anledning 
inkluderet n ogen  orddannelsesregler i m it oversæ ttelsesprogram .

L ad  os  først betrag te  de andre tilfæ lde.
S am m en satte ord  er m indre alm indelige i esperanto end i islandsk. I de fleste 

tilfæ lde kan m an nok  au tom atisk  oversæ tte  et sam m ensat ord  direkte fra  esper­
a n to  til islandsk, d .v .s . m an finder frem  til d e  enkelte stam m ers oversæ ttelser og  
d^lnner a f dem  et sam m ensat o rd  p å  islandsk.

H vad 5. tilfæ lde angår, andre ord , så drejer det sig om  ord  som  ikke kan 
oversæ ttes i d e  om givelser. M an  kan sim pelthen  gengive ord et uden oversæ ttelse 
i den  islandske tekst. M an kan j o  alligevel ben ytte  sig a f  kendskabet til ordets 
ordk lasse o g  bø jn in gsform  til at bestem m e den islandske sæ tnings struktur.

4.1 Afledning fra en 2inden ordklasse

Jeg  vil nu v ise et par eksem pler på  autom atisk  orddannelse ved afledning fra 
an dre ordklasser.

I esperan to er denne ty p e  a f  orddannelse  m eget alm indelig , m eget m ere end 
i islandsk o g  d^lnsk f.eks.

E k s e m p e l  1 . adverbiu m  dannet a f  ad jektiv

ad jek tiv : fe lica  ham ingjusam ur lykkelig
adverb iu m ; fe lice  h a m in g ju sa m leg a  lykkeligt

N år p rogram m et skal oversæ tte  adverbiet fe l ic e  til islandsk, så vil dette  ord  
ikke findes i sam lingen a f adverbier. P rogram m et vil d a  søge i sam lingen a f 
ad jek tiver for  ad jek tivet fe lica , som  jo  findes der. R esultatet bliver det islandske 
adverb iu m  ham ingjusam lega  a fledt a f  det islandske ad jek tiv  ham ingjusam ur.

D et andet eksem pel drejer sig om  et ad jek tiv , eller snarere om  et particip ium , 
som  behandles som  et ad jektiv .

E k s e m p e l  2 . ad jek tiv  (p artic ip iu m ) dannet a f verbum

verbu m ; kuri h laupa løbe
ad jek tiv : k u ra n ta  h la u p a n d i lø b e n d e

O rdet kuranta  findes ikke i sam lingen a f ad jektiver. D a  ord et ender på  anta  
er det m uligvis præ sens p articip iu m  a f et verbu m . P rogram m et vil derfor søge i 
sam lingen  a f  verber for  verbet kuri. R esu lta tet er p ositiv t o g  program m et danner 
au tom atisk  ord et hlaupandi ved  afledning a f  det isleindske verbum  hlaupa.

D e to  eksem pler kan også  kom bineres o g  blive til en dobbeltafiedn in g .
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E k s e m p e l  2  +  1 . adverbium  dannet a f  verbum

adverbium : kurante h laupandi løben d e

A dverbiet kurante oversæ ttes ved  at program m et først søger forgæ ves efter 
adjektivet kuranta  o g  derefter finder frem  til verbet kuri.

4.2 Esperanto-ord med affikser

En anden ty p e  a f  orddannelser på  esperan to går ud på  udstrakt bru g  a f  af&kser, 
både præ fikser o g  suffikser.

N år esperan to-ord  m ed affikser skal kunne oversæ ttes til islandsk, kan de 
m est a lm indelige m ed fordel inkluderes i ordsam lingerne.

For de andre affiksede ords vedkom m ende kan m an p røve  at væ lge en a f  de 
oversæ ttelsesm etoder som  antydes nedenfor.

e s p e r a n t o is la n d s k

præfiks

eller

suffiks

præ fiks

suffiks (sam m ensat o rd ) 

b ortfa ld

foran ståen de ord  

efterfølgen de ord  

fork larende konstruktion

B åde i tilfæ lde a f  et præ fiks o g  et suffiks kom m er alle disse m uligheder i b etra g t­
ning. M an kan vise eksem pler på  alle m ulighederne, m åske m ed én undtagelse. 
O m  lidt vil v i se nog le  eksem pler.

M en først skal v i se på  en sæ rpræ get bru g  a f præ fikser p å  esperanto. D et 
drejer sig om  konstruktionstvillinger, hvor en p ræ position  kan placeres som  
præfiks på  et verbum  m ed ingen eller m inim al æ ndring a f m ening.

4 .2 .1  S t r u k t u r æ n d r in g  p å  e s p e r a n t o

esperanto: M i parolas p r i  la  libro .
islandsk: E g  ta la  um  bokina.

dansk: Jeg taler om  bogen .

D en  sam m e m ening kan ytres ved sæ tningen:

esperanto: M i p r ip a ro la s  la  lib ron .
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N år den  sidste sæ tning skal oversæ ttes til islandsk bliver dens struktur først 
æ ndret ved  at præ fikset p r i  laves om  til p ræ positionen  p r i ,  der placeres efter 
verbet, sam tid ig  m ed at det alckusative n  fjernes fra  substantivet.

p r ip a ro la s  la  libron-
I T I

4 .2 .2  O v e r s æ t t e l s e  a f  p r æ f ik s e r

H er får vi eksem pler på  5 m uligheder for  oversæ ttelse a f  o rd  m ed præfikser.

1. m isk om p ren i m issk ilja m is fo rs tå
2. se n la b o ra atv in n u lau s a rb e jd s lø s
3. kam aradoj félagar kam m erater

gek a m a ra d o j félagar kam m erater (a f  begge køn)
4. ek sm in istro f y r r v e r a n d i  rådherra fo r h e n v æ r e n d e  minister
5. fo r ir i fara  b u r t gå  b o r t

4 .2 .3  O v e r s æ t t e l s e  a f  s u f f ik s e r

O g  nu over til 5 eksem pler p å  oversæ ttelse a f ord  m ed suffikser.

1. leon o Ijon løve
le o n in o k v e n ljo n h u n lø v e

2. gru p o höpur gru ppe
g r u p e s tr o h ö p s t jö r i g r u p p e b e s ty r e r

3. paroli tala tale
p a ro la d i tala tale (vedvarende)

4. h om o m adur m enneske
h o m a co I ft i lQ ö r le g u r  m adur u s s e lt  m enneske

5. skribi skrifa skrive
sk r ib e m a h n e ig d u r  fy r i r  a d  skrifa t i l b ø je l i g  t i l  a t  skrive

4.3  Kombinationer

N u har v i b etra g tet nog le  eksem pler på  tilfæ lde nr. 2 o g  3 a f ukendte esperanto-
o rd . Ifø lge  tilfæ lde nr. 4  kan m an også  have kom binationer a f 1, 2 o g  3, og  
den  slags kom bin ation er er en d og  ret alm indelige i esperanto. N år ord  a f denne 
art skal oversæ ttes, kan det væ re afgørende fo r  resultatets kvalitet i hvilken 
ræ kkefølge ord ets  struktur analyseres. D en  m est gunstige ræ kkefølge vil selv­
fø lge lig  ikke b live  den sam m e for  de forskellige ordklasser. I denne henseende er 
det m in filosofi, at m an  ved  h jæ lp  a f et sim pelt oversæ ttelsesprogram  som  m it 
kan a fprøve  d e  forskellige m uligheder på  en naturlig  tekst o g  derved finde firem 
til den  op tim a le  ræ kkefølge for  hver ordklasse.



Stefån Briem: Maskinoversættelse fra esperanto til islandsk 145

5 Forøgelse af ordsamlingen
D en begræ nsede størrelse a f ordsam ling virker o fte  utilstræ kkelig, når m an vil 
eksperim entere m ed en naturlig  tekst. D erfor a rbe jd er je g  nu p å  en forøgelse  
a f antal ord  fra  g o d t 6 .000 til knap 24.000, d .v .s . næ sten fired ob lin g . D ette  
s ideprojekt, som  nu er i den  sidste fase, består i ud fra  en tem m elig  stor  islandsk­
esperanto o rd b o g  (Skaftfell 1965) i trykt form  at frem stille en esperanto-islandsk  
ordsam ling i datam atlæ sbar form . E n esperanto-islandsk  o r d b o g  a f tilsvarende 
om fang ville  selvfølgelig  have væ ret nem m ere at arbe jd e  m ed, m en den eksisterer 
desvæ rre ikke. K onverteringen  er tilvejebragt til dels ad  m ekanisk ve j, idet den 
består a f fø lgende etaper:

• O ptisk  karakterrekognition  (ved  h jæ lp  a f  K urzw eil-m askine)

• M ask in støttet konvertering fra  islandsk-esperanto til esperanto-islandsk

• M anuel bearbejdelse
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Valence Frames Used for Syntactic 
Disambiguation in the EUROTRA-DK

Model

Boel V ictoria Boggild-A ndersen

Abstract
The EEC Machine Translation Programme EUROTRA is a multi­

lingual, transfer-based, module-structured machine translation project. 
The result of the analysis, the interface structure, is bcised on a dependency 
grammar combined with a frame theory. The valency frames, specified in 
the lexicon, enable the grammar to analyse or generate the sentences. If 
information about the syntactical structure of the slot fillers is added to 
the lexicon, certain erroneous analyses may be discarded exclusively on 
a syntactical basis, and complex transfer may in some cases be avoided. 
Where semantic tind syntactical differences are related, problems of am­
biguity may be solved as well. This will be exemplified, and the frame 
theory will be explained. The paper concentrates on the valency of verbs; 
according to the EUROTRA theory the verb is the governor of a sentence.

1 The EUROTRA Model
T h e  stru ctu re o f  the system  as a w h ole  is as show n in figure 1.

U nits at th e  difierent levels;

E B L : Signs, cod es .

E M S :  M orphem es.

E C S : W ord s, syn tactica l categories, phrasal categories.

S T R U C T U R E :  C onstitu en t structure: ind icates the natural sequence o f  
the sentence con stituen ts b y  m eans o f  syn tactica l categories and sub­
categories.

E R S :  S yn tactica l fu n ction s (su rface syn tactica l relations): G overn or, su b ject, 
o b je c t  e tc ., m odifiers.

146
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Fig.l. The modular structure of the EUROTRA system.

ANALYSIS MODULE: 
levels:

SYNHESIS MODULE: 
levels:

! EBL: Normalized text ! j EBL
! (sign analysis) j

j

1

1

T-RULES T-RULES

! EMS: Morphological structure I 1 EMS

! (morphological analysis) 1

j

!
!

T-RULES T-RULES

! ECS: Constituent structure ! ! ECS

! (surface syntax) !

J

!
!

T-RULES T-RULES

! ERS: Relational structure ! j ERS

! (surface syntactical j 1

! relations) 1

J

!

1

T-RULES T-RULES

! IS: Interface structure I j IS
! (deep syntax with some 1 j

! semantic features) !

J

j

!

T R A N S F E R M O D U L E S

S T R U C T U R E :  D epen den ce structure: can on ic  sequence. In d icates the 
surface syn tactica l relations, determ ines agreem ents and percola tes 
features. Sequence o f  units: govern or, su b j, o b j /o b l_ a g /a t t r ^ u b j /  
p o b j /o b l . .g o /o b lJ o c /c o m p l , i o b j ( o b j2 ) /p o b j / c o m p l /o b l^ o /o b l J o c /  
a ttr_ob j, m odifiers. (A b b rev ia tion s  are exp la ined  in fig .4 .; the sou rce 
is the E U R O T R A  R eference M anual version  5 .0 ,1 9 8 9 . A  later version  
was d istributed  after the sym p osion .)
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I S ; D eep  syn tactica l relations; governors, argum ents and m odifiers w ith som e 
sem antic features.

S T R U C T U R E :  D epen den ce  structure: can on ic sequence. Indicates the 
d ep th  syn tactica l relations. E levates certain  sim ple entities by  p erco ­
lating them  to  the relevant m other n ode as feature bundles. Sequence: 
govern or, a rg u m en tl, argum ent2, argum ents, argum entd, m odifiers.

E ach  level consists o f  tw o com pon en ts, a  lexicon  and a  gram m ar. T h e  system  
identifies its units at a  certain  level b y  using the lex icon , w here at the sam e tim e 
the in form ation  a b ou t the various lexical entries, necessary for  the gram m atical 
rules at eaeh level to  fu n ction , is draw n.

Fig.2. The structure of a level.

! LEXICON

! identification of units
I

GRAMMAR
combination of units

B etw een  th e  levels the T -R U L E S  ensure the correct transform ation  o f  the 
ou tp u t from  on e  level to  the form  necessary as input for  the fo llow in g  level.

A s it wiU appear, the sign  analysis o ccu rs  at the E B L  level, the m orphologi,- 
ca l analysis at the E M S level and  the syn tactica l analysis at the three follow ing 
levels. S om e sem antical in form ation  is included  in the IS level. W e shall con ­
cen trate  on  the last tw o syn tactica l levels, the E R S  and the IS levels, and we 
shall p ose  the question : W h a t in form ation  m ust b e  present at the lexical entries 
at these levels for  the gram m ar and  thus the system  to  fu n ction ? In order to  
determ in e this, we m ust lo o k  m ore close ly  at the task o f  these tw o levels in the 
to ta l analysis process.

2 The ERS Theory
O n  m any p o in ts the E R S  th eory  is in agreem ent w ith  the theory  behind  the 
f-stru ctu re  in L E G  (L ex ica l F un ction al G rtim m ar). O ur gram m ar at the ERS 
level is a  depen d en ce  gram m ar. A  depen den ce  structure consists o f  a  govern­
in g  lex ica l unit (G O V E R N O R ) and  (p ossib ly ) a  num ber o f  sentence m em bers 
(D E P E N D E N T S ), w hich  presuppose the presence o f  the G O V E R N O R . W e dis­
tinguish  betw een  tw o types o f  D E P E N D E N T S :

Fig.3. Dependents at the ERS level.

1: COMPLEMENTS, which fill out a place in the frame

of the governor, i.e. are frame boimd or valency bound:

The GOVERNOR requires their presence.
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2: MODIFIERS, which also presuppose the presence

of the GOVERNOR but do not fill out a place in its 
frame, are not required by the GOVERNOR.

A t E R S the com plem en ts o f  the m ain verb  are con stitu ted  b y  the fo llow in g  
syntactica l functions, from  w hich , how ever, the D anish  im plem entation  differs 
on  certain points:

Fig.4. Verbal complements at the ERS level.

SUBJ.

Example: DA: PETER sover.
ENG: PETER sleeps

OBL.AG (the subject in passive clauses).

Example: DA: Suppe spises AF MANGE.

ENG: Soup is eaten BY A LOT OF PEOPLE.

OBJ (the indirect object, if this is not a 
sentence).

Example: DA: Peter spiser SUPPE.

ENG: Petes eats SOUP.

ATTR_SUBJ (the subject complement if this 

is not a sentence).
Example: DA: Problemet er ULOESELIGT.

ENG: The problem is INSOLUBLE.

ATTR_0BJ (the object complement if this 
is not a sentence).

Example: DA: Det kalder jeg EN OVERDRIVELSE
ENG: That's what I call AN OVERSTATEMENT.

POBJ (frame bound prepositional phrase i.e. 

prepositional phrase governed by the main 

verb and requiring a particular preposition). 
Example: DA: Jeg haaber PAA EN FORANDRING.

ENG: 1 am hoping FOR A CHANGE.

OBL.LOC (obligatory prepositional phrase 

denoting place).
Example: DA: Peter bor 1 SLAGELSE.

ENG: Peter lives IN MANCHESTER.
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0BL_G0 (obligatory prepositional phrase 
denoting direction).
Example; DA: Peter tog TIL PARIS.

ENG: Peter went TO PARIS.

COMP (clause-shaped complement).
Example: DA: Peter har lovet, AT HAN NOK SKAL KOMHE.

DA: Peter hoerte HANS KOMNE.

ENG: Peter has promised, THAT HE WILL BE 

THERE.

ENG: Peter heard HANS COMING.

0BJ2 (the direct object, if this is not a 
sentence).

Example: DA: Jeg skylder HAM en tjeneste.

ENG: I owe HIM a favour.

F or the sake o f  clarity  I have chosen  sentences w hich  d o  n ot bear m uch 
resem blance to  the con stru ction s  that we usually w ork  w ith  in texts from  the 
C om m ission .

F rom  L F G  w e have a lso  taken over the so-ca lled  ” P rin cip le  o f  C om pleteness 
and C o h eren ce", w h ich  can  b e  form ulated  as follow s:

A  stru ctu re m ust con ta in  A L L  the com plem en ts required by  its gov ­
ern or A N D  N O  O T H E R S .

F rom  this prin cip le  follow s:

C om plem en ts can  on ly  b e  described  as ob ligatory . E m pty  elem ents 
(em pty  n odes) m ust b e  inserted in a  num ber o f  cases, for instance in 
passive clauses w here the log ica l su b ject (th e  agent) is not present, 
and  in in fin ite con stru ction s w ith ou t an exp licit su b ject d irectly  con ­
n ected  to  the infin ite verb  form .

T h e  E R S  guidelines are o f  a  d irective  character, and n ot ob liga tory ; in  the D an­
ish im plem en tation  we have differed from  them  fo r  exam ple b y  n ot including 
the ca teg ory  C O M P , w hich , as we saw it, was defined not b y  its syntactical 
fu n ction , bu t exclu sively  b y  its be in g  clause-shaped . In the D anish  im plem enta­
tion  we have sim ply  allow ed that su b jects  as well as o b je c ts  m ay also consist o f  
substantiva l sub-clauses or  infinitives. T h is  sim plifies the m appin g  betw een the 
E R S  and IS levels, and  besides it agrees m ore  w ith  ou r linguistic in tu ition , also 
becau se  precisely  the sam e applies in D anish  to  w ords and phrases governed by 
a  p reposition , (fo r  exam ple in a  so -ca lled  P O B J ); in this position  we m ay also 
find b o th  nouns, noun  clauses and  infinitives.
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3 The IS Theory
T h e next level, the IS level, is, how ever, a ctu a lly  legislative. It is here that the 
decorated  tree structures, w hich  con stitu te  the startin g  poin t o f  the synthesis 
A F T E R  the transfer p rocess, are form ulated . Since, as it is well know n, E U R O - 
T R A  is a  m ulti-lingual translation  system , it is necessary to  m od el the IS level 
in such a  w ay that, using a  com m on  feature theory, it describes the linguistic 
features that are relevant for  translation  purposes and w hich  are com m on  to  the 
languages in question , in a  w ay that is com p a tib le  w ith  all nine E E C  languages. 
T o  form ulate this th eory  and the com m on  feature th eory  is a  d ifficult task —  
som e m ight even say an im possib le  on e  —  bu t it is a lso a  challenge, becau se 
no theories existed  that m ight be  transferred to  a  m ulti-lingual, transfer-based 
m achine translation  system . T h e  IS th eory  has been  form ulated  in a  co o p e ra ­
tion  betw een linguists in E U R O T R A  w ith  con stan t feedback  from  the various 
language groups, and it rests on  the fo llow in g  m ain principles:

1. IS is prim arily  a  syn tactica l theory.

2. T h e  startin g-poin t o f  the descrip tion  is E nglish , w hich  fu n ction s as a  kind 
o f  meta^language.

3. T h e  IS theory  consists o f  a  dependen ce gram m ar w ith  a  sunken govern or, 
com bined  w ith  a  fram e theory.

4. T h e  th eory  m ust satisfy the fo llow in g  requirem ents:

(a ) T h e  description  m ust b e  adequate; it m ust, as far as possib le , d isam ­
biguate polysem antic surface structures.

(b ) T h e  description  m ust b e  ca lcu lable ; it m ust be  form alized  so  as to  
perm it a  com pu ter to  ca lcu late  the relevant phenom ena.

A s m entioned above , the theory m ust b e  able to  describe the linguistic fea^ 
tures, relevant fo r  translation  purposes and  com m on  to  the nine E E C  languages; 
hence all non-signific^lnt differences are neutralized. T h is  applies to  the ind iv idu ­
al language (for  exam ple the difference betw een  the active  and the passive v o ice ) 
as well as to  d ifferences betw een  the E E C  languages. A n  exam ple o f  a  difference 
specific to  a  particu lar language is the difference betw een  noun clause types (in­
finitive con stru ctions o r  that sentences). I f  on e w ants to  specify  this difference 
in the analysis, it m ust b e  d on e on  the u nderlying level, the E R S  level. It is a  
m onolingual m atter, w hether a  verb requires finite or  non-fin ite clausal com p le ­
m ents. Som e verbs d o  n ot take clausal com plem en ts at all, others take special 
types, and som e (th e  su pport verbs) require deverbal nouns as o b je c ts , w hile the 
equivalents in oth er languages m ay n ot have the sam e restrictions. I shall show  
an exam ple indicating these differences in the next section .

T h e  neutralization  o f  d ifferences, specific  to  a  particu lar language, is d on e  in 
the follow ing way:
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A s m en tioned  earlier, already at the E R S  level a  ” euroversal” , canonic 
sequence o f  sentence m em bers is determ ined. T hu s w ord  orders, spe­
cific  to  a  particu lar language, are neutralized. A t the IS level this 
sequence describes a  sm all, defined, num ber o f  depth  syntactica l re­
lations betw een  the m em bers.

C erta in  sub-system s (tense, aspect, m odality, e tc .)  are rem oved from  
the actual structural representation  and re -cod ed , a ttribu ted  to  the 
overall sentence com p lex  by  ca lcu lation .

C erta in  surface ph enom ena axe rem oved from  the tree structure and 
are represented instead in the overall sentence co m p le x  as features, 
i f  th ey  are relevant for  the translation .

A s  has been  m entioned , the IS structure is also a  dependen ce structure, 
includ ing  a  govern or and tw o types o f  dependence relations. T hese are:

A R G U M E N T S , o f  w hich  a  m axim um  o f  four m ay occu r . A n  argu­
m ent num ber m ay on ly  be  ind icated , i f  the preceding on e also occu rs 
in the fram e o f  the governor

M O D IF IE R S , w hich  d o  not o ccu r  in the fram e o f  the governor.

T h u s, the m axim u m  com p letion  o f  a  sentence, in w hich the main 
verb  is alw ays regarded  as the governor, is as follow s (th e  K leene star 
in d icates zero , on e , or  m ore  occu ren ces o f  the subsequent m em ber):
S =  G O V , A R G l ,  A R G 2 , A R G 3 , A R G 4 , *M O D .

T h e  relation  betw een the com plem en ts o f  the E R S  level and the argum ents 
o f  the IS level can  be  sch em atica lly  described  as follow s:

S U B J --------------- ARGl

O B L.AG-------------ARGl

O B J ---------------- ARG2

ATTR.SUBJ--------- ARG2

C O M P --------------- ARG2 eller ARG3
P O B J --------------- ARG2 eller ARG3

OBL.GO-------------ARG2 eller ARG3

OBL.LOC------------ARG2 eller ARG3

ATTR.OBJ---------- ARG3

0 B J 2 ---------------ARG3

Frame-bound arguments (PP’s) not otherwise 
indexed------------ARG4

So, b o th  at th e  E R S  level and  at the IS level it is necessary to  specify  the 
valence stru ctu re o f  the lex ica l units in the level specific lexicons. A n d  where can
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in form ation  abou t the valence o f  D anish w ords be  ob ta in ed ?  G enerally  speaking, 
possibiUties are few ; n o  actu al valence d iction aries for  D anish  ex ist, as th ey  d o  
for G erm an for exam ple. T h e  D anish E U R O T R A  grou p  has to  w ork  ou t these 
dictionaries them selves.

4 The Coding of Verbs in the Lexicon
In the D anish im plem entation  we in d icate  the valence o f  the w ords at the E R S  
level already in the lex icon  for  the E C S  level. W e shall see how  this can  b e  d on e 
in the case o f  the verbs, tak ing a  con crete  exam ple.

T h e  D anish verb  B E M A E R K E  (n otice , rem ark) is m on o-transitive , the lex ­
ical entry to  this verb  m ay for  instance lo o k  like this in the E C S  d iction ary :

‘bemaerke_vl’ = cat=v, ers_frame=f20, ctrl=no, dalu=’bemaerke’,

reflex=no, vfeat=nstat, auxlu='have’, t=no, term=xxO.

T h e  form ula  ers_fram e=f20  refers to  the sentence rule that describes sentences 
w ith m ono-transitive  verbs. T h ere  are, how ever, different m eanings o f  this verb . 
I f  we fo llow  the definitions in N udansk O rd b o g , w h ich , in D enm ark , com es closest 
to  the m edium -sized, m on olin gu al d ictionaxy  used for  the p ro je c t , we can  m ake 
a division  in to  these entries, w here on ly  the defin itions differ. T h e  exam ples are 
cod ed  in the form at used for  the L em m a diction ary , w here in form ation  necessary 
for the different levels are gathered  under the relevant entries:

‘bemaerke_vl* = cat=v, scat=mainv, level=zero, dalu=‘bemaerke’, 
darno=vl, ers_frame=f20, dapfoxml=no, dapfonn2=no, dapform3=no, 

dapform4=no, daisframe=argl2, reflex=no, dapargl=no, daparg2=no, 
daparg3=no, daparg4=no, auxlu=‘have’, vfeat=nstat, flex_type=fxl, 

dcons=no, oc=yes, infl=root, term=xx0.

7,5C Coder: boel 16-Jim-89 

Source: experiment 

DEF: iagttage, laegge maerke til 

7'/> Comments:
'/.*/, Examples: Ingen bemaerkede bans fravaerelse. NDO.

‘bemaerke.v2’ = cat=v, scat=mainv, level=zero, dalu=‘bemaerke’, 

damo=v2, ers_frame=f20, dapforml=no, dapform2=no, dapform3=no, 

dapform4=no, daisframe=argl2, reflex=no, dapargl=no, daparg2=no, 

daparg3=no, daparg4=no, auxlu=‘have', vfeat=nstat, flex_type=fx1, 

dcons=no, oc=yes, infl=root, term=xx0. 

y,V, Coder: boel 16-Jun-89 
'/•'/, Source: experiment 
7,y, DEF: udtale, ytre
y,y. Comments: Ambiguous example in the NDO.
y,y. Examples: Han bemaerkede, at ban var forhindret. NDO
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H ere, we use f20 in b o th  cases: T h e  verb  on ly  takes an o b je c t  as a  com plem ent. 
D alu  m eans D anish  lex ica l unit, darn o refers to  D anish  reading num ber. D E F  
m eans defin ition . In form ation  preceded  b y  is not relevant for  the gram m ar.

A cco rd in g  to  th is, there m ust be  tw o different entries in the lex icon , w here the 
co d in g  is identica l, bu t the defin itions differ. H ence, an analysis o f  the sentence:

D A : K om m ission en  har b e m æ rk e t en rim elig udvikling inden for  erhvervslivet.

E N G : T h e  C om m ision  has n oticed  a  reasonable developm ent in industry, (be- 
m æ rk e = n o t ice , sense 1, b e m æ r k e .v l  above)

p rod u ces  tw o identica l results at the E R S  level, b o th  o f  this form :

Fig.5. ERS object with no object differentiation.

cat=s

cat=v

dalu=bemaerke

sf=gov

cat=np

sf=subj

cat=np

sf=obj

cat=n ---------

dalu=Konmissionen cat=n 

sf=gov sf=gov

dalu=udvikling

cat=pp

sf=pobj

cat=ap

sf=mod

cat=p

dalu=inden_for

sf=gov

cat=np

sf=compl

cat=adj
sf=gov

dalu=

rimelig

cat=n

dalu=erhvervsliv

sf=gov

If, how ever, we supplem ent ou r lexical entries w ith  the in form ation  that B E - 
M A E R K E  in sense 1 m ay have certain  types o f  sentence o b je c ts  (an  NP, an 
at-clau se  or  an in terrogative clau se), w hile in sense 2 (bem aerke_v2 a bove) the 
w ord  on ly  takes at-clauses o r  p ron oun s as the o b je c t , the entries w ill look  like 
this:

‘bemaerke_vl’ = cat=v, scat=mainv, level=zero, dalu=‘bemaerke’, 

darno=vl, ers_frame=f244, dapforml=no, dapform2=no, dapform3=no, 

dapform4=no, dai3frame=argl2, reflex=no, dapargl=no, daparg2=no, 
daparg3=no, daparg4=no, auxlu=‘have', vfeat=nstat, flex_type=fxl, 

dcons=no, oc=yes, infl=root, term=xxO.
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‘/.y. Coder: boel 16-Jun-89 
Source: experiment 

'/,*/, DEF: iagttage, laegge maerke til 

'I'l, Comments:
'I'l, Examples: Ingen bemaerkede bans fravaerelse. NDO.

f244: T h e  verb  on ly  takes an o b je c t  as com plem en t. T h e  o b je c t  is: an N P  O R  a 
nom inal at-clause O R  an in terrogative clause.

‘bemaerke_v2’ = cat=v, scat=mainv, level=zero, dalu='bemaerke’, 
darno=v2, ers_frame=f262, dapforml=no, dapfomi2=no, dapform3=no, 

dapform4=no, daisframe=argl2, reflex=no, dapargl=no, daparg2=no, 
daparg3=no, daparg4=no, auxlu='have’, vfeat=nstat, flex_type=fxl, 

dcons=no, oc=yes, infl=root, term=xxO. 

y.y. Coder: boel 16-Jun-89 
'/,% Source: experiment 

DEF: udtale, ytre

y.y. Comments: Ambiguous example in the NDO.

'I'l, Examples: Han bemaerkede, at ban var forbindret. NDO

f262: T h e  verb on ly  takes an o b je c t  as com plem en t. T h e  o b je c t  is: a  nom inal 
at-clause O R  a  pronoun .

F urtherm ore, we change and su b -d iv ide  ou r gram m ar rules on  the basis o f  this 
in form ation . A s a  result, on ly  on e analysis, using the first en try  o f  B E M A E R K E , 
is possible, and the num ber o f  analyses are reduced . W e are thus able to  d iscard  
certain  erroneous analyses exclusively  on  a  syn tactica l basis, becau se it turns 
ou t, that sem antic and synt2ictica l differences m ay b e  con n ected . A n d  th is m ust 
happen  at the E R S level, this be in g  the level w here a  d istin ction  is still m ade 
betw een different o b je c t  types and su b-clau se types. A t the IS level this specific 
d istinction  is neutralized.

T h e  fo llow in g  transfer rules will ensure the correct translation :

1: cat=v, dalu=bemaerke, damo=vl => 

cat=v, enlu=notice, enrno=vl.

2: cat=v, dalu=bemaerke, damo=v2 => 

cat-v, enlu=xemark, enmo=v2.

5 Conclusion
A s claim ed above , prob lem s o f  sem antic differences m ay in som e cases b e  related 
to  syntactica l differences. In these cases, m ore  system atic use o f  the syn tactica l 
in form ation  m ay solve som e, i f  certa in ly  n ot all, sem antic prob lem s o f  m achine 
translation.

W e have also m ade it th eoretica lly  possib le  to  G E N E R A T E  or p rod u ce  the 
correct sentence structure for  a  sentence translated in to  D anish , precisely  by
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includ ing  in form ation  a b o u t sentence structure in the lex icon , contained in the 
m ore  specific  in d ication  o f  valence. W h a t form s the basis o f  the translation  into 
D an ish  is a  tree stru ctu re, w here the individual w ords m ake up the leaves on  the 
tree. In the transfer p rocess, the w ords o f  the source language are exchanged with 
the equivalent w ords o f  the target language. In case o f  sentential com plem ents, 
fin ite o r  non-fin ite , the tree d oes  not sp ecify  which sentence typ e  m akes up the 
o b je c t  o f  the sentence. T h e  D anish  lex icon  will contain  th e  in form ation  abou t 
the syn tactica l com bin ation s  o f  the different verbal entries, w hich  m ake possible 
the establishm ent o f  a  m ore  specific  sentence structure. In these cases we avoid 
having to  w ork  o u t w ord -specific  rules o f  com p lex  transfer; the problem  can be 
solved  m on olin gu ally  in a  m ore  general way.

T h e  fa ct rem ains that we lack d ictionaries in D anish that allow  us to  draw  in­
form ation  a b o u t the com bin ation  possibilities o f  D anish  w ords to  <in extent that 
suits ou r  pu rpose . O ne o f  the m any tasks that the D anish  E U R O T R A  group 
faces is to  p rod u ce  such d iction aries. I h op e  to  get the possib ility  to  experim ent 
w ith  draw ing this in form ation  from  the G yldendal d iction ary ; ” D ansk  Sprog- 
b ru g “  b y  E rik  B ruun . H ere we find exam ples o f  the use o f  D anish  w ords and a 
ty p o lo g y  com p a ra b le  to  a  rough  valen cy  description . W e shall have to  com plete  
this in form ation  an d  transform  it to  a  form alism  suited  for  this specia l purpose.
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Hanne Fersøe

Representational Issues within Eurotra

Abstract
Machine translation of subordinate clauses, whether finite or non-finite, 

poses a series of problems within representational issues. In £ U R O T R A  
this subject has recently been investigated for complements as well as for 
modifiers to verbal, nominal, adjectival, and prepositioned heads.

Some of the problems encountered during these investigations will be 
addressed in this paper, with a particular focus on the representation of 
finite and non-finite modifiers.

The claim is made that neutralization of surface differences is necessary.
This neutralization of the surface structure is shown to be a prerequisite 
to simple transfer. The concept of simple transfer is briefly introduced.

Various example representations are shown and discussed.

1 Introduction
M achine translation  o f  su bord in ate or  dependent clauses, w hether finite o r  non- 
finite, poses a  series o f  problem s and challenges w ith in  representational issues. In 
E U R O T R A  this su b ject has recently been  investigated  for  all types o f  senten­
tial com plem ents and m odifiers, finite as w ell as non-fin ite, to  verbal, nom inal, 
adjectival, and preposition a l heads. (P O -2 2 , 1989)

T h is paper presents som e o f  the results o f  the subset o f  the w ork , w hich  has 
been carried  ou t b y  the D anish language grou p , and w ithin  this, in particu lar 
the special research to p ic  dealt w ith  b y  m y colleague P atrizia  P a gg io  and m yself.

W e have been  particu larly  interested in the defin ition  o f  a  representation  
w hich neutralizes arb itrary  surface variation  fou n d  in dependen t clauses in the 
nine E E C  languages. O f  th e  m any possib le  structures en coun tered  in the a bove  
m entioned syn tactic  fu n ction s we have prim arily  con cen trated  on  finite and  n on - 
finite adverbial m odifiers to  verbs and nouns. T h e  specifica tions, w hich  we have 
p roposed  as a  result o f  ou r w ork , are now  part o f  the E u rotra  R eferen ce M anual, 
w hich has ‘ legislative ’ status in the p ro je ct . (R .M . 6 .0 ).

In the fo llow in g  qu ite a  few  exam ples o f  such structures w ill b e  show n and 
discussed. T h e  fo llow in g  list o f  exam ples serves to  clarify, w hich  typ es  o f  con ­
structions are involved.

157
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Complements to verbal head, non-flnite
Industrien  prøver A T  O V E R T A G E  F IN A N S IE R IN G E N  

L a C om m ission  veut R E N V E R S E R  C E T T E  T E N D A N C E

Complements to verbal head, finite
E F  ønsker, A T  IN D U S T R IE N  S K A L  O V E R T A G E  F IN A N S IE R IN G E N  

T h e  C om m ission  w onders, W H E T H E R  IN D U S T R Y  W IL L  T A K E  O V E R

Modifiers to verbal head, non-finite
E V E R Y B O D Y  H A V IN G  A G R E E D  O N  T H E  D A T E , the m eeting was ad­
jou rn ed

A L  S E R  C O N S C IE N T E  D E L  P R O B L E M A , la  C om isidn  form uld una 
propu esta

Modifiers to verbal head, finite
E F T E R  A T  A L L E  V A R  B L E V E T  E N IG E  O M  D A T O E N , blev  m ødet 
hæ vet

D A  D E N  B L E V  O P M Æ R K S O M  P Å  P R O B L E M E T , form ulerede K om ­
m issionen  et forslag

A L T H O U G H  L A B O U R  IS E X P E N S IV E  E u rope  em ploys m any peop le

Modifiers to nominal head, non-finite
T h e  action s  T A K E N  b y  in du stry  have not reversed the trend

Modifiers to nominal head, finite
de forholdsregler, S O M  IN D U S T R IE N  H A R  T A G E T , hsir ikke vendt ten­
densen

2 Simple Transfer and IS
O n e very  fundam ental issue in the E U R O T R A  translation  m odel is the con cep t 
o f  sim ple transfer. P ou l A ndersen  has given an in trodu ction  to  this con cep t, its 
im p lication s, an d  prov id ed  exem plifica tion  in A ndersen  (1989).

S im ple transfer is ach ieved  through  a  very deep  analysis o f  the input string 
such that the ‘ m ean in g ’ o f  e .g . a  clause is represented as an annotated  tree struc­
ture. S im ple transfer then consists o f  su bstitu tin g  the lexical units o f  the source 
language tree, a lso  ca lled  the IS  representation , w ith  the appropria te  lexical 
units o f  the target language. F or the translation  to  be  successful, how ever, m any 
con d ition s  have to  b e  fu lfilled , on e  o f  them  is successful lexical d isam biguation , 
w h ich  is a  n on -triv ia l p rob lem . T h e  con d ition  in focu s here, though , is not lexical, 
bu t representational. S im ple transfer requires that the an notated  tree structure 
m ust b e  transferred unm odified .

T h e  E U R O T R A  IS  th eory  a ttem pts to  give a  deta iled  defin ition  o f  the IS 
representation  from  w hich  sim ple transfer is to  t^lke place. O ne im portan t aspect
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o f  the structures defined at IS is that arb itrary  surface differences, w hich  exist 
betw een the languages, should  b e  neutralized precisely  so  that stru ctu ral trans­
fer needs not take place. Structural transfer m eans m od ifica tion  o f  the source 
language IS structure during  tramsfer to  the target language IS structure.

Such surface d ifferences can  be  observed  in the exam ples listed above . T h e y  
show  exam ples o f  b o th  noun and sentence m odifiers, w here a  d irect structural 
m apping from  on e  language to  another, i.e. sim ple transfer, is not possib le. O ur 
investigations have show n evidence o f  great variation  w .r.t . surface realization  
o f  the so  called  sentential com plem ents and  m odifiers across the nine E E C  l£in- 
guages.

U p until recen tly  the E U R O T R A  IS  th eory  had  n ot been  exten ded  to  cover 
all these phenom ena. T h is  m eans that n o  so  called  ‘ leg isla tion ’ was available for 
them , ex cep t fo r  infinitives and finite clauses in o b je c t  position  to  verbs. T h e  
filling o f  such legislative holes, i.e. developm en t, exten sion , and  refinem ent o f  the 
IS theory, is con tribu ted  to  by  the language grou ps throu gh  their experim ents 
w ith  possible representations. C onsequ en tly  qu ite  different structures have so  
far been  im plem ented to  su pport these con stru ction s by  the different language 
groups.

3 Example Representations
In the follow ing a  series o f  exam ple structures for  the clauses in qu estion  w ill 
be d iscussed. T hese exam ples are authentic, i.e. they  have been  p rod u ced  by 
the different analysis m odu les developed  w ith in  E U R O T R A .  T h e  structures, 
however, have been  sim plified here for  the pu rpose  o f  h igh lighting the issue in 
question . Som e o f  the exam ples have a lready  been listed  above , bu t here they  will 
be  discussed in m ore detail. T h e  fo llow in g  labels are used in  the representations:

GOV - governor, head of a construction

ARGl - argument 1, deep subject

ARG2 - argument 2, deep object

ARG3 - argument 3, indirect object

MOD - modifier

TRANC - transconstructional

SBAR - dependent clause

S - sentence

NP - noun phrase

AP - adjective phrase

PP - prepositional phrase

0 - empty element
{..} - emnotations, features, decorations
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(1) ANALYSING FIGURES sas an essential task

S

1
GOV

1
1

1
ARGl/S

{stype=subord}

1
ARG2/NP

1

1
1
1

1
GOV
1

1
ARGl

1

1
ARG2/NP

1

1
1

1
be

1
emeilyse

{prespart}

1
0

1
figure essential task

REVERSE THE TREND is essential

S

1
GOV

1

1
ARGl/S

{stype^subord}

1
ARG2/AP

1
1

1
1
1

1
GOV
1

1
ARGl

1

1
ARG2/NP

1

1
1
11

be
1

reverse
1
0

1
trend essential

{infin}

In b o th  (1 ) and  (2 ) the A R G l ’s, a lthough  th ey  are internally different (-ing 
clause and  infin itive clau se), have been assigned the sam e structure, S, they on ly  
d iffer in m orp h olog ica l typ in g  o f  the verbal head.

In the fo llow in g  three exam ples, (3 ) , (4 ) , and  (5 ), the A R G 2 ’s are all infinitive 
con stru ction s , and  th ey  are all represented as S structures w ith  an em pty  elem ent 
inserted as the log ica l su b ject o f  the infinitive. A ga in  w e see, that they differ in 
features, bu t n ot in structure.

(3) Industrien prøver AT OVERTAGE FINANSIERINGEN

I
GOV

I
ARGl/NP ARG2/S

{stype-infcl}

prøve industri

I
GOV

I
overtage

{inf}

I I
ARGl ARG2/NP

I I
0 finansiering
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(4) La Commission vent RENVERSER CETTE TENDANCE

S

1
GOV

1
ARGl/NP

1
ARG2/S

1
1

1
1

{stype^complet}

1
1
1

1
1
1

1 1 
GOV ARGI
1 1

1
ARG2/NP

1
vouloir

1
Conunission

1 1 
renverser 0

1
cette

{infin} tendance

(5) Kommissionen tillader industrien AT OVERTAGE FINANSIERINGEN

S

1
GOV

1
ARGl/NP

1
ARG2/S

1
ARG3/NP

1
1

1

1

{stype=infcl} 1
1

1
1
1

1
1 1 1 

GOV ARGI ARG2/NP 
1 1 1

1
1
11

tillade
I

Kommissionen
1 1 1 

overtage 0 finansiering
1

industri
{inf}

T h e  preceding five exam ples all show  com plem en ts— su b jects  o r  o b je c ts . 
T heir structural representation  is in a ccord a n ce  w ith  the IS legislation , w hich  
already existed  before ou r investigations started, i.e. S w ith  an inserted em p ty  
elem ent in the non-fin ite clauses.

T h e  three fo llow in g  exam ples, (6 ) , (7 ) , and  (8 ) show  representations o f  finite 
adverbial m odifiers to  a  verbal head.

(6) ALTHOUGH LABOUR IS EXPENSIVE Europe employs many people

I I
GOV ARGl/NP

I
ARG2/NP

employ Europe

I
GOV

I
many people although be

I
TRANC/PP

I I
GOV ARGl/S

{stype«main}

{finite}

I I
ARGl/NP ARG2/AP

I I
labour expensive
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(7) Industrien overtager finansieringen, EFTER AT PROJEKTET 
HAR NÅET VISSE AFTALTE DELMÅL

I I
GOV ARGl/NP

I
ARG2/NP

I
MOD/S

{stype»subord}

I I

overtage industri

GOV ARGl/NP

I I
finansiering nå projekt 

{fin}

I
ARG2/NP

I
visse

aftalte delmål

(8) La industria no tomö ninguna iniciativa, AUNQUE EL 

PROBLEMA ERA CONOCIDO

I I
GOV ARGl/NP ARG2/NP MOD/SBAR

I I
G0V ARG1/S

{stype>subord}

I I I
GOV ARGl ARG2/AP

I I I
no tosar industria ninguna aunque conocer 0 problena 

iniciativa {finite}

A s the exam ples sh ow  there is great variation  w .r .t to  the structures and the 
labelling  chosen  for  these m odifiers.

T h e  E nglish  analysis, (6 ) , show s the m odifier labelled  T R A N C  assigned the 
ca teg ory  P P . T h is  approach  m ahes the su bord in atin g  con ju n ction , here called a 
p rep osition , the head o r  govern or o f  the entire m odifier.

A  sim ilar stru ctu ral approach  is chosen  in the Spanish analysis (8 ) , but the 
labelling  is different. M O D  is chosen  to  label the m odifier, but the ca tegory  is 
S B A R  w ith  a  p rep osition  as govern or o f  the clause. L inguistically  it does not 
seem  particu larly  well m otivated  to  have a  preposition  as the head o f  a  clause. 
T h e  head role to  clauses is usually  reserved for  verbs.

T h e  D anish  analysis, (7 ) , is m ore  flat, the su bord in ate clause is attached 
d irectly  to  the m ain  clause, and the su bord in atin g  con ju n ction  is elevated, thus 
leaving the govern or p osition  o f  the sentence to  the verb. H ere it is not quite 
clear, h ow  th e  con ju n ction  shou ld  be  retrieved.
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T h e  follow ing live exam ples show  dependents o f  nom inal heads.

(9) Le ditto fimeraimo il contratto PREVISTO DALLA COMMISSIONE

S

1
GOV

1

1
ARGl/NP

1

1
ARG2/NP

1
1

1
1

1
GOV

1
MOD/S

1
1

1
1

1
1

{stype^simple}

1
11

1
11

1
11

1 1 
GOV ARGl/NP 

1 11
firmare ditte contratto prevedere commissione

{pastpart}

(10) Le ditto firmeraimo il PREVISTO contratto

(a) S

1
GOV

1

1
ARGl/NP

1

1
ARG2/NP

1
1

1
1

1
GOV

1
MOD/S

1
1

1
1

1
1

{stype=simple}

1
1

1
1

1
1

1
GOV

1
firmare

1
ditte

1
contratto

1
prevedere (cat»v)

{pastpart}

(b) s

1
GOV

1

1
ARGl/NP

1

1
ARG2/NP

1
1
1

1
1
1

1
GOV

1

1
HOD/AP

1
1

1
1

1
1

1
GOV

11
firmare

1
ditte

1
contratto proTodere (cat=adj)
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T h e  m ost interesting observation  a b ou t these Italian exam ples is that when 
th e  p artic ip le  has an exp lic it b y -o b je c t , as ‘dalla  com m ission e ’ in (9 ), it is unam ­
b igu ou sly  con sidered  an S, w hereas (1 0 ), w here no exp licit b y -o b je c t  is present, 
is con sidered  am biguou s betw een S and A P , and thus the gram m ar yields tw o 
results. T h is , o f  cou rse, is u n accep tab le , since u ltim ately  on ly  on e translation 
sh ou ld  b e  p rod u ced .

(11) The actions TAKEN BY INDUSTRY have not reversed the trend

1
GOV

I
ARGl/NP

not reverse

I I
GOV HOD/S

{stype=rel}

I I I
GOV ARGl/NP ARG2 

I I I
action take industry 0 

{pastpart}

I
ARG2/NP

trend

(12) Las medidas TOMADAS POR LA INDUSTRIA no invirtieron la 

tendencia

GOV

no invertir

ARGl/NP ARG2/NP

I
GOV

1
I
I
I

Dedida

I
NOD/AP

I
GOV

I
tomeo'
{ptc}

I
ARGl/NP

industria tendencia
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(13) De forholdsregler, SOM INDUSTRIEN HAR TAGET, har ikke 
vendt tendensen

GOV ARGl/NP
I

ARG2/NP

GOV NOD/S
{stype=rel}

ikke vende

GOV

forholdsregel tage 
{fin}

I I
ARGl/NP ARG2/NP

I I
industri som tendens

(13 ) as com pared  to  (11 ) and (12 ) show s that for D anish  a  fin ite relative 
clause is required to  express the m eaning con veyed  by  the non-fin ite  particip le  
in English and Spanish.

A  num ber o f  observations have been  m ade here con cern in g  the variations in 
structure and labelling o f  these representations. O n e observation , w hich  holds 
for  all o f  them  though , is that the stru ctu re assignm ent is linked to  the ca tegory  
assignm ent to  the top m ost n ode  o f  the su bord in ate  clause. T h e  IS th eory  specifies 
w hat constitutes an S, an N P, an A P  etc ., and therefore the decision  taken abou t 
the category  o f  the top  n od e  im plies the structure o f  the lo ca l tree. T h e  fo llow in g  
table lists ou r observations in short form .

3.1 Complements

C ategory  assignm ent to  top  n ode  o f  finites as well as non-fin ites: c a t = s .

S type assignm ent to  top  node: 

s t y p e = s u b o r d ,  s t y p e = c o m p l e t ,  s t y p e = in f c l .

C ategory  assignm ent to  head: 

c a t = v .

M orph olog ica l verb form  assignm ent to  head: p r e s p a r t ,  in fin , in f

N ot surprisingly, the ca tegory  assignm ent and therefore the stru ctu re is iden­
tica l for  all the com plem en ts— they fo llow  the IS specifications. T h e  feature dif­
ferences, how ever, d o  cause som e problem s. S im ilar prob lem s arise in con n ection  
w ith the m odifiers, w hich  w ill be  in focu s  in th e  rem ainder o f  this paper.
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3.2 Modifiers
C a teg ory  assignm ent to  to p  node: 
n o n - f ln i t e  s e n t e n c e  m o d i f ie r s :  
n o n - f in i t e  n p  m o d i f ie r s :  
f in i t e  m o d i f ie r s ,  a ll :

S type  assignm ent to  top  node: 
s e n t e n c e  m o d i f ie r s :  
n p  m o d i f ie r s :

C a teg ory  assignm ent to  head: 
s e n t e n c e  m o d i f ie r s :  
n p  m o d i f ie r s :

c a t = s ,  c a t = s b a r ,  c a t = p p
c a t = s ,  c a t = a p
c a t = s

s t y p e = m a i n ,  s t y p e = s u b o r d  
s t y p e = s i m p le ,  s t y p e = r e l

c a t = v
c a t = v ,  c a t = p t c ,  c a t = a d j

M orp h o log ica l verb form  assignm ent to  head: 
s e n t e n c e  m o d i f ie r s :  f in , f in i t e ,  in fin
n p  m o d i f ie r s :  f in , p a s t p a r t

A ll these representational and classificational differences reflect a  purely 
m on olin gu al analysis underlying the representation  prov ided  b y  the diflerent 
analysis m odu les. W h a t we have aim ed at in ou r w ork  is a  m ultilingual amalysis 
as a  poin t o f  departu re  for  a  euroversal definition  o f  the representation.

W e have investigated  the translational behaviour o f  a  num ber o f  these con ­
stru ction s betw een  a  num ber o f  E E C  languages. N ot surprisingly, it turned out 
that a  o n e -to -o n e  m app in g  o f  ca tegory , m orph olog ica l verb form  and structure 
is not possib le. T h erefore  a  neutralization  o f  structures was necessary, and we 
p rop osed  c a t= S  w ith  its im p lication s as the neutral structure. T h is  p roposa l has 
n ow  been  in tegrated  in to  the IS ‘ leg isla tion ’ .

4 A  Neutral IS Structure

4.1 Non-finite Sentence Modifiers

T hese  are not possib le  in all languages. In the languages which have them , they 
can  b e  expressed  in gerunds, particip les or  infinitives. In the languages which 
d o  not have them , their equivalents are finite clauses preceded  by  a  presenten- 
tial particle , trad ition a lly  classified as either a preposition  or  a  subordinating 
con ju n ction .

T h e  a n n ota ted  tree structures be low  are a  b it m ore decorated  than the struc­
tures (1 ) throu gh  (1 3 ). D eta iled  m otivation  for  the presence o f  this additional 
in form ation  exceeds the aim  o f  this paper. A s  a  basic key to  the add itional fea^ 
tures we can  say th at s s t y p e  (surface styp e ) conta ins in form ation  abou t the 
finite- or  non-fin iteness o f  the clause, f s t y p e  (fun ctiona l styp e ) conta ins in for­
m ation  a b ou t the lo ca tion  in th e  tree o f  a  given su bord in ate  clause, e.g. the 
value ‘ssu b ord ’ is assigned to  all A R G i/S  and M O D /S  daughters to  S nodes, 
m o d s r  ( ‘sem antic relation  o f  m od ifier to  h ea d ’ ) w ith  no values calcu lated in the
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exam ples, and V J b r m  (m orph olog ica l verb  form ; the variable, V , is a  language 
prefix, e.g . d a ) w hich  con ta in s in form ation  a b ou t verbal in flection , e.g . finite, 
infin, prespart, etc.

F in ite and non-fin ite sentence m odifiers, like in (14 ) and (15 ) be low , will b e  
represented in the fo llow in g  way:

(14) Ich habe ihn iiberrascht. ALS ER DEN BRIEF LAS

cat»s
{fstypexmain, sstype^finite}

I
GOV

I
iiberraschen

I 1
ARGl
1

ARG2
1

MOD/PP. {modsr=?}

ich ihn 1 1
GOV ARGl/S
cat«p {fatype^ppaubord.

1
1

88type>finite}

1 1 1 1 
GOV ARGl ARG2 

1 1 1 
lesen er brief

{de_vfomi=f inite}

(15) EVERYBODY HAVING AGREED ON THE DATE, the meeting vas 
adjourned

cat>8
{f8type>main, 88type°finite}

I I I  I
GOV ARGl/NP ARG2/NP MOD/PP, {mod8r>?}
I I I --------------------------
adjourn empty meeting I I

GOV ARGl/S
0 {f8type>pp8ubord,

88type-nonf in}

I I I
GOV ARGl/NP ARG2/NP 

I I I
agree everybody date 

{en_vform»gerund}

T h e  m otivation  for  this P P  structure is translational in that it captures 
the finite con stru ctions, w hich  in som e languages are the on ly  possibility , and 
w hich  are alternative possibilities in the languages w hich  a lso  have the non-fin ite 
constructions. N ote  in particu lar the in trodu ction  o f  the ‘e m p ty ’ govern or in the 
structural representation  o f  non-fin ite sentence m odifiers.
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4.2 Non-finite N P  Modifiers

A ll the languages included  in the investigation  can express sentential np m odifi­
ca tion  th rou gh  non-fin ite  particip ia l con stru ctions o r  finite relative clauses. B ut 
there are restrictions con cern in g  the m appings betw een languages. Som e lan­
guages w ill on ly  a ccep t a  relative clause, w here oth er languages w ill also accept 
a  particip le . R ela tive  clauses are alw ays accep tab le  as a  sort o f  default structure, 
so  the n on-fin ite  np  m odifiers w ill be  represented as an S structure, as in (16) 
below :

(16) en paUre ANKOMMET i gAr 

cat^s
{fstype>^ain, sstype=finite}

I
GOV

I
ARGl

I
ARG2/NP

I
GOV

I

I
MOD/S

{fstype»npsubord, 
sstype>nonlin}

pakke(i) I I I
GOV ARGl MOD

I I I
ankomme 0(i) I

{da_vfonn»pa8tpart} {person>3rd, I
nb>sing} i gAr

T h e  E U R O T R A  IS  th eory  su pposes a  full G O V  -  A R G  representation 
for  sentences w ith  an ob lig a tory  A R G l (deep  su b je ct) . T h is im plies insertion o f  
em p ty  n odes in n on-fin ite  con stru ction s  and a  co in d exation  m echanism  as well. 
T h e  aim  o f  th is paper does n ot perm it m e to  g o  in to  details abou t this interesting 
asp ect o f  the representation , bu t w e have dealt w ith  it in ou r research report, 
and  it is an in tegrated  part o f  ou r proposa l.

5 Concluding Remarks
A  surface-neutra l stru ctu ral representation , as show n above , is far from  sufficient 
to  ensure successfu l sim ple transfer. A s show n in the series o f  trees and the tables 
earlier, feature assignm ent prob lem s also have to  be  solved.

E ssentially  w hat is needed to  solve these problem s is a  sem antic classification 
system  for  su bord in ate  clauses, w hich  is sufficiently fine grained to  perm it the 
target language to  generate the a ppropria te  surf^lce representation— finite or 
non-fin ite— from  the in put, regardless o f  the source language. T h e  in form ation , 
w h ich  m ust b e  com p u ta b le  from  the sem antic values, con cern s tim e, tense, m ood .
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m odality, and diathesis for  the sentence as such, plus in form ation  for the correct 
translation  o f  presentential particle.

U nfortunately  such a  system  does n ot ex ist— yet.
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Identifiering av diskursrefenter vid 
maskinöversättning från ryska till

svenska

Barbara Gawronska-W erngren

Abstract
The problem of tracking discourse referents in the process of machine 

translation which will be discussed in this paper is a part of my work 
at SW ETRA (Swedish Computer Translation Research) at the Dept of 
Linguistics, Lund. The SWETRA-programs, implemented in Prolog and 
based on a GPSG-inspired formalism called Referent Grammau', abbrevi­
ated RG (Sigurd 1987, 1988), allow translation of a large repertoire of 
syntactic constructions between Russian, Swedish and English. Currently, 
the research is concentrated on translation from Russian into Swedish. 
One of the difRculties arising in the process of translating from a Slavic 
language into a Germanic one is inserting correct definiteness values in 
the noun phrases, as e.g. Russian and Polish do not make use of definite­
ness as a regular grammatic category. Generating appropriate definiteness 
values and their morphological representations in the target language is a 
very complicated task, as the choice between definite and indefinite NPs 
depends not only on endophoric (textual), but also on many exophoric 
(external) factors. The most general rules for use of definite noun phrases 
in Swedish and in English axe, nevertheless, accessible for implementation 
in Prolog.

Our approach to MT requires tracking discourse referents and the paper 
will also discuss some problems connected with this approach.

1 Begreppen diskursreferent och koreferens
Innan vi presenterar den (prelim inära) a lgoritm en  som  används i S W E T R A - 
p rogram  för  a tt identifiera  diskursreferenter och  vä lja  nom inalfrasernas bestäm d- 
h etsvärde, vill vi k ortfa tta t beskriva den d iskursm odell, som  proceduren  bygger 
p å  o ch  försöka  defin iera  sjä lva b egreppet ” diskursreferent” . In form ellt brukar 
diskursreferenter karakteriseras som  ” saker och  fakta  som  m an talar o m ” , vilket 
im plicerar en exoforisk  (ick e-textu ell) relation  —  m an refererar till o b je k t i 
den  icke-språkliga verk ligheten. D efin itionen  av begrep pet diskursreferent m åste 
d o ck  sam tid igt vara relaterad till texten  (d et gäller b l a  att ägna uppm ärksam het
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åt sättet att in trodu cera  nya diskursreferenter i texten  och  till d e  lingvistiska 
faktorer som  m öjliggör associering av tv å  fraser m ed sam m a diskursreferent). 
D en prelim inära m odellen  för  identifiering av diskursreferenter som  k om m er a tt 
presenteras nedan innehåller därför både  en doforisk  o ch  exoforisk  k om pon en t; 
i den senare spelar b egreppet ” m ental verk lighet” (dvs en värld  av k ogn itiva  
enheter och  relationer m ellan dem ) en prim är roll. Innan vi övergår till den 
referent-gram m atiska diskursm odellen , vill v i k ortfa ttad  kom m entera  en klassisk 
definition av sättet a tt in trodu cera  diskursreferenter form ulerad  av K arttu n en  
(K axttunen 1976):

the appearance o f  an indefinite noun  phrase establishes a discourse 
referent ju st in  case it justifies the occu ren ce  o f  a  coreferential p ro ­
noun o r  a  defin ite n oun  phrase later in the text.

O vanstående defin ition  kan inte tilläm pas i S W E T R A rs  översättn in gsproce­
dur, eftersom  distinktionen  m ellan indefin ita  och  indefin ita  nom inalfraser är 
(v id  översättn ing  från ryska eller polska) om arkerad i in pu ttexten . M an m åste 
dessutom  ta  hänsyn till det falctum , a tt en n y  diskursreferent kan in troduceras 
inte enbart av en N P, utan ock så  av t ex  e tt verb  eller en hel m ening —  som  i 

( 1) :

( l a )  Idag  för fö ljd e  en oidentifierad  u båt en svensk trålare .
( lb ) Jakten pågick  i ungefär en tim m e.

eller av ett ad jektiv  —  som  i (2 ):

(2a) K ö p  inte gu la  b lom m or till henne.
(2 b ) D en  färgen tycker hon  inte om .

D en d iskursm odell, som  v i vill föreslå  här, tar hänsyn till olika sätt att 
in trodu cera  nya diskursreferenter —  b l a  till dem  som  illustrerades i (1 ) och  
(2 ). D en  prelim inära m odellen  innehåller fy ra  n ivåer (som  i sin tur kan indelas 
i subnivåer; nedanstående beskrivn ing är i viss m ån  fören k lad ):

n iv å  1 : T exten .

n iv å  2 : M entala  k on cept som  uppstår p å  basis av lingvistisk  kunskap (d v s  kun­
skap om  ordens intensioner och  exten sion er o ch  förm ågan  att to lka  syntak­
tiska strukturer); dessa koncept vill v i prelim inärt indela  i tre h uvudgrup­
per —  s k  nom inaliserare (nom inalizers), egenskaper o ch  relationer; skill­
naden m ellan dessa begrepp  kan (förenk lat) förklaras i predikatskalkylens 
term er: ” relationer" och  ” egenskaper” kan jäm föras  m ed predikat, och  
” nom inaliserare”  m ed argum ent. V arje  enhet p å  denna n ivå  kan associeras 
m ed flera ord  eller ordsekvenser i texten .

n iv å  3 : D iskursreferenter, dvs kognitiva enheter som  konstitueras p å  basis av 
de slutsatser som  kan dras m ed utgångspunkt från de egenskaper hos 
nom inaliserare o ch  de relationer m ellan nom inaliserare vilka representeras 
på n ivå  2. Slutsatserna kan vara baserade antingen p å  lingvistiska eller 
icke-lingvistiska kunskaper. E n diskursreferent kan associeras m ed flera 
enheter på  n ivå  2 (koreferens).
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n iv å  4 : O b je k t  o ch  fak ta  i den ” verkliga världen” ; denna n ivå  behöver inte 
vara  representerad i a lla  d iskurstyper, eftersom  ob jek te ts  existens respek­
tive icke-existens i den fysiska verkligheten inte påverkar m öjligheten  att 
konstituera  diskursreferenter som  i ett av exem plen  i Frarud (Prarud 1986):

(3 a ) W e d o n ’ t have a  dog .
(3 b ) H e w ou ld  on ly  fight w ith  the cat.

I enlighet m ed den ovan skisserade m odellen  u ppstår koreferens om  två  (eller 
fler) m entala  k on cept fram kallade av ord  eller ordsekvenser kan associeras med 
sam m a k ogn itiva  enhet p å  en högre n ivå  —  en föreställn ing av  t ex  ett ob jek t, ett 
faJctum, en egenskap e tc . F örutsättn in gar för koreferens u ppstår således p å  n ivå 2 
(b egrep p  baserade på  rent lingvistisk  kunskap); i fortsättn ingen  kom m er vi dock  
a tt —  för  a tt förenk la  procedu rbeskrivn in gen  —  ib land  använda form uleringar 
som  ” koreferenta o rd ” , ” koreferenta substantiv”  e tc  —  i stället för den mer 
exakta , m en a lltför lån ga  frasen: ” ord  associerade m ed koreferenta begrepp” .

E tt av villkoren för  poten tie ll koreferens (som  stora  delar av vår kom pu- 
ta tion ella  m od ell b ygger p å ) kan form uleras p å  fö ljan de sätt: tv å  koncept (C l  
o ch  C 2 ) fram kallade av  ord  eller ordsekvenser i texten  (T I  och  T 2 ) kan i regel 
associeras m ed sam m a referent R , om  det senare in trodu cerade k onceptet (C 2 ) 
är inte o jä m fö rb a r  m ed C l  o ch  om  C 2 inte är m era specifikt än C l .  M ed 
” m era  specifik t” m enar v i fö ljan de relation : C l  är m era specifikt än C 2, om  
föreställn ingen  ” a tt vara C l ”  im plicerar (d irekt eller indirekt) ” a tt o ck så  vara 
C 2” . R eson em an get kan illustreras m ed exem pel (4 ) och  (5 ):

(4 a ) Jag trä ffade m in granne.
(4 b ) M annen var berusad.

N om inalfraserna  m in  granne  o ch  m annen  (eller, m era exakt, de  ” nominaJis- 
erare”  som  associeras m ed dem  —  låt oss kalla dem  för  N I och  N 2) uppfattas som  
koreferenta eftersom  det stereotypa  kon ceptet av ” granne” kan representeras som  
” en m änniska som  b o r  nära ta la ren /d en  tid igare näm nda personen”  (v i bortser 
för  eventuell m etaforisk  användning av ord et i fråga ). A tt vara någons granne 
im plicerar normaJlt att vara en m anniska, vilket i sin tur im plicerar att vara 
antingen  en  m an eller en kvinna —  N 2 är alltså  m indre specifik  än N I . D ärem ot 
i en text som :

(5 a ) Jag  träffade en m an.
(5 b ) M in  granne var berusad.

upplevs nom inalfraser en  m an  o ch  m tn granne  som  icke-koreferenta, eftersom  
k on ceptet ” m in granne”  är m era  specifikt än ” en m an” .

D istinktionen  m e r /m in d re  specifik  är naturligtvis inte alltid  lika klar; exem ­
pel (6 ) —  ett fragm ent av S W E T R A -öv ersä ttn in g  av en rysk tidningstext —  
visar e tt m era  p rob lem atisk t fall:

(6a) Israeliska flygplan utförde idag tre bombattacker över libanesiskt 
territorium.

(6b) Femton personer dödades som resultat av luftpiraternas barbariska 
aktion.
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D et faktum , att begreppen  ” israeliska flygplan ” och  ” lu ftp iraterna”  inter­
preteras som  koreferenta, kan m öjligan  förk laras p å  fö ljan de sätt: C l  -  som  
kan representeras som  i s r a e l i ( N l ) ,  där N I m otsvarar b egrep pet ” flygplan ” 
(begreppet inkluderar in te bara  flygplan  som  m askiner m en ock så  deras ” em im ata 
delar”  -  p iloter) im plicerar —  i enlighet m ed de värderingar som  är aktuella  
i sändarens kultur v issa  negativa egenskaper (a tt vara en israelisk p ilo t kan 
innebära —  m ed en h ög  sannolikhetsgrad —  att vara ock så  en lu ftp irat, en 
bandit o sv ). V id  en sådan  in terpretation  skulle det ovan form ulerade v illkoret 
för m öjlig  koreferens vara u ppfy llt. E tt försök  att m ed h jä lp  av en kom pu tationell 
procedu r identifiera koreferens i liknande fall kom m er att presenteras i avsn itt 
2. 1.

En preliminär modell for identifiering av 
diskursreferenter

S W E T R A -p rog ra m  för översättn ing  m ellan vissa  slaviska o ch  germ anska språk 
är —  som  det har påpekats tid igare —  baserade p å  en G P S G -in sp irerad  form al­
ism —  referentgram m atik  (R eferent G ram m ar, R G ; S igurd 1987, 1988). M ö jlig ­
heter a tt använda R G  för parsing och  översättn ing  av  vissa  polska och  ryska 
syntaktiska konstruktioner har beskrivits i G aw ronskarW erngren (1988) o ch  i 
Sigurd &  G aw ronska-W erngren  (1988).

P roceduren  som  fö r  närvarande används v id  översättn ing  från  ryska till 
svenska kan indelas i fö ljan de tre huvudstadier:

1. parsing av input-m eningen  och  form ulering av  en sorts interlinguarepre- 
sentation , s k funktionell representation  (f-represen ta tion ), som  innehålller 
in form ation  om  m eningens syntaktiska struktur (u ttryck t m ed h jä lp  av 
sådana traditionella  term er som  su b jek t, o b je k t , predikat, adverbia l och  
satsadverbia l), ordens betydelsekoder (form ulerade i ” m askinengelska” ) 
sam t k oder för  vissa  gram m atiska drag , som  num erus, genus, värdet + / -  
an im at, tem pus osv . T  ex  en enkel rysk  m ening som

m al’öik
p o jk e

bezal
sprang

d o m o j
hem

får efter analysen fö ljan de f-representation  (förenk lat):

s ( s u b j ( n p ( r ( _ , m ( b o y , s g ) , D , s g , a n i , m a , _ , _ ) , H , R e l ) ) , 
p r e d ( r u n .p a s t ) ,
s a d v l  (  [ ]  )  , s a d v l  (  [ ]  )  , a d v l  (hom e) , a d v l  (  [ ] ) ,  a d v l  ( [ ] ) ) .

Sym bolen  [ ]  (to m m a  m än gden ) avspeglar det faktu m  att m eningen inte 
innehåller några  satsadverbial och  inga  fler adverbia l än d om oj (h om e). 
P ro log -a tom en  m ed funktorn  r  brukades i några  tid igare skrifter om  R G  
kallas för  ” referentbeskrivning”  (referent d esk rip tion ), vilket naturligtvis 
m åste betraktas som  en a pprox im ation ; denna enhet innehåller sn<irare
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en beskrivn in g  av  nom inalfrasens h uvudord , som  under översättningspro­
cessens nästa  e ta p p  m öjliggör  identifiering av diskursreferenter. I fortsätt­
ningen kom m er den delen  av  nom inalfrasens representation  (o fta  betecknad 
m ed sym bolen  R) kallas fö r  ” referent nucleus” . V ariabeln  D —  bestäm dhet 
—  förb lir  o instantierad  under den första  fasen av översättningsproceduren . 
V ariablerna  H och  Rel används fÖr a tt lagra in form ation  om  eventuella 
a ttribu t: Rel kan innehålla  en funktionell representation  av en relativsats, 
m edan  k oder fö r  öv r ig a  pre- och  postn om ina la  a ttribu t placeras i enheten 
H.

2. betydelsekoder för  syntaktiska konstituenter lagras i listor; därefter börjar 
sökn in g  efter eventuella  koreferenta fraser och  analys av den tid igare tex- 
tu ella  in form ation en ; p rocedu rens m ål är a tt instantiera  variabeln  D som  
” d e f ’ (-l-defin it) i de  fall, d å  textuella  faktorer im plicerar bestäm dhet. 
M eningens funktionella  representation  lagras ock så  i databasen .

3. generering av inputm eningens ekvivalent i m ålspråket. P å  stadiet B  sker 
en om form u lerin g  av m eningens f-representation  till en P R O L O G -lis ta  —  
en enkel transitiv  sats får d å  fö ljan de form :

[subj(X),pred(Y),obj(Z),sadvl(Sl),sadvl(S2),advl(Al), 

advl(A2),advl(A3)]

D ärefter jäm förs  varje nom inal konstituent m ed tid igare översatta  sub­
stantiv , verb  och  a ttribu t. D e  tid igare översatta  ordens betydelsekoder är 
sam lade i tv å  separata  listor —  listan som  innehåller substantivens och  
verbens betydelsekoder kom m er i fortsättn ingen  att kallas för R -listan , 
listan i vilken a ttribu tiva  bestäm ningar placeras —  för  A -listan . Skälet för 
den  sortens indeln ing är icke-lingvistiskt - sökn ingsproceduren  verkar helt 
enkelt fungera  m era  effektivt, om  h uvudordens k oder sam las i en sep2wat 
lista. S ökning  efter koreferenta konstituenter o ch  eventuella  bestäm dhets- 
in d icer gen om förs m ed h jälp  av en rekursiv p roced u r, som  term inerar 
när den fu n k tion ella  representationen  inte innehåller flera nom inella  kon­
stituenter. D et ryska lexikonet som  inkluderar en viss (m ycket förenklad) 
in form ation  om  orden s sem antiska kategoritillhörighet är tillgängligt under 
den na  del av  procedu ren .

I b örja n  av översättn ingsprocessen  är både R - och  A -listan  tom m a. P roce ­
duren  som  används för  a tt lagra  den in form ation , som  senare kan utnyttjas 
fö r  identifiering av  diskursreferenter, kan beskrivas på  fö ljan de sätt:

1 A r  su b jek tsp latsen  i den funktionella  representationen tom ? (sub­
jek te t representeras som  en tom  m ängd t ex  v id  cinalys av ryska 
operson liga  konstruktioner av typen : 

uhito p ja t ’ ée lovek  —  ’fem  m änniskor d öd a d es ’ , 
d ö d a  fem  m änniskor 
-l-unpers

O m  ja , gå  över till f-representationens nästa  konstituent (predikatet), 
lagra  dess b etydelsek od  i R -listan  och  fortsätt till nästa  konstituent
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—  tills en konstituent som  inn eh ållei en N P  påträffas. E fter a tt ha 
h ittat den första  N P, g å  över till 2. O m  su bjektsp latsen  inte äx tom , 
gäller det o ck så  a tt gå  över till 2.

2 K on trollera  först, om  enheten H innehåller några  a ttribu tk oder. O m  
alla p latser i H  är tom m a, p lacera  h uvu dordets betydelsekod  i R -listan  
och  förse den  m ed num ret N I =  N  +  1, där N  =  antalet elem ent i 
R -listan . G å  över  till 5. O m  några a ttribu t förekom m er, gå  öv er  till 
3.

3 K on tro llera  om  platsen avsedd  för  räkneord innehåller en konstant, 
t ex  2. O m  inte, g å  över till 4. O m  ja , än dra  h uvu dordets betydelsekod  
R ån  m (X ,p l )  till m (X ,2 ) o ch  p lacera  den i R -listan  (m ed  läm pligt 
indexn um m er). D enna del av  procedu ren  används för  a tt m öjliggöra  
generering av bestäm d form  i texter av typen : Två pojkar sprang. D en  
en e  var liten. D en  andre . . .  G å  över till 4.

