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Preface

T h e  S c a n d in a v ia n  C o n fe re n c e  o n  C o m p u ta tio n a l  L in g u is tic s  (N ord iske  data lingv istikkdagcr) 
1991 w as arranged at the F acu lty  o f  A rts, U niversity  o f  B ergen  2 8 -30  N ovem ber.

T he conference com m ittee  had the fo llow ing  m em bers:

P ro fe s so r  H elge  D y v ik , D epartm en t o f  L ingu istics and P honetics
S e n io r  E x ecu tiv e  O ff ic e r  K n u t  H o flan d , N orw egian  C om puting  C en tre  fo r the  H um anities
O ffice  M a n a g e r  K je ll M o rla n d , N orw egian  C om puting  C en tre  fo r the  H um anities
R e se a rc h  F e llow  T o r b jø r n  N o rd g å rd , D epartm en t o f  L ingu istics and P honetics
S e n io r  L e c tu re r  R o a ld  S k a rs te n , C om puting  S ection  o f  the F acu lty  o f  A rts
J u n io r  E x ecu tiv e  O ffic e r  K a r i  S ø rs trø m m e n , N orw egian  C om puting  C en tre  fo r the  H um anities
L e c tu re r  I v a r  U tn e , D epartm en t o f  Scand inav ian  L anguages and  L iteratu re

T his vo lum e contains 16 articles. Som e papers read at the  conferece  w ere  no t la te r  subm itted  fo r 
publication . T h e  articles are prin ted  in  alphabetical o rd e r b y  au th o r’s n am e, and  n o  a ttem pt has been  
m ade to  organize the papers accord ing  to  topic.

T he conference w as supported  financially  by  N ord isk  F orskaru tdanne lseakadem i, N orw eg ian  
C ouncil fo r R esearch  in the H um anities, and the  Facu lty  o f  A rts, U n iversity  o f  B ergen.

B ergen , 3 June  1992 

K jell M orland  and  K ari S ørstrøm m en





Conceptual text representation for multi-lingual 
generation and translation

Lars Ahrenberg & Stefan Svenberg
Linköping University

This paper presents some ideas and preliminary results of a project aimed at automatic 
generation and translation of text horn conceptual (interlingual) representations. In the 
first part we give some arguments for treating translation and generation as closely 
coupled processes and motivate the need for conceptual text representations to aid these 
tasks. In the second part we describe an implemented method fw  multi-lingual gene
ration of sentences.

1. Introduction
D uring the last decade unification-based  g