4  Innehåller den sista p latsen i enheten H en kod  av typen  m (X ,p r o p ) ,  
dvs ett egennam n? (apposition sfa ll). O m  ja  —  p lacera  h u vu dordets 
betydelsekod  o ch  egennam nets representation  i R -listan  och  förse 
bägge m ed sam m a num m er (fö r  a tt hantera fall som  t ex  p ro fesso r  
A nd ersson , där sam m a referent kan i fortsättn in gen  åberopas antin ­
gen m ed h jälp  av enbart egennam net eller enbart tite ln ). Instantiera  
variabeln D (bestäm d h et) som  d e f  (-|-bestäm d). O m  nom inalfrasen  
innehåller an dra  a ttribu tk oder, pla/:era dem  i listan A . G å  till 5. O m  
enheten H inte innehåller n ågot egennam n i apposition , m en andra 
attribu t, p lacera  ock så  deras koder i A -listan , p lacera  huvu dordets 
k od  i R -listan  och  g å  över till 5.

5 O m  den funktionella  representationen  innehåller fler konstituenter, 
sök  efter nästa  N P  och  —  efter a tt ha funnit den —  u pprepa  p ro­
ceduren  f r o m  punkt 2. O m  den funktionella  representationer inte 
innehåller flera nominaJfraser, om form u lera  den fu n ktion ella  represen­
tationen  till dess ursprungliga form  (en  P R O L O G -a to m  m ed funktorn  
s) o ch  g å  över till e tap p  C  (generering av m eningen  i m ålspråket).

D en  ovan beskrivna  procedu ren  innehåller i praktiken flera stadier: b l a  en 
delprocedu r som  m öjliggör  insättning av svenska possessiva p ron om en  fram för 
beteckningar för släktskap o ch  liknande relationer (ty p  m orfar, granne  e tc ) och  
en del andra substantiv  som  kräver förekom sten  av ett possessivt a ttribu t i 
svenskan, m en inte i ryskan och  polskan (en  inputm ening  av typ en  spotkalem  
sgsiada  skulle alltså översättas till svenska som  ja g  träffade m in  granne, även 
om  den polska nom inalfrasen sg.siada (g ra n n e) inte innehåller n ågot possessivt 
pron om en ).

D elar av koreferenssökningsproceduren kom m er a tt illustreras m ed några  
test-exem pel (dem os).
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2.1 Exem pel på koreferensidentifiering i S W E T R A

V i antax, a tt åtm in ston e  en m ening har b liv it analyserad och  översatt. R -listan 
(su bstan tiv - o ch  verbk oder) och  m öjligen  också  A -listan  (a ttribu tk oder) inne­
håller således några  elem ent. D en  första  frågan som  ställs när en N P  påträffas 
i den  aktuella  f-representrationen  är: kan något av de tid igare översatta  orden 
associeras m ed sam m a referent som  den aktuella  nom inalfrasen? F örsta  steget 
i svarsproceduren  är a tt undersöka, om  den lexikala enheten som  m otsvarar 
den aktuella  N P :s  h u vu dord  är subklassificerat som  ” relation”  eller ” egenskap” . 
O m  den lexikala enheten (r lex ) innehåller konstanten ” p rop erty ” m ed eventuell 
v id are  subklassificering ( exem pelv is  ” co lou r” ), består procedu rens nästa steg i 
a tt undersöka, om  A -listan  innehåller ett ad jektiv  som  tillhör sam m a kategori; 
om  så  är fa llet, kan konstanten ” d e f” p laceras i det aktuella  substantivets karak­
teristik . D e tta  är n aturligtvis en approxim ation ; algoritm en  b ord e  berikas m ed 
en del restriktioner, m en den ger i regel korrekta resultat vid  översättning av 
enkla  textfragm en t. E n an a log  prin cip  tilläm pas om  det aktuella  substantivet 
är i lexikonet subklassificerat som  ” relation” eller ” ak tion ” —  i det här fallet 
söker program m et i första  hand igenom  R -list2in o ch  letar efter ett verb vars 
sem antiska beskrivn ing i lexikonet skulle m öjliggöra  koreferens m ed den aktuel­
la  nom inalfrasen . D en  delen  av  procedu ren  m öjliggör korrekt översättn ing av 
sekvenser som  (1 ). D en  ryska versionen av exem pel (1 ) är följande:

(la ) Segodnja neopoznannaja podvodnaja lodka presledovala svedskij trauler 
idag oidentifierad ubåt följde svensk trålare

(lb) Presledovanie prodolzalos’ okolo casa
jakt pågick ungefär timme

D e ryska lexikonenheter som  m otsvarar det transitiva verbet och  det verbala 
substantivet i texten  har fö ljan de form  (förenk lat):

rlexCpresledovat’,m(chase,_),v,vt,inf

[ f o l l o w , C h a s e , h u n t ] . 
rlex(presledovanie,m(hunt,sg),n,sg, ina,ne,nom,

[ f o l l o w , C h a s e , h u n t ] , r e l 2 , .

V ---verb

vt --- transitive verb

i n f ---inf init ive

n ---noim

sg ---singular
ina --- inanimate

ne ---neutrum

nom --- nominative
rel2 --- 2-argument-relation

O m  program m et in te h ittar n ågot koreferent ad jek tiv  eller verb , börjar det 
söka efter en tid igare översatt koreferent NP. D et enklast fallet är naturligtvis 
koreferens m ellan  nom inal& aser m ed identiska betydelsekoder. O m  R -listan  in­
nehåller en k od  som  inte skiljer sig från den aktuella , återstår bara  att undersöka
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eventuella m otin d icier (program m et kontrollerar t ex  om  det aktuella  ordet 
inte föregås av ett a ttribu t av typen  annari) o ch  —  ifall in ga  sådana finns —  
instantiera variabeln  D  som  def. D en  delen  av a lgoritm en  m öjliggör  generering 
av b e s tä m d /o b e stä m d  form  i exem pel som  (7 ) o ch  (8 ):

Input:
(7a) Juznee 

söder om 
(7b) Samolet 

flygplan
Svensk output:
(7c) Ett israeliskt flygplan dök upp söder om Saida. 
(7d) Flygplanet förflyttar sig västerut.

Sajdy pojavilsja izraifskij samolet.
saida dök upp israelisk flygplan
prodvigaetsja na zapad.
förflyttar sig västerut

Input:
(8a) Kakoj-to samolet pojavilsja juznee Sajdy.

något flygplan dök upp söder om saida
(8b) Potom ]>pjavilsja drugoj samolet.

senare <lök upp annan+ma flygplan
Svensk output:
(8c) Något flygplan dök upp söder om Saida.
(8d) Senare dök det upp ett annat flygplan.

O m  R-listein inte innehåller någon  kod  som  är identisk m ed det aktuella  
ordets betydelsekod , fortsätter sökn ingsproceduren ; det gäller b l a  a tt ge svar 
på fö ljan de frågor:

• om  den aktuella  nom inalfrasen har värdet + p lu ra l: innehåller R -listan  
åtm in ston e tv å  enheter m ed sam m a b etydelsesym bol (den  första  delen  av 
m en ingskoden ), m en m ed värdet ” sg”  ? E ller har m an tid igare påträffat 
å tm in ston e tv å  enheter som  bildar en m ängd som  kan vara koreferent m ed 
den aktuella  frasen?

• innehåller R -listan  en kod , som  kan associeras m ed ett k on cept ( ” nom i- 
nalizer” ) som  inte är o jä m förb a rt och  inte m er specifikt än det ahtuella  
ordets ” nom inalizer” ? D essa delar av proced u ren  identifierar koreferens i 
sekvenser av typen ;

Input:
(9a) Mal’cik vstretil devocku.
pojke träffade flicka-fack
(9b) Rebjata pobezali domoj.

barn sprang hem
Output:
(9c) En pojke träffade en 
(9d) Barnen sprang hem.

flicka.
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Substantiven m a l’éik  (pojke) och devoéka  (flicka) är i lexikonet speciflerade 
som subkategorier av ” barn"; det PROLOG-predikatet som identifierar korefer­
ens i fall som (9) är formulerat som:

coref(m (A,pl).Rlist)hyponym sCm CApSg), [H IT ].R list),
T / - [ ] .

Ovanstående regel kan läsas på följande sätt: ett substantiv med betydelsekod 
m (A ,p l) kan associeras med en mängd bestående av åtminstone två tidigare in­
troducerade referenter, om åtminstone två tidigare nämnda substantiv kan tolkas 
som hyponymer till det aktuella substantivets singularform (symboliserad som 
m(A, s g ) ). Detta är en av de enklaste varianterna av coref-predikatet (i praktiken 
används en del ytterligare restriktioner; deras utformning kräver fortsatt arbete).

I ex (9) identifieras alltså substantiven m a l’éik  och devoéka  som hyponymer 
till den lexikala enheten med betydelsekod m(c h i ld ,sg) och koreferensen upp­
täckts med hjälp av följande predikat, som rekursivt letar efter möjliga hy­
ponymer till det aktuella ordets {häi-.rebjata  —  bam ) singularform:

hyponyms(m(A,N), [m(B,N) I R est], [r(_,m(B,N)) I R e s t l] ) : -  
more_restricted(in(B,N) ,m(A,N)), 
hyponyms(m(A,N),Rest,Restl).

hyponyms(iii(A,N) .Hyponymlist, [H lT ]):-
hypoiiyiiis(iii(A,N) .Hyponymlist,T).

hyponyms(m(A,N), [ ] , [ ] ) : - ! .

Variabeln Hyponymlist (symboliserad i huvudpredikatet ” coreP som [HlT]) 
betecknar naturligtvis en lista, i vilken eventuella hyponymer lagras under sök- 
ningsproceduren. Predikatet m ore_res tr icted  är —  i dess enklaste version — 
formulerat som:

m ore_restricted(A,B): -  r l ez ( _ ,A , F e a t u r e s l ,
Features2
r l e x ( _ , B , _ , _ , _ , _ , _ , F e a t u r e s 2 , .

Regeln säger, att begreppet associerat med en lexikal enhet med betydelseko­
den A är mera specifik än begreppet associerat med B, om A har de seman­
tiska drag (Features2) som anses vara mest karakteristiska för B, och dessu­
tom åtminstone ett drag, som är mera specifikt. I ex (9) innehåller de lexikala 
enheterna för ” pojke” och ” flicka” specifika drag ” male” resp ” female” och 
dessutom edla drag som tillåter användningen av enheten ” barn” och, följaktigen, 
tolkas de som hyponymer till samma ord. Formatet för lexikala enheter är i det 
här fallet följande (förenklad notation):

rlez(m al*eik,m (boy.sg),n,sg,ani,m a,nom ,[male],
[child]

rlez(devoC ka,m (girl,sg),n ,sg ,an i,fe ,nom ,[fem ale],
[child]

rlez(rebenok,m (child,sg),n,Bg,ani,m a,nom ,[ch ild ] ,
[ h u m a n ] .
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D et ovan visade fallet av koreferensidentifiering är n aturligtvis m ycket enkelt; 
att bygga  upp  en hierarki av  sem antiska drag  som  skulle fu n gera  effektivt v id  
sökning efter h yponym er i m era kom plicerade texter är ingen  enkel uppgift; 
u tform ning av lexikala enheter i S W E T R A  är i d e tta  avseende än så  länge 
inte fu llständig. V id  översättn ing  av k orta  textfragm ent är det d o ck  m öjlig t att 
identifiera en gem ensam  diskursreferent i fall som  är m indre ” sjä lvk lara” än ex  
(9 ) —  som  t ex  den tid igare diskuterade koreferensen m ellan ” israeliska flygplan ” 
och  ” lu ftpirater” . I den  sortens fall Jinvänds fö ljan de P R O L O G -p red ik a t:

p o B s ib le _ c o r e f( A , B ) r l e x ( _ ,A , F l , , 
r l e i ( _ ,B,_ ,_ ,_ ,_ ,_ ,F 2 ,F 3 ,  

e v a lu a t io n _ in (F 2 ), 
c o _ e lt (F l ,F 2 ) .

P redikatet e v a l u a t i o n . i n  innebär, a tt listan F 2  (sem antisk  karakteristik) 
innehåller ett drag  som  är klassificerat som  ” värdering” ; det enklaste sättet att 
i en k om putationell m odell identifiera koreferens m ellan e tt su bstan tiv  som  är 
m arkerat i fråga om  värderingskom ponenten  och  ett om arkerat sådant är att 
betrakta  värderingskom ponenten  enbart som  ett u ttryck  för sändarens a ttityd , 
och  inte som  en fak tor som  påverkar referensrelationen. E ftersom  de lexikala 
enheterna i vårt exem pel innehåller gem ensam m a drag  (i listorn a  F l  o ch  F 2 ) o ch  
program m et inte h ittar några  indicer m ot koreferens, associeras både ” israeliska 
flygplan” och  ” lu ftp irater” m ed seimma referent. N edan för visas —  i en förenklad  
notation  —  de lexikala enheter som  i det d iskuterade fallet m öjliggör identifiering 
av koreferensrelationen:

r l e z ( sam olety ,0 ( a ir p la n e , p l ) , n ,p l , in a , ma, nom,
[ a i r p l a n e , p i l o t ] , [machina,h u m a n ] . 

rlez ([vozd u B n 7 j e ,p i r a t 7] ,m ( a i r _ p i r a t e ,p l ) ,n ,p l ,a n i ,  
m a , n o m , [n e g ,p i l o t ] , [ h u m a n ] .

Frågan, vilka och  hur m ånga gem ensam m a drag  som  beh övs för  a tt tv å  ” n om - 
inalizers” ska u ppfattas som  koreferenta, är naturligtvis k om plicerad , o ch  den  ak­
tuella versionen av program m et utesluter inte vissa  fel och  övergeneraliseringax.

F öru tom  de näm nda predikaten innehåller program m et ock så  en prelim inär 
procedu r för  identifiering diskursreferenter även när nom inalfrasens h u vu dord  är 
elliderat. P rocedu ren  kräver v idare elaborering, m en dess nuvarande u tform ning  
ger m öjlighet a tt generera rätt artikel och  kontrollera  kongruens i sekvenser av 
typen :

Input:
(10a) Dva samoleta pojavilis’

två flygplan dök upp
(10b) Odin prodvigaetsja na zapad

en-f-ma förflyttar sig mot väst
Output:
(10c) Två flygplan dök upp söder om Saida
(lOd) Det ena förflyttar sig mot väster.

juznee Sajdy. 
söder om saida
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E fter referentidentifiering fö ljer  översättningsprocessens sista etap p  —  gene­
rering av ou tpu tm en in gen . O m  variabeln  D fortfarande är oinstantierad (som  t ex  
v id  översättn ing  av  texten s första  nom inalfras eller i de  fall, då  ingen koreferent 
fras har u p ptä ck ts), genereras den svenska N P ;s m orfologiska  form  i enlighet 
m ed språkspecifika regler i p rogram m ets svenska m odu l. D en  obestä m d a  artikeln 
genereras alltså  inte au tom atisk t när variabeln  D inte heir fått värdet d e f under 
e ta p p  B  —  program m et undersöker först, om  nom inalfrasens h uvudord  är klas­
sificerad som  ” unikt förem ål” (som  solen , jord en  e tc ) eller som  äm nesnam n, om  
det föregås av indefinita, deiktiska eller possessiva pron om en  osv . O gram m atiska 
k onstruktioner som  *en m in  bil eller *en  ingen  bil kan således inte genereras. O m  
variabeln  D har b liv it instantierad, är genereringsproceduren  betydh gt kortare 
—  m an b eh över b l a  inte undersöka, om  substantivet i fråga  är en benäm ning 
p å  e tt unikt förem ål, eller om  det föregås av indefinita pron om en .

E nheten  R ( ” referent nucleus” ) används i genereringsproceduren  för att kon­
tro llera  kongruens in om  nom inal& asen. E fter översättningsprocessen  första  fas 
(e ta pp  A ) innehåller enheten R  fö ljan de konstanter:

• b etydelsekod  —  t ex  m (b o y ,s g )

• num erusvärde —  här, sg

• det genusvärde, som  substantivet har i källspråket

• värdet + / -  anim at

Å terståen de p latser i enheten R kan senare fyllas m ed sym boler för de gram - 
m atiska drag, som  är n öd vän d iga  för  a tt åstadkom m a kongruens i m ålspråket. 
U nder genereringsprocessen  söker program m et efter en svensk lexikal enhet m ed 
sam m a b etydelsek od  och  —  om  variabeln  D (bestäm dh et) har fått ett konstant 
värd e  under e ta p p  B  —  m ed sam m a bestäm dh etskod  som  den aktuella nom i­
nalfrasen i f-representationen . O m  t ex  en nom inalfras m ed huvudordets bety ­
delsekod  m ( b o y ,s g )  har fått värdet d e f efter referentidentifieringsproceduren, 
vä ljs  fö ljan d e  lexikala enhet (om  frasen inte innehåller attribut som  utesluter 
an vändn in g  av  efterställd  artikel):

lex(po j ken,m (boy,sg).n ,def,sg,re,ma,. 
r e -- realis

o ch  m ålspråkets genus- o ch  sexusvärden  överförs till ” referent nucleus” , som  får 
fö ljan d e  form :

r(_,m(boy,sg),def,sg,ani,ma,re,ma).

O m  frasen innehåller ett eller flera  ad jek tivattribut, väljs den bestäm da 
axtikelns rä tta  num erus- och  genusform  enligt fö ljan de regel:

art(R,D) — > [X],R-r(_,_,_,D,N,_,_,G,_), 

lex(I,D,art,M.G,



Barbara GawronskarWerngren: Diskursreferenter 181

R egeln  innebär, att kategorin  ” artikel” (a rt) m ed bestäm dh etsvärde  D kan 
realiseras som  en ord form  X om  X har sam m a bestäm dh ets-, num erus- (N) och  
genusvärden (G) som  nom inalfrasens h uvu d ord . A n a log a  regler används fo r  att 
vä lja  de övriga  kongruerande attributens m orfolog iska  form er. K on gru en sk on ­
troll m ed h jä lp  av ” referent nucleus” fungerar m ycket effektivt, o ch  några  fel 
har i detta  avseende inte observerats.

3 Sammanfattning

Identifiering av diskursreferenter i S W E T R A :s  program  bygger p å  en fy ra -n ivå  
d iskursm odell ( l :o r d  och  ordsekvenser, 2 :begrep p  baserade p å  rent lingvistisk  
kunskap, 3 :d iskursreferenter —  kognitiva enheter som  kan associeras m ed flera 
begrepp  på  n ivå  2 på  basis av analytiska slutsatser o ch  kunskap om  den icke- 
lingvistiska verkligheten, 4: o b je k t och  faJcta i den verkliga världen ). D en  ak­
tuella a lgoritm en  för identifiering av diskursrefenter m ed h jälp  av den  textu ella  
in form ationen  befinner sig på  ett experim entellt stad ium  o ch  bygger dels på  
den textuella  in form ationen  (betydelsek oder och  m eningarnas funktionella  rep­
resentationer lagrade i olika P R O L O G -lis to r ), dels på  prelim inära försök  att 
representera stereotypa  begrepp  i lexikonet (listor över sem antiska drag, sem an­
tisk subkategorisering). P rogram m et m öjliggör för  närvarande identifiering av 
koreferens i korta  textfragm ent (5 -6  m eningar) v id  relationer av typen : korefer­
ens m ellan identiska begrepp , koreferens m ellan ett m era  generellt begrepp  och  
dess m era specifika antecedent (typ  granne  —  m änniskan), koreferens m ellan 
referentm ängder {pojke  o ch  flicka  —  barnen) sam t m ellan deras elem ent {två  
flygplan  —  det ena  flygp lan et). R eferentidentifiering är dessu tom  m öjlig  i vissa 
ellipsfall {två  flygplan  —  det en a ), v id  koreferens m ellan ett em otion ellt laddat 
begrepp  och  dess neutrala m otsvarighet {israeliska flygplan  —  lu ftp ira tem a), 
sam t i de  fall, då  koreferenta begrepp  instantieras i texten  m ed h jälp  av kate- 
goriellt olika fraser (t  ex  om  diskursreferenten in trodu ceras av ett ad jek tiv  eller en 
hel m en ing). G enerering av bestäm dh etsvärde i m ålspråket sker prim ärt p å  basis 
av koreferensrelationer, därefter tilläm pas språkspecifika regler (nom inalfrasens 
form  väljs m ed hänsyn till a ttribu ttyp  o ch  substantivens subkategorisering i det 
svenska lex ik onet). P rocedu ren  kräver v idare elaborerin g  —  de sem antiska repre­
sentationerna i lexikonet m åste utvidgas, dessu tom  gäller det a tt å stadk om m a ett 
m era generellt system  för  utform ning av listor m ed sem antiska drag. D atabasen  
m åste dessutom  berikas m ed en förenklad representation  av stereotypa  kun­
skaper om  den icke-lingvistiska världen  (d e tta  är en u ppgift som  kan förverk ligas 
enbart i begränsad utsträckning och  leder ur lexikonet in i en cyk lop ed ien ). D et 
finns ock så  ett beh ov  av vidare studier kring de faktorer som  im plicerar valet av 
bestäm d form  i svenskan i de  fall d å  ingen koreferensrelation  föreligger (i m ånga 
em piriska svenska texter har t ex  den första  nom inalfrasen bestäm d  form ). D en 
kom putationella  m odellen  som  presenterats här har alltså  en rad begränsningar, 
men vid  översättning av k orta  texter m ed ett begränsat antal d iskursreferenter 
fungerar den täm ligen effektivt. P roceduren s utveck ling är förem ål för  fortsatt 
arbete inom  S W E T R A .
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Niels Jæger

Text Treatment and Morphology 
in the Analysis of Danish 

within EUROTRA

1 General Overview
T h e E U R O T R A  T R A N S L A T IO N  S Y S T E M  consists basica lly  o f  a  C -p rogram m e 
which operates a front-end  program m e package cind a core  P R O L O G  program ­
m e, the Engine.

T h e  E ngine com bines w ith  a  series o f  generators and  translators w ritten  by  
the linguist in a  user language and com p iled  in to  P R O L O G  cod e . T h e  generators 
and the translators conta in  linguistic in form ation  accord in g  to  the linguistic 
specifications in the E U R O T R A  m odel.

T h e  E U R O T R A  m odel consists o f  three m ain parts: analysis, transfer and 
synthesis. T h e  m ain parts are su bd iv ided  in to  levels. E ach  level in  the E U R O ­
T R A  m odel has a  gram m ar (i.e. a  gen erator) and betw een  tw o levels there is a 
translator.

T h e  E M S, E U R O T R A  M orph olog ica l structure, is the first level in analy­
sis. T h e  first syn tactic  level follow s im m ediately  after E M S , it is ca lled  E C S , 
E U R O T R A  con stituen t structure.

A  fron t-end  program m e package is bein g  tested in E U R O T R A -D e n m a rk , 
from  July to  D ecem ber 1989. It consists o f  a  w ordscanner w ritten  in C  and 
an S G M L  parser. S G M L  is ein abbreviation  o f  “ S tandard G eneralized  M arkup 
L anguage” .

In the present experim ental phase the d ocu m en t w hich  is go in g  to  b e  trans­
lated has to  b e  w ritten  in  “ V I” or  “ Q on e” , tw o ed itors  available for  U N IX  in­
stallations. A  “V I”  d ocu m en t m ay b e  form atted  by  “NroflF” . B u t in princip le, 
any text ed itor  cou ld  b e  used for S G M L  text entry, ju st as S G M L  cou ld  deliver 
an ou tpu t to  any text ed itor.

S G M L  provides m eth ods for  m arking up  docu m en ts. F or instcince you  can  
m ark up the log ica l structure o f  a  text (i.e . chapters, sections, paragraphs e tc .) .

S G M L  also provides a  search -and-rep lace m echanism . W e can  m ake the 
S G M L  parser search for  layout in form ation  and  replace it by  a  m arker.

183
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W e can  a lso  define translations betw een input character co d e  and output 
ch aracter cod e .

In the fron t-en d  m od u le  we intend to  use the S G M L  parser tw ice;
F irst the specia l form attin g  cod es  o f  the w ord  processors w ill be  changed into 
S G M L  m ark  up  Codes and sim ultaneously the 8 -b it national character sets are 
turned in to  a  standardised  7 -b it E urotrian  character set.
N ext the S G M L  parser creates a  translator.

S G M L  m ay take in a  w hole text for  the first parsing. B ut the paragraphs 
o f  the text w ill b e  forw arded  to  the secon d  app lica tion  o f  the parser and later 
to  the E ngine in strict ro ta tion . T h e  paragraphs w ill b e  translated on e by  one 
and p laced  in their translated  form  in the right position  in the ou tpu t file in 
synthesis.

B etw een  the tw o app lica tion s o f  the parser it is p ossib le  to  edit the first 
S G M L  d ocu m en t m anually.

T h e  last p rogram m e in the fron t-en d  package is a  w ordscanner w ritten  in C. 
T h e  w ordscan n er segm ents the w ord form s on  the basis o f  the lex icon  rules o f  the 
m orp h olog ica l level E M S.

2 An Example

P lease con sider the fo llow in g  exam ple w hich  consists o f  a  title  and a  sentence: 

S ig n a le r

En kombineret 4 og 6 GHz polarizer konverterer det modtagne 

signal.

W ritten  in “V I ”  and  supplied  w ith  “N rofT ’ com m ands the exam ple w ould 
lo o k  like this:

.NH
Signaler
.PP
En kombineret 4 og 6 GHz polarizer konverterer
.UL det
.UL modtagne
.UL signal.

.NH m eans: w hat fo llow s is a  title— .PP m eans: here com es a  paragraph. .UL 
in fron t o f  a  w ord  in d icates that the w ord  is underlined.

T h is  p iece  o f  text is sent to  the S G M L  parser. T h e  “ NrofF ’ com m ands are 
ch anged  in to  S G M L  m arkers. T h e  text now  look s like this:
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<DOC LEVEL="emsda" SCANLEV="ems" SURF="dummy" SCAN=yes 
WP="Nroff" NAME=text">
<TEXT>
<CH>
<TI NROFF= "PP">
En kombineret 4 og 6 GHz polarizer konverterer
<STYLE TYPE="UL">
det
<STYLE TYPE="RN">
<SYLE TYPE="UL"> 
modtagne
<STYLE TYPE="RN">
<STYLE TYPE="UL"> 
signal.
<STYLE TYPE="RN">
</P></CH></TEXTX/DOC>

N ext the text is forw arded  to  th e  secon d  app lica tion  o f  the S G M L  parser 
which produ ces a  translator:

:trans: dummy=>emsda.

:b:

surfaceO = ":{} => {cat=s, io=‘0’}

<{thcat=wordform, rend=no,upper=first} 
*/,*/,SCAN signaler 
>.

surfacel = ":{} => {cat=s, io=‘l’}
<
{thcat=wordform, rend=no, upper=first} 
‘/.‘/.SCAN en

{string=‘&bk’},
{thcat=wordform, rend=no, upper=no} 
‘/‘/.SCAN kombineret

{string=‘&bk'},
{string=numerus, lex=‘4’, rend=no}, 
{string=‘4bk’},
{thcat=wordform, rend=no, upper=no} 
‘/.‘/.SCAN og
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{string=‘ftbk’},
{string=numerus, lex=‘6’, rend=no}, 
{string='tbk'},
{tbcat=wordform, rend=no, upper=first} 
'/.•/.SCAN ghz

f

{string=‘&bk’},
{thcat=wordfonn, rend=no, upper=no} 
'/.'/.SCAN polarizer 

>
{string=‘tbk’},
{th.cat=wordform, rend=no, upper=no} 
'/iitSCAN konverterer

9

{string=‘&bk’},
{th.cat=wordform, rend=under, upper=no} 
•/.'/.SCAN det
9

{string=‘&bk},
{thcat=wordfonn, rend=imder, upper=no} 
'/'/CSCAN modtagne

9

{string=‘&bk’},
{thcat=wordform, rend=nnder, upper=no} 
'/.'/.SCAN signal

9

{string=‘&f3'}
> .

ftbk stands fo r  b lank ; s  stands fo r  fu ll stop .
T h e  tran sla tor w ill translate from  an em pty  o b je c t  (i.e. the em pty  pair o f  

cu rly  brackets on  th e  left side o f  the arrow ) in to  the sentences we gave as input 
(on  the right side o f  the cirrow). { c a t = s }  m eans a  sentence. T h e  sentence in its 
turn conta ins several w ord form s. T h e  lay ou t in form ation  is featurized. ‘u p per ’ 
stands for  u pper case. T h e  value ‘ first’ m eans that the first letter in a w ord  is 
cap ita lised , ‘ ren d ’ m eans rendition  and  ‘ re n d = u p p e r ’ m eans that a  given w ord  is 
underlined. D ou b le  percen tage signs and  the capitalised  w ord  ‘ S C A N ’ is a  signal 
t o  the w ordscan n er that the fo llow in g  w ord  should  b e  segm ented.

N ow , this tran slator is sent to  the w ordscanner. T h e  result will be  sim ilar to  
the tran slator show n a b ov e  excep t for  the w ord form s w hich w ill have been  split 
up  in to  basic strings. T h e  first part o f  the tran slator w ill suffice to  illustrate this:

surfacel = ":{} =>
<
{thcat=wordform, rend=no, upper=first}
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<{atring=en}>,

{string=‘ftbk'},
{thcat=wordform, rend=no, upper=no}
<{string=‘kombiner’}, {string=‘et’};
{string=‘kombiner'}, {string=‘e’}, {string=‘t’}>, 

{string=‘4bk’},

{string=niimerus, lex=‘4’, rend=no),

> .

T h e substructure is in d icated  b y  *< ’ and
T h e  w ordform s are split up in to  basic strings w hich  figure as values to  the 

attribute ‘ strin g ’ . A  useful dev ice  is the possib ility  o f  using a lternation  in the 
translator. If, for  instance, we have three d iction ary  entries for  three different 
verbal endings ‘ { s t r i n g = e , . . . } ’ , ‘ { s t r i n g = t , . . . } ’ , and ‘ {s tr in g = e t , . . .  } ’ w e will 
get tw o possib le  segm entations o f  ‘k om bin eret’ as show n above . T h e  E M S shou ld  
o f  course on ly  accept on e  o f  the p ossib le  segm entations. In case o f  an A ra b ic  
num ber we have a  standard  value to  th e  string a ttribu te : ‘ str in g= n u m eru s ’ . T h is  
m eans that we on ly  have to  w rite a  single lex icon  rule fo r  all possib le  integers 
at the m orph olog ica l level. T h e  actu al num ber is g iven as value to  the attribu te  
‘lex ’ . S ince num bers are the sam e in all the E urotrian  languages n o  tranfer rules 
w ill be  needed.

T h e  w ordscanner com pares the w ord form s w ith  the lex icon  rules o f  the m or­
ph olog ica l m odu le. A  lex icon  rule has d e p th = 0 — it consists o f  on e  feature bun­
dle. A m on g  oth er th ings we assign category , a  lexem e value (assigned to  the 
a ttribu te ‘ lu ’ ) amd a  string value— the la tter w ill unify  w ith  the string value in 
the translator rule. W e have lex icon  rules fo r  in fiectional roo ts  (m arked  b y  the 
feature ‘ in f l= r o o t ’ ), we have lex icon  rules for  invariants (m arked  b y  ‘ in fl= fu U ’ ) 
and we have lex icon  rules for  in flectional suflSxes (m arked b y  ‘ in fl= in fl_en d ’ ). T h e  
approach  to  in flectional m orp h ology  we have a d op ted  is in a ccord a n ce  w ith  the 
so-called  ‘w ord  and paradigm  m od e l’ . C onsequently , the lexem es are d iv ided  in to 
in flectional classes. L exem es which can  b e  grou p ed  as an in flectional class receive 
the sam e num ber as value for the a ttribu te  ‘ f le x J y p e ’ . E xam ples o f  lex icon  rules 
(abbrev iated ):

{cat=art, lu=en, infl=full, string=en, ...}.

{cat=v, lu=konvertere, infl=root, string=kombiner, term=xxO,

{cat=v, infl=infl_end, string=e}.
{cat=v, infl=infl_end, string=t}.
{cat=adj, infl=infl_end, string=et}.
{cat=n, infl=infl_end, flex_type=fx3, msdefs=msindef, 
nb=plu, string=er}.
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{cat=n, lu=signal, infl=root, flex_type=fx3, string=signal, 

term=xx00000837, ... }.

{cat=card, lu=numenis, infl=full, string=numerus}.

T hese  single feature bundles com bin e  at the m orp h olog ica l level in gener­
al con stru ctors. T h e  con stru ctors  needed for bu ilding past particip les (as e.g. 
‘ k om bin eret’ ) w ill look  like this (slightly  abbrev iated ):

b_stem_v = {infl=stem, cat=v, lu=L, vfomi=inf, ...}
[ {infl=root, cat=v, lu=L,

{infl=infl_end, cat=v, atring=e} ] .

b_full_v = {infl=full, cat=v, vform=pastpart, lu=L, ...}

[ {infl=stem, cat=v, lu=L, vfonn=inf, ...}, 

{infl=infl_end, cat=v, string=t, ...} ].

T h e  con stru ctors needed for  bu ild ing indefinite form s o f  nouns (as e.g . ‘sig­
n aler ’ ) w ill have th e  form :

b_stem_n. = {infl=stem, cat=n, lu=L, nb=N, msdefs=mslndef,

. . . }
[ {infl=root, cat=n, lu=L, flex_type=F, ...}, 

{infl=infl_end, cat=n, flex_type=F, nb=N, 
msdef s=msindef }.

b_full_n = {infl=full, cat=n, lu=L, nb=N, msdefs=M, 
case=nge, ... }

[ {infl=stem, cat=n, lu=L, nb=N, msdefs=M, . 
{infl=full, cat=separator} ].

T h e  identifier o ccu rs  b e fore  the equal-sign  to  the left. In the con stru ctor the 
m oth er n o d e  appears a b ove , the daughter n odes appear betw een sharp brackets 
below .

T h e  in flectional ro o t  m ay b ecom e  an in flectional stem  by  add ition  o f  an 
in flectional en d in g  (e .g . ‘ e ’ in the con stru ctor  for  a  verbal stem ) w hich  in that 
case on ly  becom es a  final w ord form  w hen another in flectional ending is added 
(e .g . ‘ t ’ in the con stru ctor  w hich  turns an infinitive stem  in to a  past participle 
a b o v e ). T h e  finished w ord form  is m arked ‘ in fl= fu ll’ .

V ariables (in  the form  o f  cap ita l letters) are used a ) t o  perco la te  values from  
daugthers to  the m oth er n od e  ( c f  ‘ lu = L ’ ) and  b ) to  ensure that values o f  a  certain 
a ttribu te  are th e  sam e in the feature bundles o f  tw o daugthers ( c f  ‘f le x .ty p e = F ’ ).

B y  m eans o f  the segm entation  and  the subsequent unification  o f  the basic 
strings we turn a w ord form  in to  a  gram m atica l w ord — e.g. we change ‘ signaler’ 
in to  ‘s ignal, p lural, indefinite, n euter ’ .

T h e  sentence rule a ccep ts on e or  m ore w ordform s:
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b _ s e n te n c e  = { c a t = s }
[ { i n f l = f u l l } ] .

T h e  final representation  at E M S has the form  o f  a  tree w ith  a sentence n ode  
at the top  and a series o f  b in ary  subtrees (on e  for  each w ord form ) w hich  are 
hanging on  the sam e level beneath :

c a t = s
. . . --------------------------------------1-------------------------------- . . .

( f u l l )  ( f u l l )
---------------- 1-------------------  lu = d e n

(s te m ) s t r i n g = r  s t r in g = d e t
-------------- 1---------------

I I
( r o o t )  s t r in g = e

lu = k o n v e r te r e  
s t r in g = k o n v e r t e r

A d jectives, verbs and nouns are m arked for  te rm h ood  at E M S. ‘ te rm = xx O ’ 
m eans that a  given w ord  is n ot a  term . A  value different from  ‘xxO’ m eans 
that the w ord  is a  term . M u lti-w ord  term s are identified  at E M S  in the D anish  
im plem entation . A s an exam ple o f  a  con stru ctor  w hich  builds a  m u lti-w ord  term  
I will give the on e for  term  num ber ‘xOOOOOOOOS’ :

b_0 0 0 0 0 0 0 0 3  = { c a t = n ,  lu = k o m b in e re t_ N -o g _ N _ G H z _ p o le o :iz e r , 
te rm = x x 0 0 0 0 0 0 0 0 3 , gd=G , nb=N, m sdefs=M , 
ca se = C , in f l = t e r m }

[  { i n f l = f u l l ,  c a t = p a s t p a r t , lu = k o m b in e r e } , 
{ i n f l = f u l l ,  c a t = c a r d ,  lu = n u m e ru s },
{ i n f l = f u l l ,  c a t = c o o r d ,  lu = o g } ,
{ i n f l = f u l l ,  c a t = c a r d ,  lu = n u m e ru s },
{ i n f l = f u l l ,  c a t = n , lu = G H z},
{ i n f l = f u l l ,  c a t = n , l u = p o l a r i z e r , 

gd=G , nb=N, m sdefs^M , ca s e = C } ]  .

‘polarizer ’ is the m ost im portan t w ord  in this m ulti-w ord  term . W e therefore 
percolate  all relevant gram m atica l in form ation  from  the m ain w ord  to  th e  top  
node, we assign a  num ber to  the a ttribu te  ‘ term ’ and  a  value to  the ‘ lu ’ a ttribu te. 
T h e  num ber is assigned in order to  avoid  translation  rules betw een tw o languages. 
A  given term  has the sam e num ber in all nine E urotrian  languages. T h e  lexical 
unit value is for  the benefit o f  gram m arians and lex icographers w h o  d evelop  and 
m aintain the system .

In the translator betw een  the m orp h olog ica l level, E M S , and the con stituen t 
level, E C S , all substructure beneath  the very to p  n odes is deleted  in general 
translator rules.

W h en  these general translator rules have applied  th e  input o b je c t  to  E C S  will 
therefore consist o f  a  series o f  g ram m atica l w ords and  m u lti-w ord  units hanging 
beneath the sentence nodes:
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{cat=s}

{cat=n, lu=signal, ...}
{cat=s}

{cat=art, lu=en, ...}
{cat=n, lu=kombineret_N_og_N_GH2_Polarizer, 
{cat=v, lu=konvertere, ...}

{cat=art, lu=den, ...}
{cat=n, lu=modtaget_signal, ...} 

{cat=separator, lu=stop, ...}

E U R O T R A -D K , 
N jalsgade 80, 

D K -2 3 0 0  C openhagen  S 
D enm ark



Sabine K irchmeier-A ndersen

Coordination in Eurotra

Abstract
The treatment of coordination in a multilingual MT-system as EURO­

TRA poses two major problems:

1. to provide an algorithm for the monolingual analysis o f coordinate 
structures in accordance with the general linguistic theory for EU­
ROTRA which can treat basic coordination and the coordination 
of incomplete constituents in the surface analysis and perform the 
mapping of these constructions onto the deeper levels.

2. to establish a semantic feature system, that captures the meaning of 
the conjunctions in order to facilitate their translation.

Since research in this area within Eurotra on a multilingual basis is 
still ongoing, what will be presented is the present state of the art, which 
is a fairly complete theory for basic coordination as well as some ideas for 
the analysis of the more complex cases of coordination involving gapping 
and movement.

1 Introduction
It is well know n that coord in ation  is on e  o f  the m ost prevalent and  com p lex  
con stru ctions in E uropean  leinguages w hich  causes great d ifficulties in all syn­
tactic  form alism s. A t present in  E urotra , n ot all aspects o f  coord in a tion  are 
covered. T h e  current im plem entations o f  the gram m ars o f  the m on olin gu al m o­
dules handle basic coord in a tion  o f  alike constituents, bu t not specia l cases like 
coord in ation  o f  unlike o r  in com plete  con stru ction s. C oord in a tion  is still a  top ic  
o f  on goin g  research b o th  from  a m onolingual and  a contrastive p oin t o f  view .

In the first part o f  th is paper, I w ou ld  like to  illustrate how  coord in a tion  is 
handled in E u rotra  in analysis, in transfer and  in generation  cind I w ill com m en t 
on  som e o f  the universal m echanism s o r  constra in ts, w hich  w e exp lo it in ord er to  
avoid  overgeneration  and  to  facilitate  the translation  o f  coord in a ted  structures. 
(F or in form ation  on  the E u rotra  lingu istic th eory  as well as the overall o b ject iv es  
o f  the p ro ject see Perschke 1986, Jaspaert 1986, A rn o ld  1986 and  R aw  et al. 
1989). In the second  part I w ill g o  in to  tw o o f  the difficult areas, that we are 
w orking on  at the m om ent.
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2 Basic Coordination— an Example
B asic  coord in a tion  is defined as coord in a tion  o f  constituents w ith the sam e cat­
egory, i.e. “ John  and M a ry ” , “ happy o r  sad” etc.

T h e  fo llow in g  section  gives a  short description  o f  the translation  o f  a  sentence 
con ta in in g  a  coord in a ted  stru ctu re from  D anish in to English. T h e  follow ing ex­
am ple is used:

(1 ) B åde  U S A , Japan  o g  K in a  viser interesse for  E F

b o th  usa, ja p a n  and ch ina  show  interest for eec 
(litera l tran slation )

2.1 Analysis

T h e  figures 1 and  2 show  th e  structural representation  o f  the sentence (1 ) at two 
o f  the syn ta ctic  levels in the E u rotra  theory: E C S — the constituent structure.

conj

både

NP

1

v.. NP..

CSl

1

CS2

1
NP conj NP conj NP

1 1 og 1
n n n

USA Japan Kina

Figure 1: E C S

S

„I_______________
ARGl ARG2

NP [conjimction] NP.

„I__________

GOV

vise

CONJ CONJ CONJ

NP
1

NP
1

NP
11

n
1
n

1
n

USA Japan Kina

Figure 2: IS
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and IS— the deep  syn tactic  structure. B etw een these levels w e have a  th ird  level, 
E R S— the surface syn tactic  structure, bu t w ith  respect to  coord in a tion  the E R S 
and IS representations axe qu ite sim ilar so  E R S  is left ou t in these exam ples.

C om parin g  the tw o structural representations in  figure 1 and  figure 2, w e can 
note that the interm ediate nodes at E C S , “ c s l ” and  “cs2” , have been  deleted  at 
IS. T heir m ain fu n ction  is to  grou p  the con ju n cts  and  the con ju n ction s  togeth er 
in the constituent analysis at E C S and to  prevent o th er  ca tegories from  entering 
the coord in ate  stru ctu re during the p^lrsing p rocess. T h e  representation  at E C S  is 
in som e respects sim ilar to  the on e presented b y  G azdar et al. (1985 ). G P S G  uses 
a  constituent sim ilar to  the cs2 n ode  for  all parts o f  the coord in a ted  structure. 
W e have in trodu ced  a  m ore com p lex  con stituen t, c s l ,  for  the first tw o con ju n cts  
in order to  speed  up  the parsing process.

T h e  IS level, w here the con stituen ts axe defined as dep en d en cy  structures 
consisting o f  a  govern or and a  num ber o f  argum ents and m odifiers, is ch arac­
terized b y  the canonica l orderin g  o f  these constituents. S ince coord in a tion  is 
not a  d ep en den cy  relation , the surface ord er o f  the con stituen ts in coord in a te  
structures is n ot changed.

T h e  con ju n ction , the com m a  and the p recon ju n ction  “ b å d e” are deleted  at 
IS. T heir sem antic con ten t is preserved as a  feature “ [con ju n ction ]” on  the top  
n od e  o f  the coord in ated  structure.

2.2 Transfer

In the transfer phase, the D anish-E nglish  transfer m od u le  translates the lexical 
values o f  the con ju n cts  in to  E nglish . T h is  is p ractica lly  all that happens. T h e  
rest o f  the structure is translated b y  a  default m echanism , th at sim ply  tranfers 
it in to  the target language IS structure w ith ou t any changes (figure 3 ).

S

„I____________
ARGl

NP [conjunction]

„I__________

GOV

take

ARG2 

NP..

COORD COORD COORD
NP
1

NP
1

NP
11

n
1
n

1
n

USA Japan China

Figure 3 : IS
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2.3 English Synthesis

T h e  last step  o f  the translation  process w hich  w ill concern  us here, is perform ed 
du rin g  gen eration  in the E C S  gram m ar o f  the target language, w here the English 
con ju n ction s  are inserted on  the basis o f  the sem antic features com p u ted  in the 
analysis. T h is  gives us a  structural representation  like the on e  in figure 4.

S

_____ I_________
NP VP..

_____________ 1 ________________
cs cs cs
I ___I____ ___I_____
NP conj NP conj NP

_I___  , I and I
det n n n
the USA Japan Kina

Figure 4: EC S

T h e  final result is the fo llow in g  sentence:

(2 ) T h e  U S A , Japan and C h ina  take interest in the E E C

A t E C S  in generation  the “cs”  n odes have reappeared . T h e y  m ake it easier 
to  insert the con ju n ction s  in the right places. In synthesis we d o  n ot need to  
d istinguish  betw een  “c s l ” and  “cs2” , becau se  we know  from  the analysis, exactly  
w hich  con stituen ts are to  b e  con jo in ed .

A n  equivalent to  the p recon ju n ction  “ både”  has n ot been  created and this is 
part o f  th e  ju stifica tion  for  the featurization  o f  the con ju n ction s, since the occu r­
rence o f  these p recon ju n ction s  show  m on olin gu al variations. In English “b o th ” 
is con sidered  a  strictly  b in ary  con ju n ction , p rob a b ly  becau se o f  the hom onym y 
w ith  the quantifier w ich  correspon ds to  “ begge” in D anish . In D anish  “ både” 
m ay o ccu r  w ith  any num ber o f  con ju n cts .

W e can  a lso  n ote , that th e  co m m a  has been  translated as a  com m a  and not 
as a  lex ica l co n ju n ction  as in (3 ):

(3 ) Japan  and the U S A  and C hina  take interest in the E E C

T h is  is a  m atter o f  style and taste. L ike a  jok er  in a  gam e o f  cards, the com m a 
can  take the p lace  o f  any con ju n ction  in a  coord in a te  structure, provided  that 
there are at least three con ju n cts  and  that the com m a  does not appear w ith the 
first o r  th e  last con ju n cts  (ex cep t in en um eration s). I f  we allow ed such variations 
w e w ou ld  get a  m ultip le  ou tp u t, and  since the ou tp u t o f  a  m achine translation  
system  perferab ly  sh ou ld  be  on e so lu tion , we have chosen  the on e in (2 ).
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3 Universal Constraints
In order to  perform  the translation  described  above , we have relied on  a  num ber 
o f  general properties , that seem  to  be  the sam e for  all coord in a ted  structures.

3.1 Beu* Level Constreunts

In order to  be  ab le  to  coord in a te  all categories, w e w ant to  und ersp ecify  the 
category  value. T h e  advantage is o f  course that we can  use on ly  on e  basic set o f  
rules to  handle all cases o f  coord in ation  o f  alike constituents:

1.
2 .

3.

X -> csl[X] *cs2[X]

csl[X] -> (preconj) X conj 

cs2[X] -> conj X

X  is a  variable w hich is instantiated  w ith  the ca tegory  value o f  the con ju n ct 
and perco la ted  to  the to p  n od e  o f  the coord in a ted  structure. U sing unification  we 
can ensure, that X  in every rule con ta in s th e  sam e category. T h ese  very  general 
rules, how ever, tend to  coord in a te  categories at every bar level thus perform in g  
an anlysis w hich  is ob v iou sly  w rong. C onsider cases as (4 ):

(4)
the m an 

N P  
b a r = l

and b oy
N

b a r= 0

C onsequently, we allow  on ly  coord in a tion  o f  con stituen ts at the sam e bar 
level and  not at bar level zero  as in (5 ). A  sim ilar ap p roach  has been  d eve loped  
by  N irenburg (1989).

(5) NP bar=l

det

the

bar=0

CSl

___ L...
n conj 

USA and
n bar=0 

China

3.2 Bin2U‘y euid Iterative Coordination

For the insertion  o f  the correct con ju n ction s  in synthesis it is im portan t to  ca l­
cu late w hether the coord in a te  con stru ction  consists o f  tw o o r  m ore than  tw o 
elem ents, as dem on strated  for  “ b o th ”  in (1 ) and (2 ). A  coord in a te  stru ctu re is 
binary i f  it consists o f  on ly  tw o con ju n cts  as in (6 ):

(6 ) B oth  X  and Y
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Iterative coord in a te  structures consist o f  m ore than tw o con ju n cts  as in (7 ):

(7 ) X  and  Y  an d  Z  a n d .................................

T h e  occu rren ce  o f  p recon ju n ction s  in b inary and iterative coord in ation  is 
language specific  as show n in the translation  exam ple above.

3.3 Hier2irchy

I f  we want to  in trod u ce  th e  con cep t o f  hierarchy for  coord in a ted  structures, it 
entails that ou r rules have to  be  recursive. T h is m eans that we m ust be  able to  
crea te  deep  representations as in figure 5 as well as the flat ones presented in 
figure 1 and  figure 4.

NP

I
CSl

_______________ 1 _______________
preconj NP conj NP

either I or I

CSl n
____________________  China

NP conj NP
I and ____ 1_____

n det n

Japan the USA

Figure 5: EC S

T h is stru ctu re  is h ierarch ical in the sense that on e  o f  the con ju n cts  is a  co ­
ord in ated  stru ctu re itself. A llow in g  this ty p e  o f  recursion  w ithout restrictions 
w ou ld  cause heavy  overgeneration  at E C S . T h e  num ber o f  possib le  structures 
grow s fast w ith  the num ber o f  con ju n cts . 2 con ju n cts  =  1, 3 con ju n cts  =  3, 4 
con ju n cts  =  11 e tc . A ga in  we prefer on ly  on e  solu tion . T h e  constrain t that we 
p ose  on  these structures is sim ply  that coord in a te  structures m ay not im m edi­
a te ly  d om in ate  coord in a te  structures o f  the sam e typ e  (see 3.4 b e low ). In the 
E u rotra  form alism  this is expressed  in  term s o f  filter or  killer rules w hich  delete 
th e  undesired structure.

3.4  Cooccurrence Restrictions

F inally , w e have to  p ose  co o ccu rre n ce  restrictions on  the con ju n ction s  b o th  w ith 
regard  to  their sem antic ty p e  an d  their p arad igm atic d istribution . T h e  way in 
w hich  cooccu rren ce  restriction s are expressed is a  m onolingual m atter. For E u­
rop ean  languages, we can  distinguish  5 basic universal types o f  coord in ation .
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C oord in ation T y p e
både -  o g , og , sam t con ju n ction  
enten -  eller d isjun ction
hverken -  eller n egation
m en adversion
, enum eration

T h e  sem antic restrictions im ply  that we can n ot have a  coord in a tion  like (8 ) 
on  the sam e h ierarch ical level.

(8 ) * både X  eller Y

T h e  position a l restrictions for  the con ju n ction s  op era te  w ith  3 position s: 
initial, non-in itia l and  final. In b inary coord in a tion  on ly  the in itia l and  final 
positions are used. In iterative coord in a tion  a  th eoretica lly  in fin ite num ber o f  
con ju n ction s m ay add ition a lly  appear in non-in tial position .

Initial non-in itia l final E xam ple
enten ,/e lle r eller enten A ,B  eller C
0 ,/e lle r eller A ,B  eller C
både . /o g o g /sa m t både A ,B  o g  C
0 , /o g o g /sa m t A ,B  o g  C
hverken ,/e lle r eller hverken A ,B  eller C

Since coord in ate  structures consisting  o f  alike con stituen ts are the m ost fre­
quent ones, the rules eind constra in ts discussed a b ove  can  handle m any o f  the 
cases o f  coord in ation  occu rrin g  in the text types we are w ork ing  w ith . H ow ever, 
there are still a  num ber o f  cases w here this basic treatm ent is n ot sufficient, som e 
o f  w hich  w ill be  treated in  the secon d  part o f  this paper.

4 Complex Cases of Coordination

4.1 Coordination of Unlike Constituents

T h e  question  is now  how  to  integrate the coord in a tion  o f  unlike con stituen ts in to 
the system  sketched above.

B y  coord in ation  o f  unlike constituents we m ean coord in a ted  structures con ­
sisting o f  different categories as in ( l ) - ( 5 ) :

(1 ) Hun sang sm ukt o g  m ed h øj stem m e
adv prep -1- sub

(2 ) Han var glad og i g o d t hum ør
adj prep -1- sub

(3 ) Hun er bager o g sto lt a f  det
sub adj
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(4 ) D e  spu rgte her o g  på  b jerget
a d v  prep  +  sub

(5 ) H an lovede bedrin g  o g  at det ikke skulle gentage sig
sub sætn

T h e  exam ples show  som e o f  the com bination s o f  con stituen ts that m ay occu r  
in coord in a ted  structures in D anish  texts . H ow ever, there are certain  restrictions 
w ith  regard to  w hich  unlike con stituen ts can  be  con jo in ed , bu t the rules for  these 
restriction s are n ot easy to  determ ine from  a surfaceoriented constituent analysis.

(6 ) * H un sang sm ukt o g  en arie fra  A ida
adv sub

(7 ) * H an var bager og p å  b jerget
sub prep +  sub

(8 ) * D e  spu rgte hende o g  på  kontoret
sub prep +  sub

T h e  underly in g  pattern  em erges i f  we lo o k  at the syn tactic fu n ction s o f  the 
con stitu en ts instead  o f  their gram m atica l category.

(1 )  : su b j V m odifier +  m odifier

(2 )  ; su b j V a ttr .su b j +  a ttr .su b j

( 3 )  : su b j V a ttr .su b j +  a ttr .su b j

( 4 )  : su b j V m odifier +  m od ifier

( 5 )  : su b j V o b j +  o b j

(6 )  : * su b j V m odifier +  in tern a l.ob j

(7 )  : * su b j V a ttr .su b j +  m od ifier

(8 )  : * su b j V o b j  +  m od ifier 

D iderichsen  (1946) notes th at:

L eddene i en sideordn et F orbindelse staar hvert for sig i sam m e 
F orhold  til et tred je  L ed  som  H elheden

and in this w ay he in trod u ces the syn tactic  fu n ction s o f  the constituents as a 
criterion  for  a  correct coord in a tion . G azdar et al. (1985) a lso base their analysis
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o f  coord in ated  structures on  this observation . In G P S G , con stituen t stru ctu re 
in form ation  as well as the syn tactic  in form ation  can  b e  accessed  at the sam e tim e, 
aud consequently  in G P S G  the coord in a tion  o f  unlike constituents is treated  
quite elegantly:

N2

PAT

V2

VO

I S

X2 [PRD]

N2 [PRO.[CONJ,NIL]] A2[PRD,[CONJ,and]] 

A2

a republican

CO

I
and

proud of it

U nfortunately, we can n ot ju st transfer this analysis d irectly  to  the E urotrian  
m odel, because o f  the stratificational design o f  the system  w hich  im plies that 
different in form ation  is com p u ted  at different levels. T h is  m eans that w e can not 
access the in form ation  a b ou t the syn tactic  fu n ction  o f  the con stituen ts at E C S  
because it is not com p u ted  before  the next level. W e have to  w rite  rules for 
all possible com bination s o f  constituents at E C S . T h e  result is a  provisional 
overgeneration  at E C S  before  the va lidation  o f  the con stru ction s  can  take p lace 
at E R S  and IS.

4.2 Incomplete Constituents

T h e  m ost well know n accou nt for the coord in a tion  o f  in com plete  constituents 
is p rob a b ly  the generative on e ad voca ted  b y  C h om sky  in 1965. A cco rd in g  to  
C hom sky, a  coord in a te  surface structure is derived b y  m eans o f  con ju n ction  
reduction  from  tw o parallel sentences in the deep  structure.

Surface structure (1 ) H an elskede huset o g  haven

= >

D eep  structure (2 ) H an elskede huset
(3 ) H an elskede haven

Sim on D ik  (1972) led this th eory  ad absurdum  w ith  an exam ple like the 
follow ing, w hich  he claim s leads to  81 different sentences in the deep  structure.
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Surface stru ctu re  (4 )

= >

D eep  stru ctu re 4.1.

4.2.

4.3.
4.4.

John  o g  K arl og  K u rt sælger 
æ bler o g  pæ rer o g  bananer i 
K øben h avn , O dense o g  Å rhus 
m andag, tirsdag og  onsdag

John sæ lger æ bler 
i K øb en h a vn  m andag. 
K arl sæ lger pæ rer 
i O dense tirsdag.
K u r t ___
etc. til 81.

T h e  qu estion  is n ow , w hether con ju n ction  redu ction  really is an irrelevant 
rule o r  w hether the con cep t or  som e instance o f  it cou ld  be  useful. From  the 
p o in t o f  v iew  o f  m ach ine translation  on e o f  the first th ings to  be  investigated is 
the translational relevance. C onsider the follow ing exam ples:

(5 ) I kn ow  the w om an  w h o painted _  and you  m et the m an w h o stole  the 
p ictu re  that H arry was so  fon d  o f  _

(5 a ) je g  kender den  kvin de som  m alede _  o g  du m ød te  den m and, som  stja l det 
b illede, som  h arry var så glad for  _

(5 b ) * ich  kenne die Frau, d ie _  m alte  und du trafst den M ann, der dafi B ild  
stah l, das H arry _  so  gern m och te

(5 c ) ich  kenne d ie  Frau, d ie  das B ild , dafi H arry so  gern m och te, m alte, und du 
tra& t den  M ann, der es stahl.

In th e  E nglish  and  D anish  sentences th e  rules for  ‘ A cross-th e-board  extrac­
t io n ’ seem  to  be  the sam e and w e can  p rod u ce  a  sim ilar surface structure. In 
the translation  in to  G erm an  (5 b ) it is ob v iou s  that the sam e m echanism  does 
n ot w ork  and  that the sentence is ungram m atical. In G erm an, different operar 
tions have to  take p lace i f  we w ant to  create  an adequate translation . In order 
to  d o  th is, th e  G erm an  gen eration  m odu le  m ust have access to  the com plete  
in form ation .

(6 ) John  offered  _  and H arry gave Sally a  C adillac 

(6 a ) John  tilb ød  _  o g  H arry gav  Sally en Cadillac

(6 b ) *Joh n  b o t  _  (a n ) und  H arry g a b  Sally einen C adillac

In (6 ) - (6 b )  the sam e prob lem  arises, here tw o constituents are extracted  
from  the first con ju n ct and  again  an equivalent surface realization  is im possible 
in  G erm an  becau se  o f  the detach ed  preposition  “ an” . (7 ) show s that this type 
o f  e x tra ction  is possib le  i f  th e  verb  does n ot have a  detach ed  prefix.

(7 ) John  verkaufte und H arry g a b  Sally einen C adillac
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In (8 ) - (8 b )  an equivalent structure can n ot b e  bu ild  neither in D anish  nor in 
Germ an.

(8 ) John put the b o o k  away and _  the glass on  the table 

(8a) *john  legte das buch  w eg und _  das glas a u f den tisch 

(8 b ) * joh n  lagde b ogen  væ k  og  _  glasset p å  bordet 

(8aa) John legte das B uch  w eg und stellte das G las a u f den T isch

T h e  verb “p u t”  is translated differently dep end ing  on  the nature o f  the o b ­
je c t  it takes— either to  “ legen” / “ læ gge”  or  to  “ stellen” / “stille” in  G erm an  and 
D anish. A  new  verb  m ust be  in trodu ced  in the tw o target languages to  ensure 
the correct translation  o f  the secon d  part o f  the clause to  m atch  the sem antic 
features o f  the o b je c t .

In these cases a  com pletion  o f  the in com plete  con stituen ts b y  filling the gaps 
w ould  m ake the trajislation  m uch easier.

5 Some Solutions
From  the exam ples in section  4 it is obv iou s  that in som e cases gaps have to  be  
filled at IS. W e can not be  sure that the in com plete  con stituen ts have equivalents 
in the target language. T h e  process o f  redu ction  and extraction  is m on olin gu ally  
determ ined and heavily  in fluenced by  ph en om en a  as surface syn tax , h om on ym y 
and selectional properties o f  lexical item s. T h is  m eans that we have to  leave it 
up to  the target level generator to  p rod u ce  the correct degree o f  redu ction  on  the 
basis o f  the m axim al structure at IS. H ow ever, there is n o  need to  treat every 
typ e  o f  coord in ation  as a redu ction . T h is  w ou ld  lead to  rid icu lous m u ltip lication s 
o f  the structures as a lready n oted  b y  D ik.

T herefore , as a  w orking strategy  we are pursuing the fo llow in g  approach  to  
these problem s:

W e distinguish  tw o types o f  coord in ate  structures:

1. C oord in ation  o f  argu m en ts/m od ifiers

2. C oord in ation  o f  governors

5.1 Coordination of Argum ents/M odifiers

In case o f  coord in ation  o f  argu m en ts/m od ifiers  the redu ced  stru ctu re is n o t re­
built at IS, but sim ply kept as the coord in a tion  o f  tw o o r  m ore  con stituen ts as 
in figure 6, which iUustrates the fo llow in g  sentence:

(9 ) John  and P eter left
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GOV

leave
ARGl

NP (and) 

1
CONJ CONJ
NP NP

john peter

Figure 6:

5.2 Coordination of Governors

In case o f  coord in a tion  o f  governors (10 ) the m issing argum ents are inserted and 
co in d exed  w ith  the corresp on d in g  constituents in the first con ju n ct in order to  
create com p le te  structures as in figure 7, w here the coord in a tion  o f  the tw o verbs 
is tran sform ed  in to  the coord in a tion  o f  tw o sentences. O n ly  the valency bound  
argum ents are cop ied  to  ensure the com pleteness and coherence o f  the structure 
ciccording to  the defin ition  o f  the IS structure.

(1 0 ) W e gathered  and m arched for  several hours

(and)

CONJ

S

„ 1 ___

CONJ

S

GOV
1

ARGl
1

GOV
1

ARGl
1

MOD
11

n
1
NP

1
n

1
NP

1
PP

gather wei march ei for three

Figure 7:

T h e  com p letion  o f  the coord in a ted  structure also takes p lace i f  m ore than 
on e  gap  is fou n d  in the coord in a ted  stru ctu re as in  (8 ) above , w here the second 
part o f  the stru ctu re  consists on ly  o f  the o b je c t  (the glas) and the m odifier (on  
the ta b le ). In this case b o th  the su b je ct and the verb  are inserted and coindexed .
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T hus, in com plete  structures are on ly  m ade com p le te  i f  we are dealing w ith  
the coord in ation  o f  governors or  sm all clauses. W e believe that a  large am ount 
o f  problem  cases can  b e  solved  in this way.

6 Conclusion
A lth ou gh  the th eory  for  basic coord in ation  is well d eve loped  and well fu n ction in g  
in the E U R O T R A  system , there are still a  num ber o f  p rob lem s that w e have not 
m entioned here i.e. the role  o f  n egation  in  coord in a te  structures, the ca lcu lation  
o f  features, the determ in ation  o f  the categoria l status o f  a  coord in a te  structure 
that consists o f  unlike constituents etc. Som e o f  these have been  solved  w hereas 
others still are the to p ic  o f  on go in g  research.

For com p lex  coord in ation  the p icture is m ore  unclear since we have to  deal 
w ith gapp in g  b o th  & om  a  m onolingual and a  translational p o in t o f  view . H ow ­
ever, we believe that the com parative  research w ill g ive  fru itfu l input to  the 
m onolingual analysis.
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G udrun Magnusdottir

Collocations in Knowledge Based 
Machine Translation

Abstract

In order to generate colloquial language within the computational lin­
guistics paradigm the problems of co-occurrence must be solved. As of 
yet research on co-occurrence has mostly focused on problems of syntax 
and selectional restrictions to describe the contextual relation within the 
sentence. Collocations and idioms have been neatly put aside as a unified 
problem to be dealt with in the lexicon or not at all.

In this paper collocations are defined according to the principles of 
semantics and a suggestion as to how to work on the retrieval of coUoca^ 
tions, focussing on adjective noun constructions, from a text corpus will 
be made.

The research was carried out at the Center for Machine Translation, 
Carnegie Mellon University, together with Sergei Nirenburg and heavily 
inspired by Professor AUen’s (Allén et al’s 1975) work on collocations.

1 Defining Collocations
Id iom s and co llo ca tion s  are tw o very different prob lem s on  a  sem antic level. 
T h e  early  defin ition  o f  co llo ca tion s  (F irth  1957, B enson  1985) as be in g  anything 
th at frequently  co -o ccu rs  can  n o  longer b e  accep ted . T h is  definition  d iscards the 
p rin cip le  o f  syn tactic  a tom s and w ou ld  thus in clude such frequent patterns as 
‘ it is ’ e tc . A d d in g  the constra in t o f  a tom icity  w ould  elim inate such patterns but 
w ou ld  ngt be  sufficient to  d istinguish  betw een id iom s and co llocation s.

C o llo ca tion s  are a  string o f  w ords that co -o c cu r  under restrictions n ot de­
finable b y  syn tax  n or selection al restrictions alone. T hese restrictions can be 
referred to  as lex ica l restrictions since the selection  o f  the lexical unit is not 
con cep tu a l, thus syn onym s can n ot rep lace the co llo ca te . T h e  m eaning o f  a  co l­
lo ca tion  is com p osition a l w hereas the m eaning o f  an id iom  is not.

C o llo ca tion s  are com p osition a l w ith  hierarchical relations am on g the lexical 
units. T h e  previous stru ctu ral surface defin ition  including a  head, as the main 
w ord  in the con stru ction , and a  co llo ca te , as the su pportin g  w ord  is acceptable  
as is.

204



GuSriin Magnusdottir: Collocations in MT 205

2 Detecting Collocations in a Text
A  m ulti-w ord  id iom  often  v iolates selectional restrictions due to  m etaph orica l 
use o f  w ords w hereas a  co llo ca tion  will n ot. T hu s an id iom  m ay be  d etected  in 
failing parses w here a  co llo ca tion  w ill b e  parsed undetected . C o llo ca tion s  are 
‘perm itted  pattern s ’ in contrast to  id iom s that are o ften  ‘p roh ib ited  p a ttern s ’ 
w ithin the selectional restriction  fram e.

P erm itted  pattern : ‘ large cok e ’

P roh ib ited  pattern : ‘as large as life ’

T h e  borderline betw een  the tw o is d ifficult to  draw . Such questions as is ‘ shin­
ing tru th ’ a  co llo ca tion  or  an id iom  axe indeed  n ot easily  answ ered. O b je c ts  that 
‘ shine’ have the p roperty  TO_REFLECT_LIGHT and are +C0NCRETE. T h e  p rop erty  
list o f  ‘T ru th ’ does not include these and shou ld  they  be  added  it w ou ld  result 
in extrem e over-generation  togeth er w ith  the p ossib ility  o f  fau lty  parses. T hu s 
‘T ru th ’ can not ‘sh ine’ excep t in a  id iom atic  sense and  w ill therefore b e  treated  
as an id iom .

A m bigu ities m ay arise betw een an id iom atic  m eaning and  n on -id iom atic . 
SimUaxly, am biguities m ay arise betw een a co llo ca tion a l m ean ing and non  co llo ­
cational m eaning as in the exam ple:

D ecide  on  a  boa t.

W h ere ‘o n ’ is a  preposition  or  a  co llo ca te . O ut o f  con tex t the sentence has 
tw o m eanings and there is n o  w ay o f  decid in g  w hich  is the right one. In such cases 
con textu a l in form ation  is the on ly  d isam bigu atin g  fa ctor . T h u s the m anual la b or  
involved w hen w orking on  co llo ca tion s  w ill involve go in g  th rou gh  the corp u s to  
detect the co lloca tion s  as well as system atica lly  entering them  in a  lex icon .

R etriev ing  co lloca tion s  is not an easy task for  a  native speaker, s im ply  due 
to  the fact that a  co lloca tion  is the natural w ay o f  expression  that is m ore  easily 
d etected  th rou gh  v iola tion s in generation , in the ou tp u t from  a  natural language 
system  o r  a  n on -n ative  speaker. It w ou ld  b e  futile  to  p rov id e  a  hum an user w ith  
the sam e in teractive know ledge acqu isition  to o l to  w ork  on  b o th  co llo ca tion s  and  
idiom s.

C onsider the sentences

T here  is a  little  light in the w indow .
T here  is a  sm all light in the w indow .

T h e  lem m a ‘ ligh t’ has three different lexem es in L on gm a n ’s, lexem e on e , the 
noun, has sixteen senses. O f  these the first five are m ost likely to  ap p ear in 
technical texts.

L ight (ca t NOUN) 
sense 1: natural force  U 
sense 2: source o f  light C 
sense 3: su pp ly  o f  light U 
sense 4: light (as tim e) U 
sense 5: set burning C

p roperty : QUANTITY 
p rop erty : SIZE
p rop erty : STRENGTH, QUALITY 
p rop erty : QUANTITY 
p roperty : QUANTITY
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T h e  abbrev ia tion  ‘U ’ stands for  u ncou n table  cind ‘ C ’ for  cou ntable . T h e  ad­
je ct iv e  little  has fou r senses, linked to  three scales.

L ittle— (ca t  ADJ)
sense 1: sm all scale: SIZE
sense 2: sh ort - tim e scale: TINE 
sense 3: you n g  scale: AGE
sense 4: (id iom a tic )

T h e  scale QUANTITY, w hich  is p rob a b ly  the m ost frequently  used m eaning o f  
‘ little ’ , is n ot present in  the d iction ary  definition . It m atches senses one, four, 
and  five o f  ‘ ligh t’ .

T h e  a d jective  ‘ sm all’ has seven senses in L on gm an ’s. T h e  last fou r have no 
relevance as to  scaler m eanings.

Sm all (ca t A D J )
sense 1: little  in size. scale: SIZE

w eight. scale: WEIGHT
force. scale: STRENGTH
im portan ce scale: IMPORTANCE

sense 2: d o in g  on ly  a  lim ited  
am ount o f  X scale: ACTIVITY

sense 3: very  little, slight 
(w ith  U  nouns) scale: QUANTITY

Sense on e  o f  ‘sm all’ is very  heavily  com p iled , for  w hatever reason. T h e  scales 
o f  the tw o ad jectives can  b e  linked to  the p roperties o f  the tw o con cep ts in a) 
and b ).

a ) L igh t($ IS -T 0 K E N -0 F  LIGHT)
b ) L ig h t($ IS -T 0 K E N -0 F  LIGHT-BULB)

W h ere  a ) represents sense on e  w ith  the p roperty  QUANTITY, that given a 
m od ifier  w ith  a  qu antita tive  m eaning, w ill g ive access to  a  certain  position  on 
the sca le  QUANTITY. In this case the p osition  is represented b y  ‘sm all’ and  ‘ little ’ 
as equivalent synonym s.

Sense tw o is represented b y  b ) w ith  the p rop erty  SIZE that sim ilarly gives 
th e  p osition  on  th e  scale SIZE, representing the equivalents ‘sm all’ and ‘ little ’ .

A s  for  analysis this seem s futile, since input texts are regarded as correct 
and the ad jective  is a lready  present. H ow ever it is not possible to  access an 
u nam bigu ou s result. P arsing at its best, and lex ica l m appin g  i.e. m apping  surface 
expressions to  con cep ts , w ill g ive  tw o p ossib le  con cep ts , in a case w here there is 
n o  am biguity. T h u s lex ica l restrictions w ou ld  disam biguate betw een the con cepts.

In gen eration  the w ron g  ch o ice  o f  ad jectives w ill lead to  a  w ron g  interpretar 
tion  b y  the reader.

In order to  b e  ab le  to  generate any in form ation  regarding these links the 
sentences need to  b e  analyzed  con cep tu a lly , that sort o f  analysis is on ly  provided 
b y  kn ow ledge based form alism s using on to log ies and hum an in teraction  to  ensure 
u nam bigu ou s results from  th e  sou rce language analysis.
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3 Knowledge Based Machine Translation
A t the C enter for  M^lchine T ranslation , C arnegie M ellon  U niversity, research has 
been carried ou t for som e years on  know ledge based m ach ine translation . T h e  
m ost recent result is a  p ro to ty p e  system  (K B M T -8 9 ) delivered to  the financier, 
IB M  Japan, in febru ary  1989.

T h e  p ro to ty p e  system  consists o f  different m odu les for  natural language anal­
ysis, know ledge acqu isition , and natural language generation . T h e  system  is an 
interlingua system  relying on  hum an in teraction  for  d isam bigu ation  o f  m ultip le 
parsing results. T h e  user is aided in the d isam biguation  process b y  the A u g - 
m entor, a  specia lly  bu ilt in teraction  com pon en t that a llow s the user to  ch oose  
betw een the am biguities at hand. T h e  result is a  m eaning representation  (inter­
lingua) that is then the input o f  the generation  com pon en t.

T h e  analysis is based on  a  L F G  like gram m ar togeth er w ith  the sem an­
tics present in the know ledge base o r  the on to logy , th e  surface expressions are 
m apped  on  to  the con cep ts in the on to lo g y  g iv ing  op tim a l grou nds for  know ledge 
acquisition .

D ue to  the fact that the result from  the analysis and hum an in teraction  
is unam biguous w ith  linlcs to  the correct con cep ts , a  filter for  generation  and 
disam biguation  for  the analyzed  language can  b e  generated . H ow  this is t o  b e  
system ized w ill be  published in a  fo rth com in g  paper.
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Susanne Nøhr Pedersen

The Treatment of Support Verbs
and Predicative Nouns 

in Danish

Abstract

This paper will be a short examination of the notions of support verbs 
(e.g. ‘make’) and predicative nouns (e.g. ‘estimation’ ). A support verb and 
a predicative noun form a support verb construction (e.g. ‘Peter made an 
estimation of the damage’).

The governing element in a support verb construction is the predicative 
noun whereas in a phrase like ‘Peter wanted an estimation of the damage’ , 
the verb is the governing element. The main criteria for identifying support 
verb constructions as well as some of their properties will be mentioned.

From a translational point of view problems are likely to arise if support 
verb constructions are treated compositionally as the choice of support 
verb for a given predicative noun in the target language is not predictable 
from the source language support verb.

1 Introduction
O n e o f  the secon dary  goa ls o f  the E u rotra  p ro je ct has been  to  encourage co llab ­
ora tion  betw een academ ics w ith  different scientific backgrounds, w ith  a  conse­
quent need to  understand b o th  a lternative fram ew orks and m ore specific notions 
in th ose  fram ew orks. T h is  secon dary  g oa l o f  E u rotra  has found a  realisation in 
th e  w ork  on  su pport verb  con stru ctions.

T h e  n otion  o f  su p p ort verb  con stru ction s  orig inates from  H arris (1962) and 
has later been  used w ith in  th e  lingu istic paradigm  defined in G ross (1968, 1975, 
1983, 1988). In E u rotra  the n otion  has been  presented by  L aurence D anlos —  
E u rotra  F rance w h o  has been  w ork ing w ith  M au rice  G ross. S ince early spring 
th is year language grou ps in France, G erm any and D enm ark have participated 
in an exam ination  o f  the n otion  in  their p rop er language.

T h e  fo cu s  in this paper w ill b e  on  cases w here a  su pport verb  constru ction  
in th e  sou rce  language corresp on d s to  a  su p p ort verb  con stru ction  in the target 
language.
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In the fo llow in g  the translational relevance o f  su p p ort verb  con stru ction s 
will be  treated in section  2, a  defin ition  and  som e criteria  for  su p p ort verb  
con stru ctions will b e  g iven in respectively  section  3 and  4. In section  5 a  few  
properties will b e  m entioned  and then finally  in section  6 it w ill b e  discussed 
how  su pport verb  con stru ction s m ay b e  represented in the E u rotra  In terface 
Structure (IS ).

T h e  D anish exam ples given below  are fo llow ed  b y  literal E nglish  translations.

2 Translational Relevance
A part from  bein g  ‘ fu ll verbs ’ as e.g . ‘P eter has a  girl fr ien d ’ , a  lim ited  grou p  o f  
verbs can  a lso  b e  su pport verbs emd thus be  part o f  a  su pport verb  con stru ction .

T yp ica l su p p ort verbs are ‘H A V E /H A V E ’ (in d flyd e lse /in flu en ce ), ‘L A V E / 
M A K E ’ (en  u n dersøgelse /an  exam in ation ), ‘F O R E T A G E /M A K E ’ (en  undersøg- 
e lse /a n  exam in ation ), ‘G 0 R E /M A K E ’ (b ru g /u s e ), ‘B E G Å /C O M M I T ’ (en  for - 
b ry d e lse /a  crim e), ‘T A G E /T A K E ’ (forh oldsreg ler/m easu res). W h a t is com m on  
to  these verbs is the fact that they  are rather em p ty  o f  m eaning.

T h is m eans that these verbs are very  likely to  cause prob lem s in m achine 
translation . T o  illustrate this, let us con sider a  few  French sentences an d  their 
correspon d in g  translation  in to  D anish:

(1 ) Jean F A IT  U N E  E S T IM A T IO N  D E S D E G  A T S  = >

Jean F O R E T A G E R  E N  V U R D E R IN G  a f ødelæ ggelserne 

(Jean m akes an estim ation  o f  the dam age)

(2 ) Jean F A IT  U N  R E S U M E  du  livre = >

Jean L A V E R  E T  R E S U M E  a f bogen  

(Jean  makes a  sum m ary o f  the b o o k )

(3 ) Jean F A IT  U N  C R IM E  con tre M arie = >

Jean B E G Å R  E N  F O R B R Y D E L S E  m o d  M arie 

(Jean  com m its a  crim e against M arie)

(4 ) Jean F A IT  U N E  C O N V E R S A T IO N  avec M arie = >

Jean F Ø R E R  E N  S A M T A L E  m ed M arie 

(Jean  has a talk  w ith  M arie)

W h a t these sentences share is that th ey  all con ta in  the French verb  ‘fa ire ’ . 
From  the sentences it can  b e  seen (n o t very  surprisingly) th at th ey  are all trans­
lated in to  different verbs in D anish . T h is  w ou ld  cause a  lo t o f  prob lem s i f  we
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ch ose to  translate com p osition a lly  (i.e . verb  to  verb and noun to  n ou n ). It would 
b e  extrem ely  difficult —  i f  n ot im possib le  —  to  m ake rules for how  ‘fa ire ’ in a 
g iven sentence shou ld  b e  translated.

T h e  reasons w h y we d o  n ot solve th e  translational prob lem  sim ply  b y  m aking 
com p lex  lex icon  entries saying that e.g . the French ‘fa lre jestim ation ’ has to  be  
translated  in to  the D anish  ‘foretage .vu rd erin g ’ are abundant. O n e reason is that 
this so lu tion  w ill lead to  an en orm ou s num ber o f  ad h o c  lex icon  entries. A nother 
reason is that this treatm ent w ill on ly  b e  a  listing o f  prob lem  cases and not a 
th eoretica lly  w ell-fou nded  solu tion .

T h u s as we reject the idea  o f  com p lex  lex icon  entries and  can not predict the 
translation  o f  the sou rce language verb  on  the basis o f  the verb  itself, we have 
tried  to  take the noun  as ou r  starting poin t.

3 Definition of a Support Verb Construction
A  su p p ort verb  con stru ction  (S V C ) as e.g .:

(5 ) P eter  foretager en vurdering  a f ødelæ ggelserne 

(P eter m akes an estim ation  o f  the dam age)

con sists o f  a  su pport verb  (fo re ta g e /m a k e ) and a  pred icative noun (v u rd erin g / 
estim ation ).

T h e  pred icative  noun  is a  noun  that has a  valency fram e and thus can have 
com plem en ts like verbs. A  su p p ort verb  has n o  fram e o f  its ow n. Instead a 
su p p ort verb  ‘ inherits ’ the fram e o f  the pred icative noun . C onsequently, it is the 
p red ica tive  noun th at is the fram e-bearin g  elem ent and N O T  the su pport verb 
‘fo re ta g e /m a k e ’ .

4 Criteria for Identification of Support Verb 
Constructions

A ) T o  a  given  su p p ort verb  con stru ction :

(5 ) P eter foretager en vurdering  a f ødelæ ggelserne 

(P eter m akes an estim ation  o f  the dam age)

there m ust corresp on d  a  p red icative  noun  grou p , e.g .

(6 ) P eters vu rderin g  a f  ødelæ ggelserne 

(P e te r ’s estim ation  o f  the dam age)

w hose head is a  p red icative  noun . In such a  pred icative n oun  grou p  the ‘agen t’ 
(ca lled  a r g l )  is in gen itive  and the elem ent w hich  correspon d s to  the o b je c t  for 
the a ction  ‘v u rd er in g /estim a tion ’ (ca lled  arg2) is n orm ally  realized as a  ‘p p ’ w ith 
the p rep osition  ‘a f ’ (o f ) .



T h e  content o f  a  sentence w ith  a  full verb  as e.g . ‘ om ta le ’ (m en tion ):

(7 ) P eter om taler en vurdering  a f ødelæ ggelserne 

(P eter m entions an estim ation  o f  the dam age)

can not be  fu lly  rendered b y  a  pred icative noun grou p  as (6 ):

(6 ) ^  P eters vurdering  a f  ødelæ ggelserne 

(P eter ’s estim ation  o f  the dam age)

A n  ord in ary  verb  has m ore ‘m ean ing ’ than can  p ossib ly  b e  rendered b y  a  
predicative noun grou p .

So the first criteria  is that there m ust be  a  reference iden tity  betw een  a  
predicative noun  grou p  and a  S V C -con stru ction  in contrast to  a  con stru ction  
w ith  a ‘fu ll’ verb .

B ) In som e sense B ) follow s from  A ) in that a  su p p ort verb  con stru ction  does 
N O T  a ccep t an insertion  o f  a  log ica l su b je ct for  the pred icative  noun  th at is 
different from  the gram m atica l su b ject o f  the sentence:

(8 ) *P eter foretager Johns vurdering a f  ødelæ ggelsen  

(P eter makes J oh n ’s estim ation  o f  the dam age)

T hus a  su pport verb con stru ction  such as:

(9 ) P eter foretager en vurdering  a f  ødelæ ggelserne 

(P eter makes an estim ation  o f  th e  dam age)

differs from  a  con stru ction  w ith  an ‘ord in a ry ’ full verb  as in:

(10) P eter om taler en vurdering a f ødelæ ggelserne 

(P eter m entions an estim ation  o f  the dam age)

where a  su b je ct for  the pred icative noun can  b e  added  w ith ou t changing the 
accep tab ility  o f  th e  sentence:

(11) P eter om ta ler Johns vurdering a f  ødelæ ggelserne 

(P eter m entions J oh n ’s estim ation  o f  the dam age)

So the secon d  criteria  is that it m ust n ot b e  possib le  to  insert a  log ica l su b ject 
for  the pred icative n oun  w hich  is different from  the su b ject o f  the verb .
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5 Properties
Apsirt from  the criteria  ju st m entioned , su pport verb  con stru ction s  in Dfinish 
are characterized b y  a  num ber o f  properties . T h e  fo llow in g  properties are N O T  
criteria used for  identification  o f  su pport verb  con stru ction s —  how ever they  
reveal a  clear ten den cy  w ith  respect to  beh av ior o f  su p p ort verb  con stru ction s. 
B u t as we can  on ly  speak  o f  tendencies they  can n ot be  used as criteria.
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5.1 Clefting

5.1.1 Constructions with the Preposition ‘af’ (of)
L e t ’s on ce  again  g o  back  to  sentence (1 ) and (3 ) to  see w hat happens i f  the 
sentences are cleft:

(1 2 ) D et er en vu rderin g  a f  ødelæ ggelserne, P eter foretager

[ N pred  prep  N  ]

(It is an estim ation  o f  the dam age, P eter m akes)

(1 3 ) D et er en vu rderin g  a f  ødelæ ggelserne, P eter om taler.

[ N pred  prep  N  ]

(It is an estim ation  o f  the dam age, P eter m entions).

T h is  show s that th e  sequence N pred  prep  N  is on e con stituen t (on e  com p lex  
n om inal g rou p ). H ow ever, it is a lso  possib le  to  p lace  ‘vu rderin g ’ (estim ation ) 
and  ‘ødelæ ggelse ’ (d am age) separately  in focu s:

(14 ) D et er en vu rdering, P eter foretager a f ødelæ ggelserne.

(It is an estim ation  P eter m akes o f  the dam age).

(1 5 ) D et er en vu rdering, P eter om taler a f  ødelæ ggelserne.

(It is an estim ation  P eter m entions o f  th e  dam age).

(1 6 ) D et er a f ødelæ ggelserne, P eter foretager en vurdering.

(It is o f  the dam age P eter m akes an estim ation ).

(1 7 ) D et er a f  ødelæ ggelserne, P eter om taler en vurdering.

(It is o f  the dam age P eter m entions an estim ation ).

T h e  exam ples in (1 2 ) - (1 7 )  are perhaps n ot interesting observations in them ­
selves as th ey  are all con sidered  to  b e  correct sentences in D anish. B ut they 
ou gh t to  b e  com p a red  w ith  th e  exam ples g iven below .

5.1.2 Constructions where the Preposition is Different from ‘af’ (of)
In cleft sentences w here the p reposition  is different from  ‘ a f ’ (o f )  a  different 
result can  b e  observed :

(1 8 ) D et er et overfald  p å  M arie, L u c har begået.

(It is an a tta ck  on  M arie, L u c has com m itted )

(1 9 ) D et er et overfa ld  p å  M arie, L u c har om talt.

(It is an a ttack  on  M arie , L u c has m en tioned ).
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T h e difference can  b e  observed  w hen ‘overfa ld ’ (a tta ck ) and  ‘p å  M arie ’ (on  
M arie) are p laced  separately  in focus:

(20) D et er et overfald , L u c har begået på  M arie.

(It is an attack , L uc has com m itted  on  M arie).

(21) *D et er et overfa ld , L u c har om ta lt p å  M arie.

(It is an attack , L u c has m entioned on  M arie).

(22) D et er M arie, L u c har begået et overfa ld  på.

(It is M arie, L u c has com m itted  an a ttack  on )

(23) ’"D et er M arie, L u c har om ta lt et overfald  på.

(It is M arie, L uc has m entioned  an attack  on )

In contrast to  ord inary full verbs, su pport verb  con stru ction s ciccept a  sp lit­
ting w hen the preposition  is different from  ‘a f ’ (o f ) .  H ow ever it shou ld  b e  exam ­
ined m ore carefu lly  before  w e con clu d e  that all preposition s different from  ‘a f ’ 
(o f )  behave in this way.

5.2 W H -questions

It is not possib le  to  ask w h-questions to  a  su p p ort verb  con stru ction :

(24) ’"H vad har P eter taget i dag? E t in itiativ .

(W h a t has P eter taken to d a y ?  A n  in itiative).

(U nless the question  is asked in a  con versation  b y  th e  person  listening w here 
h e /sh e  d id  n ot grasp the con ten t at first.)

T h is  is how ever fu lly a ccep tab le  in con n ection  w ith  an ord in ary  full verb :

(25) H vad spiser du i dag? K ager fra  kantinen.

(W h a t d o  you  eat tod a y ?  Cakes from  the can tin e).

5.3 Modification of SVC s by A d jectiv e /A d  verb

O ften in con n ection  w ith  adverbs o f  m anner the fo llow in g  possib ility  fo r  m aking 
a  paraphrase can  b e  observed :

(26) P eter foretog  en h u rtig /om h ygge lig  vurdering a f ødelæ ggelserne.

(P eter m ade a  q u ick /ca re fu l estim ation  o f  the dam age)

= >

(27) P eter foretog  h u rtig t/om h ygge lig t vurdering a f ødelæ ggelserne.

(P eter m ade q u ick ly /ca re fu lly  an estim ation  o f  the dam age)

In rare cases m od ifica tion  b y  m eans o f  ad jectives and adverbs is a lso  fou n d  
in con nection  w ith  ord in ary  full verbs as e.g .:
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(2 8 )  a. P eter dralc en hurtig  kop  kaiFe.
(P eter  drank  a  qu ick  cu p  o f  coffee) 

b . P eter drak  hurtigt en  k op  kaffe.

(P eter  drank qu ick ly  a  cu p  o f  coffee)

bu t is n ot p ossib le  w ith ou t changing the m eaning w hen the full verb is follow ed 
b y  a  p red ica tive  noun:

(2 9 ) a. P eter om ta lte  et hurtigt overfa ld  p å  M arie.
(P eter  m en tioned  a  qu ick  attack  on  M arie)

b . P eter om ta lte  hurtigt et overfald  på  M arie.
(P eter  m en tioned  qu ick ly  an a ttack  on  M arie)

6 Aspectual Variants
A  given  p red ica tive  noun o ften  has the possib ility  o f  bein g  ‘ su p p orted ’ b y  dif­
ferent verbs as e .g .:

(3 0 ) P eter har ansvaret for  rapporten

(P eter has the responsib ility  for  the rep ort)

(3 1 ) P eter tager ansvaret fo r  rapporten

(P eter takes the respon sib ility  fo r  the rep ort)

(3 2 ) P eter beh o ld er ansvaret fo r  rapporten  

(P eter keeps the respon sib ility  for  the rep ort)

T h e  different sentences a b ove  express d ifferences w ith  respect to  aspectual 
values. A sp ectu a l variants are ca lled  V asp. In (3 0 ) the V asp is ‘neutral’ , in (31) 
‘ in ch oa tive ’ , in (3 2 ) ‘d u ra tive ’ . T y p ica lly  a  pred icative noun does not have all 
aspectu a l com bin ation s. T h u s a  pred icative  noun such as ‘an greb ’ (a ttack ) is not 
likely to  have an aspectu a l variant expressing an ‘ iterative ’ aspect o r  a  ‘ term i- 
n a tive ’ aspect.

I f  the sentences (30 ) to  (3 2 ) are transform ed in to  relative clauses w here the 
pred icative  noun  is the antecedent o f  the relative pronoun  as in:

(33 ) A nsvaret, som  P eter har for  rapporten

(T h e  respon sib ility  that P eter has for  the rep ort)

(34 ) A nsvaret, som  P eter får for  rapporten

(T h e  respon sib ility  that P eter gets for  the rep ort)

(3 5 ) A nsvaret, som  P eter beh o ld er for  rapporten

(T h e  respon sib ility  that P eter keeps for  the rep ort)
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a  difference appears. O n ly  (33 ) renders fu lly  the m eaning expressed  b y  th e  ac­
tive nom inal grou p , ‘P eters ausvar for  ra p p orten ’ (P e te r ’s responsib ility  fo r  the 
rep ort). A n d  this is w hat distinguishes a  V su p  w ith  V a sp = n eu tra l from  a V su p  
w ith V asp different from  ‘ neutral’ .

6.1 W hich Factors Decide the Choice of Vasp?

O n  the on e  hand it is the pred icative noun that selects its su p p ort verb . O n  
the oth er hand the su pport verb w ith  V asp =  neutral decides w hich  aspectu al 
vziriants a given su p p ort verb con stru ction  can  have.

7 How to Represent Support Verb Construc­
tions?

A s poin ted  ou t in section  2, the fo llow in g  IS (interface stru ctu re) representation  
o f  e.g. ‘ Jean fait une estim ation  des ddgats ’ is likely to  cause severe problem s:

(36) cat = S, tense=present

gov argl arg2
cat=v

1
cat=np

1
cat=np

1

faire cat=n gov arg2
Pierre cat=n cat=n

I
estimation d6g&t

as there is n ot on ly  on e possib le  translation  in to  D anish  o f  th e  French verb 
‘fa ire ’ . Let us assum e that we have fou r different translation  possib ilities (see the 
exam ples ( l ) - ( 4 ) )  o f  ‘fa ire ’ in the transfer lex icon  betw een  French and D anish. 
T h e  con sequ ence w ill b e  that we get fou r results in D anish  that are n ot all co rrect 
translations o f  the input sentence.

I f  instead as in (37 ) the pred icative n oun  (the fram e bearin g  elem ent) becom es 
governor o f  the sentence:

(37) cat = S, tense=present

gov
cat=n

I
estimation
VBup=faire
vasp.incho=none
vasp_iter=none
vasp_dur=none
vasp.tem^one
aspect=neuter

argl arg2
cat=np

1
cat=np

1

cat=n cat=n
Pierre ddg&t
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a  sim ple tran slation  —  from  F R :estim ation  to  D A ivu rderin g , from  F R :P ierre  
to  D A :P eter , e tc . —  can  take p lace  in the transfer m odu le betw een the tw o 
languages.

N ext, on  IS synthesis the noun ‘vurdering ’ is look ed  up  in the D anish m on o­
lingual lex icon  w here the d iction a ry  entry  for ‘vu rderin g ’ contains in form ation  
a b ou t w hich  su p p ort verb (s ) the pred icative noun can  b e  con stru cted  w ith. T h e 
D anish  IS representation  will be  the follow ing:

(38) cat = S, tense=present

argi
cat=np

I
cat=n
Peter

arg2
cat=np

I
cat=n

ødelæggelse

gov
cat=n

I
vurdering
vsup=foretage
vasp_ incho=none
vasp_iter=none
vasp_dur=none
vasp_term=none
aspect=neuter

F in ally  betw een  IS synthesis and  E R S (i.e. E u rotra  R elational Structure) an 
insertion  o f  the D anish  su p p ort verb as govern or o f  the sentence takes place 
w ith  the result that on  E R S  and E C S  (i.e . E u rotra  C onstituent S tructure) the 
stru ctu re o f  the su p p ort verb  con stru ction  is the sam e as the structure o f  a 
sentence w ith  any o th er verb.

8 Final Remarks
W e have now  dem on strated  that the n otion  o f  su p p ort verb con stru ctions is also 
a p p licab le  to  D anish . M oreover we have show n that the n otion  is also useful in 
m ach ine translation  becau se  it can  b e  left to  the target language to  generate and 
insert the correct su pport verb  in a  sentence.
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K laus Schubert

Kunskap om världen eller kunskap om
texten?

En metod för korpusstödd maskinöversättning

Abstract
World Knowledge or Text Knowledge?

A Method for Corpus-based Machine Translation 
As the scope aind the quality demands on machine translation systems 

increase, the developers tend to direct their efforts not only on automating 
the translation process itself but also on automating the more labour- 
intensive subprocesses of the system development. This is the reason for 
a tendency towards more and more automated techniques of knowledge 
acquisition. Whereas commercial systems at present normally have dictio­
naries or knowledge banks which were generated in at best semi-automatic 
corpus-based or corpus-inspired ways, some of the more advanced research 
projects attempt to approach fuUy automatically generated knowledge 
banks. From this idea it is a logical step to using a corpus directly as a 
knowledge source for the machine translation process. For the DLT system 
of BSO in Utrecht a method is developed in which the translation process 
relies entirely on a Bilingual Knowledge Bank as its one and only source 
of translation-relevant knowledge. The Bilingual Knowledge Bank consists 
of parallel corpora of texts in a given source/t£irget language and DLT’s 
intermediate language Esperanto. The texts are represented as dependency 
trees with the sentence trees being linked up by text-grammatical pointers 
(e.g., for deixis, reference, event chains). Corresponding elements in the 
parallel versions of the text are combined to form translation units. The 
translation process is carried out by means of various sets of generalization 
rules which apply the specimen translation units to a given text to be 
translated. Such generalizations are made at the levels of monolingual 
syntax, metataxis (syntactic transfer) and semantics/pragmatics. Since 
the knowledge acquisition process is not carried out before the translation 
function requires a certain bit of information, it can be dynamically steered 
by the information contained in the part of the text already translated.

218
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1 Kunskapskällor för avancerad 
maskinöversättning

A tt översätta  är en krävande intellektuell handling. F örsöken  att b ygga  m askin- 
översättningssystem  kan betraktas som  ett strävande efter en au tom atiserin g  
av denna ytterst k om p lexa  verksam het. E tt par decenniers erfjirenheter m ed 
denna strävan har visat a tt det inte räcker att autom atisera  bara  sjä lva  över­
sättningsprocessen . R edan  i u ppbyggn ingen  av e tt m askinöversättn ingssystem  
ingår så k om plexa  arbetssteg  att även dessa m åste u tföras i stor  utsträckning 
autom atiskt eller å tm in ston e på  ett avancerat d a torstö tt sätt. G ivetv is  riktar sig 
detta  sekundära autom atiseringsintresse i första  hand p å  de m est arbetsintensiva 
stegen i system utvecklingsprocessen . D etta  är för  d e  flesta system ens v id k om ­
m ande de lexdkografiska (sam t term inografiska) arbetsm om enten . M era  adlmänt 
sagt gäller det i dessa m om ent a tt gen om  lexikografl eller p å  annat sätt inhäm ta 
den kunskap som  b eh övs för  översättn ingsprocessen  och  a tt göra  kunskapen 
tillgänglig  för  datorsystem et. Jäm för m an de m askinöversättn ingssystem  som  
har byggts eller pro jek terats sedan ett fy rtio ta l år tillbaka, så  kan m an iak tta  en 
utveckling i kunskapskällorna som  står i d irekt sam band m ed n ödvändigh eten  
a tt autom atisera  själva kunskapsinhäm tningsprocessen. U tvecklingen  gäller både 
kunskapskällans innehåll och  kunskapsinhäm tningssättet. T ar m an m ed även 
tilltänkta fraimtida inno\'ationer så för löp er  utveck lingen  (n å got fören k lat) så 
här:

O rd b ok
(h a n d g jord , baserad  på  in tu ition )

i
O rd b ok

(h an d g jord , korpusinspirerad)

i
O rd b ok /K u n sk a p sb a n k

(halvautom atisk  korpusstödd  fram ställn ingsprocess)

i
K unskapsbank

(h elau tom atisk  korpusstödd  fram ställn ingsprocess)

i
K orpu s i d irekt bruk

(au tom atiska  kunskapsinhäm tningsm etoder)

D e första  tv å  utvecklingsstegen var m ycket vanliga i m askinöversättn ingens 
första  decennier. D agens system  har för  det m esta  u ppn ått e tt sådant om fån g  
och  sådana kvalitetskrav a tt rent h andarbete har b liv it ogörlig t. Fullständigt 
h an dg jorda  ordböck er förekom m er därem ot även i d ag  i m askinöversättn ings­
system  som  är relativt sm å, dvs system  som  antingen är avsedda  enbart för  
experim entellt bruk eller som  är inskränkta till en m ycket sn äv  äm nesdom än .
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S törre system  m ed friare tex tsort som  är beräknade fö r  praktiskt bruk har o fta  
en kunskapsinhäm tningsm etod  som  m otsvarar det tred je  utvecklingssteget: E tt 
p rogram system  analyserar en korpus som  vanligtvis redan är försedd m ed tillagd 
d isam bigueringsin form ation  o ch  genererar ur korpusm aterialet lexikoningångar 
i m askinöversättn ingssystem ets speciella  form at. Ingångarna granskas sedan av 
en m änniska o ch  g od ta s  eller korrigeras o ch  kom pletteras. I stället för  (eller vid  
sidan  o m ) en  korpus av  löpan de text används ibland även vanliga ordböcker i 
b ok form  som  görs tillgängliga  för  databeh an dlin g  gen om  op tisk  inläsning eller 
konvertering av datafiler från sätt- o ch  tryckm askiner.

2 Automatisera systemutvecklingen?
M ig  veterligen  har det h ittills inte m arknadsförts n ågot m askinöversättnings- 
system  som  bygger på  en m era  fram skriden teknik än den ja g  här beskriver 
som  det tred je  steget. D ärem ot försöker m an i som liga  av  de m est avancerade 
nu pågåen de forsknings- o ch  utveck lingsprojekten  a tt u p pn å  det fjärde eller till 
o ch  m ed det fem te steget. R esonem anget är enkelt: G ranskningen av autom atiskt 
genererade lex ikoningångar är ett tidsödan de o ch  därm ed dyrt arbete . D et ligger 
d ärför n ära  till hands a tt rikta  autom atiseringsintresset igen  på  det m est ar­
betsintensiva  m om entet o ch  försöka  a tt g öra  granskningsarbetet överflöd igt. O m  
d etta  vore  m öjlig t utan a tt ge avkall på  översättningskvaliteten , skulle m ycket 
vara vunnet.

S ådana au tom atisk t fram ställda  lexikoningång£ir u tgör det fjärde utveck­
lingssteget. Innan m an satsar p å  detta , lön ar det sig a tt föra  tankeexperim entet 
v idare. O m  det skulle v isa  sig vara  m öjlig t a tt helautom atiskt generera lexikon­
ingångar m ed utgångspunkt i en korpus, så  b etyd er d e tta  a tt den in form a­
tion  m^ln b eh över för  a tt kunna översätta  finns i korpustexten  o ch  kan häm tas 
därifrån  p å  ett helautom atiskt sätt. ” H elautom atiskt”  b etyd er i d e tta  sam m an­
hang fram för allt a tt ingen kunskap b eh över läggas till av m änniskan. O m  detta  
är så, d å  kan m an eventuellt lika gärn a  lå ta  b li a tt fram ställa  ingångar och  i 
stället an lita  korpusen  d irekt som  kunskapskälla. D e tta  är det fem te steget i 
kunskapskällornas utveckling.

T abellen  ovein presenterar det fem te steget som  en fortsättn in g  eller v idare­
u tveck ling  av  det Qärde, m en m ed tanke p å  program system ens storlek  o ch  sn abb­
het undrar m an kanske om  det in te snarare är ett steg  tillbaka. O m  det fjärde 
o ch  det fem te steget är likvärdiga , kan det d å  överhuvudtaget ha någon  m ening 
a tt d iskutera  det fem te där m an är tvungen  att lagra en hel korpus i stället för 
några  redundansfria  ingångar? A r  inte den kom paktare lösningen utan vidare 
a tt föred ra? Jag  beskriver nedan en lösn ing  som  siktar på  det fem te steget, 
så  a tt det är p å  sin plats a tt skaffa sig klarhet om  det precisa  förhållandet 
m ellan h elau tom atisk  ingångsgenerering o ch  direkt korpusbruk. O m  det Qärde 
steget är m öjlig t , så  b etyd er det a tt m an kan generera för  översättn ingsbehov 
tillräck liga  lexikoningångar ur en korpus m ed h jälp  av en p å  förhand fastställd 
u ppsättn in g  regler. T ankeexperim entet går ut på  a tt m an ur en given korpus får 
fram  sam m a in form ation , oavsett tidpu n kten  på  vilken m an tilläm par reglerna.
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D et spelar alltså i detta  avseende ingen roll om  reglerna används innan eller 
m edan det föreligger en konkret översättn ingsu ppgift. M ed  an dra  ord , om  m an 
överhuvudtaget kan inhäm ta den n öd vän d iga  in form ation en  h elautom atiskt, så 
har m an M h eten  att vä lja  om  m an vill förlägga  in häm tn ingsprocessen  till den 
förberedande system utvecklingen  eller till sjä lva översättn ingsprocessen .

D et lönar sig  inte att föra  detta  tankeexperim ent v idare om  inte det fem te 
steget erb ju d er  väsentliga  fördelar jä m fört m ed det som  är m öjlig t redan  på 
det Qärde. M an  m åste ha m ycket övertygan de argum ent när m an vill avstå  
från m öjligheten  a tt u ndangöra  en så svår delprocess som  k orpusstödd  kun- 
skapsinhäm tning onekligen  är redan i utvecklingsfasen o ch  i stället u ppsk ju ta  
den till själva översättn ingsprocessen  i runtim e. D et en da  g iltiga  kan vara ett 
argum ent som  bygger på  v ik tig  tillagd in form ation  som  blir tillgänglig  först 
när översättn ingsprocessen  har kom m it igång. B ara  om  kunskapsinhäm tnings- 
processen kan styras eller avsevärt förbättras gen om  kunskap eller v illkor häm ta­
de ur den tex t som  är under bearbetn in g , d å  kan det lön a  sig  att tänka p å  en 
lösn ing p å  fem te steget.

I den lösn ing ja g  skisserar i avsn itt 3 t o  m  5 är kunskapskällan och  den 
redan översatta  delen av texten  representerade i sam m a ytn ära  form at. B l a 
d etta  gör  det m öjligt a tt gen om föra  frekvensberäkningar, probabilistiska  kon­
textjäm förelser och  liknande delprocesser på  ett specifikt sätt som  är anpassat 
till den konkreta  kontexten  och  som  dynam iskt ta r m ed i beräkningen  den 
kunskap som  kan inhäm tas ur den redan beh andlade textd elen . P å  d e tta  sätt 
blir den kunskapsbehandlingsprocess som  stöder översättn ingsfun ktionen  i h ög  
grad styrd av ett vä lavvägt sam spel m ellan den a llm änna o ch  den  för  tillfället 
m est relevanta speciella  kunskapskällan.

U töver fördelar som  kan uppnås gen om  en kunskapsinhäm tningsprocess i 
runtim e finns det ytterligare en anledning a tt intressera sig fö r  det fem te steget. 
D en n a anledning har i beskrivn ingen  ovan någorlu n da  d o lts  av  fram ställn ings­
sättet i den fem stegiga utvecklingen. Jag har h ittills ba ra  diskuterat det fem te 
steget under föru tsättn in g  a tt det Qärde är gen om förbart, och  ja g  har i täm ligen  
allm änna orda lag  talat om  den  in form ation  m an kan inhäm ta m ed de tv å  an tyd d a  
m etoderna: P å  det fem te steget är denna in form ation  m inst likvärdig  m ed den 
m an får på  det Qärde, o ch  det finns an ledning a tt anta a tt det d äru töver är 
m öjligt a tt in h äm ta  tillagd  in form ation  som  bara  är tillgängligt p å  det fem te 
steget. D e tta  resonem ang får em ellertid  inte d ö lja  den kvalitativa skillnad som  
ändå består m ellan det Qärde och  det fem te steget. Skillnaden blir tyd lig  när m an 
går närm are in på  i vilken form  in form ationen  lagras. P å  fjärde steget u tvärderas 
korpusen för att generera lexikoningångar. P rocessen s u td ata  är alltså  en fastlagd  
representation för  den  inhäm tade kunskapen. K unskapen  representeras sålunda 
p å  ett exp licit sätt. E n lexikoningång skall vara tilläm plig  på  vilka som  helst 
förekom ster av u ppslagsordet. (I stället för  ett u ppslagsord  kan det g ivetvis 
vara fråga om  en annan enhet, t ex  ett m orfem , e tt syn tagm  o sv .) N är m an 
genererar lexikoningångar, är det m eningen att u p pn å  en så  a llm ängiltig  och  
täckande beskrivn ing av  uppslagsordet som  m öjlig t (eller n ågra  få  sådan a). P å  
fem te steget därem ot används korpusen direkt som  kunskapskälla, o ch  en korpus 
är av en kvalitativt annorlunda karaletär än en lexikoningång. M edan  en lex ikon ­
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ingång skall vara a llm ängiltig  i den m ån d etta  är m öjlig t, innehåller en korpus 
enbart exem pel. M edan  a lltså  ett system  av fjärde steget går från exem plen 
i den  underliggande korpusen  gen om  härledningsregler till en i denna speciella  
bem ärkelse a llm ängiltig  lexikoningång o ch  därifrån genom  tilläm pningsregler till 
den konkreta  översättn ingsu ppgiften , så  läggs på  fem te steget ett om edelbart 
förb a n d  m ellan exem plen  o ch  u ppgiften . D et allm ängiltiga  m ellansteget kan falla 
b ort.

D e tta  är en väsentlig  ieikttagelse. F ör  a tt bevisa  tilläm pligheten  av det fem te 
steget b eh över m an a lltså  inte föru tsä tta  att det Q ärde är m öjUgt. D et räcker 
att bev isa  a tt m an  ur korpusexem pel direkt Imn härleda den in form ation  som  
beh öv s  för  översättn ingsprocessen .

3 DLT:s tvåspråkiga kunskapsbank
F ö r  m askinöversättn ingssystem et D L T  projek teras num era en korpusstödd  kun- 
skapsbeh andlin gsm etod  som  strävar efter a tt närm a sig skalans fem te steg.

Innan ja g  tar u pp  m etoden  något m era  i detalj kan ett par in ledande ord  över 
D L T  vara  n ödvänd iga . D istribu ted  Language Translation  (D L T ) är nam net på  ett 
m ask inöversättn in gsprojek t som  bedrivs av  det nederländska m jukvaruföretaget 
B u ro  v o o r  Systeem ontw ikkeling (B S O /R e se a rch ) i U trecht, delvis m ed statligt 
anslag. E fter en förstud ie  (W itk am  1983) in trädde D L T  år 1985 i im plem ente­
ringsfasen. D en  första  p ro to ty p en  b lev  färd ig  1987, den an dra  1988. D L T  skall 
b li e tt m ångspråkigt system , b l a  för  tilläm pningar i datakom m unikationsnät. 
U n der utgångsspråksanalysen förs en system initierad  disam bigueringsdialog  m ed 
användaren . D ia log& ågorn a  ställs p å  u tgångsspråket och  det krävs ingen posted i­
tering, så a tt användaren  inte b eh över känna till m ålspråken. Förbindelselänken 
m ellan u tgångs- o ch  m ålspråken är m ellanspråket esperanto.

D e  första  prototypversion ern a  översätter från engelska gen om  esperanto till 
franska. Som  kunskapskällor anUtar d e  tre m orfosyntaktiska ordböck er (engel­
ska, esperan to, föanska), tv å  tvåspråk iga  m eta taxord böck er (engelska-esperanto, 
esperanto-franska; om  term en m eta ta x  j f i  Schubert 1987) o ch  en enspråkig lexikal 
kunskapsbank (esp eran to ). D e  olika fram ställn ingsprocesserna låg m ellan det 
fö rsta  o ch  det tred je  steget p å  skalan (jfr  om  p rototyp en s arkitektur: Schubert 
1986; om  kunskapsbanken: P apegaaij 1986).

U tvärderin gen  av  erfarenheterna m ed p rototy p ern a  hsir lett fram  till en 
v idareu tveck lin g  av  kunskapskällorna som  b etyd er en ingripande förändring i 
system et D L T :s  sätt a tt fungera. D L T  är (redan  i prototypversionern a) ett 
m od u lärt system . D et består av språkparsm oduler som  alltid  har esperanto på 
den  en a  sidan . E n  tex t som  översätts till e tt en da m ålspråk passerar på så 
sätt tv å  sådana språkparsm oduler. D et är b l a  på  grund av denna arkitek­
tur som  system et kan betrak tas som  ett d u bbe lt d irekt översättningssystem  
(S ch u bert 1988). I D L T :s  tred je  system version , som  befinner sig i planerings- 
o ch  m odellim plem enteringsfasen , har alla  kunskapskällor som  ingår i sam m a 
språk parsm odu l sam m anfattats  till e tt en da  system . D etta  system  har fått nam ­
net Tvåspråkig kunskapsbank.
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D L T :s T våspråk iga  kunskapsbank består av en parallell korpus, dvs en och  
sam m a text parallellt p å  tv å  språk (orig inal o ch  översättn ing , även tv å  över­
sättningar från ett tred je  språk). I det pågåen de p rovim plem en terin gsarbetet 
ingår paren engelskaresperanto och  franska-esperanto. I den  slu tg iltiga  im ple­
m enteringen av den tred je  system versionen skall m inst tv å  språk k om m a till; 
senare versioner p ro jek teras för  två  paket av sex språk var, varefter flera  språk 
kan läggas till efter b eh ov  tack  vare D L T :s m od u lära  m ellanspråksarkitektur. 
Jag illustrerar den  T våspråk iga  kunskapsbanken nedan m ed språkparet danska­
esperanto.

K orp u stex tem a  lagras i den T våspråk iga  kunskapsbanken i d isam biguerad  
form . D en  grundläggande representationsform en är dependenssyntaktiska träd ­
diagram , u td ata  av en paxser (jfr  Schubert 1987: 2 8 -1 2 9 ). D essa är syntak­
tiskt oam biguösa . T extgram m atiska  pekare (deixis, referens, skeendekedjor m  m ) 
förb inder satserna och  m eningarna till sam m anhängande texter. V id  sidan om  
dessa enspråkiga m arkörer är textern a  försedda  m ed speciella  tvåspråk iga  pekare 
som  bygger upp  översättningsenheter. En översättn ingsenhet är ett o rd , en 
ord gru pp  eller bara ett m orfem  m ed dess m otsvarighet i det an dra  språket. 
M arkörerna för de syntaktiska relationerna som  är u tsatta  i dependen strädet 
ingår även i översättningsenheten . E n större  översättn ingsenhet kan innehålla 
m indre enheter. E nheterna är d o ck  inte m indre än a tt den översättn in gsm ot- 
svarighet de innehåller kan användas även  i an dra  kontexter.

4 En illustration
Som  illustration  använder ja g  fö ljan de m ening på  danska o ch  esperanto. Träddiar 
gram m en bygger på  dependenssyntaxerna som  har u tarbetats  en ligt D L T -m od e ll 
för  danska (Ingrid  Schubert 1989) o ch  esperan to (Sch u bert 1989) där d e  här 
använda etiketterna för dependensrelationer förklaras i deta lj. A v  utrym m esskäl 
tar ja g  bara  en enda m ening o ch  visar bara  den  övre  delen  av träddiagram m en. 
T rädavsnitt m ed sam m a num m er i b å d a  träden  u tgör översättningsenheter. 
F ör översiktlighetens skull m arkerar ja g  långt ifrån alla  översättningsenheterna. 
T extgram m atiska pekare uteläm nas helt.

For at g øre  det lettere at skabe bedre  økonom iske betingelser, frem ­
sæ tter K om m ission en  80 forslag m ed henblik p å  at n edbryde m ar­
kedsskrankerne o g  sæ tte virksom hederne i stand til fu ld t ud  at drage 
fordel a f den europæ iske dim ension.

P or facilig i la  kreadon  de pli b o n a j ek on om ia j k on d ico j la  K om ision o  
faxas 80 p ro p o n o jn , kiuj celas faligi la  barilo jn  de la  m erkato kaj 
eblig i al la  en trepren oj m aksim um e eluzi la  avan tagojn  de la  eiiropa  
dim ensio.

(M ed  hänsyn till entydighet i ordstrukturen  m arkeras m orfem gränserna i 
D L T :s m ellanspråk som  äx fu llständigt agglutinerande. M orfem tecknen  ses i 
esperantoträdet m ed har u teläm nats här.)
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I den na m ening förek om m er både enkla och  k om plexa  översättningsenheter. 
T ill de  enklare h ör e ttordsen h etem a :

[10] øk on om isk e —  ek on om ia j

O versättn ingsenheten

[2] forslag  —  p ro p o n o jn

innehåller på  esperantosidan  en ackusativ  ( -n ) , så a tt en g iltig  m otsvarighet bara 
föreligger när ob jek tetik etten  tas m ed i enheten.

O bservera  a tt forslag  m otsvarar p ropon ojn  m en att fr em sæ tter  m te  m otsvarar 
faras. V erbet fa r i  b etyd er ’g ö ra ’ o ch  kan inte betraktas som  brukbar översättning 
av frem sæ tte  i an dra  k on text. D ärför om fa tta r  enheten flera ord :

[1] frem sæ tter forslag  —  faxas p ro p o n o jn

E n  m era  k om p lex  m otsvarighet är

[5] at gøre  lettere  —  faciligi



Klaus Schubert: Kunskap om världen eller texten? 225

Figur 2:

Ä ven  m era ingripande syntaktiska försk jutn ingar kan iakttas i den na m ening: 

[4] m ed henblik  p å  —  kiuj celas

D etta  är en övergån g från ett prepositionellt tilläggsled  (D -P R E A ) i danska 
till en relativ  b isats (R E L ) i esperanto {k iu j ‘v ilka ’ , celas ‘ avser’ ). 

Ö versättn ingsenheten

[6] det at skabe —  la  kreadon de

illustrerar b ra  att korpusin form ationen  har exem pelkaraktär. G ivetv is  översätter 
m an inte alltid  in fin itivkonstruktionen  det at skabe m ed en su bstan tiv  {la  kreado 
’skapandet’ ), m en form en kan m ycket väl tänkas förek om m a i vissa  a n dra  k on tex­
ter. In form ationen  är alltså  inte a llm ängiltig , m en illustrerar bara  en av m ånga 
m öjliga  översättningar för  d e tta  syntagm .
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5 Översättarens kunnande i 
maskinöversättningssystemet

D et espera jito-danska m eningsparet är god tyck lig t valt. A tt illustrationen utöver 
enkla  fall som  [10] eller [3] även innehåller så m ånga strukturellt och  lexikalt in­
tressanta m otsvarigheter är ett tecken på  a tt en korpusstödd  översättningsm etod  
har tillgång till en m än gd  konstruktioner o ch  m otsvarigheter som  i denna form  
aldrig  u pptas i vanliga ordböck er. H är återspeglas i im plicit form  översättarens 
kunnande.

I D L T :s  kunskapsbank ingår en stor m ängd exem pel på  hur vissa text bitar 
i konkreta  tillfällen  har översatts av fackkunniga översättare. ” Uppiinn^lren” 
av  den (paten tan m älda) T våsp råk iga  kunskapsbanken, V ic to r  Sadler, beskriver 
i deta lj hur m an kan översätta  m ed h jälp  av denna kunskap (Sadler 1989). 
H ans fram ställn ing, som  inte kan återges här, vill ja g  i korthet kom plettera 
m ed tv å  aspekter som  kan be lysa  denna korpusstödda översättn ingsm etod  m ed 
utgångspunkt i resonem anget om  den fem stegiga skalan i m askinöversättnings- 
system ens utveckling. D en  första  aspekten beträffar u ppbyggn ingen  av en T vå - 
språkig  kunskapsbank och  den an dra  tilläm pningsreglerna.

I d iskussionen om  D L T :s förn yade system arkitektur b ör  tv å  funktioner hållas 
klart åtskilda: å  en a  sidan kunskapsbehandlingen under översättningsprocessen  
i runtim e o ch  å an dra  sidan kunskapsinhäm tningen. D en  senare processen , i 
vilken u ppbyggn in gen  av den T våspråk iga  kunskapsbanken ingår, är förlagd 
till D L T -” fabriken” , m edan själva översättn ingsprocessen  g ivetvis äger rum  hos 
användaren . Ä ven  om  det naturligtvis är önskvärt a tt autom atisera  kunskaps- 
inhäm tn ingsprocessen  i h ög  grad , är det d ock  inte uteslutet att u tföra  m anuella 
ingripanden  och  a tt an lita  specia listh jä lp  som  inte är tillgänglig  under över­
sättn ingsprocessen . P å  ett liknande sätt kan inhäm tningen ock så  u tn yttja  större 
o ch  annorlu nda  datorsystem  än an vändarm odulerna . U nder översättn ingspro­
cessen är den  en da  m änskliga h jä lp  system et kan få  de svar som  ges i den in­
teraktiva  d isam bigueringsdialogen . D ia logfrågorn a  ställs på  utgångsspråket och  
m åste kunna besvaras av språk- o ch  datavetenskapliga lekm än. D en n a skillnad 
förk larar hur det är m öjlig t a tt den T våspråk iga  kunskapsbanken i system utveck­
lingsfasen förses m ed all den  u tom språk liga  in form ation  ja g  ovan har näm nt: 
oa m b igu ösa  syntaktiska träd , textgram m atiska  pekare, översättningsm otsvarig- 
heter m  m . I D L T -fabrik en  genereras dessa strukturer autom atiskt, t ex  genom  
parsn ing, i den m ån d e tta  är m öjlig t och  sedan granskas o ch  kom pletteras 
de av  m änniskor. M änskligt a rbete  beh övs  fram för allt för identifieringen av 
översättn ingsm otsvarigheterna . M edan  D L T -användaren  kan vara en enspråkig 
p erson  som  bara  förstår u tgån gstexten , kräver kunskapsinhäm tningsprocessen 
sp ecia listarbete , b l a  av yrkesöversättare. D en  T våspråk iga  kunskapsbanken är 
a lltså  in te inskränkt till den  kvalitet i betydelseanalysen  som  i dagens läge 
kan uppnås m ed helautom atiska  kunskapsbehandlingsprocesser, utam den har 
tillgån g till m änsklig fackkunskap.

D en  an dra  aspekt som  ja g  vill näm na här gäller generaliseringsfunktionen. 
S om  ett speciellt slags korpus innehåller den T våsp råk iga  kunskapsbanken ex­
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em pel på  faktiskt bruk av ord , u ttryck  och  översättn ingsm otsvarigheter. M en 
varje korpus är n ödvän d igtv is  ” för liten” , dvs en exem pelsam ling , hur stor  den 
än blir, kan aldrig innehålla  varje an vändningsm öjlighet av  varje enstaka ord  
och  varje enstaka konstruktion  (jfr  L eh rb erg er /B ou rb ea u  1988: 129). S tatistiken 
visar att ungefär hälften  av alla  lem m an i en korpus förekom m er bara  en en da 
gång i löp texten . D e  regler m ed vars h jä lp  k orpusin form ationen  tilläm pas på  
konkreta översättn ingsu ppgifter (parsn ing, syntaktisk  transfer, lexikal transfer, 
sem antisk-pragm atisk  disam biguering o sv ) b ör  därför generalisera m ed utgångs­
punkt i korpusexem plen . Sådana generaliseringsfunktioner beh övs  p å  m inst tre 
plan:

1. enspråkig syn tax  (parsn ing [jfr Zuijlen  1989], m orfosyntaktisk  syntes);

2. m etatax  (syntaktisk  transfer);

3. sem antik -pragm atik  (m ätn in g  av betydelseavstånd  m  m ).

I överensstäm m else m ed D L T :s ark itekturprinciper fö ljer dessa generalise­
ringsregler im plicitetsidén , vilket b l a  innebär att d e  undviker a tt an lita  en 
explicit allm ängiltig  m ellanrepresentation  som  den  som  skulle behövas i ett 
system  på  skalans Qärde steg.

I tankeexperim entet ovan an tog  ja g  a tt en väsentlig  drivkraft fö r  a tt låta  
utvecklingen gå  vidare från det tred je  till det fjärde o ch  fem te steget är intresset 
i a tt ersätta  det m änskliga arbete  som  är n ödvän d igt i kunskapskoderingspro- 
cessen m ed autom atiska processer. D en  lösn ing  ja g  skisserar ovan realiserar 
denna vidareutveckling, m en den saknar ändå inte arbetsm om en t där in for­
m ation  läggs till av m änniskor. M änniskan, system utvecklaren , har a lltså  inte 
rationaliserats b ort. M en D L T :s  k orpu sstödda  översättn ingsm etod  innebär att 
det b idrag  specialisterna läm nar till kunskapsinhäm tningen m otsvarar i m ycket 
högre grad  än v id  tred je  utvecklingssteget ett vanligt sätt att resonera över språk. 
B er m an en specialist a tt ge  exem pel på  språkbruk i sitt äm nesom råde eller att 
granska föreslagna form uleringar så är uppgiften  enklare och  svciren pålitligare 
än när m an är tvungen  att be  om  en a llm ängiltig  m etaspråklig  redogörelse. D e 
som  m edarbetar i D L T :s  system utvecklingsfas kan d ärför i h ögre  utsträckning 
vara specialiserade i äm nesom rådet och  i översättn ing  o ch  b eh över i m indre grad  
koncentrera sig  på  teoretisk  gram m atik  eller lexikografi.

6 Kunskap om världen eller kunskap om 
texten?

Sålunda tillåter utvecklingen av m askinöversättn ingssystem et D L T  m ed sin nya 
system struktur ett nyartat svar på  frågan huruvida  grundvalet för  m askinöver- 
sättningsändam ålet b ör  vara (u tom språk lig ) kunskap om  världen  eller (inom - 
språklig) kunskap om  texten . D L T :s svar är a tt det är kunskap ur texter.
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Bengt Sigurd

Erferenheter av Swetra— ett svenskt 
MT-experiment

Abstract

Swetra is primarily a research project, but its computer programs and 
reports may result in commercial products. The research group at Lund 
consists of a few persons only, which has advantages eind disadvantages. 
The main languages studied are Russian, English and Swedish. The gram­
matical model is Referent Grammar (RG) and the project is a spin-off 
of the development of that grammar. Referent Grammar is inspired by 
generalized phrase structure grammar (GPSG) and written directly in 
Prolog (DCG), which is why the grammars can run directly on computers. 
Arity Prolog and PC ’s are used. The work within Swetra consists mainly 
of writing grammar modules and lexicons for different languages. These 
modules are connected in automatic translation. Referent grammars are 
bidirectional and can be used both for analysis and synthesis (generation). 
A certain number of transfer rules are also needed in translation, however, 
in order to make necessary changes o f functional representations, add 
features such as definiteness when translating from Russian into English 
etc. The paper gives a survey of the experience from Swetra reseeirch so 
far.

1 Inledning

Swetra (Sw edish C om p u ter T ranslation  R esearch) har pågått cirka tv å  år, och  
det finns en del erfarenheter att förm edla— erfarenheter som  an dra  som  ger sig 
ut p å  m askinöversättn ingens gungfly kan ha g läd je  av att känna till. Swetra, 
som  stöds av Svenska Forskningsrådet för  Scim hällvetenskap och  H um aniora , är 
ett m inim alt p ro jek t ifråga om  ekonom iska, personella  o ch  m askinella  resurser. 
I p ro jek tet arbetar— föru tom  undertecknad— M ats E eg-O lofsson  (h a lv tid ), Lars 
G ustafsson (k vartstid ), Barbrira G aw ronska-W erngren  (h a lv tid ). P rogram m erin ­
gen har främ st skett p å  P C  m ed användande av A rity  P ro log .

Jag skall m eddela  m ina  erfarenheter av p ro jek tet under fö ljan d e  huvudrubri­
ker: O rganisation , V ägva l (tex tty p , språk, inställn ing till syn tax , gram m atik ­
m odell), Vad Sw etra kan. P ublik trycket.

229
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2 Organization
Jag tror a tt en liten forskargrupp lokaliserad p å  en plats har stora  fördelar. 
M an  vet vad de an dra  gör  o ch  b eh över inte resa runt eller sam las till stora  
sem inarier. L edningen  förenklas. D et räcker o fta  m ed några ord  till de andra 
för  a tt de skall vara m ed p å  noterna. U ppenbarligen  säger ja g  detta  m er eller 
m indre om ed vetet m ed tanke p å  E urotra , där m edarbetarn a  synes ha tvingats 
an vän da  m ycket tid  p å  a tt resa för  a tt in form era varandra och  kom m a överens 
o m  vilka lingvistiska teorier, program m eringsspråk, form at och  datorer m an skall 
använda. D en  lilla  tä tt sam m ansvetsade gruppen  har säkert stora  fördelar när 
det gäller a tt u tveck la  den  grundläggande teorien o ch  p rototyp en , m en när det 
sedan  gäller att im plem entera  teorien  o ch  gå  från p ro to ty p  till produ kt, a tt skriva 
s tora  lex ik on , att fö rb ä ttra  program m en och  att testköra  system et då  har större 
a rbetsgru pper säkert fördelar.

V i h ade i sjä lva verket inget val i L un d , när vi bör ja d e  p röva  på m askinöver­
sättn ing . Jag h ade länge talat o ch  skrivit om  hur svårt m askinöversättning är 
u tan  att sjä lv  h a  någon  rik tig  datorerfarenhet av det— bara  pappersspekulation - 
er. Sw etra är en b ip rod u k t av gram m atik forskning och  u p pstod  sedan ja g  insett 
a tt det g ick  a tt an vända referentgram m atik  för översättn ing. Sw etra är snarast 
e tt försök  a tt se hur långt m an kan k om m a m ed sm å m edel. V i ägnar fö g a  tid  åt 
a tt v isa  vad m an inte kan klara eller bev isa  a tt m askinöversättn ing är om öjlig t, 
m est tid  åt a tt v isa  vad m an kan klara.

A npassn ingen  till P C  bestäm de vi oss tid igt för. D en  underlättar flyttn in g  och  
d em on stra tion  av program m en. V i tänker nu ock så  använda sn abba  M acin tosh - 
da torer som  ock så  kan läsa D O S -d isk etter och  m öjliggör  flyttn ing mellan olika 
m iljöer.

3 Vägval

3.1 Texttyp

D et är n öd vän d igt a tt göra  e tt antal vägval när m an går in i m askinöversättnings- 
branschen. F lera  av dessa val hör ihop . M an m åste v ä lja  m ellan a tt försöka sig 
p å  a tt översätta  g od ty ck lig  tex t (fr itex t) eller tex t inom  något specialom råde 
som  tekn ik  (t .ex . bilar, d a torer), m edicin , ailärskontrakt, väderleksrapporter, 
e tc . In ledningsvis trä fiade v i in te n ågot sådant val— m an \'ar g lada  a tt det gick 
a tt översä tta  n ågra  m eningar överh uvu dtaget. D e  m eningar vi först översatte  var 
typ iska lingvistm eningar, ty p  ” E n flicka kom ” , ” P o jk en  slog  hunden som  sprang” , 
” H unden, som  p o jk en , som  flickan kände slog  sprang” . E fter a tt ha satt upp 
vad v i ty ck te  var syntaktiska regler som  b ord e  klara grundläggande strukturer 
försök te  v i p röva  dem  p å  em piriska texter, b l.a . en liten G reen peace-text om  
kärnkraftverk  i Sellafleld som  fortfaran de släpper ut p lu ton ium  och  sedan några 
notiser från P ravd a . M öte t m ed em piriska texter var om tum lande; m an inser att 
teoretiska lingvister lever i ett reservat (m ed  ett svenskt u ttryck : en skyddad 
verk stad ). V arenda m ening ledde till a tt v i fick rev idera  gram m atiken, ändra 
eller lägga  till regler o ch  inte bara  utöka  lexikonet som  m an ju  hoppas.
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M an kan tänka sig a tt rita  d iagram  som  visar ökningen  av d e  gram m atiska 
reglerna och  lexikon  för  varje ny m ening som  skall översättas. I början  m åste 
m ötet m ed en ny m ening n ödvänd igtv is  leda  till stor  ök n in g  båd e av gram ­
m atiken och  lexikonet, m en kurvan b ör  så  sm åningom  p lan a u t, när nästan  alla  
m eningar klaras av utan att någon  förbättrin g  b eh över göras. E tt färd igt system  
bör klara allt o ch  inte kräva m era u tbyggn ad . O m  det är e tt in teraktivt system  
bör det inte fråga  opera tören  a lltför o fta . Jag kan inte säga a tt v i kom m it så 
långt i Sw etra a tt v i känner att kurvan håller p å  a tt p lan a  ut; varenda liten  tex t 
vi försöker oss p å  kräver flera kom plettringar— och  det är inte alltid  bara  fråga  
om  att sä tta  in fler ord  i lexikon.

D et val i fråga  om  texter v i avser a tt träffa innebär a tt v i säger a tt Sw etra 
inte kan översä tta  god tyck lig  text, bara  speciell te x t, m en v i vill specificera  
vilken speciell text Sw etra kan översätta  p å  e tt lingvistiskt sätt. V i vill in te 
specificera  dessa texter gen om  hänvisning till en genre som  t.ex . tekniska m an­
ualer, väderleksrapporter, utan ge specifikationen  m era  lingvistiskt o ch  säga 
att m eningarna inte får innehålla sam ordn ade relativsatser, in te m er än tv å  
satsadverbial och  tre  an dra  adverbial, in te in bäddade gen itiver som  ” po jk en s 
hunds svans” etc. Lexikalt kan specifikationen  göras gen om  a tt m an t.ex . säger 
att orden  m åste tillh öra  den m arina sfären och  röra  sig  om  olika  typ er  av båtar 
som  rör sig i Ö stersjön .

I själva verket b ord e  n og  m ån ga M T -sy stem  h a  specificerat sina begränsnin ­
gar p å  detta  sätt. Så v itt ja g  förstått av d e  dem on stration er E u rotra  företagit 
i Briissel har E u rotra  egentligen ock så  gå tt p å  den na  lin je: D eltagarn a  fick 
bara föreslå m eningar som  hade högst 7 o rd , bara  ett ad jek tiv  i nom inalfrasen , 
endast su b jek tiva  relativsatser, inga  sam ordn in gar e tc . D et subspråk  som  Sw etra 
vill kunna översätta  definieras a lltså  i första  hand gen om  vissa  syntaktiska 
begränsningar. Sedan är det en sjä lvklarhet a tt orden  m åste finnas i lexikonet 
för  a tt översättningen  skall fungera. Jag  skall sedan  v isa  typiska Sw etra texter 
som  vi brukar köra  i vår D em o (se o ck så  Sigurd G aw rodska-W erngren  1988) .

3.2 Språk

Självklart m åste m an v ä lja  vilka språk m an vill översä tta  m ellan, m en m ärkligt 
nog har v i tvekat länge på  denna punkt i Swetra. D et b eror  n aturligtvis på  a tt v i 
åtagit oss att forska i m askinöversättn ing, inte att leverera e tt färd igt program . 
D et är i själva verket intressant att pröva  hur bra  den  gram m atiska m odellen  
referentgram m atik fungerar på olika språk. V i har erfarenhet av översättn ing  
till o ch  från franska, polska, georgiska, sam oanska, svenska, engelska, ryska. P å  
senare tid  har v i a lltm er koncentrerat oss på  ryska, engelska, svenska o ch  främ st 
p å  översättning från ryska till svenska— sedan B a rbara  G aw roåska-W erngren  
ställde sina språkkunskaper till förfogande. D e  olika referentgram m atiska m o d ­
ulerna som  program m eras direkt i P ro lo g  (D C G = D e fin ite  C lause G ram m ax) är i 
princip  b id irektionella  o ch  kan köras både  i analys o ch  syntes (gen ererin g). M en  
vill m an göra  m era avancerad översättn ing , an vända  specifika transferregler, 
anknyta diskurssem antiska p rocedu rer m .m . och  g öra  e tt effektivt p rogram  är 
det bäst a tt bestäm m a sig för  en riktning.
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V i hax b ed öm t översättn ing  m ellan ryska och  engelska som  intressaxit därför 
a tt d e tta  par länge intresserat M T -forskarna. E tt fram gångrikt system  som  kan 
översä tta  m ellan ryska och  engelska har uppenbara  praktiska tilläm pningar. 
Språkens typolog isk a  skillnader gör  översättning ock så  lingvistiskt intressant. 
E ftersom  m ån ga  personer inte kan ryska blir dem onstrationer dessutom  m era 
im poneran de. Å skådarn a  blir m era  förbry llade av a tt se hur en obegrip lig  text 
översättes till en begrip lig  än att se t.ex . engelska, som  de flesta kan, översättas 
till svenska. (Å  an dra  sidan blir åskådarnas m öjligheter a tt bed öm a  översättnin­
gens kvalitet m era  begränsade).

3.3 Inställning til syntenc

E tt annat vägval rör  inställn ingen till syntax. M ån ga— i synnerhet tidigare—  
system  betrak tar ordöversä ttn in g  som  den prim ära operationen  vid  översättning. 
M an  försöker sedan sekundärt se till a tt ordens kongruensböjn ing stäm m er och  
a tt ord fö ljd en  är rätt gen om  att försöka  identifiera vilka ord  som  hör ihop  i fraser 
o ch  vilka ord  (fraser) som  är su b jek t, predikat, o b je k t och  adverbial— något som  
o fta  är e tt m inim ikrav för  a tt klara b ö jn in g  och  ord fö ljd . Sw etra har inte ord  
som  prim ära  enheter, utan satser och  fraser i olika funktioner (såsom  subjekt, 
o b je k t , predikat, satsadverbial, andra adverbial, a ttr ib u t). Sw etra är på  detta  
sätt en typ isk  p rod u k t av sin tid — den tid  i lingvistiken d å  syn tax  skriven såsom  
gen erativ  gram m atik  står i fokus. Jag skall förklara d e tta  närm are senare när ja g  
beskriver den gram m atiska m odell (R eferen tgram m atik ) som  Sw etra hela tiden 
a rbeta t m ed.

E tt system  som  prioriterar ordöversättn in g  kan o fta  översätta  m ånga sorters 
tex ter sn abbt g ivet ett stort lexikon, m en kvaliteten blir lidande om  m an inte 
håller reda  p å  satsstrukturen  i deta lj. F örvån an de m ånga tvetyd iga  ord  blir 
en tyd iga  o m  m an tar ut satsdelarna— standardexem plet är: Var var det var? 
B ö jn in g  av  orden  i m ålspråket ger sig  liksom  ord fö ljden  om  m an har detaljerade 
u pplysn ingar om  ordens fu n ktion er i fraser o ch  satsdelar. A  andra sidan är 
satslösn ing (parsn in g) tid södan de, och  alla  prob lem  kan inte lösas m ed syntax—  
ök ä n da  är prepositionsfraserna  vars anknytn ing till verb  eller nom inalfras o fta  
endast kan avgöras p å  sem antisk  väg . N är Sw etra går gram m atikvägen , inne­
bär det a tt m an  endast accepterar och  översätter m eningar vars gram m atiska 
stru ktu r system et har regler för  a tt identifiera. E tt lexikonorienterat system  kan 
a lltid  föreslå  en översättn ing  även om  system et inte har g jort någon  detaljerad 
satslösn ing.

3.4  G r2uiimatisk modell

E n m od ern  lingvist har till synes flera vä l genom diskuterade form ella  gramma^ 
tiska m odeller  a tt vä lja  på , t .ex . T ransform ationen  generativ  gram m atik  m ed 
frasstruktur och  tran sform ation er (E S T , G overnm ent and B in d in g ), Lexical- 
F un ction a l G ram m ar (L F G ), G eneraliserad frastrukturgram m atik  (G P S G ), D e- 
p en den sgram m atik . F unktionell G ram m atik  av H allidays typ . D et är påfallande 
a tt dessa gram m atiker nästan bara  har p rövats på  typiska lingvistm eningar
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av ovannäm nda typ  ( ” E n flicka spran g” , ” H unden, som , p o jk en , som  flickan 
kände slog  sprang” ). M an ser t.ex . aldrig  en G B -gram m atik er v isa  hur alla  
m eningarna på  en viss sida  text skall analyseras, vilka trädd iagram  m an b ö r  rita 
och  vilka prob lem  m an m öter. G ängse teoretiska gram m atik m odeller v isar främ st 
hur vissa form ella  idéer som  t.ex . frasstruktur, tran sform ation er, dependens, 
subjacency, c -com m a n d  fungerar. D e har inte det prim ära  sy itet att v isa  hur 
vanliga m eningar skall analyseras så a tt beskrivn ingen  förk larar varför orden  
har den form  de har o ch  står i den ordn in g  de gör. A llra  m inst förklarar de 
varför den föreliggande m eningen b etyder vad den gör.

Såsom  fram gått var det inte så a tt m edarbetarn a  i Sw etra bestäm de att de 
skulle översätta  m ed dator m ellan tv å  bestäm da  språk och  sedan b örjad e  leta 
efter en läm plig  gram m atik . I stället var det så att ja g  höll p å  m ed de pilregler 
som  D C G  erb ju d er och  insåg att m an som  resultat av analysen (satslösn ingen , 
parsningen) kunde få  en sorts universell sem antisk representation : en predikats- 
logisk  form el eller en funktionell representation, en representation  som  ta lar om  
vad som  är su b jek t, predikat, o b je k t , adverbial, e tc . o ch  vad orden  betyder. 
(C h om skys klassiska generativa gram m atikregler ger endast ett S som  resultat 
av analysen, vilket bara  säger att satsen var gram m atisk ). Sedan ja g  skrivit 
en sådan gram m atik  för  svenska och  en för  engelska insåg ja g  a tt m an m åste 
kunna översätta  v ia  den gem ensam m a funktionella  representationen  o m  m an 
standardiserade den. D et är i prin cip  det vi hållit på  m ed sedan i Sw etra. D en 
funktionella  representationen fungerar som  ett m ellanspråk, interlingua.

D en gram m atiska m odellen  för  Sw etra var alltså  g iven , m en sam tid igt som  vi 
arbetat m ed översättn ingsprogram m en har vi u tveck lat referentgram m atik  och  
tagit beslut som  standardiserat den och  fram förallt dess funktionella  representa­
tion  och  lexikonform at. R eferentgram m atik  (R G , se referenser i litteraturlistan ) 
är en sorts generaliserad frasstrukturgram m atik  (G P S G ), m en i m otsats till 
G P S G  arbetar R G  i de generativa reglerna m ed tv å  representationer: den y tliga  
kategorirepresentationen beteckn ad  o-represen tation en , o ch  den funktionella  rep­
resentationen betecknad f-representationen . D essa beteckn in gar påm inner om  
dem  som  användes i lex ica l-fun ction al gram m ar (L F G ), en gram m atik  som  nog 
ock så  kan användas v id  autom atisk  översättn ing.

R eferentgram m atik  är bid irektionell, dvs kan användas både i analys och  
syntes (generering). D et betyder a tt den ställer sam m a hårda  krav p å  sitt in­
put och  sitt ou tp u t. E n korrekt skriven R G -m o d u l genererar bara  korrekta 
m eningar och  accepterar bara  korrekta m eningar. F ö r  a tt en gram m atik  skall 
vara användbar för  M T  krävs att den kan specificera  korrekthet p å  alla  n ivåer, 
genererar korrekta form er av artiklar, räkneord, p ron om en , a d jek tiv , substantiv , 
verb , sä tta  orden  i rätt ordn in g , e tc . R G  gör det— den genererar t.ex . o ck så  
korrekta form er av relativpron om en  i ryska och  polska en u ppgift som  kräver 
att flera faktorer tas hänsyn till. R G  är dessu tom  lä tt a tt skriva för  en lingvist 
och  vi har inte funnit n ågot som  den inte kan hantera. D en  klarar o ck så  s.k. 
unbounded dependencies, dvs flyttn ingar som  kan vara hur lån ga  som  helst.

R G  använder liksom  G P S G  defekta  syntaktiska kategorier, m en de form alis- 
eras inte som  ” slash-kategprier” i R G  utan benäm ns s d a e n t  =  su b jek tsdefek t 
sats, odpp  =  ob jek td e fek t prepositionsfras e tc . I program m et flyttas den  saknade
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koDStituenten till rätt position, vilket gör att man kan säga att R G  har dolda 
transformationer, precis som G P S G .

F ö r  a tt en gram m atik m odell skall kunna användas i m askinöversättning 
m åste den  ock så  h a  tagit ställn ing till hur ordbetydelser skall beskrivas och  vilket 
form a t d e  skall ha i lexikonet. M ån ga  teoretiska m odeller läm nar den frågan 
öp p e n , m en d et duger inte i e tt M T -sy stem  där alla  kom pon enter m åste finnas 
o ch  k unna sam verka. R G  har e tt bestäm t lexikonform at (se artiklar i litterär 
tu rlistan ) o ch  lexikonet är en särskild fil på  vilken m an kan lå ta  diverse operar 
tioner arbeta . O rdbetydelsen  beskrivs f.n . i en engelskliknande form  (m ach in esé), 
m en lex ikonet har u trym m e för  m ån ga  gram m atiska o ch  sem antiska uppgifter 
om  orden . R G  har ock så  utveck lat vissa  procedu rer fö r  m orfo log i (ordböjn in g  
och  ord b ild n in g ) o ch  tilläm pat s.k. im plikationell m orfo log i, en m odell där den 
m orfo log isk a  kunskapen ses som  kunskap om  vissa ord form er k om pletterad  m ed 
kunskap o m  hur existensen av en viss form  im plicerar existensen av en viss 
annan form . O m  m an kan en form  i språket och  vet vad den betyder, kan man 
d ra  slutsatser om  hur m ån ga  an dra  form er b ör  se ut o ch  vad de betyder.

D en  gram m atiska diskussionen de senaste decennierna har p .g .a . C hom skys 
starka in flytan de m ycket berört universella syntaktiska prin cip er för  naturliga 
språk, t .ex . begränsningar på  flyttn in g  av konstituenter. F ly ttn in gar och  hop­
pan de på  com plem en tizers (i engelska) hax t.ex . d iskuterats åtskilligt, och  relar 
tivsatser har t.ex . beskrivits som  en fly ttn in g  av den relativiserade konstituenten 
till kom plem entizern  =  relativm arkören  efterläm nande e tt osyn ligt spår. M en det 
finns m ycket annat som  är v ik tig t a tt beskriva om  m an skall kunna översätta  
relativsatser. M an  finner em ellertid  in om  E S T /G B  o ch  an dra  teoretiska gram ­
m atik m odeller inte t.ex . några  konkreta  regler för  val av rätt form  av relar 
tivpron om en , n ågot som  är n ödvän d igt om  m an vill im plem entera M T . D et 
talas o fta  v id  presentationen  av dessa m odern a  gram m atikm odeller som  om  
b ö jn in g  vore  en triv ial u ppg ift —  m en det är den inte ens i engelskan. En 
gram m atik  som  skall användas för  M T  m åste ha regler som  genererar ” w h o” , 
respektive ” w h om ” (för  a tt inte ta la  om  ” w hose” ). I e tt språk som  georgiska är 
o rd b ö jn in g  huvu du ppgiften : om  m an lyckas få  verbform en  rätt är det m esta av 
satsen avklarat. I både den  ryska o ch  den svenska gram m atikm odulen  upptas en 
ansenlig m än gd  av reglerna m ed att b ö ja  orden  rätt.

4 Vad Swetra kan

Sw etra kan analysera, syntetisera  (generera) och  översätta  typiska lingvistm enin­
gar m ed intransitiva , transitiva  och  d u bbe lt transitiva verb  och  upp  till två  
satsadverbia l o ch  tre  an dra  adverbial. Som  adverbia l kan även förekom m a prepo- 
sitionsfraser o ch  u nderordn ade kon junktionsbisatser. Sw etra accepterar kopular 
tiva  satser (i  ryska u tan  k opu la ) o ch  satser m ed passivum , h jä lpverb  ("h a ” , 
m od a la  h jä lpverb  som  ” kan” och  aspektuella  verb  som  ” b ör ja ” ). Sw etra har 
om fa tta n d e  k om plex  av regler fö r  att hantera nom inalfraser m ed bestäm ningar 
före  o ch  efter h uvudet o ch  kom plicerad  kongruens. Särskild uppm ärksam het har 
ägnats åt relativsatser; det referentbegrepp  som  giv it R G  dess nam n växte i



Bengt Sigurd: Erfarenheter av Swetra 235

själva verket fram  ur analysen av relativsatser (se uppsatser om  relativsatser i 
litteraturlistan).

S tora  likvärdiga gram m atik m odu ler iinns för  engelska, ryska och  svenska och  
tillhörande lexikon är för  närvarande på  några  tusen ord . D em on stra tion sp ro- 
grzim visar an^llys av  satsen i källspråket, och  generering av motsvaJ^lnde sats i 
m ålspråket. Ö versättn ingen  tar o fta  bara  några  sekunder. D iverse u p psn abb - 
ningsknep användes (som  v i här inte tänker avslö ja ). G rovöversä ttn in g  görs 
v ia gem ensam  funktionell representation , m en vissa  transferregler har dessutom  
utarbetats för  översättn ing  i en viss riktning (särskilt ryska till engelska).

T ypiska em piriska p rov  är deskriptiva texter, typ  nyhetsnotiser. Sw etra har 
bl.a . använt notiser ur P ravda , o ch  det är tro lig t a tt Sw etra specialiserar sig 
p å  notis- eller bu lletin texter (se Sigurd &  G aw ronska-W erngren  1988). Sådana 
texter Uknar de texter som  det textgenererande d atorprogram m et C om m en ta tor 
kunde generera o ch  sam verkan m ellan C om m en tator o ch  Sw etra fö r  a tt generera 
och  översätta  sådana texter till några språk har d iskuterats som  ett fram tida  
p ro jek t. E tt exem pel på en sådan text är fö ljan de: ” E tt okänt flygplan  närm ade 
sig Ö land från öster igår. D et g irade söderut innan det kom  in p å  svenskt om råde 
och  försvann sedan söderut. Inget svenskt flygplan  fiinns d å  in om  om rådet. 
F lygplanet observerades av radar.”  Y tterligare  exem p el p å  texter som  Sw etra 
riktar in sig på  finns i cirtiklar om n äm n d a  i referenslistan.

5 Publiktrykket

N är m an säger att m an håller på  m ed autom atisk  översättn ing  får m an ofelbart 
frågan: ” H ur m ånga år d rö jer  det innan det går, tror  D u ? ” Svaret: ” A ld rig ” 
accepteras inte och  inte heller svar av typen : ” V i kan översä tta  tex ter  m ed 
80%  kvalitet om  de ligger in om  en viss dom än , t.ex . det m arina  om rådet och  
gram m atiken är så begränsad  att den inte tillåter sam ordn ade relativsatser och  
inte m er än tv å  prepositions& aser i en nom inalfras e tc .”

D et finns e tt pu b lik tryck  som  de som  sysslax m ed m askinöversättn ing alltid  
m åste ha känt. D et är det tryck  som  lockar en a tt säga: ” O m  5 år, eller om  
10 år”  och  kanske m um la något oh örbart om  textu ella  begränsningar. D et är 
det tryck  som  fått m ån ga  forskare a tt lova  för  m ycket o ch  därigen om  tidvis 
förstöra  m arknaden fö r  forskning inom  au tom atisk  översättn ing . I ansökningarna 
för Swetra har v i aldrig  lovat att leverera ett fungerande översättn ingssystem , 
bara a tt forska inom  autom atisk  översättn ing.

O fta  sägs också : ” M en poesi o ch  skön litteratur kom m er väl a ldrig  a tt kunna 
översättas?”  O ch  några tok roliga  vandringexem pel ges. D et finns e tt tryck  att 
d å  säga: ” N ej, det kom m er aldrig att g å .” M en här känner ja g  m ig o fta  lockad  
att ock så  gå  på  tvären  och  säga att: ” Jo , poesi går lika bra , fast det b lir kanske 
inte riktigt sam m a poesi utan o fta  d järvare vändningar o ch  fräschare m eta forer.” 
M en åhörarna vill inte heller höra  p å  det öra t. M T  är ett svårt om råde— m en 
det är ja g  inte den förste  som  konstaterat.
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Ole T ogeby

Translation of Prepositions by Neural
Networks

Abstract
Translation of prepositions poses a very serious problem to machine 

translation because prepositions are highly ambigous. In theory prepo­
sitions can be disambiguated by a filter that excludes already generat­
ed representational objects with no selection restriction match between 
preposition and np, but it takes too long time in practice. A neurstl net­
work makes the disambiguation in fractions of a second, because it is fast, 
robust and very powerful.

1 The Problem
T h e  translation  o f  preposition s poses a  very serious p rob lem  to  m ach ine trans­
lation  because prepositions are h igh ly  am bigious— each o f  the m ost 10 frequent 
prepositions in on e o f  the 9 E U R O T R A  languages is translated  in to  10 different 
prepositions in each o f  the 8 o th er languages— and becau se  preposition s alw ays 
will generate m any attachm ent patterns.

Take the exam ple:

Lenin w rote  this note  in his n o te b o o k  in 3 m inutes in C open h agen

T here are the flat structure and the deep  structure and  6 a ttachm ent patterns 
in betw een:

237
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It is ob v iou s  in  this exam ple that in  d oes not m ean the sam e th ing in the three 
clauses: in  his notebook, in  3  m inu tes  and in  C openhagen. T h e  first on e m eans 
D IR E C T IO N , the secon d  one: T IM E : H O W  L O N G , and the third one: P L A C E  
W H E R E . In o th er w ords, w e need (a t least) three lexical entries for  the w ord 
in. O th er entries are needed for  in  1897, in  anger, in  danger, in  varioris colours, 
w ith  the m ailings: T IM E  W H E N , IN  A  M O O D  O F , D U R IN G  A N  A C T IV IT Y  
O F , O F  A  Q U A L IT Y  O F . So in D anish  there are, in m y op in ion , at least 12 
different m eanings o f  the corresp on d in g  preposition  t (and  furtherm ore all the 
fixed  phrases, e.g . in  all, to  be in  fo r ) .

T h e  d istin ction  betw een  D IR E C T IO N  and P L A C E  W H E R E  is not m ade 
intu itively, bu t w ith  th e  so  ca lled  ‘nonsensical con ju n ction  redu ction  test ’ , which 
says: i f  th e  con ju n ction  o f  tw o con tex ts  to  the sam e w ord  does not m ake sense, 
there are tw o readings o f  the lex ica l item , on e for  each con text. S o it does not 
m ake sense to  say: L enin  w rote this n o te  in  his n otebook  and three m inutes, or 
L enin  w rote this n o te  in  his n otebook  and C openhagen, o r  L enin  w rote this n ote  
in  three m inu tes and C openhagen  o r  L enin  w rote this n o te  in  three m inutes and 
1897. B u t note  that con tex ts  o f  the sam e typ e , i.e. con texts o f  the sam e reading 
o f  a  g iven w ord  form  can  b e  coord in a ted  and m ake sense: L enin  w rote this n ote  
in  a n ger and disappointm ent.

I f  we parse the sentence using a  d iction a ry  w ith  12 different entries for the 
w ord  in, and 8 d ifferent a ttachm ent patterns, the m achine will generate 8 x  12 x  
12 X 12 =  13.824 different representational o b je c ts  i.e. readings o f  the sentence. 
So the p rob lem  is how  to  d isam biguate the sentence and m ake the m achine find 
the correct reading am on g  the 13.824 synteictically possib le  readings.
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2 The Linguistic Solution
In theory, that m eans from  a linguistic poin t o f  v iew , this can  b e  d on e  in the 
follow ing w ay: in th e  d iction ary  the 12 entries for  in  are differentiated w rt. their 
s e le c t io n  r e s t r i c t io n s :  in _ l (P L A C E  W H E R E ) taJres as argum ent 1 nouns o f  
the typ e  C O N C R E T E , in J  (T IM E  W H E N ) takes nouns o f  the ty p e  Y E A R  or  
D A T E , in -3  (M O O D ) takes nouns o f  the ty p e  C O G N IT IO N  O R  E M O T IO N , 
in_4 (T IM E  H O W  L O N G ) takes nouns o f  the ty p e  S C A L E . T h a t m eans th at all 
nouns in the d iction ary  are cod ed  w ith  a  sem antic ty p e  label. I have suggested 
the fo llow in g  set o f  sem antic types for  nouns:

not
part
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ab­
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con­
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human—

---1----------
1----------,

1— :
1 State—  1 — :

1 temporal-1 I — i 
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1
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1 J

-partitive
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time
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non hu-l I------------natural kind
count Iartifi-1--- part

I cial I--- whole

D anish exam ples: P A R T IT IV E : sek tor, side, halvdel, S E M IO T IC : afsnit, forslag, 
aftale, S C A L E : m eter , decibel, grad, m inut, dag, T IM E : efterkrigstiden , fr em ti­
den, Q U A L IT Y : id en titet, størrelse, længde, R E L A T IO N : afhængighed, fak tor, 
position , R E S U L T : produktion .2 , undtagelse, in vestering .2 , C O G N /E M O T IO N : 
in teresse, fryg t, glæde, A C T IV IT Y : databehandling, anvendelse, produktion .1 , 
A C C O M P L IS H M E N T : revolution , in v es ter in g .l, udforskning, P R O P O S IT IO N  
nouns: fordel, mulighed, problem , N O M IN A  A G E N T IS : fabrikant af, tilskuer  
til, h erre over, O R G A N IZ A T IO N : hjem m em arked , industri, regering, C O M M U ­
N IC A T IO N  T O O L : persondatam at, videobåndoptager, radio, P L A C E : Europa,
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K øbenhavn , ildlinjen, M A S S : vand, luft, sand, N A T U R A L  K IN D : blomst, tree, 
sten , P A R T : kredsløb, svinghjul, taster, W H O L E : dataanlæg, elektronik, in for­
m ationsteknologi.

T h e  selection  restriction  cou ld  w ork  as a  filter w ith  a  ‘ killer rule ’ , i.e. a rule 
that w ou ld  exclu d e  ( ‘ k ill’ ) all o b je c ts  w ith  no m atch  betw een the typ e  which 
is asked fo r  in the sem antic fram e specification  o f  the head, in this case the 
p rep osition , and  the ty p e  o f  the noun that fills the slot. T here  w ill b e  no m atch 
in th e  created  o b je c t  w ith  in _ l (P L A C E  W H E R E ) in the clause in three m inutes, 
becau se  m inu tes  is a  noun  o f  the ty p e  S C A L E , and in -1  on ly  selects nouns o f 
the ty p e  C O N C R E T E .

T h is typ e  o f  rule w ou ld  exclu de  m ost o f  the not w anted o b je c ts  am ong the 
13.824 generated  representational o b je cts . B u t the rule is t o o  strong, because it 
is n ot u n com m on  in natural texts to  find m etaphorica l or  slightly m etaphorical 
sentences, e .g .: The situa tion  threatens to  becom e w orse. In this case the selec­
tion  rule saying that the verb  threaten  on ly  talces nouns o f  typ e  H U M A N  as 
arg u m en tl w ill ‘ k ill’ all the generated  o b je c ts  so  that n o  analysis or  translation 
w ill b e  p rod u ced  at all.

3 Preference Rules
Instead  it is necessary to  use a  p r e fe r e n c e  rule that com pares all represen­
ta tion a l o b je c ts  generated  from  the sam e surface structure, ranks them  wrt. 
in tern a l sem a n tic  fitn ess , and  selects the fittest. A s show n in the first paragraph 
th e  sim ple exam ple  L enin  w rote this n o te  in  his n otebook  in  three m inutes in 
C openhagen  w ill generate 8 attachm ent patterns w hich  then can  have 12 differ­
ent readings o f  each  o f  the three p reposition s. W h a t is com pared  by  a  preference 
rule is n ot tw o clauses con ta in in g  the sam e tw o or  three w ords, but the sum 
o f  the sem antic d istances betw een  all th e  pairs in the sentence o f  1) a  selection 
restriction  bearin g  head and 2 ) the correspon d in g  slot filler, added  up at the top  
n ode .

T h e  con cep t o f  sem antic d istance and  sem antic fitness can  be  operationalized  
in th e  tree o f  sem antic types. Y ou  w alk  in the tree from  the typ e  which is asked 
fo r  in  the selection  restriction , step  b y  step , to  the typ e  o f  the slotfiller, counting 
1.0 for  every  step  to  the left, and 0.1 for  every step  to  the right. T h e  distance 
from  C O N C R E T E  (w hich  is selected  by  in -1 , P L A C E  W H E R E ) to  S C A L E  (the 
ty p e  o f  m in u tes)  is 1.3, w hile th e  d istance from  S C A L E  (w hich  is selected by 
T IM E  H O W  L O N G ) and  S C A L E  is 0 .0 . C onsequently  reading tn ^ , T IM E  H O W  
L O N G  is selected  in  the clause tn three m inutes. T w o  representational ob jects , 
tw o tree structures representing tw o w h ole  sentences, can  then be  co m p 2ired in 
th e  fo llow in g  w ay:
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B y  such a  preference rule the flat stru ctu re w ith  the D IR E C T IO N  reading, the 
H O W  L O N G  reading and  the W H E R E  reading, respectively, w ill b e  selected—  
and that is exa ctly  the correct on e  am on g  the 13.824 p ossib le  readings.

B ut this m achinery will on ly  w ork  in theory. T h e  com parison  am on g  the 
o b je c ts  will be  m ade in pairs, so  there w ill b e  m ade 1 3 .8 2 4 /2  x  13.825 com p a r­
isons and that will take approx im ately  6|  hours w ith  a  fast m ach ine and  a  fast 
program .

4 The Neural Network Design

So in th eory  it can  be  don e, and the hum an brain  m ust fo llow  a  rule like the on e 
described  w hen it ca lcu lates the correct reading in fraction s o f  a  secon d , but it 
m ust d o  it in a  sm arter way than by  com parison  in pairs o f  a lready  genereted  
ob jects .

T h is  sm arter w ay m ust b e  som ething  like w hat is ca lled  a  neural netw ork, 
which is a  strategy  fo r  program m ing the preference rule so  that the m achine 
can com p u te  the best solu tion  o f  the p rob lem  in fraction s o f  a  secon d , like the 
hum an brain  does.

T h e  sem antic netw ork  is designed in the fo llow in g  w ay; It consists o f  three 
layers, an input layer w ith  117 neurons, a  h idden  layer w ith  65 neurons, and 
an ou tpu t layer w ith  12 neurons. A ll input neurons are con n ected  w ith  all the 
hidden layer neurons, and  all the h idden  layer neurons are con n ected  w ith  all 
the ou tpu t layer neurons. T h a t m eans that there are 7670 con n ex ion s betw een  
layer 1 and 2, and 792 con nexion s betw een layer 2 and 3.
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E ach  o f  th e  ou tp u t neurons represents on e o f  the possib le  readings o f  the 
p reposition  in. T h e  12 readings o f  in  M e: A R G l (deep  su b je ct) , A R G 2  (deep  
o b je c t ) ,  L O G  (p la ce  w h ere), D IR  (d irection ), T IM E , D U R  (tim e how  lon g ), M E A  
(m easu re), S T A  (s ta te ), A C T  (a ct iv ity ), E M O  (e m o tio n /co g n it io n ), Q U A L  
(q u a lity ), C L O T  (clo th es).

T h e  input is a  pattern  o f  the syn tactic  and sem antic structure o f  a  sentence 
con ta in in g  the w ord  in. 4 w ords to  the left and 4  to  the right o f  the preposition  
are represented in the pattern  as syn tactic-sem an tic categories. A  given w ord 
belon gs to  on e  and  on ly  on e  o f  the fo llow ing  56 categories, w hich  include the 
sem antic features described  in the first paragraph:

NOUNS: NONHUHAN 
PLACE 
HUMAN
NOMEN AGENTIS
SEMIOTIC
PART
MEASURE OR BARE FORM 
TIME
QUALITY OR RELATION 
RESULT
EMOTION OR COGNITION 
ACTIVITY 
ACCOMPLISHMENT 
PROPOSITION

VERBS: AUXILIARY OR MODAL
INTRANS I STATE 
OR PAS- I PROCESS 
SIVE I EVENT 
TRANSITIVE + noun 
TRANSITIVE + SENTENCE 
TRIVALENT VERB 
VERB w ith p re p o s it io n a l ob­

je c t s  and the p re p o s it io n  
i ,  t i l ,  f r a ,  o v e r , under, 
f o r ,  arf, ved

PREPOSITIONS: I ,  PA, TIL, FRA, OM, FOR, AF, MED, UDEN, OVER, 
UNDER, MELLEM

PRONOUN CONJUNCTION NUMBER
PUNCTUATION MARK AND/OR/BUT TIME ADVERB
THAT ARTICLE PLACE ADVERB
ADJECTIVE DIRECTIONAL ADVERB OTHER ADVERBS
ADJECTIVE + PREPOSITIONAL OBJECT

T h e  natural w ay to  represent the 9  w ord  input pattern  w ould  b e  an array w ith 
504 neurons ordered  in 9 row s and  56 co lum ns. B u t that w ould  b e  a  very re­
du ndan t representation , becau se  on ly  9 o f  the 504 neurons w ould  b e  activated 
in each  sentence.

T h e  input pattern  in form ation  can  b e  represented b y  on ly  117 neurons orga^ 
n ized  in an array w ith  9 row s, on e  fo r  each  w ord  in the sentence w indow , and 13 
co lu m n s, in w hich  each o f  th e  56 categories is represented b y  3 X  in accordan ce 
w ith  the fo llow in g  co d in g  key (n  =  noun , v  =  verb , p =  preposition , a  =  other, 
o  =  zero , i =  1):



Ole Togeby: Translation of Prepositions by Neural Networks 243

__n o _______n i _____ v o _______ V I________ p o _____p i ________ a o ________ a i _______
1 nonhum t im e  au z /m od  V P O -i i  med pronom  a d j 1
2 p la c e  r e l  s t a t e  V P O -p i p å  u den  k o n j a -p o b  2
3 hum r e s u l t  p r o c e s s  V P O til t i l  o v e r  p u n k t t a l  3
4  a g e n t  emo e v e n t  V PO ov/u f r a  u n d e r  o g  a - t i d  4
5 sem a c t i v i  t - v b + n  V P O for om m ellem  a t  a - s t e d 5
6 p a r t  accom p t - b v + s  VPOaf f o r  v e d  a r t i c l e  a - r e t  6
7 s c a l e __ p r o p ___t r i - v b __V P O loc___a f _____f ø r _______e f t e r ____a . a d v_7

T h a t m eans that the ca tegory  IN T R A N S IT IV E  V E R B  O F  T H E  S T A T E  T Y P E  
is represented b y  u o 2. A s an exam ple the sentence D e t  sk er i 1992  ( ‘it happens 
in 1992’ ) has the representation  show n below :

SENTENCE: XXX . D et s k e r  -  i  -  1992 . XXX XXX 
INPUT PATTERN 
n v p a o i1234567

- 4  ............................... 4 -
- 3  . . . X X . . . X ____3 -
- 2  . .  .X X . X ............ 2 -
- 1  . X . . X _X . . . 1 -

0 . . X . X . X ............ 0
+1 X ___ X. . X _____1+
+2 . . . X X . . . X ____ 2+
+3 ...............................3+
+4 ...............................4+

n v p a o il2 3 4 5 6 7

T h e  ou tpu t is represented by  12 ‘ th erm om eters ’ w hich  show  how  m uch a  given 
neuron, representing on e  reading o f  the p rep osition  i, is activated :

a r g l : ..................
a r g 2 : ..................

l o c : XXXX. . . .
d i r : XX..............

t im e : ..................
d u r : XXXX. . . .
m ea : ..................
s t a :  X .................
a c t : ..................
em o: ..................

q u a l : ..................
c l o t : ..................

W h en  a  pattern  o f  input neurons is activated  the neurons ‘ fire ’ , i e. they  activate  
all the h idden neurons th ey  are con n ected  w ith , w ith  the w eight o r  strength  w hich  
is assigned to  the specific con nexion .

E ach  o f  the h idden  neurons is now  activated  by  the sum  o f  their input values, 
which is depend ing  on  b o th  the pattern  o f  the firing input neurons and the weight
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o f  the their con nex ion s. T h e  h idden  neurons on ly  fire i f  their activation  value 
exceeds a  certain  threshold  level, and the ou tp u t neurons are activated in the 
sam e way.

5 Rules in Neural Networks
T h e  neural netw ork  is ‘ tra in ed ’ w ith  exam ples o f  input patterns and correct 
answers. W h en  the training starts all the con nexion s are random ized , and the 
ou tp u t o f  the netw ork  will in the beginn ing be  rather in correct. T hen  the correct 
answ er is typ ed  as a secon d  in put, and by  a  process ca lled  back propagation  all 
the con n ex ion  weights activated  b y  the input sentence are changed. T h e  con ­
nexion  w eights y ield in g  correct ou tp u t are increased and the connexion  weights 
y ie ld in g  in correct ou tp u t are decreased w ith a  certain  rate.

B elow  I m ention  som e o f  the 100 D anish input sentences— or rather strings 
o f  9 w ords, the central w ord  i and 4 w ords to  the left and to  the right— and the 
correct answer, i.e. the best reading o f  the preposition  i in the con text.

20. sikre at h ver deltager -i- sam m e p rojek t i hele =  A R G 2
21. deltager i sam m e p rojek t -i- hele p ro jek tets  løbetid til =  D U R
22. dom in ere d ette m arked og -i-  stigende om fang eksportere fra  =  M E A
23. nu  er  u nd er overvejelse  -i- nogle a f de større  m ed lem ssta ter =  L O C
24. til e t sådant n yt program  -i- s to r  m ålestok e r  kom m et =  M E A
25. E sprit velkom m en  til m ød et -i- ju n i 1992 og godkendte =  T IM E
26. X X X  . D e t  sk er - i -  1992 . X X X  X X X  =  T IM E
27. som  anvendes i opera tion er -i- m ange v ersion er  og varian ter  =  M E A
28. og afprøvning a f  V L S I/ system er -i-  cilisium  eller  andre halvledere =  L O C
29. beslutning end en  afgørelse -i- rådet =  L O C
30. fu ld t kan s tø tte  brugeren  i kom m unikationsprocessen , og som  =  A C T
31. ; de vil resu ltere i n ye  produkter, p rocesser  =  A R G 2
32. anvendelse foreg å r  m eget L angsom m ere i Europa end i Japan =  L O C
33. a f  alle varer frem stille t i fæ llesskabet e r  i sm å =  A R G 2

W h en  th e  con n ex ion  strengths have been  ad justed  a num ber o f  tim es w ith a 
num ber o f  input sentences the pattern  o f  the con n ex ion  strengths w ill represent 
a  rule w ich  w ill y ie ld  the correct ou tp u t to  each o f  the input patterns in the 
tra in ing set.

It is essential that the in pu t sentences are authentic and n ot gram m ar b ook  
sentences, becau se all regularities in the input m aterial, even the num ber o f  
w ords from  the w ord  i to  the pu n ctu ation  m ark, w ill b e  m ade in to a rule by  the 
netw ork.

It is essential t o o  that the num ber o f  input sentences is so  high that all non- 
lingu istic regularities o f  any kind axe exclu ded . 100 input sentences are certainly 
n ot en ough  to  m ake sure that all n on im portan t w ord  types have been  placed in 
all 8  position s in the input p icture.

I am  n ot sure that a  w in dow  o f  9 w ords is enough , but in the first 100 
authentic 9  w ord  input sentences the rule triggering w ord  has been present.
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T h e training can be  seen from  tw o screen pictures, the first on e show ing input 
pattern , aswer and ou tp u t o f  run no. 2 o f  sentence no. 26. T h e  ou tp u t is not 
even slightly in the right d irection .

fa c t  no. 26
SENTENCE: XXX . Det sker -  i  

INPUT PATTERN 
nvpaoil234567 a rg l :

...................... 4 -  arg2:

.X X ...X ___ 3 - l o c :

.XX.X...........2 -  d ir :
. X . . . . X . . . 1 -  tim e:

X. X. X...........0 dur:
. . .  X. .  X. . . .  1-)- mea:
. X X . . . X___ 2+ s ta :
...................... 3+ a c t :
...................... 4+ emo:

n vpaoi1234567 q u a l:
c l o t :

-4

-3
-2
-1

0
+1
+2
+3
+4

.X

- 1992 . XXX XXX 

ANSWER

xxxxxxxx

OUTPUT

XX.

B ut in run nr. 15 the netw ork has ‘ learn ed ’ a  rule com pletely , and gives the 
correct ou tpu t to  all the training sentences.

fact no. 26 
SENTENCE: XXX . Det 

INPUT PATTERN 
nvpaoi1234567

...........4-

.XX...X....3-

.XX.X..... 2-

. .X___ X.. .1-

X.X.X..... 0
.. .X. .X___ 1+
.XX.. .X--- 2+
...........3+
........... 4+

nvpaoi1234567

run no.15

-4

-3

-2
-1
0

+1
+2
+3
+4

.X

sker - i

argl:

arg2:
loc:

dir:

time:

dur:
mea:

sta:

act:

emo:

qual:

clot:

1992 . XXX XXX 

ANSWER OUTPUT

XXXXXXXX xxxxxxxx

It is interesting that the established rule w ill g ive the correct answ er to  new  
sentences to o , i.e. sentences w hich  have never been  given as input pattern  before . 
In a  w ay the netw ork has ‘ learned ’ a  linguistic rule in du ctive ly  a lthou gh  it has 
not been form ulated  explicitly . It can  be  seen in the fo llow in g  three exam ples.
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new fact

SENTENCE: Mfildet i 

INPUT PATTERN 

nvpaoi1234567
-4 X ___ X ____ X. .4-

-3 . .X.X.X......3-
-2 X.. .X. .X.....2-

-1 .X..X...X____1-

0 . .X.X.X..... 0

+1 ...X.X..X____1+

+2 X. . .X....... X2+
+3 ............. 3+

+4 .............4+

nvpaoi1234567

Strassbourg varede - i 

ANSWER
argl: .......

arg2: .......

loc: ......

dir: ...... .
time: ........

dur: ........
mea: ...... .

sta: ...... .
act: ......

emo: ...... .
qual: ...... .
clot: ...... .

- 3 uger

OUTPUT

XX.

XXXXXXXX

new fact
SENTENCE: fordi den fortsatte deltagelse - i - forhandlingerne 

med de implicerede 

INPUT PATTERN ANSWER OUTPUT

-4
nvpaoi1234567 
...XX..X..X..4-

argl
arg2

-3 ...XX.X.... . .3- loc

-2 ...X.XX.... . .2- dir

-1 X ___ X ____X,, .1- time

0 ..X.X.X.... . .0 dur

+1 X ___ X ____X,. .1+ mea

+2 .... XX.... ,X2+ sta

+3 ...XX.X.... , .3+ act

+4 ...X.XX.... . .4+ mea

nvpaoil234567 qual

d o t

xxxxxxx.
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nev faet

SENTENCE: for en tredje rekvirent i samarbejde med en virksom 
hed

ANSWER
argi: ........

arg2; ........
loc: ........

dir: ........

time: ........

dur: ........
mea: ........

sta: ........

act: ........

emo: ........

qual; ........

clot: ........

- 4
- 3
-2
-1

0
+1
+2
+3
+4

INPUT PATTERN 
nvpaoil234567

. .X.X..... X.4-

.. .XX..... X.3-

. . .X.XX..... 2-

X...X____X...1-

. .X.X.X..... 0
X ___ X ____X. .1+

. .X. .XX..... 2+

.. .XX..... X.3+

X.. .X.. .X___ 4+

nvpaoil234567

OUTPUT

XX....
X .....

X .....

xxxxxxx.

I have not yet— efter 100 input sentences— statistics a b ou t how  m any percent 
o f  correct ‘guesses’ the netw ork  will m ake a b o u t new  sentences, bu t it is a lready  
clear that it is possib le  to  m ake a  netw ork  w hich  can  solve the p rob lem  o f  d isam ­
biguation  o f  prepositions w ith ou t the en orm ou s overgeneration  w hich  is m ade 
by  filter rules in serial program m ing.

It should  accord in g  to  the theories be  p ossib le  to  train  the sam e netw ork  
to  m ake the d isam biguation  o f  all the preposition s (o r  all th e  m ost frequent 
and am biguous preposition s). T h e  netw ork  I have described  is in fa ct designed 
to  com p u te  15 difierent preposition s. B ut I have n ot yet trained it w ith  o th er 
prepositions th£in t.

6 The Power of Neural Networks
I im agine that the neural netw ork in the translation  process w ill b e  p laced  before  
the parser. T h e  netw ork  is fed w ith the lex ica l w ords o f  the in pu t sentence, and 
the relevant in form ation  abou t the sem antic ty p e  o f  each  w ord  taken & om  the 
d ictionary. A ll the p reposition s in the sentence are then d isam bigu ated  b y  the 
netw ork and the reading num ber asigned to  them  b e fore  they  are parsed  b y  the 
gram m ar parser. T h e  p rod u ct o f  the n etw ork  w ou ld  in the exam ple  from  the 
beginning o f  this article  be:

L enin  w rote this n o te  in (D IR ) his n otebook  in (D U R ) 3  m inutes
in (L O C ) C openhagen in (T IM E ) 1897  in (E M O ) anger.

T h e  enorm ous d isam biguation  pow er o f  the neural n etw ork  results & om  three 
factors: the parallel d istribu tion , w hich  m akes it fast, the n on loca l representation
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o f  the rule, w hich  m akes it robu st, and the statistica l analysis, which makes it 
pow erful.

T h e  m ach ine d oes n ot in fact com p u te  the rule in parallel, but in a  seri­
al m ach ine th e  p rogram  sim ulates the parallel processing, and that is enough 
to  com p u te  th e  d isam biguation  o f  a  preposition  in fractions o f  a  second . 8462 
ca lcu lation s d o  n ot take m ore  than  a  fraction  o f  a  second .

T h e  rules w hich  are used for  d isam biguation  o f  the preposition  i, on e o f  which 
cou ld  b e  that i fo llow ed  b y  a  noun o f  the sem antic ty p e  P L A C E  w ill norm ally 
b e  a  i (L O C ), axe n ot loca ted  in som e o f  the con nexion s, bu t in the w hole pattern 
o f  con n ex ion s b o th  from  input layer to  h idden layer, and  from  hidden layer to  
ou tp u t layer. So irregularities in the input, m etaphors or  syn tactic errors, will 
n ot to ta lly  d isable the rule, bu t on ly  m ake m inor changes in the ou tpu t. T h e  
n etw ork  w ill alw ays find the ‘b e s t ’ solu tion , i.e. recogn ize the reading w ith m ost 
sem antic fitness regardless how  g o o d  o r  bad  it is— exactly  as we d o  even when 
w e read the fam ous sentence: C olorless green  ideas sleep furiously.

T h e  n on loca l representation  offers a  solu tion  o f  the prob lem  o f  the so called 
herm eneutic circle , the p rob lem  that the w hole can n ot be  u n derstood  before 
the parts are u n d erstood , and the parts can  not be  u n derstood  before  the w hole 
is u n d erstood . T h e  m ean ing o f  the sentence consists o f, bu t is at the sam e tim e 
m ore  than  the sum  o f  the senses o f  the w ords.

W ith  n on loca l representations the m eaning o f  the w hole is represented, not 
as th e  sum  o f  th e  m eaning o f  the parts, but as a  pattern  or  ‘m ean ing ’ o f  som e­
th ing w hich  is su bsym bolic , subsignificant or  w ith  n o  m eaning at all, but w ith 
a  d ifferentiating fu n ction , v iz. the neurons o f  the h idden  layer. So the netw ork 
com p u tes  o r  recogn izes the m eaning o f  the w h ole  b y  com pu tin g , n ot the sum o f  
the parts, bu t th e  pattern  o f  the su bsym bolic  parts (th e  h idden  layer neurons) 
o f  the sy m b o lic  parts (th e  w ords) o f  the sentence.

T h a t is ex a ctly  the fu n ction  o f  letters o r  phonem es, w hich  have n o  m eaning 
b u t on ly  a  d ifferentiation  fu n ction , and  nevertheless m ake it possib le  to  transm it 
w ord  senses and sentence m eaning from  sender to  receiver in the com m un ication  
p rocess betw een  hum ans.

B u t m ost im p ortan t, the neural n etw ork  will utilize in form ation  w hich  can 
n ot be  used in n orm al gram m ar rules, v iz . p robab ilistic  in fom ation . It is a  lin­
gu istic  rule that on ly  in (D U R )  w ill be  fo llow ed  by  a  noun o f  the type  S C A L E : 
in  3  m inutes. L et us assum e that it is a  statistica l rule that in (D U R )  is follow ed 
b y  a  card in al n um ber 1.000 tim es m ore  o ften  than in (L O C )  is. It is n ot possible 
to  form ulate  this regu larity  as a  linguistic rule, n ot even as a  preference rule, 
becau se  o f  th e  p ossib ility  o f  the sentence: she worked in  tw o room s. T h e  sem an­
tic  n etw ork  w ill u tilize the p robab ilistic  in form ation  but n ot m ake errors in this 
cru cia l exam ple , becau se the pattern  o f  con n ex ion  weights has learned the rule 
for  the com b in a tion  o f  card inal num bers and m easure nouns, not for  cardinal 
num bers only.
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Ivar Utne

Machine Aided Translation between 
the Two Norwegian Languages 

Norwegian-BokmM and 
N or wegian- N y norsk

Abstract

The article describes essential parts of a prototype system for machine 
aided translation from Norwegian-Bokmal to Norwegian-Nynorsk. The 
central parts of the system are a bilingual word list, inflection paradigms, 
phrases, and routines to deal with compound words. There are also syn- 
t2ictic and semantic rules, but they can be considered as preliminary. The 
article also includes a simple comparison of the two Izinguages in question. 
The program is written in TurboPascal and runs on IBM PC compatible 
machines.

1 Introduction

T h e  m ain g oa l o f  the p ro je c t  M ach in e aided translation from  N orw egian-B okm al 
to  N orw egian -N yn orsk  is t o  au tom atize  translation  betw een the tw o official N or­
w egian languages, b o th  fo r  p rop osin g  translated text, and for look in g  up w ords, 
phrases an d  tex t parts. T h ere  is a lso an im portan t o b je ct iv e  to  gain know ledge 
a b o u t m ach ine translation  in general. T h e  system  w ill be  based on  com prehen ­
sive bilingual w ord  lists and  lingu istic rules im plem ented as d a ta  for  a  com pu ter 
program .

T h e  developm en t has so  far partly  been  su pported  by  the N orw egian Research 
C ou n cil fo r  S cience and  the H um anities (N A V F ) for  8 m onths in 1987-88 . T h e  
a u th or  o f  this presentation  has been  responsib le  for  the linguistic and com p u ­
ta tion a l w ork . F orm al coop era tors  are also T h e  N oregian  C om p u tin g  C entre for 
th e  H um anities and D epartm en t o f  P h on etics  and L inguistics at the U niversity 
o f  B ergen .

250
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1.1 The Soft- £ind Hardware

T h e translation  program  and oth er d a ta  developm en t program s (especia lly  for 
w ord lists) are w ritten  in T urboP asca l w ith ou t usage o f  graph ics emd specia l 
database procedu res, and  is com patib le  w ith  versions 3 .0 ,4 .0  and  5 .0 . T h e  sou rce 
cod e  takes abou t 50 k b , and the com piled  version  a b ou t 34 kb w ith ou t the d a ta  
tables. T h e  program  is run on  IB M  co m p a tib le  m achines w ith  the op era tin g  
system  D O S  4 .0  and  low er. A m on g  the m achines is a  T osh iba  TIOOO w ith  512 
kb R A M  and on e floppy  disc w ith  720 kb.

2 The Two Official Norwegian Languages, 
General Remarks

T h e  tw o oflScial w ritten  N orw egian languages are the m a jority  language N orw e- 
gian-Bokm 41 (N B ), w ith  an unoflScial English nam e D an o-N orw egian , and  the 
m inority  language N orw egian -N ynorsk  (N N ), w ith  an unofficial E nglish  nam e 
N ew -N orw egian. T hese languages can , for  foreigners, b e  regarded as relatively  
sim ilar b o th  in spelling, in flection , voca b u la ry  and  syn tax , w hich  will b e  ex ­
em plified below . T o  N orw egians these tw o languages are felt as d ifferent, b o th  
because o f  the linguistic differences and  becau se o f  the p o litica l im pact o f  the 
languages. T h e  tw o languages have b y  p o litica l decision  been  stated  as officia l 
N orw egian languages w ith  equal status.

N N  is based on  N orw egian  d ia lects, w hile N B  is based  on  an o ld er version  o f  
w ritten  D anish w hich  has later been im proved  w ith  elem ents from  N orw egian  d i­
alects. T here  is now adays n o  com p lete  agreem ent as to  w h ich  o f  the tw o w ritten  
languages are nearest to  N orw egian d ia lects. T h a t depends on  w hich  linguistic 
categories are considered  and their relative im p ortan ce . T h ere  is a lso  n o  co m ­
plete agreem ent to  w hat extent a  w ritten  language shall b e  based on  d ia lects in 
op p osition  to  w ritten  tradition .

T h is language situation  im plies that there w ill exist tw o N orw egian  languages 
in the future. A n d  this w ill m otivate  translation  too ls  betw een  the tw o languages, 
especially  from  the m a jority  language tow ards the m ihority  language.

3 The Two Officicd Norwegian Languages, 
Simplified Comparison

T o  give som e im pression  o f  w hat the system  has to  w ork  w ith , I w ill present a 
sim plified com parison  o f  the differences betw een  the tw o languages, and  con sider 
som e differences in spelling, in flection , sufiSxes, vocabu lary , and  syntax.

F irst it m ust be  stated  that the tw o N orw egian  languages have m ore  sim ilar 
than different expressions, and  that the differences are very o ften  sm all and cover 
lots o f  expressions in a  system atic m anner (e .g . d ip h ton g  versus m on op h ton g ). 
T h is reflects a  com m on  h istory  for  the languages.
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Norwegian-Bokmål Comments
Mod. NB Rad. NB Rad. NN Mod. NN
spelling:
grøt graut graut (porridge)
høst haust (autumn)
løk lauk løk lauk (onion)
ren rein rein (clean)
fler fleir (more)
sette sette setje (put, set)
linje linje line (line)
skap skap skåp (cupboard)
hjem heim heim (home)

inflection:
gutter gutar (boys, m pi)
jenter jenter (girls, f  pi)
epler eple (apples, n pi)
hus hus (houses, n pi)
problemer problem problem (problems, n pi)
boken boka boka [boki] (the book, f sg def)
kastet kasta kasta (threw, pret)
svømte svømte (svam, pret)
kommer [kjerner] kjem (come, irreg pres)
skriver [skriver] skriv (write, irreg pres)

suffixes: 
utdannelse,-ing utdanning (education)
kjærlighet kjærleik (love)
lærer lærår (teacher)
elektriker elektrikar (electrician)

vocabulary: 
tillatelse,løyve løyve (permission)
erfaring røynsle (experience)

Table 1: Spelling, inflection, suffixes an d  vocabulary.

T h e  com parison  is presented in tw o tables. T ab le  1 conta ins exam ples o f  
spelling, in flection , suflSxes and  vocabu lary . T ab le  2 conta ins exam ples o f  syn­
ta ctic  con stru ction s.

T h e  exam ples in T ab le  1 are grou p ed  in to  fou r co lu m s, tw o for  each language. 
T h e  le ftm ost co lu m n  b elow  N B  and the rightm ost co lu m n  below  N N  contain  the 
form s that are m ost d ifferent from  the o th er language, and are usually called 
m oderate fo rm s. T h e  righ tm ost co lu m n  b elow  N B  and the leftm ost colu m n  be­
low  N N  represent expressions w hich  are regarded as approaching  form s, usually 
ca lled  radical fo rm s. T h e  square brackets m arks form s w hich  are allow ed in w rit­
in g  ex cep t in  d ocu m en ts from  the centra l governm ent and  text b ook s for the 
prim ary  and  secon dary  sch oo l, high sch oo l, and som e oth er institutions. T w o  o f
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genitive:
guttens bil

■> bilen til gutten
(the boy’s car; NN-phrase word by word: the car belonging.to 
the boy)

lederens forslag
>> forslaget/framlegget frå/til leiaren 

(the leader’s proposal; NN-phrase word by word: the proposal 
from/belonging to the leader)

passive voice;

bøkene kastes
•> bøkene vert/blir kasta 

(the books are thrown (away))

boka blir lest
“ > boka vert/blir lesen

(the book is read; common gender (i.e. masc. and fern.) 
singular)

congruence /occurs in passive and in predicative):

skriftet blir lest
•> skriftet vert/blir lese 

(the publication is read; neuter singular)

bøkene blir lest
■> bøkene vert/blir lesne 

(the books are read; plural)

nominalization:

forsamlingen gjorde vedtak om nye skatteregler 
•> forsamlinga vedtok nye skatteregler 

(the meeting/assembly approved new tax rules;
NB-phrase word by word: the meeting/assembly did/passed a 
resolution on new tax rules)

fyrbøteren har behov for mer kuU 
•> forbøtaren treng meir kol

(the stoker/fireman needs more coal; NB-phrase word by word: 
the stoker/fireman has/isJn need for more coal)

Table 2 : S yn tactic  phrases
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the expressions in  the table  axe sim ilar for  the tw o languages, e.g . the w ords for 
girls and houses. T h is  m eans that fem inine plural in flection  is the sam e (w ith  
som e ex cep tion s), and  that neuter plural in som e cases is sim ilar.

In T ab le  2 there are exam ples o f  gen itive, passive vo ice  o f  verbs, con gru ­
en ce  and nom in a lization . E ach  o f  the exam ples conta ins: N B  phrase, N N  phrase 
(prefixed  b y  an arrow : =>) and  an English translation  often  follow ed by  som e 
gram m atica l in form ation . W h en  the w ord  ord er in on e  o f  the N orw egian phrases 
differs from  th e  ord in ary  E nglish  translation , I have added  a  w ord  by  w ord 
translation  o f  the phrase in that language. See for instance M yking 1989 for an 
in stru ctive com parison  o f  the tw o languages.

A  system  for  m ach ine a ided  translation  w ill b e  based  on  these facts. T h e  
m ost sign ificant d ifferences are fou n d  in spelling and in flection  o f  w ords. A s well, 
we have to  perform  a syn tactic  and sem antic analysis (parsing) to  identify  the 
current form  am on g  h om on ym s (in  sou rce language w hich  m ay im ply different 
expressions in target lan gu age), t o  ensure con gruen ce (w hich  exist in N N ; see 
exam ples a b ov e ) and  to  ensure rew riting o f  syn tactic con stru ctions.

4 The Structure of the System
A t present the system  is a  bilingual translation  system  w ith  transfer routines, i.e. 
target language d a ta  is inserted in the result structures from  the analysis o f  the 
sou rce language. A  m ore  soph istica ted  solu tion , n ot im plem ented yet, cou ld  be  
an interlingua system , w here the source text w ou ld  b e  translated to  a  language 
in depen den t representation  before  generation  o f  the target text.

T h e  system  is based  on  syn tax  analysis, and a  sem antic analysis gu iding the 
syn tax  analysis. T h e  developm en t is perform ed  b o tto m -u p , i.e. it has been o f  
im p orta n ce  to  establish  a  skeleton o f  a  to ta l system , and then reflne the parts. 
B ecau se  o f  th is, the lingu istic m odels  that axe used have to  b e  considered  as 
prelim inary.

T h e  system  con sists o f  a  com p u ter  program  and a  co llection  o f  d a ta  files. T h e 
rules and  th e  reference d a ta  is stored  in text files that can  easily  be  ed ited . D uring 
th e  developm en t phase parts o f  the linguistic rules are part o f  the program  cod e  
becau se  o f  prelim inary  design  issues.

T h e  d a ta  files con sist o f  lingu istic rules for  con tro llin g  the translation  process 
(i.e . analysis and  gen eration ) and  reference d a ta  for  the rules. For the tim e 
bein g  there is on e  rule file, w ith  syn tax  rules, and seven reference files, which 
are the bilingual w ord  list, regular in flection  patterns, irregular in flected  w ords, 
phrases, w ord  form ation  pattern s (fo r  com p ou n d  w ord s), sem antic classification , 
and  internal co d e  conversion  (w hich  will n ot b e  expla ined  further).

5 Syntax Rules
T h e  syn tax  rules axe b in ary  u n ification  rules w ith  con tex t constraints. T h e  sys­
tem  is w ork ing  b o tto m -u p , i.e. grou p in g  related w ords in larger eind larger units 
until the result is com p le te  sentences. A t the tim e bein g  the rules are not based
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on a specific linguistic model, and the rules must be regarded as a basis for estab­
lishing a skeleton o f a syntax parser. Typical rules are ADNOM + NOM ->  NP, V + 
NP ->  VP, NP + VP ->  S, PREP + NOM ->  PP. The rules are at the time being 
based on the sequence o f SUBJECT -f VERBAL + OBJECT in main clauses, and ex­
istence of inversion in certain types o f subordinate clauses. The syntax rules can 
to some extent handle relative clauses, conditional clauses and adverbial clauses.

The context constraints concern both syntax and semantics. The syntac­
tic constraints concern the existence o f grammatical categories in the context, 
e.g. SUBJECT, OBJECT, 0BJECT2, THAT-clauses and INFINITIVES. The semantic 
constraints concern what semantic features may characterize the grammatical 
categories (see above) which is tied up to a kernel word or phrase (usually a 
verb). It is quite a big project to work out a complete classification o f semantic 
specification for all words. Therefore our principle is to start with classifying 
words which otherwise may cause wrong analyses and translations. The parser 
uses these specifications to reject analyses where the semantic features are in 
confiict. If one or none o f the two phrases (words) have semantic specifications, 
a semantic check will not be performed. For further details, please see the de­
scription o f the data file containing the semantic classification.

6 The Bilingual Word List

In the bilingual w ord  list, a  stem  and an in flection  co d e  for  b o th  N B  and N N  
are required. T h e  foilw ing op tion a l categories axe present: con tex t constra in ts 
(for  the m om ent) for  verbs (see syn tax  rules b e low ) and  sem antic classification . 
T h e  entries are stored in a lph abetica l order in a  file w ith  fixed  record  length  
to  facilitate qu ick  searches. T h e  d a ta  is u pdated  in a  text file and con verted  to  
fixed file form at.

T h e  representation  o f  stem s are carried  ou t a ccord in g  t o  a  form at that enables 
the program  to  search for the part o f  a  w ord  that is com m on  to  all form s, e.g . 
m ut are com m on  for  m u tter  (indef. sing .) and m utre  (indef. p lu r .), w hich  are 
the N B  w ord  fo r  the E nglish  w ord  nut. Instances o f  d ou b le  con son ants w hich  are 
single in in flected  form s are represented w ith  a  hyphen  in fron t o f  the secon d  
consonant, as for  instance -t. A n d  suffixes w hich  are redu ced  in  certain  in flected  
form s are prefixed w ith  an asterisk (* ) ,  as for  instance *er. A cco rd in g  to  this the 
entry for ‘m u tter ’ is m ut - t  *er.

7 Inflection

T h e  system  contains tw o d a ta  files consisting  o f  in flection  in form ation , a  table 
o f  regular in flection  patterns and  a  list o f  irregular in flected  w ords.

T h e  presentation  o f  the regular in flection  paradigm s has the fo llow in g  form at 
for each pattern : pattern  co d e  -f- in flection  expressions. F or on e  o f  the in flection
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pattern s fo r  verbs, e.g . on e  o f  the tw o patterns for  N B  for  the verb kaste (throw , 
ca st) , this m eans:

v6 e er a a

T h e  reading o f  this is that ^lccording to  pattern  v6 , these endings should 
b e  appen ded  to  the stem  kast to  p rod u ce  the form s kaste (in fin itive), kaster  
(present ten se), kasta  (past tense) and kasta  (past p erfect). T here  is a  m odule 
in  the p rogram  w hich  uses this pattern  in form ation  in com bination  w ith the 
stem  form  and its in flection  co d e  fou n d  in the bilingual w ord  list. T h is routine 
w ill b e  exem plified  in m ore  deta il below .

T h e  presentation  o f  irregular in flection  is d iv ided  betw een the bilingual w ord 
list and a  list con ta in in g  the irregular form s in N N . In the bilingual w ord  list 
the m ost relevant form s (fou r  o f  nouns and  verbs) o f  N B  are listed accord in g  to  
th e  a lph abetica l sequence. E ach  o f  the N B  form s are m arked for a  form  category 
in the bilingual w ord  list, e .g . present o f  verb  o r  definite singular o f  a  noun. In 
the list o f  irregular N N  form s w e usually find fou r form s organ ized  accord ing  
to  a  sequence, i.e. infinitive— present— preteritum — past perfect, that expresses 
w hat form  it is.

8 Phrases
P hrases are stored  in a  tex t file to  w hich  the program  has access. W ords that 
usually  o c cu r  in the phrase in on ly  on e  form  are presented in that form  in the 
file. W ord s  that m ay b e  in flected  as part o f  the phrase are presented in inflected 
form s (a t th e  tim e b ein g  in different entries, bu t this w ill soon  b e  concentrated  
in to  on e  en try ). A  w ild  card  (■•■) has been  inserted in w hich  an add itional w ord 
ca n  b e  inserted  (th is w ill b e  expan ded  to  phrases), e .g . adverbials as for  instance 
not. E ach  phrase (record ) is prefixed w ith  on e o f  the w ords in the phrase. T hat 
w ord  acts  as a  key to  the phrase. T h is  m eans that the keyw ord is a lso listed in 
th e  b ilingual w ord  list w ith  a  co d e  that tells the parser to  lo o k  in to the phrase 
list. T h is  ke}Tword is usually  chosen  am on g  w ords that is regarded as having low  
frequ en cy  in tex t, to  prevent t o o  m any superflous searches. T o  the right o f  the 
phrase w e find  th e  N N  syn on ym , prefixed  w ith  a  d o t ( ‘ . ’ ). A n  entry  m ay look  
like th is (vO is th e  in fiection  co d e  fo r  irregular verbs):

behov ha vO * behov for .trenge vO

9 Word Formation, Compound Words
A  m odu le  has been  im plem ented  for  the analysis and  translation  o f  com pou n d  
w ords. T h e  m ain  prin cip le  is that com p ou n d  w ords that d o  n ot exist in the 
bilingual w ord  list m ay b e  analysed as be in g  com p osed  o f  w ords in the list. T h e 
processin g  o f  w ord  form ation  has tw o im portan t types o f  restrictions.

O n e ty p e  o f  restriction  is that w ords that are part o f  a  com p ou n d  w ord 
m ust usually b e  th e  so -ca lled  form  1, i.e. in fin itive o f  verbs, indefinite singular o f
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nouns and com m on  gender (i.e. m asculine and fem inine) o f  ad jectives. B u t the 
rightm ost (last) part o f  the w ord  m ay o f  cou rse be  in flected . A t the tim e bein g  
these restrictions are included  in the p rogram  cod e .

T h e  o th er typ e  o f  restriction  con cern s w hat part o f  speech  the difierent w ord  
parts can  com e  & om . A n  ad jective  and a noun m ay b e  com bin ed , like rødvin  
(red  w ine). B u t we can not com bin e  a  n oun  and an article , like gu tten  (th e  b o y ) 
read as gu tt +  en  (b o y  +  a ) and w ill be  translated to  guttein . In the system  
these types o f  restrictions are w ritten  in to  a  d a ta  file w here patterns express 
illegal sequences o f  parts o f  speech.

10 Semantic Classification
A s m entioned above , a  m od u le  for  sem antic classification  to  gu ide  the parser has 
been  included . T h e  system  is im plem ented  as a  thesaurus in a  tree structure. T h e  
raw d ata  is w ritten  in to  a  text file w ith  expression  fo r  the su bord in ate  con cep t 
in the left colu m n  and the expression  for  the superior con cep t in the right. FVom 
these d a ta  the program  builds the thesaurus structure.

T h e  parser utilizes this in form ation  to  d ecid e  i f  tw o w ords o r  phrases can  be  
unified a ccord in g  to  the sem antic classification . T h is  is o f  im p ortan ce  w hen the 
tw o w ords/ph rases have sem antic representation  at difierent levels in such a  w ay 
that on e o f  the representations is su bord in ated  to  the other. T h a t m eans that 
th ey  are com patib le .

11 The Morphological Analysis for Single Stem 
Words

T h e  m ain com pon en t o f  the w ord  analysis is recogn ition  o f  w ords in the bilingual 
w ord  list and the related in flection  endings in the in flection  tables. In the analysis 
o f  com p ou n d  w ords this in form ation  is com bin ed  in repeated  w ord -recogn ition  
during the w h ole  com p ou n d  w ord.

T h e  general strategy  for w ord  recogn ition  w orks from  right to  left. T h e  pro­
gram  first searches in  the w ord  list for  the w h ole  w ord . I f  it is not fou n d , a  new  
search is perform ed  w ith  the rightm ost ch aracter deleted. T h e  search process is 
repeated w ith  deletion  o f  the rightm ost ch aracter until there w ill b e  a  m atch  or 
there w ill be  n o  search string left. I f  the input w ord  is ka ster  the p rogram  will 
search for

kaster,
kaste, and  then 
kast,

which is a  verb  stem  in the list. K ast has tw o difierent in flection  cod es , v6  and 
v7.
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T h e  program  w ill expan d  the stem  w ith  endings from  b oth  the inflection 
parad igm s in order to  find iden tity  betw een the com p lete  input w ord  and on e or 
m ore  in flected  form s o f  the w ord  list entry. T h e  paradigm s are:

v 6  e 
v 7  e

er a  a
er et et

A cco rd in g  to  this the stem  kast and in flection  endings p rod u ce  these w ord  form s:

v6 : kaste kaster kasta kasta
v7 : kaste kaster kastet kastet

T h e  secon d  w ord  form s, i.e. the present tense in b o th  the paradigm s m atch. 
T h a t m eans that the p rogram  has identified ka ster  as present tense o f  the stem  
kast.

12 The Morphological Analysis of Compound 
Words

T h e  analysis o f  com p ou n d  w ords follow s the sam e m ain strategy as for  single 
stem  w ords. T h e  m ain  d ifierence is repeated  searches for  stem s, endings and  jo in ­
in g  characters. I f  the input w ord  is læ rerh øyskolestu d enter  (T each ers ’ T raining 
C o llege  S tudents, read stem  by  stem  as: ‘ teacher +  h igh -I- sh ool +  student +  s ’ ) 
th e  p rogram  w ill delete  th e  rightm ost letters until it m atches l<er. T h a t means 
th at searches w ill b e  d on e  fo r  the fo llow in g  character sequences:

læ rerhøyskolestudenter

læ rerhøyskolestudente

læ rerhøyskolestudent

læ rerh

læ rer

læ re

læ r

T h e  m atched  stem s in the w ord  list are the noun stem  læ r  w ith  the suflSx 
-e r  an d  the tw o m asculine in flection  cod es  m 3 and m 4, and the verb  stem  læ r  
w ith  th e  in flection  co d e  v l .  T h e  program  first expan ds these tw o stem s w ith the 
three parad igm s, like this:

m 3: læ rer læ reren læ rere læ rerne
m 4: læ rer læ reren læ rerer læ rerne
v l : læ re læ rer læ rte lært
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N one o f  these w ord  form s m atch  the w h ole  (co m p o u n d ) w ord  læ rerh øyskole- 
studenter. T hen  w e have to  activate  the m odu le  fo r  analysis o f  com p ou n d  w ords. 
A s stated  above , a ccord in g  to  ou r  rules, w ords w hich  are part o f  com p ou n d  w ords 
can on ly  o ccu r  in form  1. In this case there are three can d idates that m atches 
the beginning o f  the com p ou n d  w ord , o f  w hich  tw o w ord  form s are unique: Itsrer 
and lære. T h is  m eans that the rest o f  the w ord  is e ither h øyskolestu d en ter  o r  
rhøyskolestudenter. T h e  ])rogram  tries b o th  strings. It fails for  the last on e , but 
will succeed  fo r  the first. T h e  identified w ord form s as parts o f  the c o m p o u n d  w ord  
are høy, skole  and  studenter. T h e  program  w ill a lso  p rop ose  the noun stu d en t and 
the cop u la  verb  e r  instead o f  studenter. T h is  so lu tion  w ill b e  exclu d ed  becau se  o f  
the rules w hich  im p ly  that part o f  speech  sequences are n ot allow ed in com p ou n d  
words.

T h is  w ord  w ill b e  translated to  N N  lærarhøgskulestudentar.

13 PcLTsing Strategy
T h e  parsing strategy  is b o tto m -u p . It is based on  b in ary  rules like those listed  un­
der “ Syntax rules” . T h e  rules consists o f  tw o con jo in in g  (a  pair) syn tactic  labels 
and restrictions for  their syn tactic  features (gender, definitness, num ber, tense 
e tc ). T h e  parsing m od u le  per June 1989 is a  prelim inary one. T h e  details o f  the 
syntactica l and sem antical descrip tion  and procedu res w ill b e  r^ldicaily revised 
and a ccom od a ted  to  a  m eth od o logy  based  on  a  L exica l F unctional G ram m ar 
(L F G ).
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Dansk Radiærordbog

Abstract
A Radial Dictionary of Danish.

A Radial Dictionary is a KWlC-concordance, where instead of using 
key words key letters are used. Any pair of letters can be used as a key 
to identify and find aU words containing a specific substring of two or 
more letters. All words containing the substring in question will be found 
together in the dictionary whether the substring is word initial, medial 
or word final. Thus the radial dictionary can be used as a morpheme 
dictionary as well. For people interested in derivation and composition, 
which are very frequent phenomena in Danish, the dictionary gives easy 
access to examples and material difficult to find otherwise.

Jeg er g lad for  denne lejlighed til at frem læ gge resu ltaterne a f m it arbe jde  
m ed D ansk R a d iæ rord b og  ved  de nordiske data lingvistikdage i R eyk jav ik . 1 1986 
kunne je g  p å  Säby Säteri præ sentere p laner for  u darbejdelse  a f  rad iæ rordbogen  
for et m indre nordisk  foru m  a f kolleger. R in gen  sluttes således m ed denne rap­
port.

B åde  ord b ogen  o g  ord bogen s k oncept er nyt for danskens vedkom m en de; 
derfor v il je g  indledningsvis redegøre for  o rd b ogen s op b ygn in g : En ra d iæ rordbog  
gør det m uligt at finde alle ord , der rum m er en valgt substreng på  to  eller fiere 
bogstaver, cf. fig 1. D enne substreng kan væ re en k onsonantgruppe, en stavelse, 
et m orfem , en del a f et k om positum  eller en derivationsendelse. A lle  de o rd , der 
rum m er den valgte substreng, vil findes sam let p å  ét sted i o rd b og en , hvadenten 
substrengen står in itia lt, m edialt eller finalt. I en alm indelig  o rd b o g , dvs. en 
o rd b o g  sorteret a lfabetisk  fra  ordenes begyn delse  (progressivt a lfabetiseret), kan 
m an nem t finde alle o rd , der begyn der m ed et bestem t præ fix  eller en bestem t 
stavelse. I en retrograd  o rd b o g  (finalalfabetiseret o rd b o g ) er det tilsvarende let at 
finde alle o rd , der slutter p å  et bestem t suffix eller en bestem t stavelse eller på  en 
bestem t gru ppe a f  bogstaver. R ad iæ rord bogen  kom binerer disse to  m uligheder 
m ed m uligheden for  og så  at finde ordm edia le  segm enter.

D enne specielle  m åde at opstille  orden e p å  tilvejebringes a f en a lgoritm e, 
som  p lacerer ordet lige så  m ange forskellige steder i o rd b og en , som  det rum m er 
bogstavpar. H vis m an har en bestem t ordm æ n gde o g  lader denne ordm æ n gde 
gennem løbe den radiæ re sortering, v il det føles som  en eksp losion  a f  ordm æ ng­
den, i det m indste for et sprog  som  dansk, som  er relativt rigt p å  k om posita

263
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reprograf isk 
1 i tograf  
1 i tografere 
1 i tografer  ing 
l i t o g r a f i  
1 i tografisk 

hektograf 
hektografere 
hektografering 

f otograf  
fotografere 
fotografer  ing 
fotograf i  
fotografialbum 
fotografiapparat  
fotografiramme 
fotografisk 

ned fotografere 
t ele fo tografi  
t e le f ot o gr af i sk  

presse fotograf  
f arve fotograf i  

f i I mf ot ogra f  
røntgenfotografere 

kanonfotograf 
mikrofotografere 
mi kro fotografer ing 
mi krofotografi  

amatørfotograf 
kryptograf  
kryptograf i  

kartograf  
kartografi  
kartografisk 

or t og ra f i  
ortograf isk 
autograf 
autografjeger 
au tografsamler 

palsograf  
paleografi  
p aleograf isk 

g i r a f
gi rafgant isk
g i r a f tr u ss e r

p apir aff ald
kraft
kraftanstrengelse
kraft cent ral
kraftesløs

k ra f t  foder 
k ra f t  id iot 
k ra f t  ig 
kraftk 1 Ide 
k r a f t l ø s  
kraftprøve 
k ra ft sp r i ng  
k r a f t s t a t i o n  
kraftud fo Ide Ise 
kraftudtryk 
kraft verk 

vandkraft  
spendkraft 

købekraft 
tyngdekraH 

bagekr aH ig 
1 egekraft 

v i l j e k r a f t  
v i r k e k r a f t  
dømmekraft 
kernekraft  
kernekraftverk 

sekraft  
hestekraft  

s l agkr af t  
sprengkraft

i k r a f t t r e d el s e  
i kra ftt re de n 
i k r a H t r S d t  

c entr i  fugalkraf t  
t ange nt i al kr af t  

c e n t r i p e t a l k r a f t  
mask i nkra ft  

donkraft  
skaberkraft  

l e r e r k r a f t  
u r kr a f t  

a rbej dskr aft  
modstandskraft 

anslagskraft  
i ndbi I dni nys kra ft  
t i l t r e k n i n g s k r a f t  

manddomskraft 
guddomskraft 

1 i v s kr af t  
1 i v s k ra f t  ig 
l ovskraft  
dr i v kr af t  

agorafobi  
□oktorafhand1ing

F ig u r 1.

Og derivativer. M it u dgangspunkt var en o rd b o g  på ca. 50.000 ord , o g  resultatet 
b lev  en  ra d iæ rord b og  p å  ca . 400.000 o rd . E n sådan sortering lader sig naturligvis 
i praksis kun gen nem føre ved h jæ lp  a f en datam at.

O rd b og en  anvendes på  fø lgen de m åde: F ørst væ lger m an den substreng, 
som  m an  v il finde eksem pler på. D erefter anvender m an substrengens sidste 
b og sta v p a r  som  opslagsn øgle . A lle  o rd  i o rd b og en  er ordn et efter bogstavpar, som  
er tryk t m ed fed  skrift. D en  næ vnte nøgle  vil altså  altid  passe til et bogstavpar 
i o rd b o g e n . M ed  nøglen  som  u dgangspunkt skal m an nu søge retrogradt alfa­
betisk  m o d  ord ets  begyn delse , o g  når m an har fundet overensstem m else m ed 
den  ønskede substreng, v il hele m aterialet, dvs. alle eksem pler, væ re sam let i 
de  fø lgen de linier, a lfabetisk  sorteret, først retrogradt, derefter— dvs. alt andet 
lige— progressivt. D enne bevæ gelse  fra  bogstavparret først til venstre, så til 
h ø jre , har frem kaldt association en  om  radier, o g  derfor betegnelserne radiæ r­
o r d b o g  o g  radiæ r sortering.
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Sorteringsalgoritm en er im plem enteret på  fø lgende m åde, cf. fig .2 : E thvert 
ord , m an ønsker at sortere, kopieres over i lige så  m ange ordfiler, som  ordet 
rum m er bogstavpar. E t o rd  på  fem  bogstaver kopieres således over i fire forskel­
lige filer, d a  der j o  er fire b ogstavpar i en streng p å  fem  bogstaver. D er findes 
en specifik  fil for  hvert enkelt bogstavpar; denne fil vil rum m e alle eksem pler 
på n etop  dette  bogstavpar. E thvert o rd  transform eres nu til en ny streng, der 
består a f spejlb illedet a f den del a f ord et, der går foru d  for  det bogstavp ar, 
der er karakteristisk for filen, efterfu lgt a f  resten a f  ord et i dets uæ ndrede 
form . D isse nye strenge alfabetiseres nu n orm alt i overensstem m else m ed det 
pågæ ldende sprogs alfabetiseringsregler, og  derefter spejles første  del a f  strengene 
tilbage igen til deres oprindelige form , o g  herm ed er selve sorteringen  gen nem ført. 
For at gøre  resultatet m ere brugervenligt har je g  centreret bogstavparret o g  
trykt det m ed fed skrift. D enne sidste op era tion  gør  det også  iø jnefa lden de, at 
rad iæ rordbogen  kan betragtes som  en bogstavparkon kordan s ordn et o g  opstillet 
efter K W IC -p rin cip p et.

Som  næ vnt kan m an i rad iæ rordbogen  finde eksem pler på  enhver forek om ­
m ende substreng i sproget. H vis det, m an søger, er eksem pler på  forskellige 
bogstavkom binationer, vil en rad iæ rord bog  form entlig  væ re til h jæ lp  i ethvert 
sprog. H vis m an vil bruge rad iæ rordbogen  som  m orfem ord b og , v il den væ re m ere 
eller m indre n yttig  afhæ ngigt a f  nog le  typolog isk e karakteristika ved  det sprog , 
m an studerer. H vis sproget er som  dansk  derved,

• at det hM  m ange derivativer o g  kom posita ,

• at det har en kreativ o g  innovativ  orddannelse,

• at dets stam m er o g  derivativer er relativt stabile  og

• at derivation  o g  kom position  ivæ rksæ ttes ved agglu tination ,

så kan rad iæ rordbogen  skaffe sin bruger nem  adgan g til m ateriale, som  det ellers 
ville væ re vanskeligt at sam le sam m en.

H ér skal m an form entlig  også  søge en del a f forklaringen på, at fæ nom ener 
som  kom position  o g  derivation  i dansk er så  sparsom t udforskede o g  beskrevet. 
F æ nom enerne er efter m in m ening v igtige, specielt set i et oversæ ttelsesperspek­
tiv . E t sp rog  som  dansk anvender j o  orddannelsen  til at løse en række p ro­
blem er, som  p å  f.eks. engelsk løses a f syntaks o g  ordstilling. M ed  andre ord : 
H vis m an ønsker sam m e in form ation  om  dansk, som  m an får om  engelsk  ved at 
iagttage svarene på  spørgsm ål vedrørende syntaks, hvilke spørgsm ål skal m an  d a  
stille? M it svar vil væ re: N aturligvis syntaktiske spørgsm ål, m en tillige spørgsm ål 
vedrørende orddeinnelse.

Som  oven for an ført er ordningskriteriet for  rad iæ rordbogen  alene b og sta v ­
strenge, altså  et rent overflariekriterium  eller— anderledes u d tryk t— et kriterium , 
der alene tager hensyn til sprogets udtryksside. I hvilket om fan g  vil en sådan 
ord b o g  kunne anvendes som  m orfem ord b og?  V il o rd b og en  ikke give forkerte eller 
i det m indste upræ cise op lysn inger, når m an søger efter størrelser p å  tegnniveau  
o g  ikke kun efter udtrykssidens inventar? N aturligvis er betæ nkeligheder a f denne 
type  berettigede.
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KRAFT

KR RA AF FT

FT K-BAFT I^K-ÅFT m f ' E l

A: B:

aften aften
aftrak aftrek
drivkraft arkvirdft
fyraften aryfften
giraftrusser arigftrusser
ikrafttreden arkifttræden
kernekraftværk arkenrektverk
kraft arkft
kraftanstrengelse arkftanstrengelse
kraftig arkftlg
livskraftig arksvilftig
saftig asftlg
skaft aksft
vandkraft arkdnavft

C: D:

a-ften aften
a-ftræk aftrak
aks-ft skaft
arig-ftrusser giraftruBser
ark-ft kraft
ark-ftanstrengeIse kraftanstrengelse
ark-ftig kraftig
arkdnav-ft vandkraft
arkenrek-ftværk kernekraftvark
arki-fttræden Ikrafttræden
arksvil-ftig livskraftig
arkvi rd-ft drivkraft
aryf-ften fyraften
as-ftig saftig

E:

aften
aftrsk

skaft
giraftrusser
kraft

kraftanstrengelse
kraftig

vandkraft
kernekraftvark

ikrafttræden
livskraftig
drivkraft

fyraften
saftig

F igu r 2.
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Fordi en substreng er identisk m ed et m orfem s udtryksside, er denne sub- 
streng ikke nødvend igvis et eksem pel p å  d ette  m orfem ; så set fra  m orfem ana^ 
lysens synspunkt v il der væ re „s tø j“ i et opslag ; algoritm en  overgenererer, m en 
ikke m eget. B etragter m an en række ord  m ed et bestem t m orfem , v il m an m eget 
let kunne se b o r t  fra  de irrelevante o g  distraherende eksem pler, c f. fig. 3. Fordelen  
ved at sortere efter bogstavstrenge er, at alle m ulige eksem pler er sam let. O gså  
hvis m an var interesseret ikke i m orfem er, m en f.eks. i kon sonan tgru pper, vil 
alle eksem pler væ re til stede sam let, o g  ikke kun de eksem pler, som  ville  slippe 
igennem  det filter, som  en hvilken som  helst m orfem teori vil etablere.

sammenk 
stænk 

skuIderk 
tsnderk 

skyk 
kol

diskuspro
vo

P
efterp

over
over

papir
s
s
s
s
s
5

afs
afs

papirs
æsku

lappe i iq
lap
lap
laprende
lap
laps
laps
lapyk
lapre
laprer
lapning
lappe
lap
lap
lap-af-
lappe
lappe-a f-
lappelse
lapsvans
lappe
lappelse
lap
lapstav

Figur 3.

T il sidst v il je g  næ vne, at o rd b ogen  allerede har bev ist sin praktiske anvende­
lighed på  H ovedstadens O rdblindeskole i K øben h avn . D enne skoles klienter har 
det specifikke sprogh andicap , at de vanskeligt kan isolere o g  genkende ordenes 
bogstaver enkeltvis, o g  derfor op b y g g er  de deres læ sefæ rdighed ved  at læ re at 
genkende større gru pper a f bogstaver, hele o rd  eller dele  a f ord . R a d iæ rord b ogen  
har g jo rt  det lettere fo r  skolens læ rere at sam m ensæ tte relevant undervisnings­
m ateriale for  klienterne.

A fd elin g  for  D ata lin gvistik  
H andelshøjskolen  i Å rhus 

Fuglesangs A llé  4 
8210 Å rhus V



Jon Hilmar J6nsson

A Standardized Dictionary of Icelandic
Verbs

Abstract

Traditionally, entries in dictionaries, including historical dictionaries, 
are organized on semantic principles, and syntactic features only play a 
secondary role. This holds for all wordclasses, even for verbs where syn­
tactic information is both varied and of great importance. In this paper 
it is maintained that the characteristics of each wordclass should be given 
more attention. This is especially important in the description of Icelandic 
verbs, which vary structuredly to a great extent, due to the complexity of 
the case-system and other related factors. These complexities must take a 
prominent place in the description given in any dictionary of Icelandic.

The Achilles’ heel of large scale dictionaries, where the aim is com­
pleteness of description and authentic citations are used, is the difficulty 
in the retrieval of information. By treating the verbs as an independent 
project, and making full use of their characteristic traits, the perspective 
taken in SDIV differs from the traditional one. Syntax is superordinated 
to semantics in the description of the verb, which greatly facilitates the 
ease of access to information contained in each entry, as a fixed format will 
then suffice for all verbs.

The text of the entries in the proposed dictionary is produced by stages, 
based on an anedysis o f individual citations for each verb contained in the 
database. The end result, produced by the database itself, connected to 
the layout-program is a finished dictionary entry, needing only minor 
revisions.

1 The Diversity of Historical Dictionaries
A  large sca le  h istorica l d iction a ry  con ta in s a  great variety o f  d iverse in form ation  
on  th e  v oca b u la ry  represented. A  reader brow sin g  through  a  w ork  o f  this type 
w ill o ften  n otice  changes tak in g  p lace in the language; new w ords w ill appear 
and  b e co m e  com m on  and oth ers w ill b ecom e  anachron ic and be  forgotten . T h e 
reader can , g iven  sufficient perseverance in the stu dy  o f  individual entries, obtain  
a w ealth  o f  in form ation  on  changes in the use o f  ind ividual w ords through  tim e, 
b o th  in regard to  m eaning and structure. I f  the reader is w illing to  im m erse

268
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him self m ore fu lly  in a  d iction ary  o f  this kind, he w ill a lso  find that it con ta in s 
additional in form ation  o f  a  different typ e , e.g . in form ation  o f  a  cu ltural, e thn ic, 
stylistic, or  co lloqu ia l nature.

T h e  tota lity  o f  all this in form ation  on  in dividual entries adds up to  a  m as­
sive co llection  o f  d a ta  on  the lex icon  and its ch aracteristic features; in itse lf an 
im portan t con tribu tion  to  linguistic and cu ltural history.

1.1 The All-Im portance of Semantics

I f  truth  b e  to ld  it is the enorm ous quantity  o f  m aterial in  itse lf w hich  gives the 
large h istorical d ictionaries their edge. H ow ever, the very  sam e qua lity  is also 
their A ch illes ’ heel. A ccess to  the w ealth o f  in form ation  con ta in ed  in these d ic t io ­
naries is severely restricted  and ham pered  as the on ly  w ay o f  access to  ind iv idual 
entries is through  their a lph abetica l order. It is therefore alm ost im possib le  to  
search for  in form ation  on  the com m on  features o f  various entries (cf. Jörgen  P in d  
1986).!

T h e  ease o f  access to  in form ation  con ta in ed  in the text o f  a  d iction a ry  is, o f  
course, dependent on  the structure o f  the text itself. W ith ou t overgeneralizing 
to o  greatly, it can  be  said that sem antic princip les are, tr^ulitionally, th e  pre­
ferred criteria  used in the structuring  o f  h istorica l d ictionaries. In form ation  on  
individual features not o f  a  sem antic nature can  therefore  on ly  be  fou n d  under 
headings defined b y  the m eaning o f  the w ord  in question . T h e  a ll-im p ortan ce  o f  
sem antics is especia lly  apparent in the entries for  nouns and ad jectives, bu t it is 
a lso obviou s in the entries o f  verbs, w hich  are typ ica lly  a lso  stru ctu red  a ccord in g  
to  syn tactic criteria.

1.2 The Uniqueness of Verbs

T h e  verbs, t o  an even greater extent than the o th er w ordclasses, m ake the lim ­
iting aspects o f  the traditional en try  o f  the h istorical d iction a ry  im m ediately  
apparent. Search for  in form ation  is m ade all the m ore difficult b y  the sheer mass 
o f  m aterial con ta in ed  in each in dividual entry. T h e  ed itors  are faced  w ith  the 
problem  o f  d escrib ing  the structural richness w hich  characterizes this w ordclass. 
T h e use o f  verbs is characteristically  determ ined  b y  syn tactic  features, and  in 
every instance o f  use features such as transitiv ity  and  case-m arking have to  be 
taken in to a ccou n t, as d o  phenom ena such as periphrastic con stru ction s, phrasal 
verbs, and in the case o f  Icelandic, the d istin ction  betw een  active  and  m iddle  
voice.

A  p roper balance betw een syn tactic  and sem antic characteristics is v ita l in 
any w ell-organized descrip tion  o f  verbs, and it is o f  the u tm ost im p orta n ce  in 
ed iting the m aterial to  m ake full use o f  the inherent syn tactic  structure. It is 
w orth  bearing in m ind that these features m ay eventually  help  the user o f  the 
p rop osed  d iction ary  to  find w hat he is look in g  for  in the text o f  the d iction ary .

^The Oxford English Dictionary has now appeared in a computerized version in which there 
is direct access to various features of single entries and across entries (cf. Weiner 1989).
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In fa ct it holds for  all w ordclasses that w ork  is being don e on  the possibilities 
o f  d escrib in g  each on e o f  them  in such a  w ay that its characteristic features are 
reflected  in  the entries.

2 Data for a Historical Dictionary of Icelandic
W ork  on  th e  ed itin g  o f  the co llection  o f  d a ta  am assed in the previous 40 years 
for  a  h istorica l d iction a ry  o f  m odern  Icelandic^ was started  at The Institu te o f  
Lexicography (O rdabdk H dskdlans), in the begin n in g  o f  the eighties. A t the tim e 
there was n o  firm  ou tlin e o f  how  such a  d iction ary  should  be  organ ized , and 
there was n o  ex istin g  Ice land ic d iction a ry  on  w hich  to  pattern  the new  one. 
T h is , how ever, a lso  entailed  n ot be in g  tied  to  an older m od el, thus gain ing a  fair 
am ou n t o f  freedom  in d eve lop in g  the m eth od s used in the ed itin g  o f  the m aterial, 
and  in decid in g  w hat the form at o f  th e  p rop osed  d iction ary  should  be.

T h e  co lle ction  referred to  a b ove  consists o f  three parts:

• T h e  W ritten  L angu age A rch ive: A p p rox . 2,600,000 citations.

• T h e  Spoken  L anguage A rch ive: A p p rox . 190,000 citation s. (See G unnlaug- 
ur Ingdl& son 1988 for  a  closer descrip tion .)

• E xcerpts  from  unpublished  d ictionaries in m anuscript: A p p rox . 90 ,000 citar 
tions, m ain ly  from  the 17th , 18th and  19th centuries. (See G u dn in  K varan  
1988 fo r  a  closer descrip tion .)

2.1 Tw o W ays of Processing

A s can  b e  seen & om  these figures, the sheer m ass in cluded  in the collections 
m akes it a  trem endou s task  to  ed it them  to  a  satisfactory  standard , especially  
i f  in form ation  from  all available d iction aries and  neccessary add ition a l m aterial 
from  oth er  sources is included . T h erefore , bearin g  in m ind the w ish that the 
m ateria l shou ld  b e  com pu terized  to  as high a  degree as possib le, it was decided  
to  p roceed  on  the p rocessin g  o f  the d a ta  in tw o different w ays at the outset. 
T h e  first part o f  the p rocessin g  is m aking an index o f  T h e  W ritten  Language 
A rch ive  in its entirety. T h is  in dex , T h e  G eneral Index , serves as a  survey o f  all 
the m aterial in this archive, (c f. B jörn  t>. Svavarsson and Jörgen F in d  1989, and 
Jörgen  F in d  1989, b o th  in this vo lu m e). T h e  secon d  pM t o f  the processing entails 
m aking a  deta iled  descrip tion  o f  a  chosen  part o f  the vocabu lary , including data  
from  all three archives.

I d o  n ot th ink it necessary for  m e to  ju stify  w hy the verbs were chosen  as the 
first su b je ct o f  a  detailed  descrip tion  o f  ou r archives. T h e  verbs are very centrally 
p laced , b o th  in a  lex ica l sense, i.e. in the lex icon  itself, and in a  lexicographica l 
sense, as any d iction a ry  w ill show . N o  o th er  w ordclass gets sim ilar attention  from  
lex icographers; there are even specia l d ictionaries on  verbs and verbal idioms.^

^The period after 1540, i.e. from the start of the age of printing in Iceland.
®These are, roughly, o f two types; valency-based dictionaries (cf. Helbig and Schenkel 1969), 

and dictionaries of phrasal verbs (cf. Courtney 1983).
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Figure 1: The Written Language Archive: Relative Size of Word-Classes

2.2 The Status of Verbs in the Lexicon

Let us take a  look  at a  few  d iagram s show ing the specia l status o f  the verbs in 
the lexicon . T h e  in form ation  com es from  the G eneral In dex  m entioned  earlier.

T h e  com parative  size o f  the w ordclasses can  b e  seen in F igure 1. N ote  the 
low percentage o f  verbs, i.e. on ly  2 .7%  o f  the lex icon . In real num bers this com es 
to abou t 16,000 w ords. For com parizon  it m ay be  added  that the percen tage for  
nouns is 82 .3% , o r  over 500,000 w ords.

T h e  uniqueness o f  the verbs am on g  the m a jo r  w ordclasses is a lso show n in 
the num ber o f  citations per verb  in the M ch ive, com pared  to  the num ber o f  
citations per w ord  in the o th er w ordclasses, as illustrated in F igu re 2. W ords 
which o ccu r  in on ly  on e exam ple  are the least com m on  in th e  verbs, w hereas

Noun
Adjective
Verb

Figure 2: The Written Language Archive: Number o f Citations per Lexeme
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Figure 3: The Written Language Archive: Types of Word-Formation

w ords o ccu rrin g  in m ore than fiv e  exam ples  axe m ore  com m on  in verbs than in 
the o th er  w ordclasses.

T h is  is aJso con n ected  to  a  different d istribu tion  o f  types o f  w ord-form ation. 
T h e  verbs as a  w ordclass consist to  a  large extent o f  n on -com p ou n d s, the per­
cen tage o f  com pounds  be in g  low est in the verbs, com pared  to  oth er w ordclasses, 
as show n in F igu re 3.

T h e  verbs are a lso  relatively  stable  in com parizon  to  the o th er w ordclasses 
w hen  it com es to  th e  age d istribution  o f  the exam ples. T h is  is show n in F igure 4. 
A  relatively  h igh percen tage  o f  the verbs is attested  b o th  w ith  cita tion s from  the 
16th cen tu ry  and  from  th e  20th . O n  the o th er hand, a  relatively low  percentage 
o f  the verbs is on ly  a ttested  in the 19th cen tu ry  or  in the 20th.
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Figure 4: The Written Language Archive: Age Distribution
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2.3 Anedysing the Data

R ight from  the begin n in g  the intention  was to  use archives them selves as a  
d irect source o f  the structure and form at o f  the actu al entries in the d iction ary . 
T here  were m any reasons for  this. T h e  p rod u ction  o f  a  fu lly -fledged  d iction ary  
o f  a  p recon ceived  typ e  was not the on ly  pu rpose  o f  the p ro je c t . In reality  the 
purpose was threefold :

• D escrib in g  a  num ber o f  lex ico log ica l and  lex icograph ica l features o f  each 
in dividual verb.

• P rod u cin g  a  d iction ary  text o f  a  standardized  form at as end result o f  the 
analysis.

• M aking it possib le  to  se2irch for  different lex ico log ica l features across a  
num ber o f  verbs.

B y  starting w ith  a  detailed  analysis w hich  in itse lf was n ot dependen t on  
the actual form at the entries o f  the d iction ary  were p rop osed  to  have, there was 
am ple tim e to  decide  w hat that form at should  finally be.

I w ant to  stress the fo llow in g  poin ts to  show  the im p ortan ce  o f  using the 
actual cita tion s as the base o f  the analysis:^

• T h e  con text is v ita l for the u nderstanding o f  the w ord -form s and  their use.

• T h e  citations show  h istorical developm ent.

• B oth  the analysis and the descrip tion  m ust b e  based on  actu al language 
use, i.e. attested  exam ples.

2.4 The D ata in the Three Archives

B efore com in g  to  the amalysis itself, I w ou ld  like to  stress the m ain  characteristics 
o f  the different archives in the co llection .

T h e  cita tion s in the W ritten  Language A rch ive  ch aracteristica lly  show  w ords 
in con text, thus sh ow ing  the actual use o f  the w ord , in flections, syn tactic  stru c­
ture, etc. A s a  rule, the m eaning has to  b e  in ferred from  the con tex t.

T h e  m aterial in the o th er archives is o f  a  d ifferent k ind. T h e  w ords are usually 
not given in con tex t, and  con sequ ently  in form ation  on  language use is m issing. 
C haracteristically  the m eaning o f  the w ord  is g iven , o ften  taking th e  form  o f  
a  definition , but in form ation  on  cu ltural and h istorica l aspects is som etim es 
included.

^This method is gaining ground among lexicographers working on modern languages, see 
Fox 1987.
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3 The Analysing Process
N ow  I w ill return  to  the analysis itself, and  its different stages. In form ation  on  
th e  com p u teriza tion  can  b e  fou n d  in the papers b y  m y colleagues, Jörgen Find 
and  B jörn  P . Svavarsson (th is vo lu m e). L et m e ju st m ention  that the database 
b ein g  used is R evela tion , in the new  and im proved  version  & om  1987, Advanced  
R evelation . Initially, the database  was on ly  running on  a  single term inal, but in 
1986 three m ore  were added . T h e  lay -out o f  the text o f  the d iction ary  entries 
is m ade b y  using the la y -ou t program m e TfeK.® W e are now  in the process o f  
rew orking the program s used for  the analysis in ord er to  sw itch  operating  system s 
from  M S -D O S  to  U N IX .

3.1 The Seven Stages of Anedysis

T h e  analysis itse lf p roceed s  in stages, taking the W ritten  L anguage A rchive 
as a startin g  poin t. T h e  ord er o f  the fields (o r  slots w here different item s o f  
the analysis are p laced ) is structured  in such a  w ay that the analysis is done 
b y  steps, from  the in itial processin g  up  to  the p rod u ction  o f  the com pleted  
d ict ion a ry  entry. T h is  step -b y -step  m eth od  has m any advantages:

• E ach  step  provides add ition a l d a ta  w hich  can  be  used in sorting and 
analysing in  the fo llow in g  stage.

• A t each  stage o f  the {inalysis the d a ta  from  the previous stage is used (and 
corrected ).

• A  substantial am ount o f  in form ation  is available for  use at an early stage 
o f  the analysis.

• D iv ision  o f  la b ou r betw een  personnel w orking on  the p ro ject is relatively 
easy.

T h ere  are seven basic steps in the analysis, as illustrated in F igure 5 on  
th e  fo llow in g  page. T h e  first step  entails registering the actual cita tion s and 
their sou rce. T h e  secon d  step  con cen trates on  the m orph olog ica l structure o f  the 
w ord . T h e  th ird  step  handles syn tactic  stru ctu re and con textu a l in form ation . 
In the fou rth  step  the c ita tion s are analysed sem antically  and definitions are 
form ulated . T h e  fifth  phase involves the sorting  o f  the sem antic in form ation  
in the p reced in g  stage, and  orderin g  o f  defin itions. T h e  sixth stage contains 
cross-references betw een  related variants. T h is  applies to  tw o fields, id iom s and 
m eaning. In  the seventh and  last stage th e  actu al lex icograph ica l relevance o f  
in d iv idua l cita tion s is estim ated , i.e. w hether the c ita tion  shou ld  b e  included  in 
th e  com p leted  en try  o r  n ot. T h e  first three stages set them selves apart by  the 
fa ct that each  c ita tion  can  basica lly  b e  analysed b y  itself, w ith ou t recourse to  
o th er  cita tion s. In the subsequent steps the analysis is, to  a  large extent, based 
on  com p arizon  betw een  citation s.

®Cf. Jörgen Pind, this volume.
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Source Registerl

Identification  
of Citation

Number 
Example 
Source 
Age

Definition of Meaning
Meaning
Meaning of Idioms

T
Ordering of Variants  

of Meaning
Numbering of Basic Variants 
Numbering of Variants of Idioms I

Cross References

M orphological
Structure

Form
Voice
Inflection

Syntactic Structure
Subject

Features of Subject 
Actual Subject 

Complement 
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Verbal Particle 
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Adverbial
Function of Adverbial 

Idiom
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Features of Participle 
Agreement of Participle

Contextual Analysis
Context
Commentary

Lexicographical! 
Relevance

Figure 5: Process of Analysis

T h e  data  for the first step  o f  the analysis, and the norm alized form  o f  the 
verb in the second  step , is not keyed d irectly  in to  the database, but entered by  
using an ed iting  program  and then transferred m echaniccilly to  the database. 
A fter that the analysis is don e on  tw o separate screens, the structural analysis 
on one, and the sem an tic analysis on  another.
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3.2 The Different Fields in the Anedysis

A  few  com m ents on  the in form ation  in cluded  in different fields. (I w ill return
to  the m ost im portan t fields in  con n ection  w ith  the structure o f  the database
later.)

F o r m . T h e  actu al form  o f  the verb in the c ita tion  is g iven w ith norm alized 
spelling.

A g e .  E ach  cen tu ry  is d iv ided  in to  three parts (e .g . early, m iddle &  late 16th 
C : f  16, m l  6, s i  6). In case o f  uncertainty  in dating , longer periods can  be 
given (e .g . m sl6 , 18, s l9 f2 0 ). M ost o f  the dating  is don e m echanically  by 
running a  program  w hich  con ta in s the short form s o f  sources used in the 
database, com bin ed  w ith  the age o f  each source.

V o i c e .  T h ree  structural features o f  im p ortan ce  in the organizing o f  the entry 
are distinguished. T h ese  are the active  and  m iddle vo ice , and also non- 
structural participles.

I n f l e c t io n .  M ark ing  o f  m orph olog ica l categories, i.e. active/passive, mood, 
ten se, num ber, and person .

S u b je c t .  D escrip tion  o f  the part o f  speech in the su b ject position . P erson a l 
and  im personal su b jects  are d istinguished, and  the form er are classified 
accord in g  to  the case in  w hich  th ey  appear. (Icelan dic has ob liqu e  su b jects , 
as well as n om in ative on es.)

C la s s i f y in g  fe a t u r e s  o f  s u b j e c t .  U sed for  the d istin ction  + / - alive. T h is field 
is a lso  used to  specify  the instances o f  com plem ent clauses o r  infinitive  
con stru ction s  in  su b ject p osition .

C o n t e n t  o f  s u b j e c t .  T h e  actu al w ord  in su b ject position  is nam ed.

C o m p le m e n t .  D escrip tion  o f  the syn tactic  item  in com plem ent position .

C la s s i f y in g  fe a t u r e s  o f  c o m p l e m e n t .  Clausal com plem ents  o r  infinitive con ­
s tru ction s  in o b je c t  p osition  are specified .

C o n t e n t  o f  c o m p l e m e n t .  T h e  actu a l w ord  in com plem en t position  is nam ed.

V e r b z d  p a r t i c le s .  A dverbs  or  preposition a l phrases form in g phrasal verbs.

T y p e  o f  v e r b a l  p a r t i c le .  T h e  particles are d iv ided  in to adverbs and preposi­
tional phrases.

C o n t e n t  o f  p r e p o s i t i o n a l  p h r a s e .  T h e  actu al preposition al phrase follow ing 
th e  verb  is nam ed ( i f  the verb  is considered  to  b e  a phrasal verb ).

A d v e r b i a l .  A dverb ia ls  n ot o f  a  phrasal nature.

F u n c t io n  o f  a d v e r b ia l .  D istin ction  o f  adverbials o f  p lace, tim e, etc.
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I d io m s .  Id iom s in w hich  the verb  in question  occu rs .

F e a tu r e s  o f  id io m s .  P roverbs are specia lly  m arked.

F e a tu r e s  o f  p a r t i c ip le s .  N on -structu ral particip les are m arked as having ver­
bal, ad jectiva l, o r  adverbial characteristics.

A g r e e m e n t  o f  p a r t i c ip le .  T h is  field con ta in s the w ord  w ith  w hich  the par­
ticip le  is in agreem ent.

C o n t e x t .  C ita tion s o f  poetry  o r  proverbs  o r  con ta in in g  syn on ym s  are m arked 
fo r  these features.

C o m m e n t a r y .  C om m en tary  on  language use o r  o th er  m atters o f  gram m atica l 
or  general interest (e .g . exp lan ations, fo lk lore , e tc .) .

O r d e r in g  o f  v a r ia n ts  o f  m e a n in g . V ariants o f  m ean ing w ith in  the sam e 
structural heading are num bered.

4 Organization of the Dictionary Entry
W e now  com e  to  the d ictionary tex t  and  the organization  o f  the en tr ies  them ­
selves. In the fo llow in g  part o f  this paper I w ill refer to  the sam ple tex t in the 
appendix .

4.1 The Content of the Entry

W e can  begin  by  sketching the m aterial w hich  m ust b e  con ta in ed  in the tex t o f  
each entry, independent o f  the organ ization  o f  the en try  as such. T h ese  are the 
m ost im portan t points:

• A  descrip tion  o f  m eaning, based on  an ordered  list o f  variants o f  m eaning.

• A  descrip tion  o f  the syn tactic structure o f  the verb.

• A  descrip tion  o f  in flection .

• O ccurrence, i.e. a ttested  exam ples o f  (and  com m en tary  o n ) the use o f  in­
d ividual form s.

• A ge , i.e. dating  o f  individual variants (an d  form s).

4.2 Principles of Organization

B earing in m ind the w ish to  organ ize the m aterial in a  user-friendly  m anner, we 
feel the fo llow in g  principles should  b e  adhered to:

• T h e  description  should  give a  clear p icture o f  the m ost im p ortan t ch arac­
teristic features o f  each w ord.



278 Computational Linguistics — Reykjavik 1989

• T h e  reader should  b e  ab le  to  find w hat he is searching for  w ithout to o  
m uch effort.

• I f  related in form ation  o ccu rs  in different p laces in the text, cross-references 
m ust b e  provided .

• T h e  organ ization  o f  the en try  should  m ake use o f  the average reader’s 
kn ow ledge o f  gram m atica l d escrip tion s and  prior experien ce o f  dictionaries.

• O bscu re  and  com p lica ted  system s o f  sym bols  shou ld  be  avoided.

T h e  pu rp ose  o f  the th ird  princip le is p rov id in g  a bridge betw een the first 
tw o. In case o f  the last tw o principles, a  great im portan ce  is p laced on  the fact 
th at all headings and  classificatory  features shou ld  appeal d irectly  to  a  com m on  
kn ow ledge o f  gram m ar and b e  in a ccord a n ce  w ith  previous experience o f  using 
d iction aries w hich  on e  has to  assum e the average reader to  have. G o in g  beyond 
surface stru ctu re in  analysing the exam ples is qu ite  risky, and can  easily m ake 
retrieval m ore  difficu lt for  the average reader. (See Zofgen  1985 and Sinclair 
1987.)

4.3 Syntactic vs. Semeintic Organization of Entry

In a  com preh en sive d iction ary  o f  the kind we are talking a b ou t, b o th  sem antic 
and  syn tactic  characteristics o f  the m aterial be in g  described  m ust b e  accounted  
for. T h e  prerequisite for  do in g  this successfu lly  is m aking the relation  o f  m ean­
in g  and form  clearly  apparent in the text. T rad itiona lly  the d iction ary  entries 
are sem antica lly  organized.® O n ly  rarely are the entries organ ized  accord in g  to  
syn ta ctic  fa ctors, bu t an interesting exam ple  o f  this kind, w ith a  com m entary, 
can  b e  fou n d  in B ergen h oltz  and  M u gdan  1984, and in M ugdan  1985. See also 
C arstensen  1985.

4 .4  Superordination of Syntactic Structure

In this present p ro je c t , we have chosen  to  use syn tactic  structure as the fram e­
w ork  on  w hich  the descrip tion  is based , con sequ ently  p lacing  the sem antic de­
scrip tion  in a  su bord in ate  p osition . T h is  kind o f  organ ization  is fu lly  in a ccor­
d an ce  w ith  th e  m ost natural w ay o f  step -by -step  analysis, w here the sem antic 
analysis d oes  appear right at the end  and  is based on  the foregoing  syntactic 
analysis. T h ere  are, how ever, o th er reasons for  ch oosin g  this typ e  o f  organiza­
tion  o f  the entry:

• A  general com m en tary  on  syn tactic  structure in the in trodu ction  or  head 
o f  each  en try  is insufficient.

• S yn tactic  features are shared by  grou ps o f  verbs, i.e. the verbs can be 
classified accord in g  to  the structures in  w hich  they  appear.

^See Atkins, Kegl, and Levin 1988 for a treatment of the relation of meaning and form 
in the organizing of verbal entries in in dictionaries. See also J6n Hilmar Jdnsson 1985 and 
1988:138-140 for information on these factors in Icelandic dictionaries.
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• A  structurally  based  fram ew ork m akes search ing for  ind iv idual con stru c­
tions or  occu rran ces easier.

• Sem antic descrip tions are to  a  large extent based on  syn tactic  structure.

• T h e  sem antic descriptions axe mcule m ore  exp licit w hen based on  given 
syn tactic structures.

• Sem antic descriptions tend to  b e  su b jective  to  a  greater degree than  syn ­
ta ctic  ones. T h e y  are, consequently, m ore liable to  b e  id iosyn cra tic  o r  in­
consequent.

4.5 The Hierarchy of Organization

S u perord inating the syn tactic features to  the sem antic ones d oes n o t, how ever, 
by  itse lf com plete  the decision -m aking  on  how  to  organ ize the m aterial. O ne 
still has to  decide  w hich  elem ents are to  be  included  in the d escrip tion  and  how  
these are to  b e  ordered . T h ere  are, all to ld , n ine fields w hich  serve to  define the 
organ ization  o f  the text o f  the entry, g iv in g  the fo llow in g  hierarchy:

The Hierarchy of Classifying Fields:

1. L exicograph ica l R elevance

2. V oice

3. S ubject

4. C om plem ent

5. V erbal P articles

6. V ariants o f  M eaning

7. Id iom s

8. Variants o f  Id iom s

9. A ge

4.5.1 Syntactic Fields
Let us take a  closer lo o k  at the superord inate syn tactic  fields:

W ith in  the field m arked VOICE the order in w hich  the features are listed is 
active, m iddle voice, perf. participle, pres, participle. In the field m arked SUB­
JECT the person al su b ject (in  the ord er nom inative, accusative, dative, g en itiv e)  
precedes the im personal subject.

T h e  field m arked COMPLEMENT m ainly  provides in form ation  on  transitiv ity  
and case-assignm ent. In this field there is a  great am ount o f  variation  w hich  
produces a  correspon d in g  profusion  in the stru ctu re o f  th e  text o f  th e  entry. T h e  
sam e applies to  the field m arked v e r b a l  p a r t ic l e s :
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O  =  O b je c t  
a  =  A ccu sa tive  
b  =  D ative  
c  =  G en itive

1 =  -A live
2 =  -I-Alive
3 =  R eflexive

C om plem en t P article E xam ples
0 0 gråta
0 ä v in n a  å
0 i  a l m inna å  e -ö
0 å  a2 gan ga  å  e-n
0 ä a3 reyna å sig
0 å b l v in n a  å  e-u
0 ä b 2 vin n a  å e-m
0 ä b 3 sitja  å  sér

O a l 0 lesa e -ö
O a l til tina  e -ö  tU
O a l til c3 taka e -ö  til sin
O a l v iö  a l bera  e -ö  v iö  e -ö
O a l v iö  a2 ten g ja  e -ö  v iö  e-n
O a l v iö  a3 skilja  e -ö  v iö  sig

O a l  O b i 0 sv ip ta  e -ö  e-u

O a2 0 b erja  e-n

O a2 O b i 0 ræ na e-n  e-u

O a3 0 raka sig

O b i 0 kasta e-u

O b2 0 hrösa  e-m

O b 2  O a l 0 gefa  e-m  e -ö

O b 3 0 skem m ta sér

O c l 0 iörast e-rs

O c2 0 gæ ta  e-s

O c3 0 skam m ast sin

Table 1: S tru c tu ra l Types (C o m p lem en t +  Partic le )
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4.5.2 Semantic Fields

A fter the text has been  organized a ccord in g  to  these fou r syn tactic  fields, the 
sem antic descrip tions fo llow . T h e  internal ordering  o f  sem antic variants is spec­
ified in the field v a r ia n t s  o f  m e a n in g . T h is  field specifies num bers o f  vari­
ants, which are d irectly  fo llow ed  b y  defin itions o f  m eaning, p laced  in the field 
MEANING. T h e  defin itions are alw ays con stru ed  so  that th ey  corresp on d  to  the 
structural heading under which they  appear. Square brackets are used to  sup­
ply  additional details on  m eaning n ot in d icated  b y  the structural heading or  to  
specify  variants o f  m eaning w ith  lim ited  reference. T h e  variants o f  m ean ing are
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alw ays num bered  in depen den tly  w ithin  eaeh part o f  the su perord inate syntactic 
structure.

4.5.3 Idioms
A fter  the fields dealing w ith  the m eaning are com pleted , we com e to  id io m s . 
W h en  dealing w ith  id iom s it is necessary to  start b y  decid ing  w hether the idiom  
sh ou ld  b e  p laced  under on e  o f  the num bered variants o f  m eaning described  above 
or  p laced  d irectly  under the structural heading. I f  m ore than on e id iom  occurs 
w ith in  on e  num bered  variant o f  m eaning, these are p laced  in a lphabetical order.

4.5.4 Meaning of Idioms
A fter  entering the id iom s them selves, these are ordered  by  the use o f  the field 
VARIANTS OF IDIOMS, w here different variants o f  m eaning w ithin  each id iom  are 
ord ered . T h e  n ext step  is g iv ing  defin itions o f  the id iom s. A  large num ber o f  
id iom s w hich  are p laced  under basic defin itions o f  meeining is given w ithout sep­
arate defin ition  o f  m eaning o f  the id iom  itself. T h e  last part o f  the classification 
is sorting  the cita tion s w ith in  each ca tegory  accord in g  to  age. T h e  citations cire 
listed ch ron o log ica lly  under each heading.

4.6  Heads

In m ost d iction aries the m ost ch aracteristic features o f  each entry are g iven as an 
in trod u ction  after th e  h eadw ord  itself, b e fore  com in g  to  the actu al description . 
In Iceland ic d iction aries it is cu stom ary  to  d ev ote  this space to  in form ation  on 
in fiections, bu t it is a lso qu ite com m on  to  g ive som e syn tactic in form ation  at the 
ou tset.

T h e  in trod u ctory  d escrip tion , w hich  I w ill ca ll the verbal head, is p laced 
w ith in  a  square fram e. T h e  m ain feature o f  the verbal head is a  description  o f  
in fiection . F irstly , in form ation  on  the parad igm  o f  the verb is given, i.e. strong vs. 
w eak verbs, and  stem  a llom orphy. Secondly , deviations in in fiections occu rrin g  
in  the c ita tion s are g iven , at the e d ito r ’s discretion .

In a dd ition  to  this m orp h olog ica l in form ation , the head also contains the 
num ber o f  c ita tion s for  the verb  in question , b o th  the com plete  num ber in the 
database, and  the actu a l num ber used as exam ples in the edited  entry.

4.7  Cross-References in the Meirgins

T h e  organ ization  o f  the en try  as such is n ot difiicu lt to  grasp and m ake use of, 
bu t search ing fo r  m aterial n ot inherently  classifiable under the fields described 
a b ov e  d oes , o f  cou rse, cause som e prob lem s. T h erefore , definite m easures have 
been  taJcen to  m ake th is kind o f  in form ation  easily  visib le in the text. T h is has 
been  d on e  b y  p lacin g  notes in the m argins, prov id in g  add itional in form ation . 
T h e  use o f  the keys can  b e  d iv ided  in to  three parts:
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1. C om m ents on  specific  con tex t o r  use.

• L anguage use o r  register.

• P roverb .

• G ram m ar.

• F olklore.

• E xp lanation .

• Synonym .

2. Interesting in fiectional variants, g iv ing  p eriod  o f  occu rren ce .

3. Cross-references

• o f  variants o f  id iom s (low er-case letters).

• o f  sim ilarity o f  m eaning (u pper-case  letters).

T h e  cross-references betw een related variants are m ade b y  m arking the vari­
ants w ith the sam e letter. A n  arrow , w hich  can  take any on e  o f  three form s, 
is p laced next to  this letter. A n  arrow  po in tin g  dow nw ards refers the reader to  
on e or  m ore related variants occu rrin g  later in the descrip tion  o f  the verb . A n  
arrow  poin ting  upw ards refers to  variants occu rrin g  above . T h e  th ird  ty p e  o f  
arrow  poin ts upw ards and dow nw ards at on ce , in d icatin g  m ultip le occu rren ces 
o f  variants.

5 The Project in Progress
A s I said in  the beginn ing, the m otives beh ind  this p ro je c t  are b o th  o f  a  lex­
ico log ica l and lex icograph ica l nature. In reality, th ou gh , the actu al tex t o f  the 
p rop osed  d iction ary  has gradually  com e  to  p lay  a  m ore  and  m ore  central role as 
the w ork on  the actu al form at o f  the entries has been  d eveloped  and a  standard  
for  a  h istorical d iction ary  o f  Icelandic verbs has been  decided  u pon .

Let us con clu d e  b y  taking a  lo o k  at the m ain features o f  the ty p e  o f  en try  
we have developed , pay in g  special attention  to  the poin ts w hich  differ from  the 
traditional approach  in h istorical d ictionaries:

• T h e  descrip tion  o f  each lexem e is d irectly  based on  authentic exam ples.

• Full and em ph atic  use is m ade o f  the unique characteristics o f  the verbs as 
a  w ordclass.

• T h e  organ ization  o f  entries is fu lly  stan dard ized  (t o  fit a  given  stru ctu re).

• T here  are m ultip le w ays o f  accessing the in form ation  con ta in ed  in the text.
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A pp rox im a te ly  200 verbs have been  analysed so  far, to  different degrees o f  
com p letion . A m o n g  these are m ost o f  the really  com p lex  (and  large scale) verbs.^ 
A cco rd in g  to  ou r plan, the next stage o f  the p ro je ct is p rodu cin g  a  trial leaflet 
con ta in in g  the entries o f  a  few  verbs (ca . 10) and a  detailed  description  o f  our 
w ork ing m od el and the principles on  w hich  the w ork is based. T h e  idea  is to  pro­
d u ce  this next year. T h e  lon g -term  plan is p rod u cin g  and publishing a  com plete  
d iction ary  o f  Iceland ic verbs in the next ten  to  fifteen years.

C on cu rren tly  w ith  the ed itin g  o f  the h istorical d ictionary, we h ope  to  be 
ab le  to  m ake the in form ation  con ta in ed  in the database d irectly  available for 
research on  the le x ico log ic  and lex icograph ic  features registered in the process 
o f  analysis. T h is  is o f  great im p ortan ce  in the ed iting itself, i.e. in m aintaining 
coh esion  betw een  and com p arizon  o f  in d ividual entries. A  fascinating b y -p rod u ct, 
how ever, is a  m ultitude o f  new  possibilities o f  research in the field o f  lexicology.
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Appendix
O n the fo llow in g  pages is a  sam ple entry  from  the Standardized D ic tio n a ry  o f  
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berja v., bardi -  barinn (bardur);

655 dami alls;
dami I texta: 428_____________________

b e r j a : ■ 1. sid, veita högg ti7 *Hesturinn 
barde og hesturinn slo. (ffk. IV, 184); „Ekki 
måtli berja kringum sig med svipu eda ödru 
keyri. t>ad faldi frå manni allar gådar verur “ 
(Tms. (Arn.)); ^undi kemur å skol. I>å siar 
hann [d : veidimadur] håfnum å eftir honum. 
t>etta er kallad ad berja, lemja eda slå." (Tms. 
(Vm.eyjar)); berja hæl og hnaklca brjéiasi 
dkaft um fl8 bott hun {d: veröldin] velltest 
um m / og berie Hal og Hnacka. (VidPosl. 
1, 199); berja t neatid vem i andarslitrunum, 
vem ad dauåa kominn (Tms. (Sudvesturl.)); 
„Talad var um ad berja nestid, en oftar var 
^6 talad um ad berja i nestid. Ég hugsa ad 
l̂ etta hafi verid dregid af t>vi ad hardfiskur var 
mikid notadur )>egar farid var f langferd. Vid 
skildum ̂ etta svo ad hér vari verid ad berja 
i sidustu langferdina." (Tms. (Grindavik)). 
■ 2. mylja [iaÖ ft/ dhvrÖar d iuni] »1 6 er og 
[sleggja] naudsynleg til ad beria aa tunum 
med. (OOlUrt., 9); iien9 *adallinn kvasasl ef 
hann fer / ut å tun ad berja. (MSlLjddm., 
102); iml9 Gudda rådskona var uti å tuni ad 
berja. (BGröndRit. II, 44); ti9 bar sem tunin 
eru sléttari, aka menn venjulega mykjunni 
å måli hverju ut å tunin (til t>ess betra 
verdi ad berja segja menn). (Skuld. 1660 
nr. 102, 19); »19 er )>ad vida sidr ad klina 
blautri mykjunni, undir eins og hun kemur 
ur fjosinu, ut yfir t>ufnakollana, og låta hana 
liggja (lannig, l>angad til farid er ad berja. 
(Skuld. 1680 nr. 102, 16); m2 0 haltu åfram 
ad berja og vertu ekki ad glåpa uti loftid, 
sagdi eldri brddirinn, l>eir stddu å tuninu og 
bördu. (HKLSjfolk., 343); »20 Svo var å vorin 
unnid å med klåru, barid og strokid jafnt ur 
mylsnunni, sem vannst vel. (GbLundStarfsh., 
35); berja å ténl mi9 berja å tuni glebas 
subigere. (Lbs3074to.); m 2 0 var farid ad berja 
å tuni, t>.e.: tadid var mulid med klårum, og 
mylsnan breidd yfir iunid. (Breiddæla., 89); 
berja å velli 18 *Alla vorsins uti stund, /

Al
l>j48tru

mAlv.
flamh.

al

bl

Bi

bj48h.

yy6Sh.

•k^ng
bj68h.

er eg å velli ad berja. (Gamkv., 73); ml6 Eg »kyring 
Ber å Velie (tune) occo. (JÅLbs2244to., 93); 
m 2 0 Byrjad var ad berja å velli vorid 1871. 
(JSigSig.,73). »3, knyja d ([dyrjmeÖhöggum) Cl 
»1 6 Eg sef / enn mitt Hiarta vaker / bad er 
mijns Vinar Raust / eem ̂ ar ber. (Ljod. 5, 2 
(Gb));n7med ̂ ui ad sialfur aminner mig /
)>a vil eg leita og bidia og beria. (MollMed. K, 
7r);mi9geingu l>eir ad dyrum og bördu. (JAbj.
II, 161); m19 heyrdi hun ad ])ad var barid.
(jAbj. I, 261); ml9 sagdist [hann] ekki hafa 
ôrad ad fara til dyranna, en vist hefdi einliver 
barid. (jAbj. II, 476); ml9 begar t>eir eru 
bunir ad berja kemur nokkud roskinn madur til 
dyra. (JÅbj2. V, 320); m 2 0 *baÖ var eitt kvÖld 
ad mér heyrdist hålfvegis barid. (JHelgLand.,
25); berja aÖ dyrum ml9 bar bardi eg ad cl 
dyrum. (JAbj. II, 36); fm20 Ég var buinn ad 
klappa å burdina fyrir æditima. Nu vildi eg 
reyna bitt, ad berja ad dyrum. (GFrRit. II,
250); >20 bad er ösvinna ad berja ad dyrum hĴ b. 
i Færeyjum. (jArnVeturnottak., 28); berja å 
dyrum ml9 Einar bardi å dyrum. (jAbj2. IV, cl 
156); ml9 Hann ber å dyrum. (jAbj2. IV,
425); mi9 U m  néttina er barid å dyrum og 
er sagt ad s ŝlumadur sé ̂ ar kominn. (jAbj2.
III, 502); berja til dyra »I9f20 6dara en vardi cT 
var hann kominn ad gardshlidinu og bardi til 
dyra. (MJSherl. I, 290). »d. råa (kröfiuglega)
d mdii veöri/vindi »19 er vedrid litiÖ lægdi. Dl 

bördu t>eir ur eyjunni. (FrEggFylg. II, 116); 
f20 Ætladi ég ))å ad låta karlana berja og 
tökum vidsaman seglin. (SvbEgFerd. II, 464); 
m20 Vard hann )>6 ad ‘berja’ klukkutimum 
saman ... âr til ad hann komst ‘undir vind’,
.̂e. pangad til ad hægt var ad nota seglin. 
(JöbBårdAr., 92); m20svo ad ekkert var annad 
ad gera en ad fara ad berja i land aftur. 
(bJForm., 60); m20 Hann [a: formadurinn] 
taldi ömögulegt ad berja til baka å méti 
vedrinu. (Arsrlsf. 1959, 156); m2 0 vid höfdum 
barid hvildarlaust utan ur Bolungarvik allan 
daginn. (Arsrlsf. 1959, 160); m20 bardi ég å 
båtnum ... inn å bingeyri. (Arsrlsf. 1961,
189); m20 bött sjör væri tippléttur ... foru 
flest rödraskip ad berja fram i djup. (Sudurn.,
319); fn»20 Svo bördu fedgarnir af alefli gegn 
vedurofsanum i båtskelinni. (KristmGMorg.,
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160); 120 Nu berjum vid saman k m6ti 
vedrinu heim. (JéhHSkålt. 19); t20 PbA gat 
tekid sex klukkustundir ad berja ion fjördinn. 
(J6hHSkål. 37); berja ad landi ml9 bann ... 
for 8VO ad berja ad landi, gekk )>å mjög 
litid. (isl. 3, 119); berja iU lands m20 T6ku 
t>eir DU ad berja til lands, en såu skjdlt, ad 
hridrak. (EGudmN^ttSagn., 63); m20 var |>Å 
ordid svo bvasst, ad ))eim )>6tti ekki rådlegt 
ad sleppa landinu, felldu t>vi seglid og bördu 
til lands. (JHermBsjdm. I, 47); m20 Engin leid 
var ad berja til lands med årum. (Årsrfsf. 1962,
11); berja tU lendlngar m2 0 hefur mörgum 
sjdmanninum ordid erfld raun ad berja til 
lendingar. (JHermBsjdm. 1, 17); m20 Gengu 
t>eir sidan allir å skip med Tdmasi og bördu iil 
lendingar i Skeri um kvöldid. (JHermBsjdm.
II, 80). ■ 5. b16 [gros viö åhagsUtd åkilyrSiJ E| 
fiB Engjar eru Öngvar, nema hvad barid er ur 
forræda fldum. (Jardab. VII, 229); fiB Engjar 
öngvar, nema bvad barid er å fastaJandi i 
peningabeit. (Jardab. V, 46); ii9 Slåltumenn 
voru ad reyna ad berja ur hagbeitarmdum ... 
hingad og pangad. (IsaT. 1666,146). b 6. [vél:J 
kafa hoggkenndan gang m20 Vélin i gamla 
Fordinum var farin ad berja. (WilsonGrå., 
144).
berja å: ■ 1. mylja [taÖ tt/ åhuröar å tunij BI 
»i7riB ad berja å og ausa tun. (Ann. V, 
166); 120 var barid å med verkfeeri, er kallad 
var klåra. (Blanda. IV, 213). ■ 2. kr̂ ja å 
[dyrj fi7 beried a / og fyrer ydur skal verda Cf 
vpploked. (SpangenbCat. Ee, Iv). 
berja å e-d: $16 6 e-d, Uta högg dynja 6 
e-% mi6 bardi hann a sill briost og sagdi Af 
Gud vertu mier syndugum liknsamr. (Luk. 18,
13 (OG)); ti6 Saunguararner |)eir ganga fyret 
framm vndan / ̂ ar nsst Spilmennerner medal 
Meyanna / sem a Bumburnar beria. (Sålm. 68,
26 (Gb)); bad er elus og ad berja å bjargld 
[e-aS] er algerlega irang%r$lausi fm20 En dl 
fdr allt å eina leid og var eins og ad berja å 
bjargid —  steinhljdd og daudabögn. (GFrRit.
VI, 218).
berja 6 o-mi hmbm i e-m, jafna am 
e-n, veita e-m åarda rdöningu mi9 Sendir nu AI 
Justinianus keisari Belisarius til Italiu \>eaa 
erindis ad berja å Austgotum. (MelMid., 7);

mi9 Hann bardi å Filisteum allt til Gesa. 
(2Kong. 16, 6 (1641)); tl9 hann hafdi medal 
annars barid å manni og leikid hann illa. 
(Skirn. 1670, 71); »19 og ekki tok hann nærri 
sér å Hafnarårum einum, bann var vid 
öl, ad berja å Danskinum, sem löndum 
var sumum titt. (Sunnf. V, 20); f20 og gerdu 
m̂ist, ad greiddu övinunum atlögur eda 
bå bördu å mönnum sinum, er illa gengu fram. 
(TacGerm., 40).
berja f e-^: fretna hÖggi aÖ e-u, lata e-d 
verda fyrir höggi berja t bordid métmæla A] 
kröftuglega fm2 0 Vid getum nu haft vÖldin 
samt, ef vid böldum höpinn og berjum i bordid. 
(GFrRit. 111, 206); berja f bresti (e-rs) afsaka el 
e. åretda yfir dgalla (e-rs) ml9 og er ekki 
til neins ad berja i b& bresti. (bjöd. 1853, 
156); fm2 0 Og b̂ tt Arnljötur Ölafsson berji i 
bresti bjddkirkjunnar med Kaupahédni og Jéni 
Uelgasyni. (GFrRit. VI, 69); berja f brestina el 
a. sid { brestina til ad dylja J>d il9f20 og håi 
rennismidurinn ... för nu ad berja i brestina og 
syna hvernig fara setti med kvistina, umflyja 
sprungur og jafna åvalann. (MJSherl. III, 55);
•20 Fljötlega ... féru fjårhusin b^ segja af 
sér sakir fua i vidum. Sveinn reyndi audvitad 
ad berja i brestina og tefja fyrir algeru hruni. 
(RGSnseSkåld., 61); b. a/sata e. breiÖa yfir 
dgalla e-rs tisno bå gsti eg kannske barid 
eitthvad i brestina. (GVidBr., 101); fmi9 Rask 
bardi aptur i Brestina og forsvaradi b^d 
sem ecki lét sig forsvara. (SafnF. XIII, 197); 
ml9 Englendingar hafa med öllu möti reynt 
ad berja i brestina fyrir b̂ ini [o: Tyrkjum]. 
(Skirn. 1664, 91); miio en hann er med okkur 
svo, ad hann er alltaf ad berja i brestina. 
(JSBréf., 178); il9 Herra TVyggi vill... berja i 
brestina ad bvi, er Granufjelagidsnertir. (bjöd.
40, 101); f2 0 Vsentum vér, ad gödir menn taki 
viljann fyrir verkid og berji i brestina. (Ärsrlsf. 
1966, 60 (1923)); f20 ad låta mistÖkin ekki 
endurtakast, heldur reyna ad berja i brestina. 
(ThArnRest., 340); m 2 0 bu tekur svari hans og 
reynir ad berja i brestina. (GudrLDal. I, 145); 
berja f brestina å e-n afsaka e. breiÖa yfir el 
dgalla e-(r)s ml9 Hinn virduglegi konungkjÖrni 
varabingmadur andlegu stéttarinnar hefir haft 
mikla fyrirhöfn fyrir ad berja i brestina å
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koDungsfrumvarpinu. (Al̂ . 1849, 863); tl9 Er 
mikid drengilegra ad jata og kannast vid 
]>ad, enn ad vera ad berja i brestina å gjördum 
sinum. (Frödi. 1883, 40); berja f vængtnn hafa fl 
a/«aibdntr { frammi »19 \ sama alreng toku t>€ir 
J6n ... og Benedikt ... en Halldör ... bardi 
heldur i vænginn. (isaf. 1885,115); >ad er eins 
og ad berja i •telo(inii) [e-aöj er algerlega dt 
dron̂ vrrlaujt »19 en )>ad var eins og barid væri 
1 stein, og sögdu ad enginn heldi ))ekkt )>ad 
illa frå t)vi göda. (Eiröl., 226); ii9 ekkert var 
sparad til ad frelsa hann, ... en t>ad var sama 
sem ad berja f steininn. (2Id. I, 54). 
berja ofan af fyrir e-u: vinna (horöum 
hondum) fyrir e-% rml9 Enn er eg ad reyna Fl 
ad berja ofan af sjålfur fyrir minu vesæla liTi. 
(DÖIuHj. V, 239).
berja ofan af fyrir e-m/sér: vinna (höröum 
hondum) fyrir Kfeframf̂sri e-s/ainu *19 möd- FT 
irin bardi ofan af fyrir hinu [o: barninu] um 
sumarid. (FrEggFylg. I, 214); »19 radalaus var 
hann med öllu ad berja ofan af fyrir sér. 
(FrEggFylg. II, 294);tl9f20fremur til ad berja 
ofan af fyrir sér en til böknams. (SGSlBR. IV,
203).
berja u m  e-dt berja om bresti(na) a. eld et
i hresiifna) ii/ ad dylja fd m«l8 al berja akyring 
umm bresti, proprié fracturas in ferro, vel 
aliqvo alio duro metallo, malleo complanare. 
(JÖGrvOb.); 5. afeaka e. hreiSa yfir dgalla 
e-rs mtia at berja umm  bresti, ... nsvos «k:hring 
alicujus emendare (JÖGrvOb.). 
berja upp: hryja dyra m2 0 bardi upp å C/ 
Bessastodum i vökulok. (JBjörnJömf., 54). 
berja upp éi hn̂ ja dyra mi9 munud |>ér, sem CT 
fyrir ulan standid, taka ad berja uppå og 
segja: luk \>u upp fyrir oss, Rerra. (Luk. 13,
25 (1841)); ti9 Madur ber upp &, ef ekki med 
kröfum, samt alténd med eptirvæntingu, og 
hvad sér madur t>a fyrst, )>egar dyrnar Ijukast 
upp? (bjöd. 30, 61); tl9 kemur John Brown 
inn ))egjandi og ber eigi upp å. (Isaf. 1894,
83); »2 0 begar tveir ribbaldar bördu upp 4 hjå 
okkur. (Visir. 12/6 1972, 16).

BERJA E-0: ■ 1. ild d  e-̂ , beina hSggum 
aS e-u fi7 Og t>ijn ohrein Klede verda laaten AI 
j Vatn / pueigen j skarpre Lwt / baren og 
sleigen og t>uætl. (NicSpeg., 590); 1 8 og \>6li\

pa sem vedrid berdi skipid å allar hlidar. 
(Jborkbjs., 156 (18. öld)); fl9 og koddar séu 
bornir ut og bardir ve] å sumrum. (SpurnHeil.,
48); mi9 begar pu befir barid åvextina af 
pinu oliutré, på skallu ei gj0ra par eptirleit.
(5MÖS. 24, 20 (1841)); mi9 *nu veiztu, hvernig 
bjartad brjöstid ber, / er blödid logar par i 
djupum sårum. (JHall. I, 134); »I9f20 *bau 
[y. skipin] bördu lödrid, langl og skamml, / 
en lending engri nådu samt. (SGStAnd. II,
432); f2 0 Bördu basetar på [o: lifrarpokana] 
ödru hvoru, og var pad su vörn, ad skipid 
fékk aldrei åfall medan dreif. (Blanda. V,
97); berja åna/hylinn „reyna aÖ veiSa d 
iiong** (Tms.); berja barrid B̂erja barrid malv.
= ad berja löminn var algengt og pyddi 
ad barma sér.*' (Tms. (Fljötsda)sh.)); berja 
bumbu(r) tid d humbu(r) (i fagnadarakyni) gj 
ml6 Horn var peytt, en bumba börd. (Pont. bördmie 
I, 68); 1 8 på voru bardar bumburnar, / og 
elegin symfönin. (I(k. V, 138); »19 bumbur 
voru bardar, turnklukkum hringt. (MelNs.
II 1, 64); f2 0 Verksmidjustofnun pessi hefir 
fedst ofbod bljödalaust og engar bumbur verid 
bardar vid fcdingu hennar. (Fjallk. 1903,
157); berja bumbur sinar lyrir e-u halda g1 
e-« dkaft fram m2 0 hann höf ... ad flytja 
på kenningu, sem hun [a: kirkjan] hafdi sjålf 
barid bumbur sinar fyrir um nitjån alda 
skeid. (SnseJVörd., 82); berja e-^ augum tjd hl 
e-å, viråa e-6 fyrir tér m20 På bibliu hef 
ég sjålfur barid augum hér i Dömkirkjunni. 
(HKLBrekk., 30); m20 munu ad visu nokkrir 
ydar heyrt hafa getid pess lands, pö ad fcstir 
ydar bafi barid pad augum. (HKLGerpla.,
484); berja fötasiokk(inn) dingla fdiunum d 
hetibaki (til aö knyja hettinn dfram) »19 Eg bj68h. 
heli heyrt frå barncsku pad lastad sem ljötan 
övana, ad 'berja fötastokk*. (Bun. 1894, 132); 
f20 Hcttid peim ljöta vana, ad berja 'fötastokk' 
og hn^ta hestum i taglid. (Alm. 1901, 91); 
f2 0 ad telja pann med reidmönnum ... sem 
patar, ber fötastokkinn og badar ut öllum 
öngum. (Skirn. 1915, 191); »2 0 Vid héldum 
åfram ad berja fötastokkinn til ad fl̂ ta forinni. 
(GudmHUndljå., 40); berja gadd(inn) pieaiur 
e. onnar fénaöur:] tiaypa ( freSna jörö (iil aö 
nd e-u ii/ aö bita) »1 8 helldr beria [hrossin]
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gadd, er menn kalla, edr lemia upp jørdina 

med h6fuDum. (LFH. VI, 61); ilv ad eja 
horad Qe ... berja gaddinn. (Isaf. 1860, 6); 
tl9 ekki eiga hrossin betra. t>au verda ad 

berja gaddinn, allan veturinn. (Dagskrå. 1697,
331); m20 Ŝ odisi munurinn stundum helzl 
til mikill, eem var i æfi reidbestanna og 
binna, eem måttu berja gaddinn liknarlausir. 
(Krt>or6lBgf. Il, 146); berja hdstann mAlv. 
lemja bdstann og berja bdetann var sagt um 
rækilegan bdeta." (Tms. (N.-bing.)); berja 
16m(inn) kvarta (ilfelU), 6era ng illa tl9 t>«gar 
bann var buinn ad ... berja Idminn ut af sjer 
og )>essari dnaedisstodu. (Heimd. 1664, 170);
»I9f20 *F61kid svalt med sinateygjum, / sifellt 
bardi 16m. (MJLj. I, 106); f2 0 Idmurinn er 
barinn latlaust. (SGStBR. Ill, 43); f20 Mér 
dettur ekki i bug ad fara ad berja Idminn 
eda betla fyrir J6n. (Ægir. 1924, 51); f2 0 ad 
))yzka togarautgerdin er sem stendur i binum 
mesta vanda ... enda ber bun éspart lominn 
og hröpar å b)41p- (Ægir. 1932, 283); m20 enda 
er t>ad eigi eidur fslendinga ad berja löminn 
framan I erlenda menn. (Griman̂ . II, 217); 
berja nestld vera i andanlitrunum, vera aÖ bt mAlv. 
dauåa komma tl9 ordtskid ad berja nestid, 
sem baft er enn i dag um ct berjast i 
andarslitrunum. (SGudmForngr. 1, 50); tl9 t>vi 
eftir utliti og atböfnum manna erlendis synist 
skipautgerd vor eiga skamt eftir til ad berja 
nestid. (Bjarki. 1898,22); fm20eftir {>ann tima 
fer ég ad berja nestid. (Raudsk. IV, 42); 

m20 U m  )>ann sem 1& banaleguna var sagt: mAlv. 
ja hann er nu ad berja nestid auminginn. 
(HKLBrekk., 66); m2 0 Ég i gott ad vera 
gamall og eiga ekki eftir nema berja nestid. 
(EyGudmPabbi., 254); m 2 0 1 dymbilvikunni 
Haug )>ad fyrir ad gamli madurinn I Gljufrum 
mundi nu vera ad berja nestid. (HKLHeimsl.
Il, 319); m2 0 Pannig lå hun minudum saman 
og bardi nestid, og var v̂l likast sem bun 
gæti ekki skllid vid. (GJbjs. I, 68); »Ad ikyring 
berja nestid. Ég heyrdi êtia oft sagt ))egar 
ég var ad alsst upp fyrir nordan, bad var 
algengt ad bafa bardfisk i nesti, og oft var 
^ad sidasta verk )>es8 sem lagdi af stad i 
ferdalag, t.d. gongur, ad berja hardfisk i nesti.
Ég held allir hafi skilid ordasambandid ut frå

)>essu.*‘ (Tms. (Nordurl.)); berja nestid sitt 
vera ( andarsUinmam, vera aå dauÖa kominn 
Jkustur i Landbroti var alltaf sagt: berja 
nestid sitt, en ekki berja nestid eda berja 
(sér) i nestid.*' (Tms. (V.-Skaft.)). ■ 2. 5eina 
e-u harkalega (i e-a etefnu] sl9f20 * Id enska 
gull skal funa fyrr / en frelsisl>rå sé börd å 
dyr. (SGStAnd. I, 546); f20 Beljarvegurinn og 
vigda moldin eru uppdiklur tilad berja svoHtil 
dramatisk åhrif inni kvaedid. (börbbEdda., 
112); fm20 Sigrar Sverris voru sem hamarshögg 
å hamarshögg ofan og bördu (>å tru inn i 
hugskot almennings, ad hann veri rétlborinn 
til rikis. (APålsVid., 320); m 2 0 Jå; hann haldi 
barid övissuna og kvidann ur likarna hennar 
og sål. (HKLSjfölk., 362). n 3. mylja e. 
mykja e~S meå harefli fl6 beir forsorga sinn 
kvikfjenad mest af beinum, sem )>eir med 
sleggju berja um veturinn, en gefa ei meir 
af heyi en vel til jorturs. (jardab. X, 316); 
•le [tadid] vard ei taekt fyrrenn brunned var 
under (>vi, )>å var \>ad bared. (MKetHest., 
33); ml9 ̂ gar barin var mykja å velli fannst 
hnifurinn i einu hlassinu. (JÅbj2. III, 373); 
il9 i Ödrum lÖndum er aldrei tidkad ad berja 
åburdinn å vorin. (NF. XXX, 73); «19 barinn 
[a: åburdurinn] å vorum og rutt åburdinum. 
(Austurl. 1,111 (1674));«l9Eftveir berjasama 
hlaasid ... og klårurnar slåst saman. (Huld. 
II, 151); «19 beir [o: likmenn] maetlu opt ... 
berja klaka hålfan dag. (Isaf. 1679, vidauki, 
26); f20 Åburdurinn var barinn med k vislum og 
klårum. (FJbjödb., 364); m20 svo var mörinn, 
sem var innan i björnum, barinn med 
sleggiu å fiskasteininum eda bördusteininum, 
sem var å hverjum bse. (Breiddeela., 84); 
m 2 0 barna var mörinn barinn eins og hardur 
fiskur pangad til hann var ordinn svo mulinn, 
ad likast var mjöli. (Breiddsla., 64); m 2 0 Hann 
siendur med klåruna sina å vellinum og ber 
tadid f beimsku. (HKLSjfölk., 345); «2 0 Nu 
höfet vökuvinnan. bå voru rakadar gaerur, 
tålgadur mör eda barinn. (ÅölaAld., 52); 
b«rja Ibk mis ath beria fisk suo sem vid 
>yrfli ä bvi bui. (DI. XIII, 293 (1556)); 
fn«l7 *Feginn heldur fiskinn vil ég berja. 
(HPSkv. II, 407); ns Kvöd var engin nema 
berja fisk å stadnum. (Jardab. V, 136); m«i8

bl
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adsciscit Dativum instrumenli et Accusativum 
objecti ... ut: at beria fiskinn eleggiunni. 
(JÖGrvOb.); fl9 L̂ ist fiskr ef leingi er barinn. mAlah. 
(GJ., 209); mi9 var bann låtinn berja fisk.
(JÅbj. II, 441); f?0 Loks )>urfti ad berja \ nestid 
göd̂ ul bardfisk, baka kökur og poUbraud, gera 
ost og sj6da fornkjot, sem t>å var venjulega 
reykt, bangid kjot svo feitt sem kostur var 
a. (Skim. 1931, 66). b 4. réa (krofiugiega) d 
méii e-«fml9*eldhardan bordum auslan vind, DI 
/ upp eflir nådum. (SBrLj. I, 103); ml9 t>eiT 
eiga Ijötan landsynninginn ad berja. (Isl. 2,
69); rml9 *I>ungt er utnyrdinga Hfs ad berja. 
(GThLj. I, 6); f2 0 ad lemja og berja hardan 
métvind allan daginn med arum. (Ægir. 1907,
49). ■ 5. tid [grat] (viS dhagtî S tkilyrSi) Et 
fi9 l>egar svo Hdr ad slættinum mega bændr 
leigja verkamenn til ad berja af (>ufunum in fåu 
strå. (Skuld. 1680 nr. 125, 255); >20 Ekki munu 
menn åvallt bafa farid fusir frå slættinum 
beima til ad berja ))ufurnar prestsins. (Mula|>.
1969, 110).
berja e-^ åfram: berja e—d blåkalt ål>am
kngja t-6 fnxm ml9 Vér erum komnir hér å i] 
)>fng til ̂ ess, ad berja hlutina blåkalt åfram.
(Alb. 1855, 662).
berja e-d fram: ■!. halda e-u (dkaft) /ram, 
tiadhæfa e-éml9 En ef prestastétlin yfir hofud Hi 
ad tala er svo fåtæk ( samanburdi vid albydu, 
sem sumir eru ad berja fram, )>&• • • (Alb- 1849,
401); 120 En bĉ &̂ barid fram ån nokkurs 
samanburdar vid onnur lönd og adrar bĴ ir- 
(Arnf., 129); f2 0 ég er ekki vanur ad berja 
fram neina bölvada vitleysu. (MagnStefBréf.,
88); berja e-d blåkalt fram o. kaMa e-u il 
dhikaå fmm ml9 Eg ålit nu ad visu 6b&rfl ad 
svara b̂ i marga, sem barid hefur verid fram 
blåkalt å möti nefndarålitinu. (Alb- 1855,424); 
mi9 lækningamennirnir berja bad fram blåkalt, 
ad klådinn sje innlendur. (Nordri. 1858, 65); 
fni9 Allt fyrir b^d bardi hann lygina blåkalt 
fram. (t>us. 1, 341); ml9 b̂ gar skynsamir 
menn berja fram meiningar smar blåkaldar 
åstæduHtid. (LKrVestl. II 1,59 (1846)); mi9 ad 
berja adra eins vitleysu blåkalt fram. (fsl. 2,
16); >19 Herra J6n Ölafsson bardi b&A blåkalt 
fram, ad spitalagjaldid af sild 
sidastlidid år (1880) afladist hjer vid land, muni

nema 25.000 kr. (Skuld. 1882, 2); >i9sem nu 
berja bad blåkalt fram, ad klådinn sé upprsttr. 
(Skuld. 1878, 91); >19 bau [s: visindin] berja 
bad fram blåkalt ad tvisvar tveir séu fjorir 
hvernig sem vid låtum. (Sunnf. Il, 5); >19 bad 
dugar ekkert ad berja bad blåkalt fram ... 
ad uppåstungur i b̂ asa eda adrar åttir, sjeu 
rangar. (Dagskrå. 1697,226); å. knyja t-6 fram 
mi9 bvad ör̂ milegt bad veri sem b̂ if vildu 
berja fram blåkallt. (Snp. I, 74); mi9 b̂ ir vilja 
berja bad fram blåkalt med lögum. (Nordurf.
II, 71); mi9 bad getur opt verid, ad menn vilji 
bleypa breytmgaratkvædum til umrædu, og 
berja bau fram blåköld. (Tidbjf., 73). p 2. nd 
e-e fram mtÖ horku ml9 Eg ætta samt ekki ad GI 
vera ad berja fram b̂ ssa uppåstungu okkar, 
ef bingid sér eitthvert annad råd betra. (Alb. 
1855, 907); >19 Hefdi jeg ... viljad berja fram, 
ad ummæli min i fundarbodinu skyldu gitda. 
(isaf. 1886, 210).
berja e-d Inn i e—n: beiia horku iil aÖ 
Idta e-n læra t-6 120 baasari borg er lyst \ Gf 
landafrædi minni (sem er su bezta landafrædi 
å islenzku, eins og eg hefi sagt, bvi bad dugir 
ekki annad en berja bad inn I ba). (Arnf., 134); 
f2 0 bad sem hann kunni, og bad var mikid, 
bardi hann inn I okkur. (Skirn. 1923, 72). 
berja e-5 i e-d: berja augun f e-d verda hl 
tiartfni d t-6 ml9 Bretar bördu heizt augun i 
lidsending Napöleons. (Isl. 1, 101). 
berja e-d i gegn: kngja t-6 fram m20 sem Gt 
rådherrann baldi å sinum tima lofad b̂ ssu 
plåssi og sfdan barid I gegn å albmgi. (HKLSj- 
fölk.,454).
berja e -d  nidur: kot6a t-6 nidur med 
horku fmi9 ad ef slikar meiningar ekki eru GI 
bardar niÖur bjå almuga. (BThLj. II, 193); 
mi9 b̂ ktust sumir finna reykjarlykt, en adrir 
bördu bad nidur. (JÄbj. II, 275); berja e-d 
blåkalt nldnr m2 0 en allt tal hennar um bad it 
bardi karl blåkalt nidur. (bTEyfs. 1, 35). 
berja e -d  sam an: u l »  tid d t-6 tvo ad ̂ ad 
ĵ appost saman 120 Sésteypanvelbarinsaman, Ai 
getur steinninn stadid ån b ^  ad skaddast. 
(Bun. 1903, 297); fm2 0 begar fer ad hækka 
I tunnunni, er gott ad berja kjötid saman 
med sleggiu. (JSigMatr., 64). a 2. smida t-6 
(af vantfnum) ml9 begar einhvur smidisgripur
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er barinn saman ad banda h6fi. (BunSud. I, 
142); rm2 0 ad kunnatiulitlir menn væru ån 
eftirlils låtnir berja saman lljölandi Ukkistur. 
(GGSkul. II, 93). ■ 3. $emja t-d (meö 
erfidismunum) iie ad samanberia fa>einar 
Sorgarvisur i minningu ))eirra ... Hiona. 
(OOlDraum. A, 2r); nwi9 *jeg hef / drukkid 
1 dag, 8VO alt sn̂ st 6tt I hring / å medan )>etta 
ber jeg saman stef. (GThLj. I,203);m2Osem ég 
var buinn ad berja saman bugdnæman stuf [y. 
rædustuf] rennur lestio inn å brautarslödina. 
(TbVilhjGerv., 30).
berja upp* ■ pä ak a h r o n n

e. snjéakafl] 120 Fjara er borin 1 bus, ‘bardir 
upp mddarnir* og fluttir I bus. (SafnF. III, 
116); m20 i bæstu flddhrÖnn var bann ad 
berja upp fredinn t>arakamp fyrir saudi sina. 
(HéradsBgf. II, 160). m 2. $afna [fé] meö 
haröneakju m20 Hansen j>e8si ... bafdi verid å 
SDÖpum uti um lönd ad berja upp fé til sHkrar 
utgerdar. (ÄJakKast., 159); m2 0 t>ad er alltaf 
bægt ad berja upp peninga. (IGborstLand., 
179).
berja e -d  6r e -m : kveöa [tili. åkoÖun e. 
hdtiem i e - s j  niöur mlO Böndi var einardur 
madur, og ber )>eUa ur fölki. (JÅbj. I, 391); 
•19 t>ad er svo edlilegt og sjalfsagt, ad ötrulegt 
er, ad }>ad verdi nokkurn tima ur (>ĵ inni 
barid. (<saf. 1667, 143).
berja e -d  dt: fleija at [deig] tl9 sidan skal 
berja ̂ ad [r. deigid] ut med kefli, og brjöta 
))ad oft saman og berja (lad ut ( bvert skifti. 
(EJénssKvenn., 165).
BERJA E-N: $ld e -n , rdöaai aÖ e -m  m eö  

höggum/baramiö ml6 bordu bann med bnefum 
/ enn adrer gafu pustra i bans andlit. (Matt. 
26,67 (OG)); mi6 gripinn / bundinn oc bardur 

/ spyttur oc spieadur / eirnin pustradur. 
(CorvPass. A, IIIv); ml6 erum klædfaer og 
verdum bnefum bardir. (IKor. 4, 11 (OG)); 
mi6 framselldi lesum suipum bardan. (Mark. 
15, 15 (OG)); ii€ ba tooku nockrer ad spijta 
a bann, i banns Asioonu, og børdu bann 
med Knefum. (Eintal., 173); mi? Beria skal 
Barn til Asta. (JRugm. 46); mal7 *innlendir 
barnir / \>6 öngvar få varnir, / |>eir ofriki 
Hda. (HPSkv. Il, 354); il7 Eingenn er så 
barenn, sem Husböndans Skipan giörer.

AI

G\

G1

AI

AI

hardur
ml6

barfian
ml6

d u17
målsh.

(GÖlTbes., 760); mtie berja skal barn til 
aastar. (JÖGrvOb.); m«i8 adsciscit Dativum 
instrumenti et Accusativum objecti ... ut: ... 
at beria mann griooti. (JÖGrvOb.); mtiB at 
beria mann med lurkum, keyrum og Svipum. 
(JÖGrvOb.); fl9 Så er enginn barinn, sem 
busböndans skipan gjörir. (GJ., 260); 09 bann 
er ei vandt ad verja, sem enginn vill berja. 
(GJ., 390); 09 bvi veldr b̂ jdzka b̂ l̂s 
bann er barinn. (GJ., 417); tio bun vissi sem 
var, ad fadir sinn mundi ekki trua sér og 
berja sig eins og bardan fisk i ôkkaböt. 
(ÖDavbj. III, 376); fm20 Hun vissi dæmi til 
ad brutar böfdu barid fjårmenn til örkumla 
og bestar slikt bid sama. (GFrRit. Ill, 290); 
m 2 0 l)etta er meinleysismadur, ég hef aldrei 
vitad hano berja gamalmenni. (HKLSjfolk., 
294); m20 ekki skildust bonum fyrirskipanirnar 
ad beldur |>ÖU hann væri bardur. (HKL̂ 6l., 
165); m20 bardir af meistaranum en skutyrtir 
af sveinum. (HKLHljm., 20); m20 Reyndi hann 
[a: hruturinn] ekkerl ad slita sig lausan, bara 
ad berja mig, svo var skapid mikid. (Skaftfbjs., 
172); t20 bad var lengi heid å skutum, ef hann 
var tregur, ad berja kokkinn. bå för alltaf ad 
Fiskast betur. (JÅrnVeturnöUak., 45); berja 
e-n augnm ajd e-n, virÖa e -n  fy r ir  $ér m20 og 
hver er hann bardi augum ̂ å fraus bonum blöd 
i ædum. (Grbjöds., 56); berja e-n brigslum 
dlasa e -m  harhalega 120 og mötflokkarnir bördu 
hann lållaust brigslum. (RéUur. 1917 I, 16); 
m20 *bö engan vilji ég brigzlum berja / beinum 
dugar ekki ad verja / gamlan I>adan kominn 
kvitt. (JGÖlSög. 1938̂ , 71); berja e-n sundur 
og »*man ̂1 9 byzkir bordu ̂ åsundr og saman, 
töku yfir 10 |>usundir fanga. (bjöd. 23, 34); 
berja hråta T̂ekid var bådum höndum um 
bita å milli sperra i badstofu, ^annig ad 
(ingurgömarnir sneru fram ad andlitinu. Sidan 
åtti ad setja sig i bnut, (>annig ad hnén snertu 
bitann. betta åtti svo ad endurtaka ån 
ad låta fæturna koma i gölf. Festir gåtu 
))etta nema 2-5 sinnum og afbragd )>ötti ad 
gela barid 10 bruta (eda 10 sinnum hrut) eda 
fleiri.*' (Tms. (S.*bing.)); m20 Og fest gat kann 
höndum sinum upp um bita og *barid hruta*, 

bvorttveggja ̂ etta ̂ ætti med élikindum 
med svo örkumladan mann. (Grimany. II, 84).

mAlsh.
mÄlfr.
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m20
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berja e—n frA téri ̂ Ê kki måttum vid sveifla 
bandspotta eda spytu i kringum okkur )>vi 
|)a ‘bördum vid frå okkur euglana'" (Tma. 
(Arn.)).
berja e—n nidurt ald e-n sto qS hann fellur Al 
fm2 0 Ég åleit )>å, og trui t>vi enn, ad mennirnir, 
aem bjalpudu mér upp ur sjonum, hafi verid 
8Ömu mennirnir, eem bördu mig nidur å 
götunni. (IndEinSéd., 169).

BERJA sig: ■ 1. [fugl:] hlaka vængjunum 
fm2 0 Rjupan flaug af ( styggara lagi og bardi 
sig aumkunarlega, |>aut eftir kviabdlsstignum 
eins og vængbrotin væri. (GFrRii. II, 226).
B 2. berja sig utan sid dvitandi d likarna sinn 
•19 félkid bardi sig utan fyrir vitleysuna og 
innvoriis nagandi kvöl og skömm fyrir t>es$a 
athÖfn. (Eiröl-, 211).

BERJA E-U: åld e. beina e-u harkalega [i e-a 
åtefnn] ml9 sat t>&r (>egjandi å kistunni og bardi A| 
hælunum f hlidina. (JThSk. 1, 56); il9 sldst 
hun upp å hana med skapraunarordum, ))reif 
af henni bogann og bardi honum glotiandi um 
eyru henni. (StollGod., 40); no beir [d: ung- 
arnir] bördu vænglurunum I valnsskorpuna. 
(JTrRit. I, 275); berja hægilunom brjdiaåt 
e. ̂ jSånoåt dfmm mi9 l>ar er lyst ))rj6tinum, 
sem einlægt ber bcxlunum, og hirdir ekkert 
um nåtturuna. (Nordri. 1656, 53); tl9 jeg, sem 
DU er ad berja bækslunum fyrir Hfl minu og 
minna. (Pjdd. 27, 117); berja e-u f vanginn f| 
afåaka sig meÖ e-n mi9 En sé bann svo öfyr- 
irleitinn, ad ljöstra upp ast minni, ber ég 

i vænginn, ad ég bafi talad svona vid bann.
(l>us. I, 49); mi9 Nu skal ég sjå, bverju t»u ber i 
vænginn, mælti hun. (t>us. I, 119); no  Pu bef- 
ir alt af barid einhverju i vænginn. (EHKv- 
Rit. V, 189); berja hofdina vid steininn neiia 
aÖ beygja sig fyrir staåreyndum il7 Illt er ad m&Uh. 
berja Höfdenu vid Steinenn. (GÖlThes., 1825);
•17 Hardt er ad berja Höfdenu wid Steinenn. m&Ub. 
(GÖlThes., 1446); no Bagt er ad berja höldinu mtish. 
vid steininn. (GJ., 42);no Ad mdtmælahonum 
mundi verda ad berja bøfdinu vid steininn.
(Klp. VII, 69); siono ad sljörnin .,. berji ekki 
höfdinu vid steininn gegn )>vi, sem sanngjarnar 
kröfur heimta. (JsJsRit. III, 270). 
berja e-u framt halda e-n (dkafi) fram, 
åiaåhæfa e-6 «19 Sjer syndist ... bæpid ad HT

berja einhverju fram med ofurkappi, ( stadinn 
fyrir med skynsemi og sönnunum. (Isaf. 1879 
vidauki, 36); no  Hann [a: Teilur] er ekki 
söguleikur, og t>ad er énåkvæmni ad berja 
t>vi fram )>vert ofan i 3rfirlysingu mina i 
athugasemduDum. (JIYRit. VIII, 467). 
berja e-u I e-̂ : berja angum f e—d ver6a hl 
åtarsT̂ i d e-6 ml9 lytur samningurinn ad 
^msu, er t>au muou berja augum i. (Skirn.
1863, 59); slO hafa )>eir menn komizt a )>ingid 
er lengi hafa barid augum i svo mörg lagalyti.
(Skfrn. 1866, 159); •is en bÖrdu hins vegar 
augum 1 kostnadinn og )>ær åj>yngdir, er af )>vi 
blytu ad nsa. (Skirn. 1871,174). 
berja e-u nidur: breiÖa yfir e-6 fnl7 eingenn 
skyllde draga Fiødur yfer Synder sijnar / beria 
j>eim nidr eda laata sier lijtid til t>eirra finnast. 
(FörstSkrift. G, VIIIv).
berja e—u vid: færa e-6 fram sem afsökun 
(fyrir e-u) mi6 kappsemin tijl at kenna Gudz 
ord heimtizt at predikorunum / swo at einginn 
meige l>ui vid beria. (CorvPost. 11, 62r); als Nu 
6 0 ad eingen )>urfe ]>essu hier epter vid ad 
beria. (DietrPass. A, llr); ai7 Sumer beria 
t>vi vid / ad t>eir hafe laangann Kyrkiuveg. 
(DilherrPost. A, Illr); milS al berja einhveriu «kyring 
vid, causari aliqvid, vel culpam in rem 
qvandam rejicere, causa qvadam prætensa 
et excogitata semet excusare, vel & crimine 
qvodam purgare. ... at berja vid faatækt 
edur heilsu veiki. (JÖGrvOb.); tiB ))vi hvørugr 
)>eirTa ûrfti skulldum vid at beria. (LFR.
IV, 44); H9 oc var t>vi vidbarid at bændr 
hefdi fyrir (»å sok skorast undann skattgialdi. 
(EspÅrb. 111, 31); mi9 t>6 hann berdi t>vi vid, 
ad hja sér væri mikill gullskortur. (Felsenb.,
350); mi9 Sumir berja vid, ad êir séu 
hræddir. (ÄrsrPör. II, 39); mi9 Pvi er opt 
barid vid ad menn )>urfl ad hafa brennivin 
til ad hreasa sig å. (NF. 111, 130); mi9 en 
hann bardi vid beilsulasleik sinum. (Pus. 1, 4);
• 1 0 og j>0 sendi jeg ̂ inginu 10 exemplör, svo 
t>vi verdur ekki barid vid, ad gengid hafi verid 
fram bjå (linginu. (isaf. 1891, 261); «19 allt 
af er t>vi vid barid, ad ekkert verdi gert fyrir 
peningaleysi. (Pjéd. 34, 76); «19 Sumir kunna 
ad berja j>vi vid, ad sokum hardæris og öårunar 
sé timinn nu illa valinn til sliks fyrirtækis.
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(Sudri. 1865, 83); tl9 Menn munu, ef til vill, 
berja t>vi vid, ad ekki aé (tad bugsandi, ad 
ejömeDn vorir geti ayot neitt i skinnklædum.
(Sudri. 1866, 134); tlO t>vi er einatt vid barid, 
ad nautn afengisdrykkja aje ))vi nær almenn 
I öllum löndum. (IsIGT. VI, 134); •!» t>6 aä 
Ijeleysi megi ef til vill vid berja, ... ))å er 
ekki hægt ad kenna t>vi um. (TimUpp. 1891,
65); b19 Karlinn bardi bædi vid kunnattu- og 
hugleysi sfnu. (FVEggFylg. 1, 94); no t>vi er 
barid vid, ad vér aéum avo fåtækir, vér getum 
ekki farid ad dæmi atörl>j6danna i ]>es8u efni.
(Fjallk. 1901,23-1); no Hormangararhættu ad 
lata akip aigla hingad 1745, bördu vid, ad 
höfnin væri ad fyllaat af aandi. (Ægir. 1929,
92); no Kuldanum er mest barid vid og er 
^ad nokkur astæda. (Arnf., 109); no Barid 
væri vid peningaleyai og verkfæraleyai. (Bun.
1902, 251); m20 bardi [hann] )>vi vid, ad 
beilsa ain myndi ekki t̂ ola loftalagavidbrigdin. 
(Sagafal6., 310); m?0 hinir flokkarnir bördu \>Å 
vid tima r̂öng vegna kosningaundirbuninga. 
(GBenSaga., 156); (Tms. (Skagaf.)). 
berja e—m  u m  e—d: bregåa e -m  um skori 
é  e -u  ml9 [hann] taldi a )>vi öll vankvædi, 
og bardi félaginu og etofnuninni um alla 
hæfilegleika tU sliks. (bjöd. 1853, 47).
BERJA SER: a 1. sid sig «fan (iil o 6 ^1 

jd  ( sig hiia) n»i8 at beria sier til bita, 
se mel ipsum calefaciendi causa verberare. 
(JÖGrvOb.); il9 menn )>ar inni voru ad brista 
og Btappa af sér snjöinn og berja sér. (Eiröl.,
47); tiono *Svo brauzt jeg upp i brædi i 
nordanköf / ad berja mér og stappa nidur 
fötum. (bErlRit. II, 186); m30 gengu Q>eir] 
um gölf a sandinum og bördu sér til êas 
ad halda a sér bita. (Blanda. VIII, 299); 
m2 0 Huskarlar I>ea8ir béru sig beldur krokulega 
og bördu sér mjög, milli j>e8s sem ̂ eir bundu 
baggana. (ThFrVer., 462); m20 Rann ber sér og 
ekur af kulda, klipur til skiptis stofugridkuna 
og eldabuskuna. (TsjekovMad., 33); „Nokkur |>j6Ah. 
husrad til [>ess ad bila sér å höndum: ad vinda 
loppungana, hræra flautir, fara I lusaham, slå 
svensk, berja sér duglega." (Tms. (Rang.)),
■ 2. ,3tadan bein, fötum lyft sitt & bvad i 
larétta stellingu frå mjödm til hnés, en beygja ,k̂ ring 
um bnélid med sljöu borni. Medan sladid er I

vinstri föt er reynt ad slå löfum saman undir 
hnésböt hægri fötar, skipt um föt og farid eins 
ad. Ekki var færst ur stad, en hreyfing (>ess 
fötar sem stadid var i hverju sinni (>urfti ad 
vera létt og Ijadrandi, en ekki ̂ unglamaleg." 
(Tms. (Eyjaf.)). ■ 3. ,̂ t&nda uppréttur, 
sveifla böndum eins langt aftur fyrir bak 
og unnt er, löfum skellt saman. Sömuleidis 
fram fyrir sig, löfum skellt saman; skarplegar 
hreyfingar, öndun med nefi.** (Tms. (Eyjaf.)). 
■ 4. jStanda uppréttur, berja höndum saman 
framan å brjösti i kross, svo langt ad löfar 
nemi vid axlir. betta skal gera skarplega og 
standa å öndinni medan lotan varir.*'. (Tms. 
(Eyjaf.)). ■ 5. ktaria (um hdgan hag e. hdgi 
dstond), koeinka sér ml7 *Ei mun böt ad berja 
sér, / bernskan hefur sinn mata. (HPFlör. 
XVI, 6); miB Nu hefir hann nokkra stund 
gripid til )>ess råds ad berja sér aumkunarlega. 
(JborkÆf. II, 152 (1758)); mis Ad beria sier. 
Penuriam conqveri, paupertatem exaggerare. 
(JÄLbs224 4to., 93); cisns *Margir kvarta, 
margir raupa, / Margir berja sér. (JHjaltTid., 
128);fi9bad eru ekki bumenn, sem ekki kunna 
ad berja sér. (GJ., 376); fi9 bu veizt, ad ekki er 
aldeilis dhætt ad reida sig å ))ad sem bumenn 
segja, t>vi sagt er ĵeir berji ser Ödrum fremur. 
(BiskGörd., 9(1811)).
berja sér f e—d: berja sér f nestid vera i 
andarsliirunum, vera aÖ dauSa komtnn m20 ad 
loksins væri Ormur gamli å Grjdtlæk farinn 
ad berja sér i nestid. (GDanBolafl. Il, 56); Ad 
berja sér i nestid. bad mun Htid vera notad nu 
til dags. Eitt sinn beyrdi ég ömmu mina tala 
um unga menn, sem komu frå sjörödrum heim 
til sin upp i Hreppa, og voru (>å med hösta. 
Sagdi fölk, ad ̂eir væru farnir ad berja sér 
i nestid, og skildist mér l>å, ad ått hafi verid 
vid böstann, sem talinn var banvænn enda 
döu ))eir ur berklum litlu sidar. (Tms. (Ärn.)); 
(Tms. (Arn., Myr., Skagaf., S.-bing.)). 
berja sér nidur: kvarta, hera sig illa mcl8 at 
beria sier nidr, lamentari, seu præ moestitia 

semet ipsum terræ allidere. (JÖGrvOb.); 
•16 Eg ber mer nidr, —  lamento. (HFLbs99fol., 
192).
berja sér u m  e-̂ : al. kvarta yfir e*«fl7 A 
medan t>̂ir Ogudlegu eru ad telia sier t>easar

AI
bj68h.

•kyring

AI
Pj681i.
•kyring

•kyring

bT

mAlv.

•kyring

•kyring

JT
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Tølur og beria eier um êirra Idranarleyse. 
(NicSpeg., 667); fi6 Kano ea ad beria eier 
u m m  Armood. (VidPoet. 1, 329); mti6 at beria 
eier u m m  nockut, alicujus causa qviritwi. 
(JÖGrvOb.); ad vér ekulum berja ockur akyring 
og barma um peningaleyei. (Arm. III, 115); 
mi9 ̂ ykir landid vera evo gædalitid, og eru )>v{ 
alli af ad berja ejer um fatskt. (Pj6d. 1646,
6). ■ 2. kvarta y fir  åkorii d e-a »18 U m  
eidari [o: ))ekkingu] |>urfum vér ecki svo sérlega 
ad berja oss. (MarlEdl., 92v); si8fl9 um allt 
Sudurland ... ârf qveoDfblk ecki ad berja sér 
um hreyfingu. (JPétLskn., 73);n9t>aSigurdur 
... vildi kaupa sjer kot og bardi sjer um 
peninga til t)ess. (Ldsyrd. Ill, 264 (1626)).
HANN BER:

hann ber d e-u: hann ber å  bUkunni „getur mAlv. 

Hka hvesst adeins, og er |>a sagt ad bann berji a 
blikunni eda blasi t)etia af sér.** (Tms. (Dal.)).
HANN BER E-D:

bann ber e-d f eig: hann er ad berja f eig 

hléku/blota nTalad var um ad hann væri ad ji m&lv. 
berja i eig hlåku eda blota, er vedurbreyting i 

att var i adsigi.“ (Tme. (Borgarf. v.)); hann 
er ad berja f elg Un ]>aÖ er  aÖ draga ur froBti kl 
m2 0 Nu fer hann bradum ad berja 1 eig lin, 
sagdi konan. (HKLSjfdlk., 249); m 2 0 Hann er 
ad berja i sig lin. (HMatthVed., 87); ̂ f verid mAlv. 
haldi 6tid, frost og hagleysa, en för ad draga 
ur frosli var sagt: Hann er ad berja i sig lin."
(Tms. (V.-Skaft. (Arn., A.-Bard.))).
HANN BER SIG: hann ber elg f Un Ĵ aS kf 

dregur ur froati^ (Tms. (V.-Skaft.)); hann er jl 
ad berja eig npp t hliku ̂ idviSri e r  f  adaigi mAlv. 
eftir kuldakaai (Tms. (Nordurl., Hnapp.)).
BERJAST: ■ 1. hegja bardaga e. baréUu Kl 

ml6 gudz madr ... berst godre barattu 
truarinnar / hondla suo eilift lif. (ITim. 6,
12 (OG)); »17 Eg befe barest eina goda Bara- 
attu. (GborlPoet. I Rr, IVr);n9Betri er såeem mAUh. 

berst, enn hinn eem ö̂ rlCst. (GJ., 52); mi9 Sa 
fær Htlu afkaetad, eem eineamall er ad bjastra 
og berjast. (ArerPör. I, 4); ml9 Ég er ad berj- 
ast t>etta einn og bef of Htid ad etydjast vid.
(JHall. II, 27); m2 0 Nu 4 dogum er bara barist 
uti loftid af eintömum bjanaskap og t>rj6sku. 
(HKLSjfölk., 370); berjandiek og bolvandiek 11 
fn2 0 ad hafa hrutinn Séra Gudmund og brödur

hans f krönni binumegin vid flörinn, berjandiek 
og bölvandisk alla nöttina. (HKLSjfölk., 179); 
berjast elne og Ijön fm20 Konungshugurinn ml 
hefur )>ad til ad leggja sig 1 Hfshaska, )>egar 
engin von er um undankomu, snuasl t>a ond> 
verdur gegn ofurefli og berjast t>å eine og ljön. 
(GFrRit. VI, 401); berjast t bökkum a. eiga nl 
( erfiåleikum fférhagalega mi9 t>0 beret böndi 
... 1 bökkum i öllum medalårum. (Pjöd. 9,10);
»19 i>egar madr verdr ad berjast i bökkum til 
ad hafa af fyrir ömegd sinni. (bjöd. 35, 115); 
m20 Alla svi bardiet hann i bökkum, enda fa- 
dsma rådlaus 1 fjårmålum. (BergJMann., 74); 
m 2 0 Leingi hefur bjödviljinn barizt i bökkum 
og berst enn. (HKLSjhl., 252); 6. [viSureign:] 
atanda l>v( aem lueat jafni mi8 stryded bardest »kjrine 
i böckum. Vario, (ancipiti) Marte pugnatum 
est. (jALbs224 4to., 999); »19 er evo ad sjå 
... eem )>ar å sléttunum hafi barizt i bökk­
um öfridurinn af beggja hålfu. (bjöd. 29,113); 
berjast f v6k eiga i erfidleikum (70 *Hystu 
aldrei (»inn harm. bad er bezt. / Ad heim­
an, ut, ef bu berst i vök. (EBenLj. II, 249).
■ 2. [iveir e. fleiri innbyrdia:] kegja bardaga
t. bardttu ml9 vid ... bördustum fyrir utan K] 
laufskålann. (Felsenb., 34); f2 0 bad veit Hka biddiru 
å urkomu, b̂ Ŝ r hrafnar fljugast å og berj­
ast, en å burt vedur, ef bcim kemur vel sam- 
an og b̂ ir kvaka å fluginu. (SbörVed., 65); 
fm2 0 bær voru ad berjast margar og voru bî dihj 
reidar. ... bad veit å hvassvidri, b̂ Ŝ r eaud- 
ekepnurnar låta svona ( kyrru vedri. (GFrRit.
II, 271); » 2 0 Tarfarnir berjast miekunnarlauet 
allan fengitimann. (jAmVeturnöttak., 139).
■ 3. brjdtaai dfram m20 blHdarklæddir menn Dl 
bördust ut 1 myrkrid med smidatöl, ljösker og 
kadla. (Andv. 1960, 234). v4. hreyfaat dkaft
e. aldat Ul mi7 *hiartad bardest i brioste beitt,
/ bæde var lijf og salinn b̂ oytt. (HPPass. II,
12); irl9 hjartad bardiet ekki af ekka. (JThSk.
1, 11); »19 *Hid blakka hår hans berst um 
stafn / sem berji vængjum ufinn hrafn. (MJb- 
Leik., 53); »19120 Klettarnir næst fossinum eru 
med dökkri gljåandi skån, b^ sem vatnid 
hefir barist um bå. (bThFerd. I, 376); bylt- 
andisk og berjandisk sl9f20 Jå, nema skåld- It 
id sé eins og örkin gamla, byltandisk og berj­
andisk 1 brimröti veraldarHödsins, umfadm-
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andisk og innigeymandisk allar skepnur illar 
og godar. (MJBrHH., 16). ■ 5. vera laminn Al 
sl9 Lauf bardist burt af akögum [o: i haglhrid].
(t>j6d. 27, 97). fn20 miasti bann bruta tvo af 
steinkasti, eda bördusl til dauda. (Vfsagn.
111, 308).
berjaat af: h<tma»i af il9 hefi jeg ekki t>urft 
mikid ad bruka bana [o: reikningslisl] um 
dagana, jeg befi einhvernveginn barist af ån 
l)ess. (Nf. XVIII, 9).
berjaat åt takast é m20 bar er audsénn mikill Kl 
vindbradi, og tvær åttir berjast å. (Nåtturufr.
1953, 191).
berjast å e—d: rddosl 6 e-d, heyja hardaga til 
aÖ nd e-tt tl6 Sem loab bardist nu a Borgena. Kl 
(2Sam. 11, 16 (Gb)); ti6bann ... seltisl vm 
Samariam / og bardest a Borgena. (IKong. 20,
1 (Gb)); fl9 svo ad t̂eir gåtu farid ad berjast å
kastalann. (Skirn. 1833, 9).
berjast å möti e -u : 5eita $ér mjog gegn
e-v berjast med hnåam og hnefum å möti L1 ol
e-Q &eita $ér af alefli gegn e-a m30
sem berjast med hnuum og bnefum å möti
blutfallskosniogum. (BjBenLand. I, 195).
berjast fram: komasi af, nd aS fUyia sér Ml

•16 Og fleztir å 10 br. leigumålum beriaz fram
einsamlir. (LFR. IV, 171).
berjast fram dr e—u: iakasi d viÖ e^ og
Uysa ̂aå »19 neitadi )>d alltaf ad taka vid bjålp MT

frå ödrum, og vildi sjålfur berjast fram ur
beim vandrædum. (Frödi. 1865, 201);ti9f2oEg
bardist fram ur ad Isra döneku. (JsJsRil. 11,
126).
berjast fyrir e-ut heita sér mjog fyrir e-a bl 
f20 ad innlendir menn skuli bafa barist fyrir bvi 
med öllum medolum, ad leggja nidur landsins 
peninga stofnun. (Alm. 1903,66); berjast eins 
og Uön lyrir e -a  m20 Albyduflokksforystan ml 
berst eins og ljön fyrir b̂ irri helstefnu, sem 
leitt hefur til atvinnuleyeis. (Réttur. 1951,11); 
berjast fyrlr e-a med bnåum og hajåm heita ol 
sér af alefli fyrir e~u tl9 åkvördun sem 
hann ... hafdi barizt fyrir med hnuum og 
hnjåm. (bjöd. 36, 54).
berjast fyrir e-m : heyja hardttu e. leggja 
mikiS d sig ( fdg% ê s mil7 b̂ ini sem berjast LI 
fyrer barnaTioldasinum med eimd og armsdu. 
(SafnF. XII, 263).

berjast gegn e-u : &eifa sér mjog gegn e-u Ll 
berjast gegn e-n  hndum og hnefum beito o t 
sér af alefli gegn e-u f20 beir bafa barizt gegn 
bessu hnuum og hnefum og ötal mörgu ödru. 
(EHKvEitt., 59 (1905)).
berjast I e-u: hasla viå e-Ömtil ad berjast j Ni 
bessum barattusama bwskap. (SafnF. XII, 6). 
berjast f möti e—m: stofna iil andsiöåu viå 
e-n, heita sér gegn e-m ml6 suo at eigi synuzi LT 
bier beriazt gudi i moti. (Post. 5, 39 (OG)); 
f?o Sårast tekur hann b&d, ad Arnljötur skuli 
bafa barizt i möti sér f b̂ ssu måli. (PEÖlJSig.
IV, 103).
berjast til e-rs: heyja hardaga til aå jid e-tt Kl 
ml9 ad b& gCDgu Nordmenn opt hraustlega 
fram, er \>eiT bördust eigi til krossanna. (Skirn.
1849, 133); si9 Austurrikismenn ... urdu ... 
ad låta af hendi vid b& b ^  b̂ l̂  höfdu til 
barizt. (Alm. 1883, 27); tl9 bvi sannleikrinn 
er ekki daudr bökstafr; hann er b̂ ert å möti 
herfang, sem hver einstakr verdr ad berjast til.
(Nanna. II, 47); $19 ad hann halÖi i buga ad 
berjast til valda nær sem færi gæfist. (Skuld.
1880 nr. 119,186).
berjast um: hreyfasi dkaft e. hrjåtasi um O] 
ml9 övinurinn bamadist, b&n<li ut klærnar, 
bardist um med vængjunum. (JHall. I, 301); 
mi9 Margir eru farnir ad slétta tun sem ådur 
bördust um 1 b̂ >nu. (MelBr., 3); mi9 bjarta 
hennar för ad berjast um i brjöstinu af 
brædslu. (JTbSk. I, 12); berjast um å h s l 
og hnmlrlM hrjåiosi vm af mikilli dkefå e. «1 
ofsa msis at beriast um å hæl og hnacka, skyring 
turbulenter se gerere, calcibus et occipite 
subnixus (JÖGrvOb.); mi9 drengur bardist um 
å bæl og hnakka og orgadi. (3Ät>j2. Ill, 78); 
berjast um liwVIrM og h d  hrjéiast «m af at 
mikilli dkefå e. ofsa il7fi8 berst eg nu um 
bnacka og hæl ad svara i skyndi. (ÅMTorf.,
262).
berjast u m  e-d: heyja innhyråis hardaga e. 
hardttu «m e-d ti9 menn nærri bördust um Kl 
ad få b& ^  bans til grafar. (Nf.
XXIII, 51);rm20åsléttunni uppi vidSåtujökul 
berjast b^f vatnid, Vestari-Jökulså og 
Strangakvisl. (PBannöb., 62). 
berjast undan e—u: hrjåtasi undan e-u Ot 
f2 0 Og samheldni Bandamanna var sömuleidis
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slerkasti kaatalinn, er )>eir bördust undan 
åt>jån Englendinga og nédu frelsi emu. (Fjallk.
1902, 15-2).
berjast vid e-d: ■ 1. viö t-6, fåsi
med erfidiemiinum irid e-d msl6 al berjast vit Nf 

eitlhvad, aatagere. (JÖGrvOb.); iie ad beriast skyring 
vid barittu, adversis premi. (HFLbs99fol.,
213): ml« 1 ... 94. bl. ... t>j6d6lfs befir 
einhver jeg farid ad berjast vid, ad batda 
uppi svÖrum fyrir a âlumanninn f Rangårvalla' 
syslu. (bjöd. 1853, 138); il9 Gudbrandur var 
gafnadaufur og bardist vid lagalærddm i 12 
ar utanlands. (FtEggFylg. I, 17); fm20 ad 
hun eetti ad aelja sér eyna og vera ekki ad 
berjast vid )>eDnan buskap. (Gråskinnahm.
II, 76). ■ 2. et̂ a i hatåiiu vtd t-6 msl8 at Kl 
beriast vid faatcktina. (JÖGrvOb.); berjast 
vid slcuggann sinn htrja$t eon/ausri barditu 
■19 Hinn heidradi höf. berst aJveg vid skuggann 
sinn, ))ar sem hann er ad bera af sjer 
athugasemdina. (fsaf. 1691, 397); berjast vid 
ondina vera f andarslHrunum tl7 ma sia a 
heim sem vid øndena beriast / huørsu 
)>ung)ega kueliast. (MollMan. I, Ir); ml8 Ad skyring 
Beriast vid öndena. In mortis agone versari, 
constitutum esse, extrema agere, animam 
agere. (JÄLbs224 4to., 93); iie vari öröieiki mAlv. 
så lengi, er fylgir andarslitrum, kallaz at 
hinn siuki beriez vid øndina. (LFR. IX,
187); fi9 bardist sidan vid øndina i fullar 
15 kluckustundir, og gaf hana loksins upp. 
(MStSmås., 264); mi9 Ef madur letur ljös små- 
drepast, og kvelur ))ad, ))å berst madur leingi 
vid öndina. (jAbj. II, 550); ml9 var eins og 
hann berdist vid öndina og gæti ekki dåid.
(JAbj. I, 618); ti9 vita menn ekki, hversu sårt 
t>ad er foreldrunum ad sjå barn sitt berjast vid 
öndina timum saman, opt år eptir år. (bjöd.
39, 10); eiga vid e—d ad berjast tiga viå e~6 
aå etja fl8 Atti hann ad berjast vid ))verud og 
(>rålyndi flestra af binu eldra fölki. (JHBisk.
I, 104); ml9 Vid t>essa ilaungun åtti hun leingi 
ad berjast. (JAbj. II, 113); tløPasteur ... åtti 
]>ö vid mikla erfidleika ad berjast. (Alm. 1888,
30).
berjast vid e—n: heyja hardaga t. hardiiu viå 
e-n msl6 at beriast vid mann, certare cum KT 

aliqvo, ut in adagio: t>ar er ei vid blaamenn mÄlsh.

at beriast, sem brwdir eiga land ad veria. 
(JÖGrvOb.); H9 bar er ei vid börn ad berjast, mAlv. 
sem hann er. (GJ., 392); ml9ad nefndin i )>essu 
tilliti åtti ekki, ef svo må sê a, vid barn ad 
berjast, sem frumvarpid var. (AÎ . 1853,
747). ml9 berjast sem haukr vid klår. (Sch.); m&Iv. 
m20 Austan- og vestanvindar eru sjaldan eins 
hvassir. beir berjast oft hvor vid annan )>annig, 
ad sk̂ in dregur upp frå vestri og koma svo 
strax aftur frå austri. (Landning. I, 15).
PAD BERST: ■ 1. iMkd berst f barnåstum 

med e-um tagi i tilefni af ̂vi aå «n^ennt mAlv. 
kljdtt e. glettast m?o Låtid )>id ))au eiga sig,
)>ad berst bara i barnåstum med (bvigl.
III, 226); «20 Nei, låtid hid hau vera. bad berst 
barai barnåstum med heim. (StbördNu., 116).
■ 2. had berst 1 bokkum a. afkoman er tap, nl 
âå iekti navmiega aå framfleyia tér «19 f gödu 
årunum må ekki låta sjer lynda ad berjist i 
bökkum. (fsaf. 1890, 281); b. [e-aåj siendur 
ftvi tem natt jafnt, [e-aå] tiendur enn öutkljdå 
ml8 had Berst i böckum. Dubio ancipiti, «kyring 
vario Marie pugnatur. (jALbs224 4to., 93); 
mi9 Barst lengi i bökkum med hvorumtveggju, 
unz Svartfellingar rjedu til meginbardaga hjå 
horpi er Duga heitir. (Skirn. 1863, 102);
«19 A hinginu i Washington berst nokkurn 
veginn i bökkum med h îm, hj^^aldsmenn 
eru i meiri hluta i öldungarådinu, en hinir 
å fulltruahinginu. (Skirn. 1876, 160); «19 er 
sagt, ad ... hjer hafi barizt i bökkum, en 
Russar haii \>6 haldiÖ Bjela. (fsaf. 1877, 106);
•19 Berst i bökkum enn i Tonkin. (Nf. XXII,
114); e. m«l8 bal berst i Böckum, adv. hoc «kyring 
ripas allidit, loqvendi modus de re, qvs ultro 
citro, hue et illuc ventilalur et reciprocatur 
nec elTectum sortitur. Metaphora similitudinis, 
ducla å re qvadam inträ ripas rivis iluitante. 
(JÖGrvOb.); bad berst f bokkum fyrir e-m n] 
afkoma e-t er tap, e-m iekat naumlega aå 
framfleyia tér «18 hvørsu mikid, sem ... 
lausamenn synasl ad mega åvinna med bralli 
sinu ... er hd, sem med illann leik berjist i 
bøekum fyrir flestum jafnvel i gödum årum. 
(MStGAlv. 1, 67;)«lBOg fyrir hessum berst i 
bøekum. (LFR. V, 72); had berst f bökkum 
med e-um viåureign e-ra tiendur jafnt, n] 
faå gengur hvorki né rekur i viåureign e-ra
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Application-Dependent Discourse 
Management for 

Natural Language Interfaces: 
An Empirical Investigation

Abstract
This paper presents results from a refined analysis of a series of Wizard 

of Oz-experiments with focus on discourse management. The study is part 
of a larger project aimed at designing a general natural language interface. 
It is argued that a natural language interface needs different referent res­
olution mechanisms for different combinations of background systems and 
scenarios. I present three mechanisms that can be used: proximity, object 
hierarchy and goal-directed control. Finally I suggest the use of a Natu­
ral Language Interface Management System (NLIMS) for customization 
of natural language interfaces to different applications.

1 Introduction
T h e  language used by  a  user when com m u n icatin g  w ith  a  com p u ter app lica tion  
(database, expert system  e tc .)  in natural language w ill d iffer from  the language 
used in a  spoken  fa ce -to -fa ce  com m u n ication  betw een  hum ans as well as the 
language used in w ritten  com m unication .^

T h e  developm ent o f  natural language interfaces m ore  soph istica ted  than sim ­
ple question -answ ering requires know ledge o f  the characteristics o f  such an in­
teraction , not on ly  o f  the language but a lso  o f  how  the d iscourse progresses. In 
a  series o f  experim ents (D ah lback  &  Jonsson  1989; Jdnsson &  D ah lback  1988) 
we have studied these phenom ena and presented results on  the characteristics o f  
the interaction  betw een  a  hum an and a  natural language interface.

W e have con d u cted  experim ents using live different back grou nd  system s (see 
section  2 ) and 21 su b jects , all com p u ter novices. A fter  every sim ulation  w e have 
interview ed the su b ject in order to  find ou t how  they  liked the ‘ system ’ . N o

În Jonsson & Dahlb^k (1988) we elaborate more on this.
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su b je ct u n d erstood  that it was a sim ulation  and m 2m y (to o  m an y?) were not 
surprised w ith  the system ’s capabilities. W e have focu sed  on  com pu tation a l as­
p ects  o f  th e  in terpretation  o f  the S u b jects /U sers  utterances. T h is m eans that 
w e have n ot con sidered  the u tterances typ ed  b y  the system  (sim ulator).

T h ere  are 1047 utterances w hich  we have d iv ided  in to  four different cate­
gories; In itiative, R espon se , R e sp /In it  and  C larification , (cf. L inell, G ustavsson, 
&  Juvonen  (1 9 8 8 )). W h a t poses prob lem s from  a  com pu tation a l poin t o f  view  
are m ain ly  the user In itiatives and  especia lly  the indexica l initiatives. T here 
are 193 indexica l su b ject u tterances, w hich  is 49%  o f  the in itiatives. D ahlbäck  
&  Jönsson  (op . c it .)  furnher analyze these indexica l utterances and also pro­
v id e  som e oth er results. B u t the results have to  b e  refined in order to  see what 
m echanism s different kinds o f  N L I’s shou ld  a d op t w hen in terpreting an indexical 
utterance.

2 Scenarios and Background Systems

In ou r  experim en ts we have varied the ty p e  o f  background system  and the scenar­
io . T h e  analysis o f  these experim ents exposes con siderable  differences betw een 
different com bin ation s o f  back grou nd  system s and scenarios. T hese differences 
m ust b e  con sidered , as this stu dy  is con cern ed  w ith  exp loring  com pu tation a l 
m echanism s for  handling indexicals. C onsequent ou r background system s and 
scenarios require a  presentation .

T h e  scen a rio  is the characteristics o f  the task  the su b ject has to  solve. W e 
used tw o different types o f  scenario , nam ely in form ation  retrieval and configura­
tion . T h e y  differ in that a  configuration , besides d a ta  retrieval, m ust deal w ith 
a  d yn am ica lly  u p da ted  o b je c t , such as an ord er or  specifica tion , during the dis­
cou rse, w hile in form ation  retrieva l is less com p lex  and involves on ly  retrieving 
facts from  an in form ation  base.

Further, we use tw o different kinds o f  background system s, s im ple database 
system s and a d v isory  system s. A  database system  s im ply returns f£icts from  the 
database. T h e  su b ject m ust state  an in form ation  seeking question , he or  she 
can n ot ask for  an op in ion  o r  evaluation  from  the system . A n  advisory system , 
on  the o th er hand, can  a lso  be  used for  con su lta tion . T h e  su b ject can ask for 
a d v ice  i.e. the system ’s evaluation  o f  certain  facts. In b o th  system s we have 
m ost answ ers as p re-stored  texts , o r  tex t fragm ents w hich  are com pleted , and 
the sim ulator (w izard ) selects the a p propria te  text.

T h e  different experim en tal settings as a fu n ction  o f  the com bin ation  o f  back­
grou n d  system  and scen ario  are show n in T ab le  1. T h e  nam e refers to  the back­
grou n d  system  and the num ber o f  experim ents o f  each com bin ation  is stated 
inside the parenthesis. S ection  4  conta ins som e exam ples from  ou r sim ulations.

T h ere  are tw o system s o f  the m ost sim ple com bin ation , nam ely database 
back grou nd  system  and in form ation  retrieval; on e w here the su b jects  ask ques­
tions con cern in g  p u b lica tion s at ou r departm ent (P U B ), and on e w here they 
can  ask questions a b ou t on e o f  the edu cation  program m es (C -lin e ). T hese sys­
tem s allow  the su b jects  to  ask questions and also to  refer to  previous pieces
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S
C
e
n
a
r
i
o

Informationretrieval

Config­uration

Background system 
Data base Advisory system

P U B  (4 ) 

C -lin e  (5 )
W in es  (4 )

T ravel (3 ) H iF i (5 )

Table 1: Scenarios an d  background systems.

o f  d iscourse, but they d o  n ot allow  questions like W hich books have I  ordered^  
(con figuration ) or Is that a good cou rse?  (a d v ice ).

A  bit m ore soph isticated  is the in form ation  retrieval ad v isory  system  for 
selecting wines w here the su b jects  can  get adv ice  on  w hether a  w ine is su itable 
for som e specific m eal, d ia logue 1. H ow ever, it is not possib le  to  select on e  w ine 
for the first course and then order that w ine, i.e. con figu ration  is n ot possible. 
T h is does n ot prevent the user from  referring to  previou sly  m entioned  wines.

U:9> What do you racommend vith crab-filled avocado?
S:10> Searching ...

With crab-filled avocado a white vine is suitable 
Do you want more information about any specific vine? 

U:ll> Yes in the price range from 30 to 50 SEK 
S:12> Please wait

Do you want rhine-, mosel- or burgundy sines. Or all. 

U:13> Rhine sine 
S:14> Searching ...

The follosing sines exist ... l i s t in g  . . . .

Dialogue 1. Wines: 1 (The corpus is in Swedish eind translated for verbatim
correctness.)

A n oth er com bin ation  is con figu ration  and  database. T h is  is fou n d  in the 
travel system . H ere the su b jects  can order a  trip  to  a  h oliday  resort by  retrieving 
in form ation  from  a database and using these facts to  con figure a  trip . H ow ever, 
they can  n ot get advice , on ly  access the database. T h is  is discussed in section  
4.2.
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Finally, we have the H iF i d ia logues, w hich  are b o th  advisory  system  and 
con figu ration . H ere the su b jects  can  get ad v ice  on  H iFi equipm ent and also 
select their ow n  ou tfit. T h e  fact that a  system  is an advisory  system  does not 
prevent the use o f  can ned  texts . In fact we try  to  use pre-stored  texts and 
sentence fragm ents as m uch as possib le  in order to  get a  uniform  setting and 
am plify  the b e lie f that the su b ject interacts w ith  a  com puter.

3 Discourse Management
T h e  research rep orted  here is part o f  a  larger p ro je ct  on  designing a  general 
Swedish natural language interface. W e have a  p ilot version  o f  the system , called 
F A L IN  (A h ren berg , 1989) w hich  is a  con stra in t-based , ob ject-or ien ted  m odel 
for  a  natural language d ia logue system . F A L IN  provides a  content structure 
w hich  is an exhaustive descrip tion  o f  the utter^lnce. T h e  content structure can 
be  seen as an instantiated  case fram e and can  b e  used for  accessing the database 
o r  kn ow ledge base. A s an exam ple, the con ten t structure for  u tterance U:104 
ordered turntable in d ia logue 2, H iF i:3 , w ou ld  lo o k  like:

C L A S S :
S P E A K E R :
A D D R :
B A SIS :
A S P E C T :

SQ uestion;
S u b je c t# 3 ;
System ;
S u b je c t# 3 .0 r d e r ;
STurntable

W h en  F A L IN  builds a  con ten t stru ctu re it can access in form ation  from  what 
is ca lled  the D i s c o u r s e . S t a t e  for  finding the referent to  an anaphoric expres­
sion . T h e  D i s c o u r s e . S t a t e  con ta in s in form ation  a b ou t w hich  o f  the m any o b ­
je c ts  in trod u ced  in the d iscourse is currently  active and also pending ob jects . 
T h is  in form ation  is used to  determ in e th e  referent, i.e. to  select w hich  o f  the 
m any p ossib le  o b je c ts  in th e  d iscourse that a  certain  anaphoric expression  refers 
to . T hu s, on e  needs som e kind o f  dyn am ic d iscourse representation. T h is repre­
sentation  can  be  con stru cted  either from  the d iscourse using certain  coherence 
criteria  (see b e low ) or  like G rosz (1 9 7 7 ), and R eich m an  (1985 ), from  the task 
stru ctu re. In the present case the task structure is reflected by  the con cep tu ­
al stru ctu re o f  the kn ow ledge base, see figure 1. T h e  con cep tu a l m odel o f  the 
kn ow ledge base is a  sta tic  stru ctu re and n ot a  dyneim ically created  description  
o f  the d iscourse.

T h e  prob lem  o f  m anaging d iscourse is norm ally  d iv ided  in tw o parts: segm en­
tation  and  find ing  the focu sed  o b je c t . S e g m e n t a t io n  is the process o f  finding 
ou t w hich  parts in the d iscourse be lon g  togeth er and w here on e changes top ic. 
T h e  prob lem  o f  segm entation  is con n ected  to  the prob lem  o f  coherence in dis­
cou rse , w here cu e words (R eich m an  1985), coh eren ce relations  (H ob b s 1985), 
recen cy  and tem poral progression  (W e b b e r  1988; M erkel 1989) are regarded as 
m a jo r  coh eren ce  criteria.

T h e  f o c u s in g  prob lem  is to  find, given a  segm ent, w hich  o f  the m any dif­
ferent o b je c ts  that are actu a lly  talked a b ou t, is in focu s. T h is  is often  don e by
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Discourse

U:104> ndeied tumUbk 

S: 105> 1 j««i SoDilek LP 12 

U;106> cancel orda 

S:107>OK 

U:108> 520 n 

S:109>HiHa

Oracle Delphi Maddl 

U: 110> piicea tunublea 

S:111>TURNTABLBS . . h a i f i g  . 

U;112>o

Dynamic Discourse 
Representation

Conceptual model 
of Knowledge base

Figure 1: The Dynamic Discourse Representation

m aintaining b o th  a  reference to  the focu sed  o b je c t  (o r  o b je c ts ) , i f  any, and also 
a, possib ly  em pty, list o f  o b je c ts  that m ight b e  focu sed  later, poten tia l fo c i (P F ) 
(Sidner 1983).

4 Empirical Findings
In this section  I will illustrate the various strategies fou n d  b y  exam ples from  ou r 
corpus. H ow ever, as can  be  seen from  T able  1 there are few  experim en ts o f  each 
com bin ation  o f  scenario and background system . T h erefore  I w ill n o t g ive any 
quantitative d a ta  on  the occu rren ce  o f  the different ph enom ena  rep orted  here.

4.1 Som e General Findings

First o f  all there are in d iv id u a l  d if ife re n ce s , as can  b e  seen from  the exam ples 
in d ialogues 2 £ind 3, b o th  taken from  H iFi, the m ost com p lex  com bin ation  o f  
scenario and  backgrou nd  system . D ia logu e 2 is a  g o o d  exam ple  o f  w hat has been 
described  as ‘ te legraph ic ’ (G u in don , Shuldberg &  C on n or 1987), o r  ‘ com p u terese ’ 
(ReiUy 1987).

T h is user started  w ith  a less fragm ented  language, but w hen he fou n d  that 
it was possible to  interact in this ‘ c ry p t ic ’ fash ion  he started  to  exp lore  the 
database— n ot the language com p on en t as it m ay seem . C om p a re  th is d ia logue 
fragm ent w ith  d ia logue 3.

T h e  su b ject in d ia logue 3 is a  secretary and  she is the su b je ct w h ich  uses 
the m ost soph isticated  language con stru ctions. I have n ot selected  a  specia l part 
o f  the dialogue, a lthough  utterance 15 is ou r  longest. T h is  su b je ct w rites m ore
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U :104> ordered turntable 
S:105> Linn Sondek LP 12 
U:106> cancel order 
S:107> OK 
U:108> S20 nm 

S:109> HiFi searching:
Oracle Delphi Harkll 

U:110> prices turntables
S:111> TURNTABLES ___ listing...
U:112> order oracle

Dialogue 2. HiFi:3

U:ll> What is the price if I instead take a cheaper pair of 

loudspeakers
S:12> What loudspeakers?
U :13> The cheapest there are
S:14> 70 600 SEK

U:16> Nov I sant to change to a better pair of loudspeakers shich 
are at the most 29 400 SEK more than the ones I have nos.
The nes items I’m getting should be as appropriate as possible 
for a small room.

Dialogue 3. HiFi:l

than  on e  sentence in m any o f  her turn -takings and illustrates the fact that certain 
n on -lingu istic  fa ctors , like typ e -w ritin g  skills, affect the language.

A s n oted  above , c u e  w o r d s ,  c o h e r e n c e  r e la t io n s ,  and t e m p o r a l  p r o ­
g r e s s io n  are regarded as m a jo r  coh eren ce  criteria. In ou r corpus I found n o  cue 
w ords used b y  the su b ject to  signal the beginn ing o f  a  new  segm ent or  term i­
n ation  o f  a  segm ent and tem pora l progression  is not significant for  identifying 
segm ent shifts.

A lth ou gh  these findings seem  pessim istic con cern in g  the future o f  N LIs there 
are o th er results w hich  are m ore  op tim istic . E specia lly  the use o f  w hat I call 
R e s p /In it , i.e. responses from  the system  w hich  also include a  s y s t e m  in it ia ­
t iv e .  I f  the system  does n ot on ly  respon d  to  the user’s input, bu t also puts 
forw ard  a  fo llow  up  qu estion , the d ia logu e becom es sim pler. T h is is seen in di­
a logues 1 and  4. In d ia logu e 1 the system  takes an in itiative by  hinting on  a 
p rob a b le  new  p iece  o f  in form ation  to  the user. In d ia logue 4 the system  follow s 
a  p lan to  help  th e  user fulfil his goa l.

N o te  that I d o  n ot con sider th e  in terpretation  o f  the indexica l utterances U :8 
o r  U :10  in d ia logu e 4 p rob lem a tic  as they  axe responses to  questions posed  by  the
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U:6> We sould like to go to Corfu 
S:7> What hotel class do you vant?
U:8> The best
S:9> Hob long will you be gone?
U:10> For tuo weeks 
S:ll> Vingfritid searching

Hotel Hilton +++++ costs 6575 SEK/person 
U:12> How much does the cheapest class cost? 
S:13> Vingfritid searching

Hotel Royal ■•■++ costs 2245 SEK/person

Dialogue 4. Travel:2

system  and, as such com p u tation a lly  easier to  handle than the in itiative taken 
in for instance U :12. T h is  is a lso seen in d ia logue 1 w here for  instance u tterance 
U: 11 is a  response that cou ld  b e  interpreted  using case-fram e exp ecta tion s  like 
those described  in C arbonell &  B row n  (1988).

4.2 Techniques for Discourse M anagem ent

T h e  m otivation  for  m y stu dy  was to  exp lore  w hich  com p u tation a l m echanism s 
to  use for a  certain  com bin ation  o f  bcickground system  and scenario. I have 
identified three different m echanism s for  find ing the referent to  an indexica l, 
that are app licable  to  different d ia logue categories. I ca ll them  P roxim ity , O bject 
hierarchy  and Goal directed control.

O b je c t  p r o x im i t y  is fou n d  as the m a jo r  criterion  in th e  database  in form a­
tion  retrieval d ialogues. In these d ialogues the su b ject discusses on e  task and 
when that task is finished the o b je c t  be in g  discussed is d rop p ed  and a  new  o b ­
je c t  is in trodu ced . T h is m eans that finding the referent is n o  p rob lem ; it is the 
closest o b je c t  at hand, i.e. the o b je c t  in focu s. I f  the p rox im ity  heuristic fails 
to  find the referent, som e sim ple r e c e n c y  criteria  can  be  used, like searching 
the segm ent stack  for  the referent. C arbon ell &  B row n  (1988 ) present a  M ulti- 
S trategy approach  to  an aphora  resolution  using case fram e in form ation . T h e y  
restrict them selves to  a  single previous sentence bu t suggest the use o f  recen cy  
i f  con text in form ation  is necessary. D ia logu e 5 from  the P U B  system  gives an 
exam ple.

T h is d ia logue is very  representative for  all the P U B  dia logues and  m any o f  
the C -line dialogues. In this d ia logue the signals to  m anipu late the segm ent stack 
and creating new  segm ents is fou n d  from  the syn ta ctic /sem a n tic  stru ctu re, for 
exam ple the segm ent shift in U :15 in d ia logue 5. Further, the next u tterance, 
u tterance P U B :2 :21 , is: W hat books are there on  artificial in telligence^  T h is  
utterance can not be  seen as a  continuation  o f  any o b je c t  on  the segm ent stack , 
and thus the segm ent stack is p o p p e d  and a  new  segm ent is created .

P roxim ity  can also b e  view ed as a  sim ple variety o f  goa l-d irected  con tro l (see



304 Computational Linguistics — Reykjavik 1989

U;13> Who has written a book on linguistics?
S:14> PUB Searching. There are three authors of books about 

linguistics. Do you want to see them all?
U:16> No only one.
S:16> PUB Searching. Brown and Yule has written a book on 

linguistics.
U:17> What is the title
S:18> PUB Searching. Discourse analysis
U:19> Where is it.
S:20> PUB Searching. Owner: Hats Wir’en

Dialogue 5. PUB:2

b e low ). H ow ever, I regard this m echanism  separately  since m y goal is to  find the 
sim plest possib le  m echanism  for  each com bin ation  o f  background system  and 
scenario . T h e  reason is that on e should  n ot use a  m ore soph isticated  m echanism  
than necessary for  a  certain  app lication .

In section  three I discussed w hether the referent is to  b e  fou n d  using infor­
m ation  from  the d iscourse or  from  a  con cep tu a l m odel o f  the database. O b je ct 
p rox im ity  is on e  exeim ple o f  using the d iscourse as the source for  finding the 
referent. I f  a  con cep tu a l m od el o f  the database  is used we get w hat I call o b j e c t  
h ie r a r c h y . G rosz (1977) used partition ed  sem antic netw orks— focu s spaces—  
w hich  reflected  the task structure fo r  in terpreting d iscourse. B ob row  k. W ebber 
(1980) use a  general o b je ct -ce n tre d  know ledge representation  for syn tactic and 
sem antic processin g . F igu re 1 gives an exam ple o f  a  con cep tu a l m od el o f  the 
database  for  the H iF i d ia logues. D ia logu e 6 taken from  the travel system  dia­
logu es is a  g o o d  exam ple  o f  w hen it is m ore  o r  less im possib le  to  find the referent 
using on ly  in form ation  a b ou t the discourse.

H ere the su b ject d iscusses excursions in u tterances S :33 to  U :40. T hereafter 
the to p ic  is d rop p ed  an d  the su b ject orders his travel. T w en ty  eight utterances 
later he on ce  m ore  raises the question  o f  excursions in U :68. H ow ever, this ques­
tion  does n ot refer to  excu rsion s in  general (as b e fore ), but to  excursions on  
C orfu . In form ation  a b o u t w here the user w ants to  g o  is fou n d  in the su b je c t ’s 
ord er and using the h ierarch ically  organ ized  database the in form ation  on  excur­
sions is fou n d  by  search ing th is hierarchy.

F in a lly  w e have G o a l  d i r e c t e d  c o n t r o l .  I use the phrase goal d irected 
con tro l t o  d escribe  the m echanism  w here the system  uses know ledge abou t what 
goa ls the user has to  fulfil. G rosz  &  Sidner (1986) identify  a  d iscourse segm ent 
p u rp ose  w hich  provides in form ation  on  w hat pu rpose  a  certain  segm ent has in 
the d iscourse. C arberry  (1989) presents a  num ber o f  d iscourse goals and rules 
fo r  utterances in in form ation -seek ing  d ia logues. She also identifies a  num ber o f  
plans for  n onprim itive tasks. L itm an (1985) provides n ot on ly  plans but also
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S:33> Do you vant VingFrltid to book any excursions?
U:34> Which ones exist?
S:36> VingFritid searching. Corfu excursions: Tovn sight-seeing. 

Island tour. Buss to Glyfada, Boat tour to Kassiopi, 
ifra by night.

U:36> What is Island tour and Afra by night 
S:37> Island tour: .. listing...

Afra by night: .. listing...
U:38> Can’t I book these excursions when I arrive?
S:39> Yes you can.
U:40> Then I will not book any excursion nov

U:68> Can you send us a brochure on the excursions?

Dialogue 6. Travel:2

m eta plans. T hese studies all report the im p ortan ce  to  m odel and use the users 
expectations and com m un ication  goals w hen in terpreting an utterance.

D ia logue 2 is an ex^lmple w here know ledge a b ou t the user’s goa l can  help. 
U tterance U :108 signals a  segm ent shift from  on e turntable m od el to  another. 
T h e  user wants to  find a  turntable in the database  w ith  breadth  520 mm.^ 
H ow ever, 520 m m  cou ld  also be  interpreted as a  question  w hether the can celed  
turntable was 520 m m  or if  there is any item  in the database that is 520 m m .

T o  handle this we assum e that the d iscourse state consists o f  b o th  focu sed  
o b je c t  and potentia l fo c i (P F ) o b je c ts . A fter u tteran ce S :107, T urntables is in 
P F  as turntables are currently discussed, so  520 m m  cou ld  b e  interpreted  as 
either the breadth  o f  the canceled  turntable or  o f  any turntable. N ow , the user’s 
goal is to  com plete  an order and after can celing  on e  item  it is p robab le  that he 
will order an oth er o f  the sam e type. S o a  search for  another turntable  occu rs .

T o  sum m arize:

• P rox im ity  is the m a jor  criteria  in the database  in form ation  retrieval diar 
logues

• O b je c t  h ierarchy is im portan t for database  con figu ration  d ialogues

• G oa l d irected  con tro l is necessary for adv isory  system  con figu ration  d ia ­
logues.

În this peuticular dialogue, the user has discussed the breadth of the items before and 
therefore breadth is the aspect being discussed. I will avoid too many different details and 
therefore omit the mechanisms to handle this.
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5 Discussion
T h is  paper is som ew h at pessim istic con cern in g  the bu ild ing o f  a  general N LI, as 
the m echanism s for  h and ling  indexicais d iffer depend ing  on  b oth  task structure 
and  typ e  o f  back grou n d  system . H ow ever, d evelop in g  the various m echanism s is 
on e  prob lem  and know ing w hich  m echanism  to  use another. T h is second  problem , 
I believe, can  b e  solved  b y  the use o f  N atural L anguage Interface M anagem ent 
System  (N L IM S ). K elly  (1983) created  a natural language interface using W izard  
o f  O z experim en ts for  cu stom izin g  the lex icon  and gram m ar for a  calender system  
and G o o d , W h iteside , W ix o n  Jones (1984) report sim ilar ideas for  developing 
a  com m a n d  language. M y  idea  is to  use a N L IM S for decid ing  the priority o f  
the different d iscourse strategies. Such a  system  should  have a  com pon en t for 
m orp h olog ica l and syn tactic  analysis, a  co llection  o f  different sem antic com p o­
nents and a  co lle ction  o f  m echanism s for  d iscourse m anagem ent. T h e  language 
engineer first bu ilds a p ro to ty p ica l in terface using know ledge abou t the typ e  o f  
back grou n d  system  and a lso  m aybe som e in form ation  con cern in g  the future use 
o f  the system . T h en  he runs a  series o f  sim ulations. T hese  sim ulations are used for 
u p d atin g  th e  gram m ar and  lex icon  au tom atica lly  (Jön sson  k, A hrenberg, 1989) 
and  a lso  for  selecting the a p propria te  m echanism s for  discourse m anagem ent. 
T h e  d iscourse handler can  consist o f  m ore  than on e m echanism  w ith different 
priorities, i.e. i f  the referent can not be  fou n d  using on e m echanism  another is 
tried . O f  cou rse  the system  m ust b e  u pdated  after a  num ber o f  runs w hich also 
cou ld  im p ly  that new  sim ulations need to  b e  perform ed.
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JÖRGEN P ind

Computers, Typesetting, and 
Lexicography

Abstract
As part of the general strategy of computerizing the lexicographic 

work process at the Institute of Lexicography, we have adopted Donald 
E. Knuths typesetting program as our typesetting engine. The main 
characteristics of the program wiU be briefly described, followed by a dis­
cussion o f its advantages for lexicographic work.

has already been used for the typesetting of a 1300 page etymo­
logical dictionary of Icelandic. A number o f other projects are under way.

Special notice will be paid to the problem of coding as it relates to 
the making of dictionaries. The advantages of a generic, or logical, coding 
over typographic coding will be emphasized. However, doubts will be raised 
about the possibility o f providing a set of tags which are completely neutral 
with respect to typographic considerations.

1 Introduction
In th is paper I w ant to  d iscuss on e  particu lar aspect o f  com pu tation a l lexicogra^ 
phy, nam ely the typesettin g  o f  d iction aries. T h is  is perhaps not an issue w hich is 
centra l to  com p u ta tion a l lex icography, yet it is a  su b ject which deserves study, 
especia lly  now  w hen the arts o f  typesettin g  have been  m ovin g  o n to  the desktop. 
I w ill show  you  the approach  we have a d op ted  at the Institute o f  Lexicography, 
and  rem ark  on  h ow  it fits in to  ou r  overall strategy  for  com pu tation a l lexicograr 
phy.

L et m e beg in , in all m odesty , b y  qu otin g  m yself. In 1986 I was invited to  
g ive  a  ta lk  at the N ord D a ta  C on ference  in S tock h olm . A t that tim e we were just 
em bark ing  on  w idespread  use o f  com pu ters at the Institu te, and I a ttem pted  to  
draw  up  a  sch em atic d iagram  o f  a  ‘L ex icograp h ers ’ w ork ben ch ’ (see figure 1), 
com m en tin g  that a  n um ber o f  features had  n ot been  im plem ented. “ T h is holds es­
p ecia lly  for  the ‘m anuscript w riter ’ . O ur w ork  has n ot yet reached the stage where 
this is in  great dem an d , bu t we envisage the possib ility  o f  using the database to  
turn ou t m anuscripts for  a  typesettin g  program  like (F in d  1986:87).

W ell, this was w ritten  before  we even had a  version  o f  running at the 
Institu te! A s  a  m atter o f  fa ct, th ou gh  we exp ected  that typesetting  w ould be
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Figure 1: T h e  lexicographer's workbench, 1 9 8 6  vintage.

som ething that we w ou ld  deal w ith  m uch later, a  lo t o f  w ork  over the past 
cou p le  o f  years has been d evoted  to  th e  typesettin g  side o f  lexicography.

T here are tw o m a jor  reasons for  this. T h e  first is that th e  ed itor  w ants to  
b e  able to  print proofs  w hich  are as close ly  related to  th e  final form  o f  the 
d iction ary  as possible. T hus a  ‘m anuscript w riter ’ has in fa ct been  im plem ented  
as a  feature o f  the ‘w ork ben ch ’ we are currently  w ork ing  on . T h e  relationship  
o f  this ‘m anuscript w riter ’ to  the w ork  on  the verbal d iction a ry  has a lready  
been tou ch ed  on  in the paper b y  B jörn  P o r  Svavarsson and Jörgen  F in d  in this 
volum e.

T h e  secon d  reason is the fact that we have been  engaged  in p rod u cin g  Ice­
landic d iction aries from  m anuscripts, rather than from  a  database. F orem ost 
am on g these is an Icelandic e tym olog ica l d iction a ry  b y  the late Å sgeir B lön d a l 
M agnusson, form er ed itor  at the Institu te, w hich  w ill appear later th is year.^ 
W e have a lso  em barked  upon  a  series o f  reprints o f  o ld er Iceland ic lex icograph ic  
works. T hese w orks have been cod ed  in the TfeX typesettin g  language.

2 Named Categories and Visual Formatting
In recent years a  revolu tion  has been  taking p lace in the typesettin g  in du stry  
w here num erous ‘desk top  pu blish ing ’ program s have gradually  been  rep lacing  
the traditional too ls  o f  the printer. H ow  far has this revolu tion  affected  the

‘ As a matter of fact, it was published on the 2nd of November 1989 as plemned.
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d iction a ry  publisher and m aker? I want to  argue that such system s are not 
suited  for  the m aking o f  d ictionaries.

T raditionally , d iction aries have been  prod u ced  from  collection s o f  slips which 
have been  used to  ease the task  o f  keeping th e  d iction ary  entries in a lphabetical 
ord er and  to  allow  them  to  expan d  as needed, w ithout unduly affecting entries 
w hich  fo llow  a lphabetica lly . T h e  slips have then often  been  used, w ith m inim al 
m arkup, as the m anuscript fo r  the printer. In the past few  years a ttem pts have, 
how ever, been  m ade to  use database  system s to  ease the arduous task o f  heindling 
th e  co llection s  o f  slips, w ith  som e success (c f. the paper b y  B jörn  I>6r Svavarsson 
and  Jörgen  F in d  in this vo lu m e). I f  we con sider for  a  m om ent the nature o f  
th e  database system , it is ob v iou s  that on e  o f  its m a jor  strengths is the fact 
that it a llow s the user to  assign nam es or  tags to  the individual fields in the 
database. T hu s we can  easily  im agine a  database system  for lex icographic work 
w hich  know s a b o u t ca tegories such as headword, p ronuncia tion , gram m atical 
code, sem a n tic  field , usage n otes , and so  on .

O ne o f  the typ ograp h ica l requirem ents for a  d iction ary  is that som e  o f  these 
categories shou ld  be  reflected  in the typesettin g  itself. T h is  show s for exam ple in 
the use o f  d ifierent fon ts in d ictionaries, typ ica lly  used to  distinguish som e o f  the 
categories. N ote  that on ly  som e o f  the categories w ill be  thus reflected, since a 
typ ica l d iction ary  con ta in s m any m ore  categories than w ou ld  be  distinguished by 
ty p og ra p h ic  m eans. Som e d istin ction s w ill thus be  lost in the printed d iction ary  
w hich  are kept in the database  system s.

Ideally, the lex icographer w ou ld  like to  use the d atabase to  au tom atica lly  
generate ‘s cr ip ts ’ fo r  typesettin g , sim ply  b y  instructing the database  to  print 
relevant ty p og ra p h ic  cod es  a rou nd  som e o f  the fields and n ot others. A n  even 
b etter approach  w ou ld  b e  to  tag  all th e  categories in the typesetting  script 
an d  then instruct the typesettin g  system  as to  w hich  ones should affect the 
typ esettin g  process and w hich  ones sh ou ld  n ot be  reflected  typographically . T his 
la tter approach  is easy en ough  to  a ccom plish  i f  the typesettin g  system  allows 
‘gen eric ’ o r  abstract co d in g  o f  the input.

T h e  d esk top  pu blish ing  system s m entioned  at the beginning o f  this section  
d o  n ot a llow  such abstract co d in g  (indeed  very  few  o f  them  are able to  deal 
w ith  trad ition a l typ esettin g  co d e s ), since they  are alm ost universally based on 
the idea  o f  ‘d irect m a n ipu la tion ’ o r  ‘v isual form attin g ’ . T h e  user m anipulates 
a  poin tin g  dev ice , such as a  m ouse, to  m ark parts o f  the text for, say, a  font 
change. T h e  n otion  o f  abstract co d in g  p lays n o  part at all in the form atting, 
and  thus it is im possib le  in such a  system  to  form  a link betw een the categories 
o f  the database  system  and the typesettin g . H ow ever, this is, o f  course, o f  the 
u tm ost im p orta n ce  fo r  the lex icographer. A  priori, I w ould  have thought that 
th is lim itation  o f  th e  d esk top  publish ing system s w ould  rule them  ou t as being 
su itable for  lex icograp h ic  w ork , and  I was thus rather surprised w hen I cam e 
across the fo llow in g  descrip tion  o f  the approach  taken at the d iction ary  o f  O ld  
English in T oron to .

T h e  typ ogra p h ica l com p lex ity  o f  the d iction ary  entries— w ith a  
num ber o f  specia l characters, several languages, and  m any subsec­
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tions and  cross-references w hich  are d istinguished by  typ e— em ph a­
sizes the im portan ce  o f  in teractive form attin g . B ecause the w orking 
co p y  o f  the en try  on  the screen dep icts  the final appearance  o f  a  page, 
we h ope  to  im prove  co n s is te n cy .. .

. . .  F or exam ple to  put a  keyw ord  in b o ld  in a  c ita tion , an  ed itor  
can activate  the area to  be  form atted  by  ranging over it w ith  the 
m ouse, and  then use the m ouse to  select and  app ly  the p rop erty  
b o ld  from  the C haracter L ook s M enu (H ealy  1985:248).

T h e  system  being described  is a  X e ro x  w orkstation , running publish ing so ft­
ware sim ilar to  program s running on  th e  M acin tosh  com pu ter.

A s m entioned  earlier, this approach  is severely h an d icapped  b y  the fa ct that 
there is n o  easy way in a  v isual form attin g  system  to  form  links to  the categories 
o f  the database system  bein g  used. I w ou ld  therefore like to  argue that the 
requirem ents which need to  be  m ade o f  a  typesettin g  system  for  lex icograp h ic  
w ork  are tw ofold .

• T h e  typ ograp h y  shou ld  be  o f  the highest order.

• T h e  system  m ust b e  ab le  to  w ork  w ith  generic or  log ica l m arkup.

T hese requirem ents are m et by  a  num ber o f  system s. W e have chosen  to  
w ork w ith  I t jX . In the fo llow in g  pages I will describe  the w ay we have used TfeX. 
W h ile  som e o f  you  are u n d ou bted ly  fam iliar w ith  IfeX , I w ill presum e that not 
everyone is, and  ask those know ledgeable  to  bear w ith  m e w hile I g ive  a  short 
tutorial in trodu ction  to  T ^ .

3 What is T^jX? A  Tutorial Introduction
is a  typesettin g  system  ‘ intented for  the creation  o f  beau tifu l b o o k s ’ to  

qu ote  1 ^ ’s author. P rofessor D on ald  E . K n u th  o f  S tan ford  University. T h ose  
w ho have read his T ^ b o o k  w ill a lso know  that the previou s q u ote  continues 
w ith ‘and  especia lly  b o o k s  that contain  a  lo t o f  m ath em atics ’ .

is indeed the prem ier system  fo r  typ esettin g  m athem atics available in 
the w orld  today , so  it is perhaps som ew hat surprising to  find it used fo r  the 
m aking o f  d iction aries, indeed d ictionaries w hich  conta in  n o  m athem atics at all! 
I will a ttem pt to  describe w hy we have fou n d  to  b e  em inently  su itable  for  
the typesettin g  o f  ou r d ictionaries.

3.1 The Beginnings of

It is perhaps rather surprising that we shou ld  be  ab le  to  use 1^)X at all con sid ­
ering that it was created  for  on e  express pu rpose, v iz. to  a llow  D on  K n u th  to  
typeset his ow n  m agisterial treatise on  the A r t o f  P rogram m ing  in w hat he felt 
w ould  be  an accep tab le  m anner. T hese b o o k s  started  ou t be in g  typeset in  lead in 
the tim e-honoured  m anner o f  m any generations o f  printers. W h en  subsequently  
revisions o f  the orig inal volum es w ere bein g  prepeired, the com p u ter  had m ade 
inroads in to  the field o f  typesettin g  and , to  qu ote  K n u th ,
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. . .  w hen  I received  galley  p roo fs  th ey  look ed  aw ful— because printing 
tech n ology  had ch anged  drastica lly  since the first ed ition  had been 
published . T h e  b o o k s  w here now  d on e w ith  p h ototypesettin g  instead 
o f  h ot lead  M o n o ty p e  m achines; and  (a las!) they  were bein g  done 
w ith  the help  o f  com pu ters instead o f  b y  hand (K n u th  1986f:96).

T h is  was in 1977. T h is  lead K n u th  to  tem porarily  aban don  the p ro ject o f  
w riting  the A r t  o f  C om p u ter  Program m ing  w hile he w ou ld  m ake up  his ow n 
system  fo r  th e  typ esettin g , a  task  w hich  he estim ated  w ould  take abou t on e year. 
In  fa ct it to o k  nine years o f  con cen trated  w ork  to  finish and it ’ s com panion  
p rogram  M ETflFONT, w hich  is a  system  for  generations o f  letterform s.

T h e  sou rce co d e  for  the system  has graciou sly  been  put in the public 
d om ain  b y  K n u th . T h e  program s are w ritten  in WEB w hich  is a  special system  
for  ‘literate  p rogram m in g ’ (K n u th  1984b). A  WEB program  is processed by  tw o 
program s. TANGLE m akes a  P asca l program  from  the WEB source w hich  can  then 
b e  com p iled  b y  a  P asca l com piler , w hile WEAVE m akes a  script from  the sam e 
sou rce , con ta in ing  the sou rce  co d e  w ith  com m ents and detailed  indices. R unning 
this scrip t th rou gh  p rodu ces a  typeset version  o f  the program . K nuth  has 
th orou gh ly  d ocu m en ted  the and  METflFONT program s in his five volum e 
w ork  C om pu ters and T ypesetting  (K n u th  1986are).

3.2 The N ature o f TteX

can  b e  d escribed  as a  docu m en t com piler  or  a  typesettin g  language. B oth  
term s require som e clarification .

In the h istory  o f  com p u ter  science, m any com p u ter languages have evolved. 
S om e o f  these have been  general pu rpose  languages like P ascal or  C , others 
have been  specifica lly  cra fted  for  som e particu lar task. is an exam ple o f  a 
specia l p u rp ose  language, and  so  is METflFONT. as a  language has prim itive 
con stru cts  w h ich  relate to  th e  trad ition a l art o f  printing.

T h e  o b je c ts  w h ich  handles are ‘ b o x e s ’ and ‘g lu e ’ , to  use K n u th ’s ter­
m in o log y  (see figure 2 ). T h e  sm allest boxes  w hich  m anipulates are those 
su rrou nding  the ind iv idual letters. Larger boxes  can  b e  built ou t o f  the unde- 
co m p o sa b le  boxes  su rrou nding  the letters. T hu s a  line o f  ty p e  is a lso  considered 
a  b o x  from  'I^jK’s poin t o f  v iew . G lu e is the stu ff w hich  gets put betw een w ords 
an d  oth er  boxes  (th ou gh  n ot betw een  th e  boxes  m aking up in dividual w ords). 
L ead in g , the d istan ce  betw een  con secu tive  lines o f  typ e , is im plem ented in 1 ^  
th rou gh  interline glue. T h is  ‘boxes  and  g lu e ’ m od e l turns ou t to  be  surprisingly 
pow erfu l and  enables 1 ^  to  perform  ex traord in ary  feats o f  typesettin g  for  ex ­
am ple in the typesettin g  o f  m athem atics.

S om e o f  l ^ ’s a lgorith m s are qu ite  well know n. T h is  is especia lly  true for  the 
paragraph  settin g  a lgorith m  (P lass and  K n u th  1982), as well as the hyphenation  
a lgorith m  devised  b y  Frank L ian g  (L ian g  1983).

T h e  a lgorith m  fo r  settin g  paragraphs m inim izes the ‘dem erits ’ associated 
w ith  th e  settin g  o f  a  particu lar paragraph. T h ese  dem erits refiect, am on g other 
th ings, the ‘ badn ess ’ o f  in d iv idua l lines o f  the paragraph  w hich  are calcu lated
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Topline glue Interword glue

KnutlVs hbxEs
affl 2luH mddtel

Interline glue Line-final glue

Figure 2: T^'s boxes-and-glue model

by n oting the extent to  w hich  the in ter-w ord  glue has to  stretch  or  shrink. 
sets the paragraph by  m inim izing these dem erits. T h e  interesting th ing to  note  
is that this m eans that the pciragraph as a  w h ole  is typeset in on e  g o  and a  w ord  
com ing  late in a  paragraph can influence the settin g  o f  lines com in g  earlier in 
the paragraph.

L ian g ’s a lgorithm  for w ord  h yphenation  is pattern -based , bu t departs from  
old er versions by  using b o th  variable length  patterns and  patterns w hich  b o th  
allow  and inh ibit hyphenation  poin ts. I w ill n ot discuss this any further here, 
but sim ply  note  that his m eth od  gives excellent results in a  num ber o f  languages 
besides E nglish . In particular the Icelandic hyphenation  table  does a  very  cred­
itable jo b  o f  hyphenating.

TfeX has num erous prim itives (arou n d  300) for  dealing w ith typesettin g  and 
also a  very pow erfu l m acro program m ing language. It is this latter w hich  gives 

its status as a  program m ing language.
H ere are a  few  exam ples o f  the prim itive op era tion s w hich  op erates w ith. 

N ote that prim itives and IfeiX m acros are expressed w ith  ‘ con tro l sequ en ces ’ . 
T hese usually start w ith  a  special ‘ escape  ch aracter ’ w hich  is typ ica lly  \, the 
backslash.

• \kern . T h is  com m an d  is fo llow ed  by  a  d im ension  sp ecifica tion  (e .g . in 
printers’ po in ts) and m oves the placem ent o f  tw o boxes  relatively  to  each 
other. N ote that boxes com e in horizonta l and  vertical versions and  \ k ern  
can  b e  used to  position  boxes b o th  vertica lly  and horizontally , depend ing  
on  the ‘m o d e ’ is in. U sually kern is used to  bring boxes  closer togeth er
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(e .g ., letter pairs like ‘V ’ and  ‘A ’ w h ich , because o f  kerning, are printed as 
‘V A ’ rather than  ‘V A ’ .

• M o o s e n e s s .  C hanges to  looseness m ean that w ill a ttem pt to  set a 
particu lar paragraph  in m ore  o r  few er lines than the optim al setting calls 
for. B y  settin g  \ l o o s e n e s s = l  an a ttem p t is m ade to  open  the paragraph 
and set it on e  line longer than w ou ld  b e  the case i f  no M o o s e n e s s  is 
specified .

• \ fo n td im e n . T h is  com m a n d  enables on e  to  query the ‘ current fo n t ’ for 
fon t param eters like the x-height, n orm al spacing, etc.

• \ p e n a lty . C on tro ls  the desirability  o f  breaking at a  particular poin t. Penal­
ties can  b e  b o th  p ositive  (m akin g  a  break  less likely) and negative (ind icat­
ing desirable break  p o in ts ). Infinite penalties (h avin g  a  value greater than 
10000) either fo rce  (\ p e n a l t y = - 10000) or  proh ib it (\ p e n a lty = 1 0 0 0 0 ) a 
break  at a  particu lar poin t.

• \ s f  c o d e . T h e  ‘ space  fa ctor  c o d e ’ is used to  con tro l the stretching o f  spaces 
after in d iv idual characters. U sing the \ s f c o d e  m akes it possib le  to , say, 
stretch  spaces after p eriod s  m ore  than after ord inary  characters.

• \ h yp h en ch ar. V ery few  th ings are hard-w ired in to  1 ^ .  Even the h y p h e n #  
ation  character can  b e  changed . B y  settin g  \ h yp h en ch a r\ ten n n = ' \#, 
w ill use the hash-m ark  as the h yphenation  character for  the 10 pt R om an  
font (w itness the first line o f  this paragraph).

3.3  as a Program m ing Language

TtjX  has a  very  pow erfu l m a cro  language w hich  can be  used to  w rite m acros 
at a lm ost any level o f  a bstraction . T h e  execu tion  o f  these m£icros takes place 
th rou gh  a  p rocess o f  m a cro  expan sion , w here the m acros are gradually  reduced 
to  prim itives o f  th e  language. S ince m acros can  ca ll oth er m acros, it is 
p ossib le  to  stru ctu re  the co d e  in a system atic w ay b y  gradually  m oving  from  
prim itive con stru cts  to  m ore  abstract ones.

”IteX observes a  b lock  stru ctu re, like m ost o th er progrsim m ing languages. T h e 
b lo ck  stru ctu re is ach ieved  b y  using the sym bols  for  ‘o p e n ’ and ‘ close  g rou p ’ 
w hich  are usually  the cu rly  braces {  and  } .  U sing grou p in g , it is a  sim ple m atter 
to  stru ctu re  co d e , such that th e  lik e lih ood  o f  nam ing con fiicts are lessened.

T h e  m a cro  language, like m ost o th er m cicro languages, uses registers 
fo r  the diflferent ‘ d a ta  ty p es ’ w hich  are available. T hese registers com e  in five 
varieties:

C ou n t registers are used for  keeping integer values (32 b it ). has prim itive 
op era tion s  fo r  in teger arithm etic only, bu t this is usually not a  prob lem . T h e 
fo llow in g  p iece  o f  co d e  declares a  cou n t register nam ed \ f  ig n o  w hich is 
in itia lized  to  0:

\ n e w co u n t\ fig n o  
\ f ig n o = 0
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T h e  co d e  for  the figure m acro  w ou ld  then take care  o f  p lacin g  the figure and 
assigning a  num ber to  it w hich  w ou ld  b e  in crem ented  fo r  each figure. T h is  last 
operation  is ach ieved by;

\ a d v a n ce \ fig n o  b y  1

D im ension  registers are used for  prin ters’ d im ensions, po in ts , p icas, m illim e­
ters, etc. T h e  follow ing piece o f  co d e  declares a  d im ension  register and  then 
initializes it.

\new dim en\pagew idth
\pagevidth -170m m

N ext com e  the glue registers o r  ‘ sk ip ’ registers. T h ese  con ta in  glue specificar 
tions. T h e  follow ing exam ple illustrates the defin ition  o f  the \ s m a l ls k ip  m acro  
w hich  m akes use o f  the sm a llsk ip a m o u n t glue register:

\ n e v sk ip \ sm a llsk ip a m o u n t 
\ sm a llsk ip a m o u n t= 3 p t p lu s  I p t  m inus I p t  
\ d e f\ s m a lls k ip {\ v s k lp \ s n ia lls k ip a m o u n t }

T h e  \ sm a llsk ip a m o u n t register is set to  3pt plus Ip t  m inus Ip t . T h e  m acro  
\ s m a lls k ip  is defined as a vertical skip (\ v s k ip )  o f  \ sm a llsk ip a m o u n t.

Finally, we com e  to  the b o x  registers w hich  are used for  h old in g  the boxes  
gradually acccum ulated  for  each page. B oxes  have three d im ensions, as m en­
tioned before. T hese can  b e  queried  o r  set, using the prim itives \wd, \ h t, and 
\dp for  the w idth , height, and dep th , respectively.

3.4  Defining M acros

W e have a lready  seen on e exam ple o f  how  m acros are defined. T h is  is d on e w ith  
the \ d e f  prim itive. M acros can  take argum ents, it is even possib le  to  have m acros 
w hich  check  fo r  op tion a l argum ents, a  h igly  useful feature. A  typ ica l m a cro  w ith  
argum ents is th e  fo llow in g  sim ple m a cro  for  settin g  h eadw ords in b o ld  face. (T h e  
percent sign 7. is usually a  com m ent ch aracter in I ^ .  A n yth in g  com in g  after 
the 7. on  a line is ignored  by  1 ^ . )

\ d e f\ h v o rd # l{7 t  m acro f o r  t h e  h eadw ord  
{ \ b f # l \ m a r k { # l } } }

T his sets the headw ord  in b o ld fa ce  (\ b f ) and  defines a  ‘m ark ’ . T h is  m ark  can , for  
instance, be  used to  establish  the range o f  entries on  a  particu lar page o f  a  d ic ­
tionary. T h e  param eters are den oted  b y  #  and  th ey  are num bered consecutively, 
starting w ith  #1.

Like any g o o d  program m ing language, offers the user a  con d ition a l test­
ing m echanism . O ne app lica tion  o f  this is to  print different types o f  p roo fs . For 
instance, it is possib le  to  redefine the \ h v o rd  m a cro  in such a  m anner that 
will w rite the headw ords to  a  specia l file w hen the d iction ary  is bein g  p roo fed . It
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is then a stra ightforw ard  m atter to  check  w hether the list o f  headw ords thus gen­
erated  is in correct a lph abetica l order. T h is  can  be  accom plished  in the follow ing 
m anner:

\newwrite\hwordfile '/. first a file is defined 

\newif\ifproofmode '/. A conditional is declared 
\proofmodetrue Are we printing proofs? Yes we are.
\ifproofmode \messaigef**** Printing proofs * * * * * }  
\inunediate\openout\outf ile=\j obname.hwrd

\def\hword#l{'/, macro for the headword 
{\bf#l\mark{#l}}

\immediate\write\outf ile-f#!}}

\else \message{**** Final rim ***♦*}

\def\hword#l{% macro for the headword 

■(\bf#l\markf#l}}}

\fi

T h e  con d ition a l con stru ction  

\if 

\else 

\fi

thus m akes it easy to  print d ifferent versions o f  the sam e m anuscript accord in g  
to  need.

T h is  has on ly  been  tlie  briefest o f  in trodu ction s to  as a program m ing 
language, b u t it shou ld , I h op e , reveal to  the reader som ething o f  the flavour o f  
the TfeX language.

3.5 in Iceland

T h e  Institu te  has been  responsib le  for  in trodu cin g  TfeX in to  Iceland. I have 
earlier described  the steps undertaken  to  m ake T]eX w ork  w ith Icelandic (Jörgen 
P in d  1988). In particu lar:

• It w as necessary to  m ake a  set o f  patterns for  to  achieve correct (or  
nearly  correct) h yphen ation . T h e  patterns were generated b y  Frank L ian g ’s 
p rogram  PATGEN, using as input a  210.000 w ord  d iction ary  m ade b y  the 
In stitu te  fo r  IB M  in Iceland  to  use in IB M  spelling checkers.^

am very grateful to Mr. Gunnar M. Hansson, general manager of IBM Iceland, for allowing
us to use this material for this purpose.
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• T h e  C om pu ter M odern  F onts had  to  b e  a d apted  to  Ice land ic b y  add in g  a 
few  characters (e .g ., ‘9 ’ (e th ) eind ‘1>’ (th o rn )) .

• C hanges had to  b e  m ade to  the standard  m acro  co llection s  to  a llow  fo r  
new  fon ts and som e differences in character definitions.

W ith  these changes, has been  fou n d  to  w ork  adm irab ly  for  Ice land ic and 
has a lready  been used to  typeset a  num ber o f  b ook s . I guess Iceland  m ust be  
unique in having brought ou t a  num ber o f  T ^ e d  b o o k s  and  yet n o  m athem atics 
b o o k  has been  typeset w ith  the Iceland ic version  o f  as yet!

4 Typography and Dictionaries

4.1 Some General Observations

T h e  typesetting  o f  d ictionaries usually presents few  prob lem s. D ictionaries are 
usually set in tw o o r  three colu m n s w hich  are rather narrow . T h is  can  o ften  lead 
to  difiSculties w ith  line-breaking, since the narrow  co lu m n s leave relatively  little  
latitude for the paragraph-breaking algorith m . F or th is reason, it is advantageous 
to  ch oose a  font w ith  a  narrow  set w idth , and , secondly , it is necessary to  allow  
the typesetting  program  m ore  fiex ib ility  in stretch ing  and  com pressing  interw ord 
spaces than is norm al in b o o k s  w hich  are set to  the fu ll w idth  o f  the page. In 

this flexibility  is con tro lled  w ith  the prim itive \ t o le r a n c e .
W h en  the colum ns are set in register, as is usually the case, w id ow  lines are 

bou n d  to  occu r  because the leading (interline glue in  Ife X ) is n ot a llow ed to  waxy. 
T hese can  b e  g ot rid o f  by  stretch ing o r  shrinking the paragraph  (o r  paragraphs 
on  the previous page o r  pages). In this is con tro lled  b y  the \ lo o s e n e s s  
prim itive. I f  on e is prepared to  a ccep t fu ll w idow  lines (as we occa sion a lly  d id  
in the etym olog ica l d iction a ry ), it is possib le  to  ach ieve this in b y  settin g  
the glue register \ p a r f i l l s k i p  equal to  0 p t, thus draw ing  the last line o f  a  
paragraph ou t to  the full w idth  o f  the colu m n .

I f  the colu m n s are n ot set in register (as is, for  exam ple , the case in the 
O xford  E nglish D iction ary  w here the q u ota tion s are set in sm aller typ e , thus 
forcing  variable lead ing ), it is m uch easier to  con tro l for  w idow  lines since the 
space betw een paragraphs can easily be  varied (th is is d on e  in  1 ^  w ith  the 
\ p a r s k ip  prim itive).

It is cu stu m ary  in d ictionaries to  print w ords at the to p  o f  the page, show ing 
the range o f  the entries on  that page. T h is  p rocess can  very  easily  b e  au tom at­
ed in I ^ ,  using the \mark. B y  \ m ark ing  all headw ord  entries and  defin ing 
suitable m acros for  the ou tp u ttin g  o f  th e  headlines, this process b ecom es co m ­
pletely au tom atic. N ote  that th ou gh  I m ention  here the necessity o f  \ m ark ing  
the headw ords, it is in fa ct n ot  necessary to  m ark them  individually. B y  a  su it­
able definiton  o f  the \hw ord m a cro  this can  be  progr£im m ed (see the previous 
definitions o f  the \hw ord m acros).
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5 Work Finished and in Progress

T h e  m a jo r  perform an ce  test o f  for  lex icograph ic w ork was the typesetting 
o f  the e tym olog ica l d iction a ry  by  Å sgeir B lön da l M agnusson. T h is  b o o k  runs to  
1231 tw o-co lu m n  pages w ith  fo rty  pages o f  in trod u ctory  m aterial. to o k  care 
o f  th e  typesettin g  o f  all the pages excep t for  tw o pages w hich  con ta in  illustrations 
dem on stratin g  the use o f  the d ictionary. T hese  tw o pages w ere designed w ith  a  
draw ing program .

O riginally , it was never intended that the e tym olog ica l d iction ary  w ould be 
typeset w ith  1 ^ .  W h en  k eyboard in g  o f  the m anuscript began  in 1985, we did 
n ot have IfeX , and the co d in g  o f  the m anuscript was such that it w ould  be  easy 
to  transfer it to  a  printer for  typesettin g  w ith  traditional prin ters’ typesetting 
cod es . H ow ever, in January 1989, w hen we were ready to  turn the m anuscript 
over to  the printer, it turned ou t that th ey  d id  not have all the characters needed 
for  the typesettin g , and  w ou ld  a lso  have diflSculties w ith all the diverse floating 
aurcents w hich  the b o o k  conta ins. A t that poin t I decided  to  m ake som e trial runs 
w ith  using P ostS crip t fon ts (A d o b e  T im es R om a n ). It turned ou t that no 
p rob lem s w here en coun tered  w hich  cou ld  not rather easily  b e  solved . Even the 
fa ct that P ostS crip t has a  fa irly  lim ited character repertoire  cou ld  b e  rem edied 
b y  draw ing the m issing characters w ith  F ontographer, a  fon t generating program  
running on  th e  M acin tosh  (A ltsys  C orpora tion  1989).

F igu re 3 show s a  sam ple page from  the d iction 2iry.
O u r m a jor  p ro je c t  in the future w ill, o f  cou rse, b e  the d iction ary  o f  verbs 

ou tlin ed  in the paper b y  J6n H ilm ar Jönsson  in this volum e. T h e  ed iting will 
take p lace  in a  database  system , and  the ou tp u t o f  that system , a  script, 
w ill b e  gen erica lly  cod ed .

A dd ition a lly , we have ju st em barked on  a  p ro je ct  to  reprint som e older Ice­
lan d ic  lex icogra p h ic  w orks. W ork  is now  in progress on  fou r older d ictionaries. 
T hese  axe all co d e d  in the language, and the intention  is to  bring these 
o u t in  new  ed ition s. T hese  are dealt w ith  as textual o b je c ts , though  the generic 
co d in g  w ou ld , o f  cou rse, con siderab ly  ease the task o f  pu tting  them  online, if  
th at sh ou ld  b e  decid ed  at a  later stage (cf. A lshaw i et al. 1989).

6 Issues of Coding

In recent years, m ore  and m ore  a ttem pts have been m ade t o  use d atabase system s 
for  th e  creation  o f  d ictionaries. W h en  a  da tabase  is used for a  d ictionary, it 
b ecom es p ossib le  to  n am e  the fields w hich  are be in g  entered. T h e  database 
p rogram m er has qu ite  a  lo t o f  freedom  in the ch o ice  o f  these nam es and therefore 
in th e  ch o ice  o f  ca tegories w hich  are dealt w ith  in the dictionary. I shall assum e 
here that the final a im  o f  the p ro je c t  is t o  p rod u ce  a  printed d ictionary, though, 
o f  cou rse , i f  it is m ade up  using a  database  system  it becom es possib le  to  ‘publish ’ 
it in com pu terized  form , say, on  a  C D -R O M  disk.
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ädess afdankaOur

hreyfingu f leSJu e6a for, sbr. löna af lön. Sjå so. 
ölila.

édess. Oédeis h. (18. öld) 'öhreinindi; öhapp; 
ådrepa'; af fs. ö og dess af so. dessa (< *del(l)sa
< *danlisön), sbr. aS dessa niOur ö e-m ‘{>agga niflur 
I e-m' og dessas! 'saurgast, versna’. Eiginl. ‘t>afi sem 
dettur å e-n eSa skellur å e-m’. Sjå dess.

aOili k. 'hlutafieigandi'; aSild kv. 'hlutdeild', sbr. 
sakaralUld, réttaraÖUd o.s.frv. Orö jressi lutu i önd- 
verfiu aö skyldu og rétti æitingja (efia tengdamanna) 
i målaferlum, sk. adal (1) og aOall.

AOill k. fnorr. karlmannsnafn, sbr. aSall og aDili. 
AOils k. karlmannsnafn; sbr. sæ. Adils, sæ. runar. 

Apisl < *AÖglsl, fe. Eadgils. Forliöurinn a8- i skylt 
viO aöal- (2) og öDal, sbr. fsæ. pn. Adr, um viSliBinn 
sjå gisl (1).

adfu, adjö uh. (18. öld) ‘kveBjuorÖ’. To. ur d. adjø
< fr. adieu < a Dieu, eiginl. ‘guB veri meB |jér’. 

admfréll. aBmiréll k. (nfsl.) 'sjöliBsforingi'. To.
ur d. admiral < ffr. a(d)miral (s.m.) < arab. amir 
‘höfBingi’. Sjå emir.

Adélf k. karlmannsnafn; lökunafn, Kkl. ættaB ur 
)>., sbr. nhj). Adolf, Ih|). Alhaiwolf, Alhulf, gotn. Aih- 
aulfs; llkl. < *aj>a-wulfaz. Sjå aöall og ulfur.

adressa kv. (19. öld) 'heimilisfang'; adressera s. 
‘skrifa heimilisfang, ...’. To. ur d. adresse, adressere 
ættuB ur fr. adresser, sbr. lat. ad 'til' og directum 
(l.h.) 'beint'.

aBsjåll 1. ‘nfskur, naumur (litlåtum’ < *al-séall-, 
e.t.v. leitt af gamalli forskeyttri so., sbr. gotn. aisaih- 
wan ‘gaumgæfa’ og fsl. sjö ad sér,

-aBur, t-aSr k. viBsk. no. eins og munadur, unad- 
ur. Skiptist å viB -udur (s.t>.) og er komiB af germ. 
*-ö-pu-. betta viBsk. er runniö af verknaBarviBsk. 
*-/)i(- < ie. *-tu- sem skeytt var viB stofn ö-sagna. 
Vfxl -ad- og -ud- eru upphaflega håB sérhljöBi eftir- 
farandi endingar, t.d. nf. et. *-apuR > -udr, en ef. et. 
*-apoR > -adar, og gegndu jressar tvær myndir viBsk. 
(upphah sama hlutverki, en sfBar hefur -ad- veriB aB 
mestu sérhæft (verknaBarmerkingu, en -ud- aB mestu 
(gerandmerkingu. Sjå -udur, -nadur og -nudur.

aBvenla kv. ‘jélafasta’. To., komiB ur lat. adrenius 
'koma', o: koma eBa fæBing Krists f heiminn.

aBventislar k.ft. krislinn truflokkur; nafngiftin 
l ûr aB tru jreirra å endurkomu Krists.

aBvifandi Ih.nt.: koma a. ‘koma aB eins og af til- 
viljun’. Sjå *\jfa (2).

1 af fs. (ao.) ‘frå, burt'; sbr. fær., nno. og sæ. av, 
d. af, gotn. (rf, fe. af, of, fhji. ab(a), lat. ah (< *ap), 
gr. åpolapö', sk. afar, afr (2). aflur, al (4), efja, eflir, 
efsa, öfund, öfugur og e.t.v. afiann. Sjå af- (2).

2 af- forskeyti; sbr. fær., nno. og sæ. av, d. af-, 
gotn. af-, fe. of-, fh|). ab-, aha-, abo-, lat. ab-, gr. 
apo-, fi. apa-. Sjå fs. af. Ymist gamalt forskeyti eins

og t.d. ( afhragd, aflåt, afråd, afrek o.s.frv. eBa sfB­
ar forskeytt fs. eBa ao., sbr. t.d. afdrdnur, afhyda. 
qfrakja o.fl. ForskeytiB heldur oft eiginlegri (slaBar- 
legri) merkingu sinni, sbr. t.d. afhjarga, affjalla, af­
hus, afhvarf, en stundum verBur tåkngildi (>ess niBr- 
andi eBa herBandi, t.d. afgelja, afgera, afdi ‘ofål’. 
afgamall, afkostir, afstopi ‘ofstopi’, eBa meira eBa 
minna öeiginlegt, t.d. i afråd, afrek.
ifa kv., merking ekki fullljös, en Ifkl. ‘fjandskap- 

ur, mein', sbr. ffsl. ipll ok (5/u / farik åsa Sonum 
(Lokas.). Sumir telja aB åfa sé f ætt viB lo. afur 
og åfa kv., en stofnsérhIjöBiB, germ. *é, er annars 
ö|>ekkl f jreirri orBsift. ABrir ætla aB åfa (f Lokas.) 
sé eiginl. s.o. og åfå og |iå < *åfo < *åfå. Enn aBrir 
lengja orBiB viB vo/a kv.; Iftt sennilegt; d/aerstakorB 
og rithåttur ekki öruggur, e.t.v. stendur åfu fyrir öfu 
og orBiB jiå s.o. og åfa og lengt lo. afur. Allt övfst.

åfå kv. (18. öld) ‘åhrif, t.d. af vfnanda', sk. 
åfengur 1. ‘sem hn'fur å’; åfengi h. 'vfnandi' og 
åfang h. E.t.v. < *anfa(n)hö dregiS af forskeyttri so. 
*anfa(n)han, sbr. fhj). anafåhan 'byrja' (eiginl. ‘grfpa 
å’), eBa myndaB af so. få (1) eBa öllu heldur samb. 
fåå.

åfang h. t ‘åtak, hnjask, ofbeldi’; e.t.v. leitt af 
forskeyttri so. *anfa(n)han ‘grfpa f, byrja', sbr. fh[). 
anafang ‘ålak, hrifs, byrjun'; sk. åfå og åfengur. Sjå
få(l).

åfangi, tåfangr k. Sjå åirangr.
afar ao. ‘mjög‘, einnig forskeyti afar-, sbr. afar- 

kostir; liklega sama orB og gotn. afar ‘å eflir. sfBar', 
(h|). arar, ahur 'aflur', sbr. nfsl. afur- (< *afr-) sem 
notaB er sem forskeyti f Ifkri merk. og afar- (afuryrdi, 
afurnagandi) og af- (2) sem stundum er haft i herB­
andi merkingu, t.d. afkostir s.s. afarkostir, afgamall 
‘mjög gamall'; afar s;̂nisi vera einsk. miSstig af fs. 
eBa ao. af, sbr. h. åpara- ‘aftari, sfBari'. ABrir telja 
aB afar sé sk. gotn. ahrs ‘sterkur’. Sjå afr (2).

af-baka s. (16. öld) ‘aflaga, skekkja'; sbr. nno. 
avbakleg ‘öfugsnuinn, 0hægur, erfiBur, afskekktur', 
avhekl ‘jjver, öfugur’, sæ. måli. dhdklig ‘luralegur, 
ölögulegur', fær. avhekladur ‘illa iroBinn, aflagaB- 
ur (um skö)'. Myndun orBsins er öljös, t>6tt |>aB 
sé synilega tengi no. hak. F.J. (1914) ætlar aB |)aB 
merki f öndverBu ‘ab bakfletla trjåviB, höggva åvala 
af trjåm' og slyBsI |iar m.a. viB umsögn B.H., en 
)>aB samræmisl Iftt merkingu og formi nno. og sæ. 
orBmyndanna. Sjå hak og bekilk, ath. hakill. -baldi 
k. (nfsl.) ‘ofsafenginn maBur’, sk. baldinn I. og of­
beldi h. -bragB h. ‘e-B fråbært’; sbr. nno. avbragd 
og fær. avbragd- f avhragdsstyrki ‘mikiB afl‘. Leitt 
af so. *ab-bregdan eBa bregda af, sbr. afbrugdinn 
‘fråbrugBinn, öllkur’ og afhrudig(u)r. -bråBig(u)r I., 
af-brySi (faf-brygBi) kv. Sjå dhrudig(u)r. -danka s. 
(nfsl.) ‘svipla metorBum eBa stöBu’; -dankaBur I.

Figure 3: A sample page from the etymological dictionary
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T h e  trad ition a l w ay o f  m akin g  a  d iction ary  has been to  proceed  in a som e­
w hat d ifferent m anner, w riting  the d iction ary  entries on  slips o f  paper.^

W h ile  the com parison  betw een slips o f  paper, a  file cabinet, and a database 
system  is o ften  m ade, th is com p arison  is som ew hat m isleading since categories on 
the w ritten  sheets or  slips are usually n ot nam ed. In the case o f  d ictionaries this 
is m ost clearly  the case. A n  exam ple  w ill show  this. Figure 4 show s a slip from  
the co lle ction  w hich  was used in the m aking o f  the first standard d iction ary  o f

Ictur (-urif pi. ds.) (le:døQ, le:tøe] n. 1. a. SbrifI, Typer: g o tn e s b t ,  
la tn e s k t  /.; fæ ra  e - d  i  letur^  optegne n*t, fere i Pennen; s e t t  /., en Slags 
Halvfraktur, nsrmende sig til Schwabacherlypen. ^  *b* le tu rs  la n d , Papir 
(DdluHj. 255); le tra  ro lta  (egl. Typefaar) (DdluHj. 217) =  p r en ts m id fa , —
2. Indskrift: /. <t s te in i . -band [«r-bani] n. Forkortelse, Abbreviatur.
•breyting l-brei:dii]k, >brei:l-] f. Udhævelse. -gerB, -gjorB I*QerB,
•QdrB| f. I* Dogslavskrift, Typernes Karakter: le tu rg erd in  e r  a lt  6 n n -  
u r , Typerne er af en helt anden Karakter. — 2, Skrivning: h v o r u g u r  
k e ir r a  h a f9 i  n u m id  su o  mikt'B i  le tu rg jo rB , aS  ^ e ir  m æ itu  rita n S fn  sin  
(]ThMk. 362). — 3. a. (s a m n in g  r i t s )  Optegnelse, Affattelse af et Skrift.

Figure 4: A sample entry from the dictionary by S ig fu s  B lo n d a l and one of the dictionary 

slips on which it is based

m odern  Ice lan d ic, Sigfus B lon d a l’s Iceland ic-D an ish  d iction ary  (B lon d a l 1923). 
It is qu ite  o b v iou s  that n o  categories as such are m arked on  the slip. T h ey  can, 
how ever, b e  in ferred  from  the slip  by  the use o f  m arkings w hich indicate different 
fon ts. T h e  slip im p lic itly  m arks categories by the use o f  underlin ing and other 
ty p og ra p h ica l m arks.

^Actually, using dictionary slips was quite a breakthrough in the making of dictionaries. 
This can be seen if one has a look at the 18th century monumental Icelandic dictionary by 
J6n 6lafsson from Grunnavfk (which W2is never finished). This was written out as a single 
manuscript, at first having reasonable space between the entries, but gradually deteriorating 
into complete chaos as entries were added to the manuscript.
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T his approach  is qu ite natural, considering  that d iction a ry  ed itors, such as 
Sigfiis B lön da l, were w orking w ith  the sole a im  o f  p rod u cin g  a  printed d iction ary . 
T h ey  thought o f  their w ork  as that o f  p rod u cin g  a  text, and their app roach  was 
quite plainly  a  ‘ typ ograp h ica l’ on e  w here the on ly  th ings th ey  needed  to  keep 
distinct in the m anuscripts were changes w hich  w ou ld  show  up  on  the printed 
page, like font changes.

T h is approach  has n o  d ou bt been a lm ost universally  fo llow ed , at least un­
til qu ite recently. Som e published d iction aries have been  m ade available to  re­
searchers. T h ese  are generally typograph ica lly  co d e d  and  bringing  them  on line 
has o ften  proved  to  be  a  form idab le  task (A lsh aw i et al. 1989).

T h is d iscrepan cy  betw een the database representation  o f  a  d iction ary  and 
the prin ted , typograph ica l, representation  is qu ite  u n fortu n ate and various steps 
have been  taken to  close  the gap . T h is  is currently  not t o o  d ifficult a  task and I 
want to  discuss here briefly how  on e  cou ld  achieve this aim  w ith  T ^ .

A  program m ing language such as m akes it possib le  to  co d e  the meinu- 
script at any level o f  abstraction  w hich  on e finds m ost convenient. T h e  prim itives 
w hich  deals w ith  are for the m ost part typograph ica l ones, as a lready  dis­
cussed. H ow ever, it is by  n o  m eans necessary to  use these prim itives directly. 
Let m e illustrate this b y  taking the en try  from  the Iceland ic-D an ish  d iction a ry  
show n in figure 4 as an exam ple. T h is  can  be  typ ogra p h ica lly  co d e d  as fo llow s 
in (the ph onetic tran scrip tion  has been  left o u t):

\bold{letur (-urs,} pi. ds.) [...] n. 1. a. Skrift, Typer: 
\ital{gotneskt, latneskt 1.; færa e-d i letur}, optegne n-t, 

f^re i Pennen; \ital-fsett 1.}, en slags Halvfraktur,
nærmende sig til Schwabachertypen. --- \bold{*b.}

\ital-fleturs land}, Papir (BöluHJ . 255);

\ital{letra rolla} (egl. Typefaar) (BöluHj. 217)

= \ital-(prentsmidja}.

T h is exam ple should  b e  m ostly  self-explanatory. T h e  in stru ction s \ b o ld  and 
\ i t a l  change respectively  to  the b o ld  and ita lic fonts. T h is  representation  is 
fairly c lose  to  the on e  given on  the slips them selves, as dep icted  in figure 4. N ote 
incidentally  the som ew hat strange use o f  fon ts in the first line w here parentheses 
d o  not ba lan ce correctly  w ith respects to  fonts. T h is  use is p rob a b ly  qu ite natu­
ral for  the printer (w h o  has, a fter all, been  taught that a  delim iter character, for 
exam ple, should  be lon g  to  the sam e font as the p reced in g  te x t) . T o  som eon e a c­
custom ed to  the n otion s o f  ‘ b lock in g ’ and ‘en viron m en ts ’ from  com p u ter  science 
this m anner o f  fon t change does seem  illogical.

I f  we care to  analyze the exam ple from  a  fu n ction a l perspective , we can  easily 
see that it conta ins a  num ber o f  different categories. T h ere  is the h eadw ord , 
which is printed in b o ld  type, and  so  is the gram m atica l ending sign ify ing the 
genitive. H ere we have an exam ple, ever so  com m on  in d ictionaries, o f  on e  font 
being used for d isparate categories. A dd ition a lly , there are exam ples o f  use and 
phrases show n in ita lic type , o f  section in g  (using num bers and letters o f  the 
a lp h abet), and o f  source references ( ‘B ö lu H j.’ bein g  the Iceland ic 19th century 
p oet H jälm ar Jönsson ).



322 Computational Linguistics — Reykjavik 1989

A  different w ay o f  co d in g  w ou ld  b e  to  co d e  the categories d irectly  w ithout 
any reference w h atsoever to  their typ ograp h ica l im plem entation . T h is approach, 
w h ich  has qu ite  a  sh ort h istory, has been  variously nam ed ‘ log ica l’ o r  ‘generic ’ 
co d in g , an d  can  thus b e  distinguished from  the visual co d in g  show n above. 
G en eric co d in g  has recently  received  increased  a ttention  through  the standard­
iza tion  o f  th e  S G M L  (S tan dard  G eneralized M arkup L anguage) (IS O  1986, B ar­
ron  1989, B ryan  1989). S im ilar con cep ts  have been expressed in oth er languages 
and  form atters, th ou gh  S G M L  carries it to  its log ica l con clu sion : S G M L  is sim ply 
a  m anner o f  co d in g  a  m anuscript, and  has really  n oth in g  d o  d o  w ith typesetting, 
o r  d a tabase  m an ipu lation . It d oes, how ever, e m b o d y  a  m anner o f  representing 
th e  stru ctu res w hich  are to  b e  fou n d  in a  particu lar docu m en t.

In particu lar, as regards I ^ ,  Leslie L a m p o rt ’s m acro  package is very 
m uch  geared  tow ards log ica l co d in g  (L a m p ort 1986; see also L am port 1988).

is a  m a cro  package used fo r  general docu m en t processing. It uses the con ­
cep t o f  separate ‘style files ’ t o  cap tu re  the different form attin g  needs o f  reports, 
articles, b o o k s , e tc . F urtherm ore, it defines categories such as ‘ titles ’ , ‘ sections’ , 
‘ ch apters ’ , ‘fo o tn o te s ’ , and so  forth  to  express the different log ica l categories o f  
d ocu m en ts.

T h e  m a cro  language is such that on e  can  easily im plem ent m acros to  any 
degree a f  abstraction  required. U sing such an approach , it w ou ld  be  easy enough 
to  c o d e  the a b ov e  exam ple  from  Sigfus B lon d a l’s d iction ary  in the follow ing 
m anner (I  have form atted  it here for  easier readability ):

\ h w o r d { l e t u r }  ( \ d e c l { - u r s } ,  \ i i { p l .  d s . } )  \ p h o n {[ . . . ] }
\ p o s { n . }
\ s e n s e { l . }

\ s u b s e n s e {a . }  \ t r a n s { S k r i f t , T y p e r } :\ V  
\ e x a n ip l- {\ ic - {g o tn e s k t , l a t n e s k t  1 . ;  f a r a  e - d  l e t u r } ,  
\ d a {o p te g n e  n - t ,  f ^ r e  i  P e n n e n } } ;
\ e x a m p H \ ic - [s e t t  1 . } ,
\ d a {e n  s l a g s  H a lv fr a k t u r ,  nærmende s i g  t i l

S c h v a b a c h e r t y p e n } } . ------
\ s u b s e n s e {* b . }

\ e z a m p l{\ ic - [ le t u r s  l a n d } , \ d a {P a p ir }  \ s o u r c e {B 6 1 u H j. 2 5 5 } ;  
\ e ia m p l -C \ ic f le t r a  r o l l a }  \ d a { ( e g l .  T y p e f a a r ) }

\ s o u r c e {B 6 1 u H j. 2 1 7 ) }
= \ x r f - ( p r e n t s m id ja } .

\ s e n s e { 2 . }

T h is , I hasten to  a dd , is ju st a  dem on stration  o f  the m anner b y  w hich  it 
w ou ld  b e  p ossib le  to  p roceed . In particu lar, in n o  w ay is this cod in g  based upon  
a  s tu d y  o f  the entries in this d iction ary , a  stu d y  w hich  it w ou ld  b e  necessary to  
undertake i f  it w ere desired to  co d e  the d iction ary  in this m anner.

T h e  categories  m entioned  a b ov e  shou ld  b e  easy en ough  to  understand since 
th ey  have been  given  nam es w hich  are fa irly  self-exp lan atory  (th e  categories \ i c  
an d  \da stan d  respective ly  fo r  ‘ Ice lan d ic ’ and ‘D an ish ’ ) and  it w ill thus not be
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necessary to  g ive detailed  exp lan ations for  each o f  them . It is, o f  cou rse, im m e­
diately apparent that the m anuscript gets con siderab ly  m ore  com p lica ted  w hen 
such a system  o f  cod in g  is em ployed . A fter  all, a  lo t o f  ca tegories are delim ited  
which will n ot find any particu lar realization  in the printed tex t. B y  w ork ing  
from  such a  m anuscript it is m uch easier to  set up  a  o n e -to -on e  relationship  w ith  
a  database representation  w hich  o f  cou rse is con siderab ly  m ore  difficu lt w hen 
dealing on ly  w ith  a  v isually  cod ed  m anuscript.

T h e  astute reader will p rob a b ly  o b je c t  to  the ch o ice  o f  term s for  th e  entries 
labelled \ s e n s e  and \ su b se n se  in the a b ov e  ex tra ct, since these on ly  refer to  
num bers and  letters and can not strictly  b e  said  to  den ote  the sense. T h is  is, o f  
course, true. In this case it w ou ld  have been  b etter to  label the w h ole  passage 
belon gin g  to  the particular sense, leaving ou t the num bers and  letters and  lettin g  

assign these autom atically . T h e  poin t here is sim ply that it is p ossib le  to  
approach  the task o f  cod in g  in different w ays, and it is difficult t o  specify  on ce  
and for  all a  finite set o f  categories that w ill take care o f  all the entities on e  cou ld  
con ceivab ly  want to  code.^

O ne exam ple will illustrate this. T h e  e tym ogica l d iction ary , like all o f  its 
kind, contains n  different accents w hich  have to  b e  co d e d  for. In 1 ^ ,  accents 
are expressed w ith  specia l m acros w hich  m ake use o f  an \ a c c e n t  prim itive. T hu s 
on e w ould w rite \=a to  get ‘a’, w here the \= signifies a  fioating  bar accen t, or  
\ ’ a  to  get a  e tc . B u t this com m an d  w ill n ot alw ays g ive the correct result. T hu s 
if  on e a ttem pts to  put an acu te accent on  to p  o f  a  ‘ k ’ b y  w riting  \ ’ -(k } the 
result is L  T h e  correct version  should  lo o k  like ‘k ’ . T h is  reflects a  lim itation  
o f  the \ a c c e n t  prim itive in w hich  can  b e  circum vented  b y  w riting  specia l 
purpose m acros for letters like ‘k ’ .

T o  obta in  this effect it is necessary to  w rite a  specia l pu rpose  m a cro  in 
H owever, in that case, it is o f  course necessary to  know  a b ou t the fon ts be in g  
used for typesetting. O n e o f  the m a jor  prem ises o f  generic m arkup is that such 
know ledge is n ot necessary, indeed it is not necessary to  know  how  the text w ill 
eventually be  used, say, w hether it will be  printed or  put in to  a database.

6.1 Visual Coding said Direct Manipulation

T h e  approach  to  cod in g  w hich  has been  described  here, is language-based  and 
thus contrasts very  m uch w ith  the ‘d irect m an ipu lation ’ app roach  w hich  has in 
recent years been popu larized  especia lly  on  the M acin tosh  com p u ter. A s regards 
typography, the d irect m anipu lation  approach  entails th at the user poin ts  to  or  
‘ clicks’ on  w ords or  letters on  the screen and  then typ ica lly  ch ooses the rele­
vant font from  a m enu. T h is was the pattern  o f  usage w hich  was em b od ied  in 
M ac W rite, the archetypica l M acin tosh  w ord -processin g  program . T h e  effects o f  
the font changes cou ld  be  im m ediately  seen on  the screen, in a WYSIWYG ‘W h a t 
you  see is w hat you  g e t ’ representation. T h e  user interface was im m ediately  
hailed as a  breakthrough , w hich  o f  cou rse it was, and yet, as tim e has show n , it 
has its problem s. T h is can  b e  seen in the evolu tion  o f  w ord -processin g  program s

guess The DANLEX Group (1987) would want to argue differently, since they have 
attempted to provide a taxonomy of all the different categories which can occur in a dictionary.



324 Computational Linguistics — Reykjavik 1989

for  the M acin tosh  w hich  ten d  to  m ove them  closer to  a  language-based repre­
sentation . T h u s the n otion  o f  ‘ style sheets ’ , an idea  borrow ed  from  Brian R e id ’s 
program  Scribe, has now been  carried  over in to  a lm ost every w ord-processing 
program  fo r  th e  M acin tosh  (R e id  and W alker 1980). U sing style sheets, it be­
com es possib le  to  m ark  sections in a sem i-generic o r  log ica l m anner. U nfortu ­
n ately  th e  n otion  o f  style sheets on ly  applies to  paragraphs, and is thus useless 
for  th e  m aking o f  d iction aries w here on e is m ain ly  interested in categories at a  
m uch finer granularity  (i.e. sub-paragraph  categories).

A s  dem on strated  in this paper, a  language-based  form atter like can 
easily  b e  a cco m m o d a te d  to  a  m anuscript generated  from  a database and thus 
it can  deal w ith  categories at any level. I can  state  w ithout hesitation  that our 
exp erien ce  using has show n that it is em inently  suited for lexicographic 
w ork.
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Database Systems 
for Lexicographic Work

Abstract
At the Institute of Lexicography of the University of Iceland work 

revolves around very large collections of data in computers. There are 
mainly two types of databases which are kept in computer storage.

The first one is a relatively simple database containing the whole vo­
cabulary of the main collection of the Institute, along with the age, number 
of citation, word class, word type, and oldest citation for each word. For 
maintaining this database there is no need for a very complex or powerful 
database system, but it must be fast since it contains over 600,000 words.

The second datab^tse is much more complex. It contains the lexico­
graphic analysis and is used to construct the dictionary itself. A system 
like this must be more “intelligent” and more flexible than the first one, 
but speed is not as important a feature.

This paper describes some of the properties of the database systems 
we have been working on under MS-DOS and UNIX at the Institute.

1 The Background
T h e  Institu te o f  L ex icograp h y  at the U niversity o f  Iceland was established in 
1947 w ith  the m a jo r  p u rp ose  o f  m aldng a  h istorica l d iction ary  o f  the Icelandic 
language, coverin g  th e  p eriod  1540 to  th e  present. O ver the past fou r decades, 
m a jo r  effort has been  pu t in to  the excerp tion , bu ild ing up a  co llection  o f  som e 
2 .6  m illion  cita tion s. T h e  state  o f  excerp tion  is now  such that it is ‘ com p lete ’ 
fo r  the 16th, 17th and 18th centuries, ‘fa irly  co m p le te ’ for  the 19th century, and 
‘ in com p lete  bu t substan tia l’ fo r  the 20th  century. T h e  co llection  encom passes a 
v oca b u la ry  in  excess o f  600,000 w ords.

W h en  con fron ted  w ith  such a  m assive am ount o f  m aterial, the question  arises 
as to  w hat w ou ld  b e  th e  natural w ay o f  p roceed in g  w ith  the editing. T h e  first 
qu estion  on e  w ou ld  presu m ably  ask is: H ow  has it been  d on e? W ell, the answer 
to  th at qu estion  is p retty  w ell know n. T raditionally , a fter the m aterial has been 
co lle cted , o r  at least a  substantial part o f  it , the ed itor  sits dow n  w ith  the first 
few  hundred  slips from  the first b o x  and  tries n ot to  th ink to o  m uch abou t the
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Figure 1: The procedure o f making o f historical dictionary

2.6 m illion  slips awaiting! A s m aterial gathers, it is brou gh t ou t in installm ents 
over a  p eriod  o f  decades, som etim es even  ex ten d in g  to  a  cen tu ry  o r  tw o. T h is  
p rocedu re , a lm ost universally adhered to  in the m aking o f  h istorica l d iction aries, 
is show n on  figure 1.

W e want to  em phasize here that the h istorica l d iction ary , becau se  o f  its 
enorm ous sco p e  and  sheer size, poses som e prob lem s w hich  can  con ven ien tly  
be  labelled ‘ord er o f  m agnitude e ffects .’ T h e y  are n ot p rim arily  prob lem s o f  
theoretical d ifficu lty  (a lth ough  such prob lem s axe a lso  abu ndan t, as d iscussed  in 
the paper b y  J6n H ilm ar Jdnsson in this vo lu m e), b u t sim ply  prob lem s w hich  are 
related to  the en orm ou s bulk  o f  these book s. T h e  m a jo r  aim  o f  this paper w ill be  
to  discuss som e w ays in w hich  we have attem pted  to  deal w ith  this p rob lem . W e 
w ould a lso  like to  em phasize that we are dealing w ith  a  p ro je c t  w hich  is in som e 
respects unique, since the w hole ed itoria l process w ill b e  com pu terized . T h is  is 
in contrast to  p ro je cts  for com pu terizin g  existing d ictionaries, e .g . the O x ford  
English D iction ary  (R a ym on d  and T om p a  1988) o r  the Svenska A kadem iens 
O rd b ok  (R y d sted t 1988).

In 1983 a  p ilot ed iting  p ro ject a lon g  trad ition a l lines was undertaken. A  
reasonably full d iction ary  text was m ade up, con ta in in g  w ords & om  a  sm all 
subsection  o f  the a lph abet. B y  com p arin g  this sam ple w ith  a  standard  d iction ary
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o f  the Iceland ic language (S igfus B lon d a l 1 920 -1924 ), it em erged that it would 
take close  to  tw o centuries to  finish the ed itin g  using traditional m ethods and 
present levels o f  staffing. A t the tim e this seem ed to  us an u nacceptable  way o f  
p roceed in g . T h ere  were tw o reasons for  this. O n  the on e  hand we felt the tim e 
scale to  be  absolu te ly  u n accep tab le , on  the o th er there are w ell-know n problem s 
w ith  the trad ition a l approach  w hich  we felt w e cou ld  d o  som ething to  solve by 
fo llow in g  another approach  to  the ed iting  task.

2 A  Different Strategy
B ased  on  the experien ce  gained in 1983, a  new  strategy  for the ed iting o f  the 
h istorica l d iction a ry  has gradually  been  taking shape in the w ork carried ou t at 
the Institu te. T h is  strategy  stands in rather sharp contrast to  earlier m ethods 
and approaches. It is ch aracterized  by  heavy  reliance on  com pu tation a l tools. 
In deed , w e th ink  it w ou ld  b e  fair to  say that w ith ou t the existence o f  such tools 
this strategy  w ou ld  n ot b e  feasible.

T h e  con trast betw een  ou r  new  m eth od o logy  and the traditional one can 
b e  cap tu red  w ith  tw o term s borrow ed  from  com p u ter science. T h e  tradition ­
al m e th o d o lo g y  can  b e  characterized  as d e p t h - f i r s t ,  whereas ours com es much 
closer to  b e in g  a  b r e a d t h - f i r s t  strategy.

A  depth -first strategy  m eans that every detail in the ed itoria l process must 
b e  resolved  to  com p letion  as the need arises. T h ere  is n o  chance o f  delayed com ­
m itm en t, n o  m atter how  m uch the lex icographer so  desires! S ince the editorial 
p rocess  turns ou t pages even ly  and constantly , any revisions, w hich  m ay be  called 
fo r  at a  later da te , m ay lead to  the necessity o f  redoing  the analysis, taking the 
m anuscript apart, as it w ere, and p u ttin g  it back  togeth er again.

H ow  m uch m ore  efficient it w ou ld  b e  i f  it were possib le  to  carry  out the 
analysis in depen den tly  o f  m aldng up  the m anuscript. T h is  is a  goa l not readily 
ach ieved , how ever, since the lex icograph ic einalysis needs to  be  linked to  the 
sources, i.e. the cita tion s, in  som e m anner. T raditionally , that link has been 
ach ieved  b y  interspersing the analysis w ith  q u ota tion s from  the co llection  o f  
c ita tion s.

It is precisely  this reliance on  a lph abetica l orderin g , cou p led  w ith the enor­
m ous w ealth  o f  m aterial w hich  has to  b e  a ccou n ted  for, which gives rise to  
the aforem ention ed  ‘order o f  m agn itu de ’ effects. T h e  fo llow in g  poin ts are w orth 
m entioning:

• T h ere  is a  tim e lag o f  decades betw een  the ed itin g  o f  different parts o f  the 
d ict ion a ry  w ith  m any gen era tion s  o f  lexicographers involved.

• T h e  ed itor  htis a  very  lim ited view  o f  the task at hand since he is labouring 
in a  sm all corn er o f  the d ictionary.

T h e  a lph abetica l orderin g  o f  the text forces the e d itor  to  deal w ith  m aterial 
w h ich  is in n o  w ay related.
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T hese problem s are acu te because o f  the size o f  the p ro je ct . W ith  a  single 
volum e dictionary, w hich  taJces perhaps 10 years to  com p lete , it is relatively  easy 
to  bypass these problem s. N ot so  w ith  the h istorica l d ictionary. T h e  research 
carried  ou t at the U niversity o f  W a terloo  on  the com pu terized  O x ford  English 
D iction ary  has brought this ou t (R a y m on d  and T o m p a  1988). It turns ou t, for  
instance, i f  the cross-references o f  the O E D  are exam ined , that references to  
previous letters o f  the a lphabet are m uch m ore  frequent than  th ose  to  subsequent 
letters. M ost cross-references are, how ever, to  w ords startin g  w ith  the sam e letter. 
W h ile  the latter is to  be  expected  (m any  cross-references are p ro b a b ly  to  c lose ly  
related w ord s), the form er result can  on ly  be  exp la ined  b y  the in dividual e d ito r ’s 
lim ited v iew  o f  the w hole p ro ject.

A  breadth-first strategy, o f  the sort now  bein g  develop ed  at the Institu te  o f  
L exicography, proceeds w ith  the ed itoria l w ork  from  th e  top  dow n , b y  m akin g  a  
num ber o f  passes through  the cita tion  co llection , deepenin g  the analysis at each 
stage.

T h ere  are num erous axlvantages to  such an approach :

• Since the ed iting is com pu ter-based  it can  b e  m ade available on  th e  co m ­
puter at an early  stage.

• It is possible to  deal w ith coherent parts o f  the voca b u la ry  at any on e  tim e.

• It open s the w ay fo r  defining significant phases in the w ork  w hich  can  be  
finished in the relatively short tim e span o f  5 -1 0  years.

T h e  first stage in the ed itoria l process, w hich  began  in late 1983, in volved  a  
com plete  pass through  the m ain co llection , m aking up  a  da tabase  o f  the to ta l 
vocabulary.

T h is database is o f  tw ofold  use. In the first p lace it is o f  trem endou s value 
for w ork  in  linguistics, especially  those areas dealing w ith  w ord -form ation  and 
m orph ology . T h e  database has already been  used to  investigate the nature o f  
com p ou n d in g  in Icelandic (K ristin  B jarn addttir 1990). Such research is n ot on ly  
o f  th eoretica l im portan ce , but is a lso relevant in th e  m aking o f  p ractica l language 
too ls  on  the com pu ter, such as the u biqu itou s spelling-checker. Spelling-checkers 
are usually d iction ary -based . D iction ary -based  checkers, how ever, have som e lim ­
itations in m ost G erm anic languages w here the process o f  com p ou n d in g  is qu ite  
active. Som e d iction ary -based  checkers now  offer com p ou n d  w ord  paxsing (an d  
one Icelandic checker is com plete ly  based on  the idea  o f  w ord  parsin g). D u e  to  
the lim ited know ledge abou t com p ou n d in g , how ever, it has generally  n ot been  
possible to  state the constra in ts w hich  co m p ou n d in g  ob e y s , and thus the m ech ­
anism s tend to  overgeneralize w ildly.

Secondly, the database is o f  great value for  further lex icograph ic  w ork  as it, 
at on ce , open s up m ultip le search paths in to  the co llection  and frees the ed itor  
from  the ‘ tyran n y ’ o f  the a lphabet (since a  co llection  o f  w ritten  d iction a ry  slips 
perm its on ly  on e search key !). N ow , how ever, the ed itor  can  access the co llection  
on  the basis o f  gram m atica l category , age o f  cita tion s, o ldest sou rce, etc.
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3 The Vocabulary Database

3.1 The Nature o f the Database

A s alreaxly m en tioned , the first com p u ta tion a l p ro ject involved a  database co v ­
ering the w h ole  v oca b u la ry  o f  the m ain co llection  o f  the Institute. T h is database 
has 8 fields w hich  can  be  briefly  described  as follow s:

T h e  w o r d  i t s e l f .  T h e  ch o ice  o f  w ords was prim arily  based on  the orth ograph ­
ical form .

W o r d  c la s s . T h is , o f  cou rse, has trad ition a lly  been indicated  on  the d ictionary 
slips.

A g e  o f  o ld e s t  c i t a t i o n .  T h e  age is established to  the nearest th ird  o f  a  century 
or  to  a  greater tim e p eriod  i f  it is n ot possib le  to  uniquely position  the 
c ita tion  in  this tim e fram e ( o f  33 years). See a lso  note  below  on  the s o u r c e .

A g e  o f  m o s t  r e c e n t  c i t a t i o n .  T h is  is cod ed  in the sam e m anner as the a g e  
o f  o ld e s t  c i t a t io n .

N u m b e r  o f  c i t a t i o n s .  T h is  is n oted  exa ctly  for  1 to  5 c itation s. A ll w ords hav­
ing m ore  th an  five c ita tion s are m arked as such w ith  n o  flner d istinctions 
bein g  m ade.

W o r d  t y p e .  T h is  is the on ly  ty p e  o f  in form ation  w hich  can n ot b e  read d irectly  
from  the c ita tion  slips. W e felt, how ever, that it w ou ld  b e  advantageous to  
a ttem p t a  rough  classification  o f  th e  voca b u la ry  accord in g  to  w ord -typ e  so 
w ords are m arked as b e in g  co m p ou n d ed , afllxed, or  n on com pou n ded .

S o u r c e .  F inally, the sou rce for  the oldest c ita tion  is noted . T h is  is o ften  follow ed 
b y  a  n ote  deta iling  th e  exa ct age o f  the cita tion , e.g . a  specific year. In 
fa ct, this field  is built up  o f  tw o subfields: abbrev iation  for  the source £ind 
reference o f  page, exact age, etc.

W o r d  in  r e v e r s e .  P art o f  the w ord  is kept reversed in this field. T h is is done 
fo r  th e  in dex in g  o f  w ord  endings.

A ctu a lly , w hile the V oca b u la ry  D atabase  m akes up a  relatively sim ple d ic­
tionary, it to o k  qu ite  a  w hile to  prepare. T h is  was m ainly  due to  the enorm ous 
v oca b u la ry  in the m ain  co llection . W h ile  the to ta l num ber o f  cita tion s is a p ­
p rox im ate ly  2.6 m illion , the to ta l num ber o f  different w ords conta ined  in the 
v oca b u la ry  da tabase  now  stands at 608,205. T h is  show s that the num ber o f  ‘sin­
g le ton s ’ (w ords a ttested  b y  on ly  on e c ita tion ) is relatively  high, as n oted  by  J6n 
H ilm ar Jdnsson (th is vo lu m e).

W ork  on  the da tabase  started  in O c to b e r  1983, we reached the 100,000 m ark 
in M ay  the fo llow in g  year, and  k eyboard in g  finished on  the 7th o f  M arch  1986! 
T h e  k eyboard in g  was d on e on  a  V ic to r  9000 m icrocom p u ter  using a  specially  
m ad e B A S IC  program .
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A fter the keyboard in g  was com p leted , p roo fs  were read , m ostly  in 1987. D ue 
to  the sim ple nature o f  the database, it was possib le  to  perform  num erous in­
tegrity and con sistency  checks w ith  specia lly  w ritten  program s. T h is  con sider­
ab ly  eased the onerous task o f  proofread in g . T h e  database  reached its present 
form  at the end  o f  1988, o r  five years after w ork  on  it was orig ina lly  st^lrted.

T h ou gh  we d id  not keep an exact a ccou n t o f  the w ork  in volved , w e w ou ld  
guess that it p rob a b ly  am ounted  to  a b ou t 1 0 -1 2  m an-years. T h is  gives som e 
in d ication  o f  the m agnitude o f  the task o f  com p ilin g  a  true d iction a ry  o f  the 
m aterial con ta in ed  in the co llection s o f  the Institu te.

3.2 The Computer Databaise

A s a lready  m entioned, the V ocabu lary  D atabase  con ta in s over 600,000 records at 
the present tim e. P u ttin g  the database on line under th e  M S -D O S  op era tin g  sys­
tem  (w hich  has been ou r p la tform  for  m ost o f  this p e r io d ) was never considered  
a  v iab le  op tion , since we felt that this opera tin g  system  w ou ld  have con siderab le  
difficu lty in cop in g  w ith  a  database o f  this size. T h is  was on e  o f  the reason for  a 
decision  m ade late in 1987 to  change to  the U n ix  op era tin g  system .^

O ur m ain com pu ters are tw o IB M  6150 m achines (perh aps b e tter  know n as 
IB M  R T /P C ) ,  running the A IX  op era tin g  system . A t present their to ta l disk 
cap acity  is 840 M b. W e a lso  have tw o IB M  P S /2  m achines running A IX  P S /2  
w ith 230 M b  o f  disk space. T h e  R T s  axe con n ected  b y  E th ern et  and th e  P S /2 s  
will also shortly  b e  linked to  the netw ork. T h e  N etw ork  F ile S ystem  (N F S ) runs 
on  to p  o f  the E th ern et  con n ectin g  the m achines.

T h e  V ocabu lary  D atabase  can  con ven ien tly  b e  d escribed  b y  the relational 
database m odel. It consists o f  on e  m ain  tab le , con ta in in g  the records fo r  ail 
the w ords, along w ith  a  secon dary  tab le  w hich  con ta in s in form ation  a b ou t the 
sources used to  gather the cita tion s for  the m ain  co llection . T hese  tw o tables are 
linked on  the source fields as show n in figure 2.

T h ere  are a  num ber o f  relational database m anagers available for  A IX , am on g  
the b etter know n are O racle and In form ix. D u e m ain ly  to  con siderations o f  cost, 
we d ecided  to  use the In form ix  database system . T h is  is a  fu lly  relational system  
w ith th e  S Q L  query language. U nfortunately , it turned  ou t that In form ix  has 
a  nasty peculiarity^ in that it d oes n ot a llow  fields w ith  a variable n um ber o f  
characters (VARCHAR). N ow  this, obviou sly , m akes life p retty  d ifficu lt for  the 
lexicographer!

For this reason the database grow s to  approx im ately  150 M b  w hen it has 
been indexed under In form ix^ . W h ile  the database  is qu ite vo lu m inou s, it is 
also quite fast. It w ill instantly find any w ord  and  search on  in dexed  keys is a lso 
fast.

 ̂There were, of course, other reasons as well. Unix is well-known for its outstanding collec­
tion of tools, its preeminence in dealing with text files, the easy etccess to e-mail, etc.

^When compared with the description of relational database systems given, for example, 
by Date (1986).

În textform it is about 30 Mb.
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Vocabulary

word

Source

word_class
age_first
agejast

source_abr source_abr
page author

num_of_cit title

word_type •
•
•

Figure 2 : The tables o f  the  Vocabulary D atabase  as they are configured a t  present. The  
link on th e  source fields is shown.

3.3 Seeu'ching the Database

W e w ill n ot particu larly  e la b ora te  on  the existing possibilities for  searching the 
database. It is ev iden t, from  the descrip tion  given so  far, that we now  have the 
p ossib ility  o f  search ing the co lle ction  in w ays not possib le  earlier. T h e  follow ing 
are exam ples o f  queries w hich  have been  put to  the database b y  m em bers o f  staff 
at th e  Institu te , as well as b y  o th er researchers.

1. F in d  all w ords w hich  o ccu r  for  the first tim e in the w orks o f  the 19th 
cen tu ry  p o e t  Jdnas H allgrfm sson.

2. F ind  all adverbs en d in g  in ‘ is ’ .

3 . W h a t is the p rop ortion  o f  verbs in the to ta l v ocabu lary?

4. L ist all nouns for  w hich  there are m ore than five cita tion s in the collection , 
w ith  exam ples a ttested  b o th  in the 16th or  17th centuries and in the 20th 
century.

5. L ist all n on com p ou n d  nouns for  w hich  first exam ples are attested in the 
first th ird  o f  the 19th century.
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Phrases
phrase_no
word
phrase

age_flrst

a g e ja st
source abr
page

num of cit

Future

Vocabulary

word
word class
age_first
ag e jast

source abr
page

num of cit
word_type

Source
source abr
author
title

Figure 3: Relationship o f  tables in the  Vocabulary D atabase i f  a tab le  o f  phrases is a ttac h ed  
to  it.

3.4 Enhancing the Vocabulary Databaise

W e have given som e thought to  the possib ility  o f  enhancing the V oca b u la ry  
D atabase w ith  oth er kinds o f  in form ation . A s described  by  J6n H ilm ar Jdnsson 
in his paper (th is vo lu m e), the m ain thrust o f  the ed itoria l p rocess con cern s the 
description  o f  verbs. E vidently, qu ite a  lo t o f  m aterial w hich  is o f  relevance to  the 
verbs is filed under oth er w ord  classes in the co llection . T h is  holds, fo r  exam ple, 
for phrases and id iom s w hich  are o ften  filed under the noun rather than the 
verb. Som e attem pts were m ade by  those co llectin g  the cita tion s to  file them  
under all the relevant categories, bu t it goes w ith ou t saying that in a  task o f  this 
m agnitude, stretch ing over decades, it is in evitab le  that various inconsistencies 
o f  practice  w ill arise. W h ile  this extension  has n ot been  im plem ented , figure 3 
gives an exam ple o f  how  it cou ld  b e  carried  ou t.

4 Editing, Excerption: Computational 
Approaches

W h ile  m aterial was bein g  gathered  for  the V oca b u la ry  D atabase , w ork  was also 
being carried  on  in  various o th er areas relating to  the d iction ary  p ro je c t  as a 
w hole. Four things in particular stand ou t:

1. T h e  ed itoria l process was begu n  in 1983 and gathered  m om entum  during 
1984 and 1985.



UNIX

Figure 4: C om puterized  tasks a t  th e  Ins titu te , as divided between M S -D O S  and Unix a t  
present.

2. T h e  Institu te  started  a  co llection  a f  m ach ine-readable texts. T hese  texts 
can  readily  be  used to  augm ent the collection s. It shou ld  ^dso be  n oted  that 
a lthou gh  m ost o f  the texts  are m odern  texts from  publishers and printers 
w e have a lso  endeavoured  to  acqu ire o lder texts. Som e o f  these have been 
specia lly  k eyboarded  at the Institute.

3. E xcerp tin g  for  the m ain co llection  continues. A ll new  citations are now 
entered d irectly  to  the com pu ter.

4. W e have a d op ted  the T^jX typesettin g  system  for  typesettin g  dictionaries. 
T h is  is further d iscussed  in the paper b y  Jörgen  F in d  (th is volu m e).

F igu re 4  show s in a sch em atic w ay all the m a jo r  activ ities w here com puters 
have been  brou gh t to  bear on  the lex icograp h ic  w ork. T h is  figure show s this 
a ctiv ity  as it is carried  ou t at present under M S -D O S  and U nix. W e are presently
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in the process o f  m oving  all these tasks to  U nix. A  num ber o f  poin ts are w orth  
discussing in som e detail.

T h e  ed itoria l process was carried  ou t using the R evela tion  database  system  
for M S -D O S — w hich later becam e A dvanced  R evela tion  (C osm os  1987). R evelar 
tion  is a  database system , based on  the P ick  O pera tin g  system  w hich  has en joyed  
som e success in the com m ercia l environm ent (R och k in d  1985). T h e  m ain  reason 
for  orig inally  ch oosin g  R evelation  was the absence o f  any (sign ificant) constra in ts 
on  the length  o f  individual fields; using, as it d oes, com p lete ly  variable length  
fields. T h e  m ain  characteristics o f  R evela tion  are sum m arized  in the fo llow ing:

T h e  benefits o f  A dvan ced  R evelation  are:

• It is very fiexible. It is easy to  reorganize datafiles and recon stru ct app li­
cations.

• It has a  user-friendly interface.

• It has variable field lengths. E ach  field can  range from  0 to  65 k ilobytes, 
and predefin ition  o f  length  is unnecessary.

• It is possib le  to  define as m any as 65k fields in each record , sind the num ber 
o f  records in on e  file is on ly  lim ited  b y  disk space.

• It is possib le  to  have m any files op en  concurrently , and these can  be  related.

• It has its ow n  procedu ra l program m ing language (R /B A S I C ) , sim ilar to  
B A S IC , but m ore structured.

• It has a  pow erful query language, sim ilar to  SQ L .

T h e  m a jo r  d isadvantages o f  A dvan ced  R evelation  are:

• It is to o  slow .

• It is on ly  available on  com pu ters running M S -D O S  w hich  is a  prim itive 
opera tin g  system .^

• Since the system  has on ly  been  available on  com p u ters running M S -D O S , 
disk storage is lim ited.

In spite o f  these disadvantages we have fou n d  R evelation  to  b e  a  singularly 
useful p rod u ct for  lex icograph ic  w ork , and it is w ith  som e sadness th at we take 
leave o f  it now  that we have m oved  over to  U nix! T h e  com b in a tion  o f  variable 
length record  fields w ith  a  very  pow erful program m ing language has turned  ou t 
to  b e  ideal.

^As of 1990 it is also available under OS/2.
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4.1 The N itty  G ritty o f the Editing System

W e w ill now  d escribe  the ed itin g  system  as it was im plem ented under Advanced  
R evelation .

A s J6n H ilm ar Jdnsson has alre2idy  described  in his paper, the ed iting o f  
verbs p roceed s  m ain ly  w ith  reference to  the form al, syn tactic 2ind m orphologica l 
beh aviou r. T h e  ed itin g  is based  on  the cita tion s and proceeds in a  num ber o f  
steps. In effect, it is p ossib le  to  v iew  the ed iting  as being, to  a  large extent, a 
con tin u ation  o f  th e  excerp tion  in that the cita tion s are prov ided  w ith gram m at­
ica l m arkers. T h is  is in com p lete  con trast w ith  the m eth od o logy  traditionally  
em p loyed  (K u h n  1982).

Figure 5: K uhn 's sorting board

T rad itionally , th e  ed iting  proceeds w ith  the ed itor  spreading all the slips 
a ttestin g  th e  occu ren ces  o f  a  particu lar w ord  ou t on  a table , attem ptin g  to  
sort th em  m anually  in to  sem antic categories. K u h n  has a  n ice illustration  o f  an 
‘ex ceed in g ly  usefu l’ sorting  b oa rd  (show n in figure 5 ) w hich  has been used to  
assist in the prelim inary sortin g  d on e for  the M iddle English D iction ary.

It goes w ith ou t saying that the strategy  em ployed  at ou r Institute is diar 
m etrica lly  op p o se d  to  K u h n ’s approach  since the ed itin g  process starts ou t by 
au gm en tin g  the c ita tion s w ith  various entries detailing such factors as con ju ga­
tion , su b je ct, o b je c t , m ean ing, etc.
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Text files 
of citations

Figure 6: The structure o f  the  Lexicographic D atabase as im plem ented  under A dvanced  
Revelation.

T h e  m eth od  used in the ed itin g  is a lso reflected  in the structure o f  the 
database program  w hich  is used for  the ed iting. F igu re 6 show s in a  schem atic 
w ay how  the ed iting  takes p lace. A ll cita tion s are k eyboarded  b y  a  secretary in to 
flies which are then im ported  in to the database system . O n e file keeps a  log  o f  
the ed iting process, n otin g  w hich  verbs have been  analysed, the state  o f  anal­
ysis, and oth er such in form ation  o f  a  general nature. F urtherm ore, it contains
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fields w ith  detailed  in form ation  associa ted  w ith  m ost o f  the citations. T his file 
fu n ction s as a  lo g  o f  the ed itin g  process.

T h e  cita tion s for  each  w ord  are kept in separate files which also contain  the 
analysis. J6n H ilm ar Jdnsson, in his paper, describes the fields w hich are entered 
in to  these files and  the ed itoria l process as such. A  special ‘d iction ary ’ contains 
in form ation  a b o u t the stru ctu re o f  the files. E ach  tim e a  w ord  is im ported  into 
th e  database  the d iction a ry  is con su lted  regarding the structure o f  the file which 
is t o  b e  m ade for  the im p orted  w ord .

T w o  screen input form s are used for  the ed itoria l analysis, on e  for  the form al 
analysis, the o th er  for  the sem antic analysis. W h en  the ed itor  starts on  a  partic­
ular phase o f  the analysis, he or  she can  use the query m echanism  to  arrange the 
c ita tion s in any desired order and brow se through  the co llection  w hile entering 
the analysis, thus dealing w ith  sim ilar cita tion s at each poin t. A fter each pass 
th rou gh  the cita tion s, it is possib le  to  rearrange the cita tion s using the fields 
w hich  have been  entered. T h e  com m an d  given is the s e l e c t  com m and . T h e  fo l­
low in g  com m an d  is, for  instance, used to  ord er the verb  ‘k om a ’ (com e) on  the 
fields fo rm , fo llow ed  b y  voice, fo llow ed  b y  con jugation :

s e l e c t  koma b y  fo r m  b y  mynd b y  b e y g in g

T h is  possib ility  o f  orderin g  the cita tion s p rior to  the analysis and at each 
subsequent step , is on e o f  the m ain attraction s o f  a  database system  such as A d­
vanced R evela tion  as it ensures con sisten cy  o f  treatm ent and a lso  speeds up the 
analysis con siderably . A n oth er  advantage o f  R evelation  is the fa ct that the entry 
form s have been defined in such a  w ay that they  carry  over default values from  
the preced in g  cita tion . W h en  the cita tion s are sorted  such carry-over defaults 
a lso  serve to  ease the d a ta  en try  task and  ensure consistency.

F or th e  person  respon sib le  fo r  the m aintainance o f  the system  it is very 
im p ortan t th at changes to  th e  system , especia lly  the en try  form s, can  b e  easily 
ach ieved . A  specia l form s ed itor  (w hich , incidentally , goes by  the nam e ‘pa in ter’ ) 
m akes it very  easy  to  ch ange the layout o f  form s. It is a lso easy to  change the 
stru ctu re o f  the files.

W h en  the analysis o f  each  w ord  is finished the system  will ou tp u t a 
co d e d  m anuscript. T h is  is d on e  by  a  special program  w ritten  in R /B A S I C , R ev ­
e la tion ’s p rocedu ra l language. T h is  program  uses a  query com m an d  to  select the 
cita tion s w hich  are m arked as su itable for  the printed d ictionary.

T o  sum m arize briefly  at this poin t:

• T h e  ed itoria l process augm ents the cita tion s by  attach ing  entries to  the 
cita tion s.

• T h ese  entries m ake up  the sort key w hich  is used to  deliver autom atica lly  
the m a jo r  structural lines o f  each article.

• T h e  d a ta b a se ’s “ report w riter”  has been  changed  so  that instead o f  produ c­
in g  th e  n orm al co lu m n ar reports  it turns ou t m anuscripts for  which 
can  then b e  d irectly  typeset.
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T h e  d iscerning reader is now  p rob a b ly  w on derin g  how  we guarantee the in­
tegrity o f  ou r database, w hen on  the on e  hand we have a  co llection  o f  cita tion s, 
and on  the o th er hand cita tion s con ta in ed  w ith in  the ed itoria l database. I f  errors 
axe fou n d  in the ed itoria l database, w here w ill th ey  b e  corrected , in the c ita tion  
database, in the ed iting database, o r  in b o th  p laces?

O bviously , this is a  weakness o f  ou r approach  as im plem ented  in  the A dvan ced  
R evelation  database system  o f  w hich  w e are fu lly  aware. T h is , in fa ct, brings us 
right up  to  th e  present date  as regards the developm en t o f  ou r  lexicographers 
“ w orkben ch ” . It is obv iou s that the com pu terized  c ita tion  co llection  needs to  be  
integrated w ith  the ed itoria l database.

5 Computational Lexicography under Unix
H ow  shou ld  this database b e  im plem ented  under U n ix? It is qu ite clear that 
a database  system  like In form ix  is n ot at all up  to  this task since it can not 
deal w ith  fields having variable length  records. P resu m ably  the O racle  D B M S  
w ou ld  be  able to  co p e  axid this is a lready used for  at least on e large lex icograph ic  
database, C E L E X  in the N etherlands. H ow ever, O racle  is an expen sive system , 
and, furtherm ore, o th er con siderations have lead us to  con sider a  different ap­
proach.

O ur experience w ith  T^jX, w hich  is a  com p lete ly  op en  system  w ith  all source 
cod e  freely available, has brou ght h om e to  us the im p orta n ce  o f  having program s 
w hich are available in sou rce co d e  form . I f  the program  does n ot behave qu ite as 
desired on e can always change the program  cod e . T h is  lesson has been  rein forced  
w ith ou r experience o f  U nix, w here an abu nd an ce  o f  excellent softw are in sou rce 
cod e  form  is also available. For this reason, we w ill b e  m aking a  serious a ttem pt 
to  create a  system  w here we can  use available sou rce co d e  w hich  is (p referab ly ) 
available in the public dom ain  (e.g . and G N U ) or com m ercia lly . T h e  details 
o f  the actu al im plem entation  are currently  be in g  w orked ou t, so  here we will 
lim it ourselves to  an overall v iew  o f  the too lset, as we have currently  com e  to  
view  it.

Perhaps the m a jo r  concern  for  us is the fo llow in g : S ince the com pu terized  
citation  co llection  is still being added  to , we need som e w ay o f  keeping access to  
the co llection  op en , w hile at the sam e tim e using the cita tion s, o r  at least a  part 
o f  them , for  the ed itoria l w ork. N ow , by  referring to  the descrip tion  given earlier 
o f  the ed iting  process as it was im plem ented  in the R evela tion  database, it can 
be  seen that qu ite a  lot o f  the in form ation  w hich  gets added  to  the cita tion s in 
the editorial process is on ly  dependent on  the c ita tion  itself. A s a  m atter o f  fcict, 
this holds for  25 ou t o f  the 29 features cinalysed. It w ou ld , therefore, seem  natural 
to  detach these features from  the ed itoria l database and store them  a lon g  w ith  
the citations. T h is  w ould  leave the c ita tion  co llection  in tact and still allow  us 
to  progress w ith  the ed itoria l process. In this way, the form al analysis w ou ld  be  
taken care of.

In this m anner the cita tion  co llection , thus augm ented , cou ld  be  input d i­
rectly  to  a  sort routine sim ilar to  that illustrated earlier for  A dvan ced  R evelation .
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Figure 7: O u r present ideas o f  how the  lexicographic database can be im plem ented under 
U nix in the  future

F rom  this p o in t on , we need to  rely on  a  specifica lly  m ade ed itoria l program  or 
a  co llection  o f  program s for  further analysis. Such a  co llection  o f  program  needs 
to  be  ab le  to  handle th e  fo llow ing:

• It m ust keep a  jou rn a l o f  the ed itoria l process.

• A s the c ita tion  co llection  grow s, there m ust be  som e m echanism  for noti­
fy ing  the ed itor  that further cita tion s have been added  to  the collection . 
T h ese  need to  b e  in corp ora ted  in to the ed itoria l database.

• T h e  gen eration  o f  m anuscripts should  be  au tom ated .

W ork  on  the im plem ention  o f  such a  p rocedu re  has ju st been started under
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U nix so it is not possib le  for  us to  e labora te  in deta il as to  how  the program s 
will be  im plem ented, bu t figure 7 show s ou r present ideas.
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Lemmatising the Definitions 
of Svensk Ordbok by Morphological 

and Syntactic Analysis.
A Pilot Study

Lemmatizing Dictionary Definitions

A nna Sågvall Hein

Abstract
In this paper we piresent the results of a study of the definition vocabu­

lary o f Svensk ordbok. It is part of our on-going work on the generation of 
a machine-tractable dictionary from this dictionary, in specific, of making 
its definitions exploitable to a parser. Aiming, in particular, at the auto­
matic lemmatisation of the definition vocabulary, the study includes an 
automatic morphological analysis of a subset o f it, and an examination 
of its results. Two major issues were addressed, i.e. the coverage of the 
dictionary in relation to the definition vocabulary, eind the feasibility of 
homograph resolution by syntactic analysis.

1 Introduction
T h e  prim ary  lex ica l sou rce o f  the Swedish parser d eveloped  in the p ro ject A  
L ex icon -O rien ted  P a rser  f o r  Swedish, L PS , (Sågvall H ein 1987a), is Svensk Ord­
bok ‘ A  D iction a ry  o f  Sw edish ’ (1986 ). It com prises 58,536 head w ords, lem m as, 
representing 65 ,568 lexem es. T h e  lem m a  is defined as a  grou p  o f  w ord  form s 
belon g in g  to  the sam e w ord  class and the sam e in fiectional pattern  (A llén  1970; 
In trod u ction ). T h e  d istin ct senses that can  be  expressed b y  a  lem m a are referred 
to  as lexem es  (A llén  1981: 382).

S vensk Ordbok  is draw n from  a  lex ica l d a ta  base, developed  in the Lexical 
D ata  B ase, L D B , p ro je c t  (A llén  1976). T hu s, the lex ica l m aterial is not on ly  
m ach in e-readable , bu t a lso  system atica lly  organ ized  in a fiexible file handling 
system  (S jögreen  1988). T h e  database  was, how ever, prim arily  com piled  for hu­
m an use, thus presu pposin g  lingu istic backgrou nd  know ledge to  be  fu lly exploit­
ed . In o th er  w ords, it is n ot readily  m achine-tractable  in the sense o f  the word 
used b y  e.g . W ilk s (1988 ).

342
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T h e  basic sem antic in form ation  in Svensk Ordbok is p rov ided  b y  the defi­
n itions o f  the word sen ses, expressed in a  subset o f  Swedish. In ord er to  m ake 
this in form ation  useful to  the parser, we have to  m ake th e  im plied  lingu istic 
know ledge exp lic it, and  to  form alize it. A  step  tow ards this goa l is t o  parse the 
defin itions, m orph olog ica lly  and syntactica lly . H ere we w ill d iscuss the prob lem s 
in volved  in lem m atizing the (g rap h ic) w ords o f  the defin itions au tom atica lly . T h e  
p rocedu re  involves tw o basic steps, i.e. an au tom a tic  m orph olog ica l analysis, fo l­
low ed b y  a  hom ograph  resolu tion  process, op tion a lly  carried  ou t b y  au tom a tic  
syn tactic  analysis. In the carry in g  throu gh  o f  such a  schem e, aspects o f  the im ­
plied linguistic background k now ledge w ill b e  brou gh t up and con cretized . In 
specific, the follow ing questions are addressed:

• T o  w hat extent are the w ords o f  the defin itions exp lic itly  defined?

• T o  w hat extent are the hom ograph ies o f  the defin itions solvable  w ith in  the 
con texts in w hich  they  occu r?

T h e  results that we present are based  on  an au tom atic  m orp h olog ica l anal­
ysis o f  a  subset o f  the defin ition  vocabulary.^ F irst, how ever, w e give a  short 
description  o f  the defin itions and the underlying princip les beh in d  them .

2 The Definitions of Svensk Ordbok

In the sem antic m odel developed  in the L D B  p ro je c t  and  app lied  in S vensk Ord­
bok, every lexem e is supposed  to  have a well identifiable and  relatively  pregnant 
kernel m eaning, around w hich  a  num ber o f  su bord in ate , derived  me^lnings are 
grou ped  ( Jarborg  1988). T h e  kernel senses o f  th e  lexem es are described  by  m eans 
o f  a  definition , and, optionally , a  defin ition  com plem ent, w hereas fo r  the derived 
m eanings their relations to  the kernel m ean ing are sta ted . T h e  defin ition  “ is 
su b ject to  th e  restriction  that it should  b e  ca p a b le  o f  rep lacing  the lexem e in 
question (th e  defin iendum ) in all syn tactic  or  m orp h olog ica l con tex ts  (som etim es 
w ith the help  o f  som e natural tran sform ation ). G iven  this restriction , th e  defini­
tion  should  describe  the kernel sense in an an alytic way, i.e. w ith  each sem antic 
fa ctor  bein g  recogn ized  during the analysis b e in g  assigned a  separate w ord  or  
phrase in the defin ition . T h e  w ords o f  the defin ition  shou ld , as far as possib le, 
b e  m ore sem antically  central in the lex icon  than the defin iendum , as a  first step  
tow ards establish ing an inherent defining vocabu lary .” (J a rb org  ib id .: 144).

T h e  corpu s o f  the definitions (d isregarding defin ition  com plem en ts) com prises 
360,144 tokens and 43,184 in flectional types (d istin ct graph ic  w ord s). T h is  is the 
prim ary corpus  o f  ou r study. In the p ilot stu dy  rep orted  on  here, a  subset o f  
the prim ary corpu s has been  analysed com prisin g  the 2 ,500 first (in  a lph abetica l 
order) types, from  abborre ‘p erch ’ to  behovet ‘ the n eed ’ .

^By definition vocabulary, as opposed to defining vocabulary we simply understand the 
inventory of words actually used in the formulation of the definitions.
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3 The Morphological Analysis
A s a  result o f  ou r  previou s w ork  in the L P S  p ro je ct , we d ispose o f  a  m orph olog i­
ca l amalyser o f  Sw edish, com prisin g  a  stem  d iction ary  coverin g  the head w ords o f  
S vensk Ordbok, a lon g  w ith  a  corresp on d in g  in flectional gram m ar (Sågvall Hein 
1988; 1989). T h e  parsing engine o f  the L P S  parser is the Uppsala Chart P roces­
sor, U C P  (Sågvall H ein 1987b).

AGAT :
(* =  (WORD.CAT =  VERB 

LEM =  AGA.VB 
DIC.STEM = AGA 
INFL =  PATTERN.ÄLSKA 
TENSE = SUP))

(* =  (WORD.CAT = VERB 
LEM = AGA.VB 
DIC.STEM = AGA 
INFL = PATTERN.ÄLSKA 
PP = +
GENDER =  NEUTR 
ADJ.INF =  STRONG 
NUMB = SING))

(* = (WORD.CAT =  NOUN 
LEM =  AGAT.NN 
DIC.STEM = AGAT 
INFL =  PATTERN.FILM 
GENDER =  UTR 
FORM = INDEF 
NUMB = SING 
CASE =  BASIC))

Figure 1: A n  exam ple o f  m orphological analysis

T h e  m orp h olog ica l descrip tion s generated  b y  the L P S  parser are represented 
as D irected  A cy c lic  Graphs, D A G s  (see e.g . Sh ieber 1986). In form ation  on  word  
class, lem m a, in flection a l type, and d ictionary sterr?  is a  com pu lsory  part o f  
each  m orp h o log ica l descrip tion . For the rest, the in form ation  provided  differs 
w ith  the different w ord  classes. F or an illustration , we present an exam ple o f  
a  m orp h olog ica l descrip tion  generated  b y  the m orph olog ica l analyser (F ig . 1). 
T h e  w ord  agat (F ig . 1) has been  recogn ized  as a  supine o r  past pairticiple form  
o f  the verb  aga ‘ flo g ’ , in tern a l hom ography, o r  as the noun agat ‘aga te ’ , external 
hom ography. H ow ever, w ith  the a u tom atic  lem m atisation  as the prim ary goa l o f  
the current study, internal hom ograph ies w ill, for  the tim e being, be  disregarded. 
In  o th er  w ords, hom ography  in th e  fo llow in g  presentation  should  b e  understood  
as ex tern a l hom ography. L ikew ise, w hen we present d a ta  on  num ber o f  analyses 
be low  (T a b le  1 ), w e disregard  cases o f  internal hom ography.

A s  show n  in T ab le  1, a  single analysis was given in 73 percent o f  the cases, 
n o  analysis in 23 percent o f  the cases, and, finally, m ore  than on e analysis for a

^The information on dictionary stem is saved to be used as a tool in extreu:ting a subdic­
tionary for the syntactic analysis to follow; the information on inflectional type is included to 
provide a basis for subsequent statistical calculations.
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N um ber o f  
analyses

0
1
2
3
4

Absolute
frequency

572
1817

93
16

2

Relative
frequency

23
73

4
1
0

Total 2 ,5 0 0 100%

Table 1: N u m b er o f  analyses resulting from  th e  in flec tional m orphological analysis.

m inority  (5  percent) o f  th e  (graph ic) w ords. B elow  w e w ill exam ine the different 
cases, starting w ith analysis failure.

3.1 Lexical Gaps

T h e  analysis failures are due to  m issing stem s in  the d iction ary , exclu d in g  tw o 
cases o f  insufficient gram m ar coverage, and  on e case o f  an unforeseen use o f  
parentheses (T ab le  2).

Type

no stem ; com p ou n d  
no stem ; derivative 
n o  stem ; p roper noun 
gram m ar coverage 
orth ograph ic con vention

Absolute
frequency

452
80
36

2
2

Relative
frequency

79
14
6

< 1 
< 1

Total 5 7 2 100%

Table 2 : Types o f  analysis failure.

F ocusing for  a  m om ent on  the m issing stem s, we have to  sta te , that som e 23%  
o f  the w ords in the definitions are not them selves head w ords in the d iction ary , 
and, consequently, n ot exp licitly  defined. T h e y  are, basically, o f  tw o k inds, i.e. 
p roper n ouns  and  derived words (com p ou n d s  and derivatives). T h e  very  fact 
that there are derived  w ords m issing in the d iction a ry  should  not surprise us 
(even if the high num ber o f  them  d id ). A  “com p lete”  d iction a ry  is theoretica lly  
im possible, due to , am on g  oth er th ings, the rich poten tia l for  w ord  form ation , 
in specific, acciden tal com pou n d in g .

“ A v  sam m a skäl [utrym m e] ges inte den triv ia la  betydelsen  hos en rad sam ­
m ansättningar, avledningar och  partikelverb. D en n a  betydelse  täcks indirekt av 
ordboken  genom  beståndsdelarnas defin ition er.” ‘F or the sam e reason [space] the 
trivial m eaning o f  a  num ber o f  com p ou n d s, derivatives, and particle  verbs is not 
given. T h is m eaning is in d irectly  covered  by  the defin itions o f  the con stituen t 
parts.’ {S vensk  Ordbok 1986; P re fa ce ). W h a t can  b e  o b je c te d  to , how ever, is the
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use o f  such w ords in the defin itions. “ V idare  har en strävan varit att hålla an­
talet o rd  som  används i defin itionerna relativt litet o ch  a tt vä lja  så enkla ord  
som  om ständ igheterna  m edger.” ‘Further the aim  has been  to  keep the num ber 
o f  w ords used in  the defin itions relatively sm all and to  ch oose  as sim ple w ords as 
the circu m stances p erm it.’ ( ib id .) . H ere w e w on ’t d iscuss this issue further, but 
rather exam ine the derived  w ords used in the defin itions to  see i f  they  keep up 
w ith  the transparency claim , i.e. i f  their m eaning is derivable from  the definitions 
o f  their con stituen t parts by  m eans o f  a  set o f  general w ord  form ation  rules. T h e 
rules on  w hich  those derivations are based , are part o f  the background knowl­
ed ge  im plied  b y  the lex icographers, and  as such o f  prim ary interest to  us. T hus, 
i f  they  fullfil the tran sparen cy  cla im , they  shou ld  b e  form alized  and included in 
the w ord  form ation  com p on en t o f  the L P S  m ach ine d iction ary  as its first piece.

A  subset o f  the im p licitly  defined w ords o f  the definitions are included in the 
d iction a ry  as m orp h olog ica l exam ples. T h e  very  existence o f  the derived w ords is 
con firm ed  b y  the exam ples, bu t still, n oth in g  is said a b ou t their use and m eaning; 
th ey  are fou n d  to  b e  transparent. In all, there are 3 ,934 m orp h olog ica l exam ples. 
O n ce  the w ord  form ation  rules beh ind  the derived w ords o f  the definitions have 
been  form ulated , the to ta l o f  the m orp h olog ica l exam ples m ight be  used as a 
test corpu s fo r  the resu lting w ord  form ation  com pon en t.

T h e  m issing p rop er  n oun s  m ake up  a  m uch sm aller num ber (36 ) than the 
derived  w ords (5 3 2 ). T h irty -th ree  o f  them  nam e geographica l units, and the 
rem aining nam e persons. A s lon g  as the w ords that they define are included in 
th e  d iction ary , w e see n o  o th er  solu tion  than to  enter them  as head w ords and 
thus define them . A  frequent typ e  is m ade up o f  cou n try  nam es (e .g . A lgeriet 
‘ A lgeria ’ ) used in the defin itions o f  p eop le  from  those countries (e .g . algerier  
‘ A lgerian ’ : p erson  frå n  A lg er ie t  ‘person  from  A lgeria ’ ).

T w o  w ords w ere n ot analysed due to  lim itations in the in flectional gram m ar. 
T h e y  represent a  ty p e  that ca n  b e  illustrated  by  the graph ic w ord  ansikts- ‘fa ce ’ 
in coord in a ted  com p ou n d s  such as ansikts- och hårvård  ‘ face  and hair care ’ . T h e 
ph enom enon  is regular and  has to  b e  taken care o f  partly  by  the m orph olog i­
ca l, partly  b y  the syn tactic  gram m ar. In the first instance, the L PS inflectional 
gram m ar w ill b e  a ccord in g ly  exten ded .

Short for  befordrats ‘ (has been ) sen t’ o r  befordras ‘ is (be in g ) sent’ we find 
beford ra (t)s  am on g  the defin ition  w ords. T h is  abbrev iated  form  o f  expressing 
alternatives was not foreseen  b y  the L P S  in flectional gram m ar. N or w ill it be, 
bu t th e  short form s o f  this kind w ill b e  spelled  out.

3.1.1 Compounds and Derivatives

T o  keep up w ith  the transparency claim , the w ord  form ation  com peten ce  on  
w hich  th e  u nderstanding o f  (som e parts o f )  the defin itions is based, should be 
m ore  stereotyp ica l than w hat is generally  the case. Further, we m ust require 
that the con stitu en t words are th em selves defined, and, that th ey  cire n ot h om o­
graphic o r  polysem ou s. W e  begin  ou r  exam ination  w ith  the m ost dom inant w ord
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T y p e E x a m p le A b s o lu te
fr e q u e n c y

R e la t iv e
fr e q u e n c y

N -N aktieägare ‘s tock h old er ’ 376 83
N -A P abborrliknande ‘ resem bling a  p erch ’ 22 5
N -P P arvsberättigad  ‘entitled  to  an in h eritance ’ 11 2
N -A alkoholfri ‘n on -a lk oh olic ’ 18 4
A b -N bakåtspark ‘kick backw ards’ 8 2
A -N allm ängiltighet ‘universal ap p lica b ility ’ 4 <  1
A b -A b akterifrån  ‘from  the stern ’ 4 <  1
A b -A P baJtomliggande ‘ ly ing b eh in d ’ 3 <  1
A b -P P bakåtriktad  ‘ poin ting back w ards’ 3 <  1
A b -A antidem okratisk  ‘a n tid em ocra tic ’ 2 <  1
A -A allm änkulturella  ‘general cu ltu ra l’ 1 <  1
T o t a l 4 5 2 1 0 0 %

Table 3: Types o f compounds.

form ation  typ e , i.e. the com pounds. In T ab le  3  w e present the d istribu tion  o f  the 
com pou n ds b y  syn tactic  types.®

A m on g  the 11 com p ou n d  types that were fou n d , the qu ite  dom in atin g  on e  is 
the N -N ty p e  m aking up som e 83 percent o f  the tota l num ber o f  com p ou n d s . T h e  
dom inance o f  this typ e  is in a ccord a n ce  w ith  ou r  intu ition  and  w ith  o th er studies 
o f  m odern  Swedish (see e .g . B låberg  1988). O u r figure is, how ever, con siderab ly  
higher than that presented b y  B låberg  (6 8 % ). His figures are baaed on  an inves­
tigation  o f  a  corpus o f  3 ,971 com p ou n d s, identified  in n ew spaper tex t from  1985. 
O ur higher p rop ortion  o f  N -N  com pounds  seem s to  su pport the transparency 
claim , in d icatin g  a  restricted  use o f  the variation  offered  b y  th e  w ord  form a­
tion  poten tia l. A dd ition a l su pport is g iven b y  the param eter n um ber o f  d ifferent 
types, w h ose  value is m uch low er in ou r  m aterial than  in th at o f  B lå b erg , i.e. 
nine^ versus 22. O u r types con stitu te  a  subset o f  the set identified  b y  B lå b erg , in­
cluding, in add ition : V -N , V -A , A -V , A b -V , N u m era l-V , N um eral-N , N u m era l-A , 
N um eral-N um eral, N -P roprium , A -P rop riu m , P rop riu m -N , P ro p r iu m -V , P ro p - 
rium -P roprium . It rem ains to  b e  seen th ou gh , how  stable  ou r  figures rem ain 
through  ou t the m aterial. W e d o n ’t, how ever, ex p ect to  find such a  rich variar 
tion  o f  types in volv in g  p roper nouns as d oes B lå b erg , p rop er nouns in general, 
being ou tside the sco p e  o f  Svensk Ordbok.

A m on g  the 376 N -N  com p ou n d s, there are in all 154 different first con stit­
uents (sim plex  or  derived ). T h e  m a jority  o f  them  (146 ) are exp lic itly  defined, 
seven o f  them  im plicitly , and  on e o f  them  {A 4  in the com p ou n d  A 4 -fo rm a t  not 
at a ll). A m on g  th ose  that are on ly  im p licitly  defined, there is a  dom in atin g  
type, i.e. process nouns derived from  verbs b y  m eans o f  the - (n )in g  suffix, such 
as avfym ings- ‘ firing ’ (c f. avfym ingsm ekanism  ‘ firing m echan ism ’ ) o f  the verb

^AP is short for active present participle, and PP for passive past participle.
*This is the figure we arrive at if we adapt to Blaberg, who includes the active and the 

passive participles in the verb group.
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avfyra  ‘ fire ’ . It a ccou n ts for  five o f  the seven cases. O ne o f  the rem aining cases is 
in  itse lf an N -N  co m p o u n d , i.e. bastuba ‘bass tu b a ’ (cf. bastubeinstrum ent ‘bass 
tu b a  in stru m en t’ ). T h e  o th er  on e  is an A -N  com p ou n d , i.e. andraklass ‘ second 
c lass ’ as in andraklassutrym m e ‘ secon d  class area ’ . W h en  on e o f  the nouns o f  an 
N -N  com p ou n d  is in itse lf on ly  im p licitly  defined, the derivation  o f  the definition 
w ord  has to  p roceed  in tw o steps. W e th ink  that such a  situation  should be  
avoided , <ind the tw o con stituen ts o f  a  com p ou n d  used in a  defin ition  b o th  be  
explicitly  defined.

A n oth er  p rob lem  w ith  the derivation  o f  m eaning from  the N -N  com pou n ds 
o f  the defin itions con cern s h om ograph y  and polysem y. A m on g  the first constitu ­
ents o f  the N -N  com p ou n d s  w e fou n d  fou r cases o f  hom ography, i.e. akter, arm, 
babords, and back. A k ter , babord, and  back are all nouns or  adverbs, and arm  is 
a  noun  or an ad jective . F or in stance, akter  is a  noun ‘stern ’ or  an adverb  ‘a ft ’ , 
and  back, a  n oun  ‘back , reverse ’ o r  an adverb  ‘ b ack ’ . T h e  w ord  akter  occu rs in 
akterdäck, akterm ast, and  aktervägg, and  in d ecid ing  w hether the noun or  the 
ad verb  in terpretation  o f  akter  was the intended one, we were guided b y  the m or­
p h olog ica l exam p le  akterdäck  presented under the (n ou n ) head w ord  akter. B y  
analogy, we ch ose  th e  noun  in terpretation  in the oth er tw o cases, too . A s regards 
back it o ccu rs  in backverkan  ‘ reverse e ffect ’ and in backåkning ‘dow nhill g o in g ’ . 
N o  m orp h olog ica l exam ples are given , but intu itively  back in backverkan  should 
b e  u n d erstood  as an adverb  instead o f  as a  noun. T h is  intu ition  is confirm ed 
b y  its co n te x t vända m ed  u tnyttjande av backverkan  ‘ turn  using reverse efi^ect’ . 
T h e  con tex t o f  backåkning, i.e. (typ  av) kälke f ö r  backåkning ‘k ind o f  sledge for 
dow n h ill g o in g ’ con firm s th e  inutition  that back here is an occu rren ce  o f  backe 
‘ h ill’ rather than  o f  back. In a dd ition  to  th e  fou r cases o f  h om ograph y  m entioned 
a b ove , there are 36 cases (9 % ) o f  po lysem y con cern in g  the first constituents o f  
ou r  N -N  m aterial. W ith o u t scrutin izing the in d iv idual cases further, we con lude 
that the derivation  o f  m ean ing from  the con stituen t parts o f  a  com p ou n d  in 
the defin ition  has to  b e  based  on  the identification  o f  their definitions. W hen  
h om ograp h y  is in volved , a  ch o ice  has to  b e  m ade. O n ly  w hen a  m orph olog ica l 
exam ple  is there to  facilita te  th e  ch o ice  can  we m aintain  the transparency claim . 
T h e  co m p o u n d  w ords w ith  an am biguou s first o r  secon d  com pon en t will all have 
to  b e  exp lic itly  defined in o u r  m ach ine d ictionary.

In a dd ition  to  the 376 N -N  com p ou n d s  there are 76 com p ou n d s o f  different 
syn ta ctic  stru ctu re (T a b le  3 ). T h e y  w ill all be  exam ined  w ith  regard to  explicit 
defin ition  and  h om ogra p h y  o f  con stituen t parts.

T h e  to ta l n um ber o f  derivatives (n ot exp lic itly  defined) that were identified 
is 80, w h ich  m eans that their share o f  th e  to ta l num ber o f  im plicitly  defined 
w ords is on ly  rou gh ly  15 percen t as com p ared  to  85 percent for  the com pou n ds. 
In  T ab le  4 w e present the d istribu tion  o f  th e  derivatives by  different types.

T h e  to ta l n um ber o f  derivatives g iven in T ab le  4 (9 0 ), is higher than that 
presented in T ab le  3 (8 0 ), for  the fo llow in g  reason. T h e  figures in T able  3, are 
based  on  a  ‘ to p -le v e l’ classification  o f  the w ords. In o th er w ords, a  w ord  such as 
bakningsredskap  ‘ bak ing  t o o l ’ is classified as a com p ou n d  on ly, d isregarding the 
fa ct th at its first con stitu en t is a  derivative n ot exp lic itly  defined. H ow ever, the 
figures presented in T ab le  4, in clude a lso  such indirect derivation , and, in som e
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T y p e E x a m p le A b s o lu te
fr e q u e n c y

R e la t iv e
fr e q u e n c y

N  { - (n ) in g } annonsering  ‘advertis in g ’ 44 49
N  { -h e t } aktsam het ‘ carefu lness’ 9 10
N  { - T i d e } anskaffandet ‘a cqu irem en t’ 7 8
A  {-6 a r } avgränsbar ‘d e lim itab le ’ 3 3
A  {-oris fc} artikulatorisk  ‘a r ticu la tory ’ 1 1
P re f-V avstämpla  ‘ s ta m p ’ 6 7
V  P article hugga av ‘ cu t o f f ’ 20 22
T o t a l 9 0 1 0 0 %

Table 4: Types o f  derivatives incl. partic le  verbs.

cases, a  w ord  contributes to  m ore  than  on e  o f  the derivation  types. F or instance 
a  w ord such as avfjållning w hich  has to  b e  derived  in tw o steps, i.e. fjä lla  ‘p ee l’ 
(exp lic it ly  defined ), fiälla av ‘peel o f f ’ , and  the p rocess avfjållning  is cou n ted  as 
an instance o f  b o th  the V  P article  and the N  { - (n ) in g }  typ e . Cases o f  tw o-step  
derivation , th ou gh , are rare.

T h e  d om in atin g  type (4 9 % ) is that o f  the verbal nouns, form ed  b y  m eans o f  
the -(n )in g  suffix. Its 44 m em bers (in flectional form s) are derived  from  42 differ­
ent verbs. 32 o f  these verbs are exp lic itly  defined, w hereas 10 on ly  im p licitly  so. 
Further, six  o f  the 32 exp licitly  defined verbs are polysem ou s, and , consequenlty, 
the nouns derived  from  them  n ot uniquely defined. T h e  ten  im p licitly  defined 
verbs, are e ither particle  verbs form ed  by  m eans o f  the particle  av, o r  prefixed 
verbs form ed  b y  m eans o f  the prefix  av. Intuitively, w e iden tify  them  as derived 
from  the p article  verbs e.g. klippa av. H ow ever, form ally  th ey  m ight as well be 
derived from  the corresponding  prefixed verbs e.g . avklippa. T h e  sam e kind o f  
am biguity  is a  prob lem  in the identification  o f  the verbs o f  prefixed  past partici­
ples, e.g . avhuggen. It m ight be  derived  from  avhugga as well as from  hugga av. 
A s regards th e  sem antic d istin ction  betw een  the prefixed verb  and  th e  particle  
verb, the m eaning o f  the prefixed verb  seem s to  b e  m ore  abstract than  that o f  
the particle  verb  (see further H ellberg 1976; E jerhed  1979). I f  w e a llow  the use 
o f  im plicitly  defined particle verbs or  prefixed verbs as a  basis o f  verba l nouns 
o f  the (n )in g  typ e , a  system atic am bigu ity  will b e  created . It shou ld  b e  avoided , 
as should  also th e  use o f  prefixed past particip les in the defin itions, inherently 
am biguous as th ey  are.

C oncern in g  th e  rem aining derivative types, their representatives w ill b e  ex ­
am ined fo r  hom ograph ies and im p licitly  defined types in  the sam e m anner as the 
verbal nouns. In d iscussing the derivatives and  their aptness for  b e in g  handled 
by the w ord  form ation  com pon en t rather than  b ein g  registered as lex ica l units, 
the p rod u ctiv ity  o f  the affixes is an add ition a l param eter to  b e  con sidered . A n  
exam ple o f  a  sufiSx sequence w ith  low  p rod u ctiv ity  is -o r -isk  w ith  an absolu te 
(lex ica l) firequency o f  on e  (artiku latorisk  ‘a rticu la tory ’ ) in ou r  m aterial and  o f  
tw o in the N F O  m aterial (A llén  et al. 1980).
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F inally, derived  w ords, w hich  can  b e  segm ented in m ore  than on e way should 
b e  avoided . A n  exam ple  o f  such an instance in ou r m aterial is aUiansfri-het 
‘ n on -a lign m en t’ o r  allians-jrihet.

3.2 Homography

In the a u tom a tic  lem m atization  process, th e  m orph olog ica l analysis has to  be 
fo llow ed  b y  a  h om ograph  resolu tion  procedu re . T h e  need for such a  procedure 
in ou r m aterial is ev ident & om  the figures on  alternative emalyses presented in 
T ab le  1. R ou g h ly  five percen t o f  the defin ition  w ords are hom ograph ic. H ere we 
will g ive a  presentation  o f  the different k inds o f  hom ograph ies that we found, 
and  d iscuss the possib ility  o f  so lv in g  them  by  m eans o f  syn tactic analysis.

T ype Absolute Relative
frequency frequency

A /V 29 30
N /V 25 26
A /N 13 14
N 1 /N 2 10 10
V 1 /V 2 5 5
A /A b 3 3
A b /P p 3 3
N /A b 2 2
N /P n 2 2
N /I 1 <  1
V / I 1 <  1
V /P p 1 <  1
C /I m 1 <  1

T o t a l 96 100%

Table 5: Types o f  hom ographies.

In T ab le  5 w e present a w ord  class based overv iew  o f  the different kinds o f  
h om ograph ies resu lting from  the m orp h olog ica l analysis. F irst we state, that in 
rou gh ly  85 percent o f  th e  cases, th e  h om ograp h  com p on en ts  be lon g  to  different 
w ord  classes, w hereas 15 percen t con cern  h om ograp h y  within  on e w ord  class (the 
nouns o r  th e  verbs). T h e  p recon d ition s for  so lv in g  the hom ograph ies b y  syn tactic 
m eans, shou ld , o f  cou rse, b e  b etter  w ith in  the first ca teg ory  than  w ithin  the 
secon d  on e , w here we m ay co m e  close  to  pu rely  lex ica l d isam biguation . H ow ever, 
fo r  an evaluation  o f  this general assum ption , we need to  know  m ore  a b ou t the 
actu a l form s that co in cide , and  present such d ata  for  the m a jor  types in Tables 
6 to  10.

T h e  overw h elm in g num ber o f  cases o f  A / V  h om ograp h y  (9 0 % ) are due to  
co in cid en ce  betw een  the a d jective  and  a particip ia l form  o f  the verb. T h e  dif­
feren tia tion  betw een  them  is n otoriou sly  d ifficu lt, to  a  great extent due to  their 
p artly  overlapp in g  d istribu tion . H ow ever, on e o f  the principles that was adhered
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A /V
T y p e E x a m p le  N u m b e r  o f

m e m b e rs
1. A /V (p p ) ansedd  ‘ re sp e cte d /co n s id e re d ’ 9
2. A (w e a k ) /V (p p /s u p ) ansedda  ‘ re sp e cte d /co n s id e re d ’ 3
3. A (n e u t r ) /V (p p /s u p ) avancerat ‘ad van ced ’ 6
4. A (w e a k ) /V (p p /p r e t ) ) allierade ‘a llied ’ 6
5. A /V (a p ) anslående  ‘ im p ressive /im pressin g ’ 2
6. A (w e a k ) /V ( in f ) anrika  ‘h ig h -b o rn /co n ce n tra te ’ 3

T o t a l 2 9

Table 6: Types o f  A/V homographies.

to  in the form ulation  o f  the defin itions, i.e. the rep lacem en t restr ic tion  (see 2 ) , 
m akes the task m ore realistic than w ou ld  b e  the case w ith  unrestricted  text.

T h e  nine m em bers o f  the first ty p e  o f  T ab le  6 are in the basic form , and  thus 
m ay occu p y  b o th  an attribu tive  and a pred icative  position . In all, th ey  o ccu r  73 
tim es, and in 67 o f  these cases the ad jectiva l in terpretation  sh ou ld  b e  preferred. 
O ur ch oice  was based on  the fo llow in g  heuristics:

1. I f  the current w ord  is in the a ttribu tive  p osition , and  n ot negated  by  an 
adverb , ch oose  the ad jective.

2. I f  the current w ord  is the head o f  the defin ition  o f  an a d jective , an d  not 
negated by  an adverb, ch oose  the ad jective.

3. I f  the current w ord  is nom inalized , ch oose  the ad jective.

4. I f  the current w ord  occu rs in the con tex t egenskapen att vara . . .  th e  p rop ­
erty  o f  bein g  ch oose  the ad jective.

5. Else, ch oose  the particip le.

E xam ples:

1. [nn absess]: begränsad ansam ling var  ‘ lim ited  am ount o f  p u s ’

2. [av krystad]: påfallande ansträngd och  onaturlig  ‘ strik ingly  forced  and  un­
natural’

3. [nn arv Ij: övergång av egendom  av (v isst) värde frå n  avliden till efterlevan ­
de ‘ transition  o f  p rop erty  o f  (certa in ) value from  deceased  to  su rv iv in g ’

4. [nn b e g å v n in g /lj :  egenskapen att vara begåvd ‘ the p rop erty  o f  be in g  ta l­
ented ’

5. [vb gälla  1 /3 ] : vara ansedd (so m )  ‘b e  con sidered  (a s ) ’ ,
[nn brick a /1 ]: bärbar skiva begränsad av låg kant ‘p orta b le  p la te  surround­
ed b y  a  low  ed ge ’ .
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[av o a v g jo rd /1 ]: in te avgjord till någons förd el ‘n ot decided  to  anyone’s 
advan tage ’ ,
[nn ödesbygdsväg]: väg g en om  e j bebodda trakter  ‘ road through not inhab­
ited  reg ion s ’ .

T h e  heuristic rule 2 is based on  the replacem ent restriction ; on ly  if  the defi­
n ition  belon gs to  the sam e syn tactic  ca tegory  as the definiendum  is it capab le  o f  
su bstitu tin g  it. Further w e require sam e syn ta ctic  ca tegory  to  m ean sam e word  
class, (o r  sam e w ord  class w ith  respect to  the head w ord  o f  the defin ition ). If, 
how ever, the h om ograph  is preceded  by  a  negating adverb , being a  stron g  verb 
signal, the p artic ip le  in terpretation  is chosen.

C on cern in g  T y p e  2 (in  T ab le  6 ) we have the sam e situation  as w ith  T y p e  1 
w ith  an add ition a l supine form  alternative. T h e  supine form  has a  qu ite different 
d istribu tion  as com p ared  to  the a d jective  and the particip le, and thus is easily 
d istinguished  in the syn tactic  analysis. (N o  supine form s, how ever, were found 
am on g  the 31 occu rren ces o f  this ty p e ). In distinguish ing betw een the adjectival 
and  the particip ia l form s, the heuristics listed a b ove  shou ld  be  applied. It should 
a lso  w ork  ou t fo r  T y p e  3, 4, and  5. T h e  fin ite (past tense) form  o f  T y p e  4 should 
b e  easily  identified  in the syn tactic  analysis. F inally, T y p e  6 should  cause no 
p rob lem .

A /N
T ype Example Num ber o f

members
1. A /N  alternativ  ‘a lternative ’ 8
2. A (n e u t r ) /N  basalt ‘b a sa l/b a sa lt ’ 1
3. A (w e a k )/N  am erikanska  ‘A m erican  (w om a n )’ 4

Total 13

Table 7: Types o f  A / N  hom ographies.

T h e  d om in atin g  ty p e  o f  the a d je c t iv e /n o u n  h om ograph y  is that betw een 
their basic form s (T y p e  1 in  T ab le  7). A m o n g  the 70 occu rren ces o f  this type, 
46  are ad jectives, and , on ly  24 nouns. In the attribu tive  position , there are 
h ard ly  any prob lem s in recog nizing  the ad jectives on  a  purely  syn tactic basis. 
M ak in g  the h om ograph  resolu tion  th ou gh  in the position  after the finite verb 
requires a d d ition a l know ledge. T h is  is the case, for  instance, for  a  w ord  such 
as bankrutt ‘ b a n k ru p cy ’ in the defin ition  göra bankrutt ‘b ecom e  ban k rupt’ [vb 
bankruttera]. F urther, T y p e  2 (T a b le  7) is an exam ple o f  a  causal coin ciden ce 
betw een  a  neuter ad jectiva l form  and a  noun . M ore  system atic, however, is the 
h om ograp h y  betw een  the w eakly in flected  a d jective  and  the noun in T y p e  3. 
T h e  rules fo r  n om in alizin g  the ad jectives m ust be  very  restricted  in the analysis 
gram m ar, i f  w e are to  solve these hom ograph ies syntactically , the reason being 
that the w eak ly  in flected  ad jectives due to  their inherent definitenesse constitute 
a  p rod u ctiv e  basis for  n om inalization .
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N /V
T y p e E xam ple N u m ber o f  

m em bers
1. N /V aga ‘flog(ging)’ 6
2. N /V(im p) begär ‘desire/require’ 3
3. N /V(ap) anseende ‘reputation/considering’ 4
4. N /V (sup/Pp) agat ‘agate/flogged’ 2
5. N /V(pret) bad ‘bath/asked’ 3
6. N (+gen)/V (sup pass) ansats ‘approach(+gen)/(been) cultivated’ 1
7. N(gen)/V(pres pass) begärs ‘desire(gen)/(is) required’ 1
8. N(gen)/V(pret pass) bars ‘baj(gen)/(was) carried’ 1
9. N(gen)/V(dep) andas *spirit(gen)/breathe’ 1
10. N(pl)/V(pres) bakar ‘backs/bake(s)’ 7

Total 29

Table 8: Types o f  N / V  hom ographies.

In T able  8 we present the n o u n /v e rb  h om ograph ies. A ll the different types 
seem  to  b e  solvable in their loca l con tex ts  in com bin ation  w ith  the syn tactic  
pred iction  m ade b y  the w ord  class m arker o f  the deiin iendum , the su bstitu tion  
criterion .

N1/N2
Type E xam ple N u m ber o f  

m em bers
1. N l(u tr )/N 2 (n e u tr ) as ‘a s /ca rca ss ’ 5
2. N l (p l ) /N 2 (p l ) backar ‘b a ck s /h ills ’ 2
3. N 1 /N 2 bar ‘ b a r l /b a r 2 ’ 1
4. N l (d e f  s g ) /N 2 (d e f  sg) anden  ‘ the w ild  d u ck /th e  sp irit ’ 1
5. N l /N 2 (p l ) basar ‘b a za a r /b a ss  v o ice s ’ 2
6. N l /N 2 (d e f ) banan ‘b å n a n a /th e  p a th ’ 1
7. N l /N 2 (g e n ) askes ‘a scetis ism /ash  w o o d (g e n ) ’ 1
8. N l( in d e f  g e n )/N 2 (d e f  gen) banans ‘b a n a n a (g e n )/th e  p a th (g e n )’ 1
9. N l(g e n )/N 2 (g e n ) bars ‘ b a r l(g e n ) /b a x 2 (g e n ) ’ 1

Total 15

Table 9: Types o f  N 1 /N 2  hom ographies.

In T able  9 and  T ab le  10 we present the inherently m ost d ifficult h om ograp h y  
cases, i.e. those in w hich  the h om ograph  com p on en ts  be lon g  to  the sam e w ord  
class, the noun class in T able  9 and  the verb  class in T ab le  10. A m o n g  the nouns 
there are fou r types (2 , 3 ,4 ,  and 9 ) w ith  n o  form al criteria  t o  d istinguish  betw een 
them . C onsequently, in these cases the h om ograph  resolu tion  am ounts to  purely  
lexical d isam biguation , and the h om ograph y  w ill b e  indifferent to  the syn tactic  
analysis. In T y p e  1 the hom ograph  com pon en ts differ w ith  regard to  gender only.
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Its five m em bers have, in all, 35 occu rren ces, bu t on ly  in 9 o f  these cases is gender 
decisive fo r  the ch oice . In T y p e  5, num ber is the distinguishing feature. It has 
tw o m em bers w ith  10 occu rren ces. T h ree  o f  these cases can be  readily solved by 
syn ta ctic  m eans. T h ree  o f  them  can  b e  solved , i f  num ber agreem ent is considered 
to  b e  a p recon d ition  for  coord in a tin g  nouns. For instance, hög överbyggnad i fö r  
e ller  ak ter  på  m edeltida fa rtyg  [nn k astell/2 ] ‘ h igh superstructure at the prow  or 
at the stern  o f  m edieval vessels’ . T w o  cases, finally, czm b e  solved i f  phraseology 
is taken in to  a ccou n t, e .g . akter  ut ‘a stern ’ . In T y p e  6 and T y p e  8 definiteness 
is the distinguish ing feature. It readily  solves on e o f  the three cases, i.e. våg 
(till n g t) som  e j fö l je r  den naturliga banan  ‘ road  (t o  som ething) w hich  d oesn ’t 
fo llow  the natural p a th ’ [nn bakväg]. A s regards definiteness in the head w ord 
o f  p reposition a l phrases (th e  rem aining tw o cases), the individual prepositions 
m ake their ow n  dem ands, and  the situation  is m ore com plica ted . Finally, in 
T y p e  7, the h om ograph  com p on en ts  difier w ith  regard to  case. It solves the 
h om ograph y, i f  the gram m ar d o e sn ’ t adm it e lliptic N P  heads.

V1/V2
T ype

1. V 1 /V 2
2. V l (+ p r e s ) /V 2 ( + p r e s )
3. V l (p p /p r e t ) /V 2 (p r e t )

Example Num ber o f  
members

avsluta  ‘fin ish /co n c lu d e ’ 2
avslutas ‘ f in ish (p a ss )/con c lu d e (p a ss )’ 2 
avlade ‘b e g e tte d /la y e d  aside ’ 1

Total

Tsbie 10: Types o f  V 1 /V 2  hom ographies.

In T ab le  10 w e present three types o f  verb  h om ograph ies. T h e  first tw o have 
n o  distinguish ing form al feature, and  thus can n ot b e  solved  by  syn tactic m eans. 
In the th ird  typ e , how ever, there is a  con tex t in w hich  they  differ, i.e. in past 
particip le  con stru ction s. In ou r  m aterial, this d istin ction  d oesn ’ t em erge, and 
the h om ograp h y  c^lnnot b e  solved  syntactically .

Exam ple Num ber o f  
members

T ype

N 1/N 2/V  backar ‘backs/hills/back(s)’ 5
A /N /V (a p ) avgörande ‘decisive/declsion/deciding’ 4
A /A b /P p  bakom ‘stupid/at the back/behind’ 1
A /A b /C  bara ‘bare/only/(as) long as’ 1
N l/N 2 /A b  akter ‘stern/acts/aft’ 1
N /A b /P n  allt ‘ (the) universe/gradually/everything’ 1
A /N /A b  akut ‘acute/casualty department/urgently’ 1
V /N l/P n  andra‘state/second/other’ 1
N1/N2/N3 bas ‘bass voice/base/thrashing’ 1
Total 16

Table 11: Three hom ograph com ponents
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Type

N l/N 2 /A b /P p
N 1/N 2 /A /V

Example N um ber o f  
members

bak ‘behind/baking/at the beick/behind’ 1
bar ‘bar/bar/bare/carried’ 1

T oted

Table 12: Four hom ograph com ponents.

In th ose  cases w here three o r  fou r analyses w ere generated  (cf. T ab le  1) co m ­
b inations o f  the hom ograph y types presented a b ove  (cf. T ab le  5 ) were involved . 
T h e  actu al com binations are presented in  T ab le  11, and T ab le  12.

4 Conclusions
In this paper we have presented the results that we ach ieved  in a  p ilot stu dy  o f  
the definition  vocabu lary  o f  Svensk ordhok. It is part o f  ou r o n -g o in g  w ork  on  
the generation  o f  a  m ach in e-tractab le  d iction ary  from  the lex ica l database  from  
which the d iction ary  was draw n, in specific, o f  m aking its defin itions exp lo ita b le  
to  the L PS parser. P arsing them  is a  step  tow ards this goa l. T h e  present study, 
aim ing in particular at the a u tom atic  lem m atisation  o f  the defin ition  vocabu lary , 
has included  an au tom atic m orph olog ica l (in flectiona l) analysis o f  a  subset (2 ,500  
graphic w ords) o f  it, and a, largely m anual, analysis o f  the results. T w o  m a jor  
issues were treated, i.e. the coverage o f  the d iction a ry  in relation  to  the defin ition  
voaculary, and  the feasibility  o f  h om ograph  resolu tion  b y  syn tactic  analysis in 
the loca l (defin ition ) contexts.

T h e  m orph olog ica l analysis was carried  ou t b y  m eans o f  the L P S  m orp h o ­
log ica l analyser, d isposing o f  a  stem  d iction ary  coverin g  the head w ords o f  the 
d ictionary. A s  a  result o f  this analysis, we fou n d  th at, roughly, 23 percent o f  the 
defin ition  w ords were not exp lic itly  defined. T h e  lex ica l gaps w ere m ain ly  due to  
the use o f  p rop er nouns (6 % ), and  derived  w ords (9 3 % ). A s regards the m issing 
proper nouns, th ey  will be registered in ou r  m achine d ictionary. T h e  dom in atin g  
type  o f  the derived  w ords are the com p ou n d s  (7 9 % ), w hile the derivatives (inch  
particle verbs and prefixed verbs) a ccou n t for  14 percent o f  the gaps. T h e  trans­
parency cla im  w ith  regard to  the im p licitly  defined w ords Ctinnot b e  m aintained 
w ithout certain  m odifica tion s o f  the defin ition  vocabu lary . T w o  m easures w ill be  
taken in the generation  o f  the m achine d iction ary . F irst, derived w ords in clud ing  
hom ograph ic o r  po lysem ous constituents w ill b e  exchanged  b y  exp lic itly  defined 
w ords, or  b y  derived w ords o f  unam biguous elem ents. Secondly , the use o f  dever­
bal nouns based on  im plicitly  defined particle  verbs or  prefixed verbs, im p ly in g  a  
system atic am biguity, will be  avoided , as w ill the use o f  prefixed past particip les, 
inherently am biguous as they  are. In general, derivations o f  m ore  than  on e  step  
will be  avoided. In o th er w ords, we require that the top level con stituen ts o f  a  
com p ou n d  or  a  derivative are them selves exp lic itly  defined. T h ese  m od ifica tion s, 
w hen applied  to  w hole definition  vocabu lary , will bring it on e  step  closer to  a 
defining  vocabulary.
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H om ograph y  turned ou t to  b e  a  sm aller p rob lem  than the lexical gaps. In 
all, external h om ograph s con stitu te  less than five percent o f  the lexical m aterial 
that was exam ined . D a ta  on  the d istribu tion  o f  different types o f  hom ographies 
are presented. W ith  a  m anual stu dy  o f  their con texts (defin itions) as a  basis, 
w e con clu d e , that they  can , to  a  large exten t, b e  resolved by  syn tactic m eans, 
p rov ided  that the syn tactic  p red iction  m ade by  the w ord  class m arker o f  the 
defin iendum  is taken in to  a ccou n t. T h is  in form ation  is o f  vital im portance. A  
heuristics for  d istinguish ing betw een ad jectives and particip les was proposed . It 
w ill b e  further evaluated in the cou rse o f  the p ro ject.
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Ivar Utne

What Should be Included in 
a Commercial Word Data Base, 

and Why?

T h e  original title , w hich  shou ld  be  considered  as synonym , was:

U ser con sid era tion s and m arket strategy as basis f o r  p ro ­
filing co n ten t in  com puta tiona l word bases, with special re ­
gard to the N orw egian  Term  B a n k ’s data base N O T  and a 
m ultilingual N orw egian  word list

Abstract
In the article I present definitions of the concepts quality and quality 

assurance, which are basis for proposing a general definition of quality of 
word bases. The quality of word bases is the specifications that customer 
and producer agree upon, and includes linguistic and other user relevant 
considerations. This is exemplified with the revision work of a term record 
format, and work with a word base of everyday language.

1 Introduction
In this paper I w ill p rop ose  gu idelines that cou ld  be  w orth  aim ing at in order to  
com p ile  w ord  bases that the users w ish, need, and  will pay for. T h e  presentation 
o f  th e  gu idelines w ill b e  based on  a  presentation  o f  the quality  assurance con cep t, 
w h ich  is b ecom in g  very  im p ortan t in the industry  and the service sector. T his 
w ill b e  exem plified  w ith  som e w ord  bases, i.e. com p u ter based w ord  lists and 
term in olog ica l d a ta  bases. I w ill em phasize that the presented p roposa ls are not 
a  com p le te  so lu tion , bu t I h op e  they  w ill present som e ideas for  further work.

T h e  ideas w ill b e  based on  experien ce  w ith  term in olog ica l d a ta  bases at the 
N orw egian  T erm  B ank  (N T , N orsk  term ban k ), and w ith  w ork on  w ord  lists 
based  on  everyday  language at the D epartm en t o f  Scandinavian Languages and 
L iterature (N ord isk  in stitu tt) in coop era tion  w ith  the N orw egian C om putin g  
C entre fo r  th e  H um anities (N A V F s edb-senter for  hum anistisk forskn ing). I have 
b e  w ork ing  in or  in c lose  con ta ct w ith  these institu tions for  som e years, and base
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the descriptions on  the current term  record  form at on  docu m en ts p rod u ced  b y  
personnel at N T . M u ch  o f  these activ ities, and especia lly  those o f  term in olog ica l 
w ork, have been  based solely  on  su p p ort from  the in du stry  and  users ou tside  the 
University.

N ote that the term  producer  in this presentation  alw ays w ill m ean producer  
o f  products and services, and the term  product w ill alw ays m ean product and  
service.

2 Word Base Quality —  Quality Assurance
In order to  design w ord  bases and  to  get language services con tracts  including 
com p ila tion  o f  lists as part o f  them , w e need to  have a  strategy  to  succeed  in 
the m arket.

T h e  m ain points for  such a  m arket strategy  cou ld  b e  described  as transfer o f  
p rod u cts  and services to  a  m arket w ith  regard to:

( a l )  Users’ wishes and  needs

(a2 ) Identification  o f  new  paying user grou ps and their wishes and needs

(a3) C om pare user wishes and needs w ith  the needs o f  the researchers to  gain 
coop era tion  a n d /o r  coord in a tion  in ord er t o  g ive m ore  resources to  research 
and to  im prove the p rod u ct

(a4) P rices, which will not be  further developed  here

A cco rd in g  to  this I will con cen tra te  on  the quality  o f  the p rod u cts , w hich  is 
the m ost im portan t prem ise on  an effective  m arket strategy.

Q uality  o f  p rod u cts  (and  services) is a ccord in g  to  the In ternational Stan­
dardization  O rgan ization  defined as:

T h e  to ta lity  o f  features and characteristics o f  a  p ro d u ct or  service 
that bear on  its ability  to  satisfy stated  o r  im plied  needs. (IS O  8402- 
1986:2)

M ore shortly  it cou ld  be  stated  as:

A ccord a n ce  w ith  w hat specifications the cu stom er and p rod u cer have 
agreed u pon .

A n oth er related con cep t is quality assurance (Q A ) . A cco rd in g  to  the sam e 
standard Q A  is defined as:

A ll those planned and system atic action s necessary to  p rov ide  ade­
qu ate con fiden ce that a  p rod u ct or  serv ice  w ill satisfy  g iven require­
m ents for quality. (IS O  8402-1986:4)
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W h ile  IS O  stresses the relation  betw een  p rodu cer and custom er, Norw egian 
P etro leu m  D irectora te  (O ljed irek tora tet) stresses saftey for personnel (and  soci­
e ty ) 2m d N orw egian  S ociety  for  Q u ality  (N F K , N orsk  F orening for K valitet) in 
som e p u b lica tion s a lso  expresses the im p ortan ce  o f  profit as result o f  effective 
p ro d u ctio n  routines.

N orw egian  P etro leu m  D irectora te  states aspects o f  Q A  in R egulations con­
cern in g  the lic en se e ’s in tern a l con trol in  petroleum  activities on  the Norw egian  
C on tin en ta l S h elf with com m en ts  (O ljed irek tora tet 1985a:3):

T h e  regu lations w ill b e  app licab le  to  w orker p rotection  and the w ork­
er environ m en t w ith in  the scop e  o f  the A ct con cern in g  w orker p ro­
tection  and  w orker en vironm ent (th e  W ork in g  E nvironm ent A c t ).

T h e  regu lations will a lso  be  app licab le  to  p rotection  against pollu ­
tion  in  p etro leu m  activ ities w ith in  the scop e  o f  the A ct concern ing 
p o llu tion  an d  refuse (th e  P ollu tion  A c t ).

T h e  Q A  requirem ents related to  w orker environm ent and pu b lic considera­
tions is n ot yet precisely  form ulated  in the legislation  and regulations. A n  instruc­
tive  presentation  o f  Q A  and w orker environm ent is H ellesøy 1988 (N orw egian 
te x t) .

N orw egian  S ocie ty  for  Q u ality  states their view s on  profit for instance in:

the title  o f  a  b ook le t ca lled  P rofit by quality (T h e  N orw egian original 
title  is: L øn n som h et ved kva litet), N F K  1987a.

the heading “ C orrect perform ed  quality  assurance increases the pro­
d u ctiv ity ” (T h e  N orw egian original text is: “ R ik tig  u tført kvalitets­
sikring øker p rodu ktiv iteten ” ) in another b ook le t (T h e  N orw egian 
orig ina l title  is K valitet o g  K valitetsstyring  w hich  m eans Q uality  ^lnd 
Q u ality  C on tro l, N F K  1987b).

T h is  m eans that Q A  im plies ex istence o f  system atica lly  con trolled  routines 
to  ensure that:

( b l )  F or the p rod u cer-cu stom er  relation : A  p rod u ct w ill be  com pleted  accord in g  
to  w hat is agreed beforeh an d , w hich  im plies routines to  secure that the 
ord er is unam biguous and that there exists routines during p rodu ction  to  
ensure that the p rod u ction  acts tow ards the agreed goal.

(b 2 ) F or the em p loyers: T h a t the p rod u cer has as effective  routines as possible, 
t o  ensure low  cost for  b o th  parts (em ployer).

(b 3 ) F or the em ployees: T h e  personnel im plied  w ork  takes p lace w ithout any 
lack  o f  sequrity  and  accord in g  to  w ork  environm ent requirem ents.

(b 4 ) F or th e  so c ie ty : T h ere  shall be  no con siderab le  risks for w orkers’ safety and 
p o llu tion , and the n ational (here: N orw egian ) language shall have prefer­
en ce  fo r  the sake o f  sa fety  (A  requirem ent stated  b y  N orw egian P etroleum  
D irectora te  in O ljed irek toratet 1985b:4  m ay possib ly  be  interpreted like 
th is.)
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In order to  app ly  this on  w ork w ith  w ord  bases we have to  d ecid e  w hat is 
central aspects o f  w ord  base quality  and how  cu stom er and  p rod u cer  can  agree 
on  w hat alternative espressions or  style and  oth er n on-lingu istic  specifica tions 
that are to  be  defined as goals.

T h e  specifications for w ord  base quality  shou ld  con sider at least language, 
user relevant in form ation  and user interface. T h e  con sideration  m ay in clude dif­
ferent values, e.g . that cu ltural con siderations and  rh ytm ic language m ay b e  o f  
low  or  n o  im portan ce; m ore in detail:

( c l )  G o o d  and com m un icative language

G o o d  sty le /p erform a n ce  (aesthetic and cu ltural con siderations w ith  possi­
b le consequences for  econ om ics)

-  R h ytm ic or  harm onius language

-  C ultural considerations, trad ition  o f  “g o o d ” w ritten  language

-  Subcultural considerations, e.g . firm  or o th er lo ca l standards

E ffective in form ation  transfer (e con om ic  and  adm inistrative con sidera­
tions) means:

-  R equirem ents for  the selection  and  form ation  o f  term s accord in g  to  
ISO  7 0 4 -1 9 8 7 (E ):1 2 -1 3  are that the term s shou ld  be:

* linguistically  correct
“ the term  should  con form  to  the norm s o f  language in 
qu estion ” (o p .c it .) , e .g . letters {k s  instead o f  x )  and in­
flection  paradigm s 

>t> accurate, o r  m otivated

“the term  should  reflect, as far as possib le , the ch arac­
teristics o f  the con cep t w hich  are g iven in the defin ition ” 
(o p .c it .) , e.g . m agn etic tape w hich  is defined as “ ccirrier o f  
a  m agnetic record in g , having the form  o f  a  ta p e” (based  
on  o p .c it .)

* concise
i.e. preciseness

* perm it, if  possib le, the form ation  o f  derivatives
“a lcoh ol —  a lcoh olic , a lcoh olism , a lcoh olize”  (o p .c it .)

* m onosem ous, i f  the term s are con sidered  for  stan dard ization
there shold be  on ly  on e stan dard ized  term  for  a  con cep t, 
and on ly  on e  con cep t for  on e term

-  N ative (e .g . N orw egian) versus foreign  (e .g . E nglish ) expressions

* a native expression  m ay b e  preferable becau se  o f  a ccu ra cy  and 
because it is linguistically  correct (in  the native language)

* a  foreign  expression  m ay b e  preferable in in tornational com m u ­
n ication , especia lly  for  abbreviation s, form ulas and  sym bols , but 
a lso for  su b jects  w ith  international trad ition s like chem istry
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-  “ noise free”  o r  neutraJ expressions

* n ot stigm atizin g  in the actual subcu lture
* related to  relevant tradition

(c2 ) U ser relevant in form ation

R eferen ce to  sta n d a rd /a u th or ity  d ocu m en ts /p u b lica tion s , i.e. con tro llin g / 
prescrip tive d ocu m en ts (p u b lica tion s from  language cou ncils  or  academ ies, 
standards)

N ew  use o f  sym bols  and  oth er expressions, w hich  usually are not included 
in d ictionaries

A dd ition a l consensus w ith  s u b je c t /u se r  defined groups

(c3 ) U ser in terfa ce  in  a  d a ta  base system

T ran sportab le  p rogram  and data , including co p y  protection  

Stratified  selection  o f  in form ation  related to  the purpose 

S im ple and log ica l user d ia logue

Frequent u pdate , especia lly  w hen language services interact in m ultipur­
p ose  p ro jects

F or the im plied  interest grou ps in  the co llection  o f  Q A  definitions listed above 
th is m eans for;

( d l )  C ustom ers:

T o  decide w hat w ill b e  the goals w e have to  clarify  and coord in ate  the 
needs and  wishes o f  the cu stom ers w ith  the w ord  base k n ow ledge/expertise . 
C entral interfaces m ay b e  listed  like this:

-  W h a t the users w ant and  need

-  W h a t the users w ant, bu t d o n ’ t need, e .g .:

* a lternative syn onym s in the target language

-  W h a t the users need, bu t d o n ’ t ask for, e.g .:

* consistent term in ology  w ith ou t use o f  syn onym s in the sam e lan­
guage

* consequent use o f  substandards (-n orm s), such as B ritish  English 
w ith ou t US form s

* defined subsets o f  N orw egian
* a ccom m od a tion  to  ex istin g  standards and regulations

In ord er to  d ecide  the qua lity  requirem ents o f  the p rod u ct the custom er 
and  p rod u cer  m ust be  in d ia logue;

-  T o  ch oose  and  design expressions accord in g  to  the linguistic require­
m ents above , cf. ( c l ) .
T o  ch oose  in form ation  categories (typ es)
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* In w ord  lists: the selection  o f  languages, references, defin itions 
etc.

* In thesauri: any registration  o f  deleted  su b ject w o rd s /co n ce p ts  
after revision  o f  an o ld  thesaurus

— T o  design the in form ation  accord in g  to  needs and  su b ject know ledge

* In term in olog ica l d a ta  bases: shou ld  the add ition a l synonym s, 
references, o r  con tex t excerp ts be  left ou t

* In w ord  lists: e.g . the selection  o f  variants (sty le ) w ith in  N orw eg- 
ian-N ynorsk

(d 2 ) E m ployers:

B acku p  routines 

E ffective tools 

R eference in form ation

H ousekeeping o f  in form ation  for  o th er p ro je cts  ^lnd for  research 

(d 3 ) E m ployees:

E ffective and user M e n d ly  too ls  for  au tom atizin g , to  get rid  o f  b or in g  w ork 
and have overv iew  an d  con trol

P rop er  procedu re  descriptions

E asy access to  relevant in form ation

U nam biguous references

(d 4 ) S ociety :

C onsideration  o f  cu ltu re values, a ccord in g  to  the prevalent values

P u b lic  con siderations, e.g. p rop er language fo r  e ffective  com m u n ica tion  
which m ay im p ly  a  precon d ition  for  safety and  g o o d  health

In the next section  I will app ly  these defin itions and princip les to  the w ord  
base w ork at m y institu tion . For a  d iscussion  o f  qua lity  assurance for  language 
w ork in general it is referred to  U tne 1987 (N orw egian  tex t).

3 Record Format for a Terminological Data 
Base

T h e  term in olog ica l data  bases at N T  include m ainly  bilingual diction^lries and 
also h ierarchically  structured  thesauri. B oth  these d a ta  typ es  have been  present­
ed at Sym posium  fo r  da tam atstøttet term inologi og leksikografi in 1985 and 1987 
(U tne 1986, U tne 1988), and revised descrip tions are d istribu ted  from  N T  (free 
o f  co s t) . A n  excerpt from  the present descrip tion  (N T  1989) is included  in the 
appendix .
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T h e  term in olog ica l w ork  has usually been  part o f  m ultipurpose p ro jects  aim ­
in g  at cost e ffective  d ocu m en t p rod u ction . L anguage services have in m ost occar 
sions been  look ed  u pon  as a  to ta lity  in this con tex t. It is very unusual that the 
su p p orters g ive  grants for  developm en t o f  d ictionaries. For the bilingual d ictio ­
naries the excep tion s  have been  p ro jects  for  o il com panies, m ostly  in the period  
1984 -86 . T h e  u p date  o f  the d a ta  is partly  financed b y  subscription  on  continu­
ou sly  u p da ted  cop ies. N T  is m aintenance con tra ctor  for  a  thesaurus developed  
b y  N T  in 1985-86 .

A  rad ica l restructuring  o f  the d a ta  base form at for  the term inolog ica l data  
base was perform ed  in 1988. A  presentation  o f  this restructuring while in process 
is presented in E be lin g  and U tne 1988.

In the fo llow in g  I w ill excim plify app lica tion  o f  the quality  assurance con cep t 
on  the restructuring  o f  th is d a ta  base. T h is  app lica tion  is based on  m y poin t o f  
v iew  w hich  is partly  from  ou tside. T h e  process was in p ractice  not planned and 
p erform ed  a ccord in g  to  the princip les presented below , bu t has in fact follow ed 
m ost o f  them . M y  presentation  will b e  an app lica tion  con n ected  to  a  possible 
and  realistic strategy.

L ots  o f  con siderations a b o u t qua lity  o f  linguistic expressions are n ot depen ­
dant o f  th is revision  o f  form at and  are therefore not listed below . T h e  general 
leading prin cip les  for  the revision  have been  to  gain better quality of:

( e l )  Language, by :

E rror free d a ta  to  a  larger extent

(e2 ) U ser relevance, by :

U nam biguou s classification  o f  greater part o f  the data  

M ore  flex ib le  in trod u ction  o f  new  ca tegories /c lassifica tion  

M ore  stress on  stan dard ization

(e3 ) U ser in terface, by:

M ore  flexible presentation , excerp tion  and  in trod u ction  o f  different and 
m ore  fine gra ined  d a ta  types

Im proved  d istribu tion

T h is im plied  som e m ore  applied  leading principles (w ith ou t explaining the 
links to  the general princip les in deta il):

( f l )  M ore  strictly  con stru cted  h ierarch ical structure

G o a l :  T o  m ake m ore  flex ib le  excerp ts o f  subsets o f  d a ta  possible, i.e. to  
ex tra ct d ifferent com bin ation s  o f  fields and parts o f  fields, and intro­
du ce m ore  unam biguous links betw een a term  and its abbreviation , 
reference o r  its con tex t

S o lu t i o n :  A  m ore  strictly  h ierarch ical structuring  inside the term  record, 
w hich  m eans that:
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-  A bbrev ia tion s , con traction s, sym bols  and  form ulas are u nam bigu ­
ou sly  b ou n d  to  their full form s and not on ly  to  their con cep t

-  R eferences are unam biguously  b ou n d  to  their term  (o r  a b b rev ia ­
tion  e tc .) , con tex t-excerp ts , defin itions e tc

-  C ontexts are u nam biguously  b ou n d  to  their term s etc
-  C om m ents are u nam biguously  b ou n d  to  all relevant kinds o f  fields

(f2) M ore  form al notation  language

Goal: B e m ore consequent in registration  o f  all kinds o f  in form ation , i.e. 
m ore form al and restricted  form ats for  the in form ation  types, to  m ake 
it easier to  ex tract expressions from  the sam e page  o r  pages in a 
specified source o r  to  ex tract term s from  a  specified  su b je ct area

S o lu t i o n :  D efined vocabu ljiry  (e .g . titles) and syn tax  for  references 
P rogram  too ls  a ccord in g  to  the goal

(f3) A  prod u ctive  n otation  system  to  include user relevant in form ation

Goal: B e m ore flexible in  in trodu cin g  o f  new  in form ation  classes, i.e. the 
possibility  o f  in trodu cin g  new  in form ation  classes a ccord in g  to  sim ple 
and  defined routines

S o lu t io n :  S upplem entary in form ation  n ot trad ition a lly  in cluded  in d ic t io ­
naries, is in trodu ced  becau se o f  the usefulness fo r  the target groups. 
T h is m eans fo r  instance that there is in trod u ced  a  d istin ction  be­
tween general abbreviation s, p ro je ct  sp ecific  abbrev ia tion s, sym bols, 
classification  cod es  and form ulas. S om e o f  the categories are;

-  International standardized  sym bol; show n , referred to  an illustra­
tion , a n d /o r  described

-  C h em ica l/m ath em atica l form ulas, e .g . NH4 HSO3 for  am m onium  
hydrogensulfite

-  International classification  cod es , e .g . a ccord in g  to  U N  (U nited  
N ation s), E C  (E u ropean  C om m u n ity ), C A S  (C h em ica l A bstract 
Services) and w idely  used national standards

-  T rade nam es for p rod u cts  o f  the con cep t
-  R eferences to  officia l d ocu m en ts, e.g . standards, registers, laws 

and  regulations
-  H azard classification , e.g . fire, poison
-  R eferences to  figures w hich  illustrate the con cep ts
-  A rea  o f  app lica tion  (n ot uniquely for  this d a ta  ba se ), fo r  house­

keeping, co llectin g  subsets and for  in d icatin g  m eaning.

(f4 ) E xistence o f  program s and oth er routines for  error checks

Goal: M ake u p date  m ore  free from  errors, i.e. facilita te  m ore  th roughout 
error checks
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S o lu t i o n :  P rogra m  too ls  a ccord in g  to  the goal 

(f5 ) S tandardization

G o a l :  A s it has been  a  goa l for  years, on e  con cep t is on e  record

S o lu t i o n :  S ynon yom s in the sam e language are co llected  in the sam e 
record .

G o a l :  A s it has been  a  goa l for  years, there should  be  on ly  on e  preferred 
fu ll form  term  for  each language.

S o lu t i o n :  T h is  is ca lled  m ain term , and the others are called synonym s 
o r  depreca ted  term s.

G o a l :  T h e  form at sh ou ld  also include registration  o f  a lternative stan­
dards, like form er m ain  term , and  m ain term s in oth er standards.

S o lu t i o n :  In trod u ction  o f  fields for  approval date  and scop e  o f  a  standard. 
T h is  includes a lso  ou t o f  date  standards.

(f6 ) T ran sportab le  p rogram  and d ata

G o a l :  P rogram  and d ata  files p rod u ced  for different m achines and m edia

G o a l :  R outin es for  co p y  p rotection

S o lu t i o n :  P rogram  too ls  for  b o th  these goals.

4 Word Lists
T h e  developm en t o f  w ord  lists o f  everyday  language was in itiated by  the re­
searchers at the U niversity  a b ou t 20 years ago. T h e  p ro je ct  is a  coop era tion  
betw een  N T  and N orw egian  C om p u tin g  C entre for  the H um anities. Further de­
velopm en t is financed  by  sale. C ustom ers are m ostly  softw are houses, institutions 
an d  firm s (g rap h ic  in du stry  and  new spapers) w hich  are able to  include the lists 
in ex istin g  softw are or  to  d evelop  stan da lon e program s.

T h e  qua lity  o f  these lists is partly  based on  general needs for  spelling lists, 
sp ecia l and  general needs fo r  lists w ith  h yphenation  m arks (w ith  special refer­
en ce to  d ifferent levels) an d  ou r  estim ation  o f  user needs for  oth er lists w ith 
gram m atica l in form ation  and  lists o f  w ord  parts. T h e  developm ent o f  spelling 
lists has been  based  on  ou r  ow n  assum ption  that a  frequency based and general 
corresp on d en ce  v oca b u la ry  w ou ld  suit the users’ needs best. T h e  developm ent 
o f  lists w ith  gram m atica l in form ation  and  w ord  com p osita  is based on  poin t (a3) 
in m arket stra tegy  a b ove , i.e. com bin ation  o f  researchers’ and cu stom ers’ needs. 
T h e  developm en t o f  lists w ith  substandards also a ccom m oda tes  needs and wishes 
for  a cco m m o d a tio n  to  substandards and  m ore  personal ways o f  w riting.

T h e  ex istin g  w ord  lists include spelling lists based on  general need and a list 
w ith  h yphen ation -m arks based on  specia l needs:
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• Spelling word lists for  N orw egian-Bokm SJ ajid  for  N orw egian -N ynorsk , in­
cluding a  co llection  o f  high frequ en cy  w ord  form s w ith ou t any further 
cod in g .

• W ord  lists w ith  hyphenation  m arks, based on  specia l need, bu t a lso  w ith  
general app lication . T h e  m arks express d ifferent levels, so  that the different 
types o f  m arks borders betw een:

— C om pounds, like data-l-base (w hich  is w ritten  as on e  w ord  in N orw e­
g ian )

— P re - and su ffices  and the rest o f  the w ord  like e x = p lo s = io n  (N orw e­
gian: e k s = p lo = s jo n )

— In flection  m orphem es, like the defin ite plural in b i l / /e n e  ( =  the c a r / /

T h e  further developm ent includes partly  further refinem ent o f  the lists a bove  
and developm ent o f  new w ord  list types partly  based on  a  com bin ation  o f  w hat is 
asked for  in new  produ cts for  text processing o r  d a ta  base too ls  w ith  d ia logues in 
natural language, and w ork  w ith  m ach ine-a ided  translation  w ith  w hat is asked 
for, cf. com bination  o f  cu stom er needs and w ishes w ith  th e  researchers’ as m arket 
strategy. T h at m eans lists contain ing:

• W ord com posita, e.g . parts o f  latin  and greek loan  w ords.

-  T h e  m achine aided system  m ay use lists like this t o  translate loan 
w ords w hich  have identica l parts, bu t related in flectional paradigm s.

-  In  text processing system s this m ay b e  used as part o f  h yphenation  
program s, and com bin ed  w ith  supplem entary  rules p artly  a lso  as part 
o f  spell checkers.

• W ord  lists including gram m atical in form ation , like part o f  speech  and in­
flectional paradigm s.

-  T h e  m ost im portan t part o f  a  m achine a ided  translation .

-  In text processing system s and especia lly  in d ia logue based d a ta  base 
too ls  this m ay b e  used in program s that are based  on  sim pler syn tax  
analysis or  ca lcu lations o f  possib le  part o f  speech fo r  w ords in a  text 
string.

A nd  as a com bin ation  w ith  w ork  to  system atize  substandards in the w ritten  
N orw egian languages:

W ord  lists w ith gram m atica l in form ation  that classifies the w ords 
2ind w ord  form s (o ften  in flectional paradigm s) as m od era te  (as d if­
ferent as possib le) and  radica l (approach in g  to  each o th er) w ithin  
the tw o officia l N orw egian languages. T h is  is o f  im p orta n ce  to  w rit­
ers w h o need language checks to  profile their w riting closer to  such
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a  su bstan dard . T h is  im plies a  great variety o f  possib le  w ritten  lan­
guages w hich  com p u ter  system s shou ld  be  able to  con tro l. T h e  exact 
defin itions o f  each such language are n ot ob je ct iv e ly  stated, but are 
to  som e exten t a  m atter o f  personal o r  user grou ps decisions. Table 
1 and  2 in U tne 1989 (p a p er  at N ordiske datalingvistikdage 1989) 
present som e exam ples o f  this diversity. Som e o f  the exam ples are 
repeated  in T ab le  1 be low . A  further explanation  o f  the language 
situation  is presented in U tne 1989.

L anguage porridge line problem s b oys

M od . N orw .-B ok m ål: grøt linje problem er gutter
R ad . N orw .-B ok m ål: graut linje problem gutter
R ad . N orw .-N yn orsk : graut linje prob lem gutau:
M od . N orw .-N yn orsk : graut line problem gutar

T ab le  1. Spelling and  in flection  in N orw egian 
(M o d . =  M odera te , R a d . =  R ad ica l)

T o  som e extent this substandard  w orks as i f  there are slightly d if­
ferent w ritten  sublanguages inside each o f  the tw o officia l N orw e­
g ian  languages. T h ere  is a lso som e treidition for  unofficial w ritten  
standards, e .g . on e m ore  m oderate  than  N orw egian -N ynorsk  called 
C onservative N orw egian -N ynorsk , another m ore  m odera te  than N or- 
w egian -B ok m ål called  C onservative N orw egian -B okm ål (N orw egian: 
R ik sm ål) and  a  th ird  on e  betw een the tw o officia l languages w hich  is 
som etim es ca lled  P an-N orw egian  (N orw egian : S am norsk). O f these 
three C onservative N orw egian -B okm ål has the w idest use w ith  its 
use in at least on e  o f  the m ost w idespread  new spapers, in lots o f  
b o o k s  and  p u b lica tion s every year.

T h e  list con ta in in g  a d iversity  a  form  alternatives w ith in  each o f  the language 
and  a lso  to  som e extent o th er  unofficial language standards can  be  considered as 
a  m ultilingual d iction ary . T h is  to ta l w ord  base con cep t, w hich  at the tim e beeing 
con ta in s betw een  20 and  30 000 entries (w hich  can  be  in flected  accord in g  to  dif­
ferent a lternatives) is the base o f  such a  m ultilingual N orw egian  w ord  base. T his 
base w ill b e  d eveloped  b o th  for  research, in cluded  m achine aided translation , 
and fo r  com m ercia l app lica tion s.

O th er possibilities n ot w orked  ou t in detail yet are for instance:

S y n o n y m s  and w ords w ith  related m eaning

D e p r e c a t e d  w o r d s  a n d  e x p r e s s io n s ,  and their substitutions

L ots  o f  deprecated  expressions in N orw egian-B okm & l have com m on  or 
near related preferred w ords b o th  in Norwegiem -Bokm 31 and N orw egian- 
N ynorsk .
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5 Conclusion
T h rou gh  this discussion  o f  com m ercia l w ord  bases I have form ulated  w hat are 
the con cep ts quality and quality  assurance, and p rop osed  a  general defin ition  o f  
quality o f  w ord  bases. W h ile  quality  is the part o f  the p ro d u ct, qua lity  assurance 
is the procedu res to  secure quality  and  a lso  con sider the interests o f  em ployer, 
em ployee and  th e  society. T h e  quality  o f  w ord  bases is th e  coord in a ted  specificar 
tion that cu stom er and produ cer agree u p on , and includes lingu istic and  oth er 
user relevant considerations.

T h e  exam plifications from  the w ork  at the U niversity o f  B ergen  con cern  the 
revision o f  a  term  record  form at and the w ork  w ith  a  w ord  base o f  every  day  
language. T h e  w ork  w ith form at revision  em phasized  language from  the view  
o f  errors cheks, user relevance, and user interfeu^e. T h e  w ork  w ith  w ord  bases 
em phasized an on goin g  w ork  w ith  a  m ultilingual N orw egian  w ord  base w hich  
includes form  variants and also unofficial l2m guages. In the w ork  w ith  this w ord  
base there axe com bined  interests betw een research and  profit.
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N orw ay

Appendix
F rom  “N O T ”  U ser ’s  G uide:2 , ver. 1989-05-23

The Record Format
T h e  term s in this d a ta  base are organ ized  in con cep t records, w hich  consist o f  
on e  N orw egian  section , on e  E nglish  section  and on e section  that is com m on  to  
b o th  languages.

T h e  N orw egian  section  consists o f  th e  fo llow in g  fields:

N hvd = N orw egian  m ain  term  (recom m en ded  for  use)

N syn == N orw egian  syn onym  to  the sam e con cep t (to  be 
avoided )

N fra = N orw egian  syn onym  n ot recom m ended  for  use (m ust 
n ot b e  used)

N krt N orw egian  con traction  (used  for  reasons o f  space, as for 
in stan ce in screen p ictures, draw ings, signs e tc .)

N frk = N orw egian  abbrev iation
N d e f = N orw egian  defin ition

kon = con tex t o f  term
kom = com m en t to  term
ref = reference o f  term

fig = reference to  figure
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T h e English section  contains the fo llow in g  fields;

E hvd = English m ain term
E syn = English syn onym  to  the sam e con cep t (t o  b e  avoided )

E fra English syn onym  n ot recom m ended  for  use (m ust not 
be  used)

E krt = English con traction  (used  for  reasons o f  space, as for 
instance in screen p ictures, draw ings, signs e tc .)

E frk = English abbreviation
E d e f = English definition

kon = con tex t o f  term
kom = com m ent to  term
geo = geographica l d istribu tion  o f  term
ref = reference o f  term

fig = reference to  figure

T h e com m on  section  con sists o f  in form ation  a b ou t the con cep t as a  w hole:

brk =  area o f  app lication  
sbl =  international standardized  sym bol 
fm l =  ch em ica l/m a th em a tica l form ula  

nr =  n ational and international num bers 
nvn =  trade  nam e
kom  — com m en t to  the con cep t as a  w hole

kon =  con tex t o f  sym bol, form ula  etc.
kom  =  com m en t to  sym bol, form ula  etc.

re f =  reference o f  sym bol, form ula  etc.
fig =  reference to  figure o f  sym bol, form ula  etc.

It is possible to  in trodu ce  new  fields at all levels.
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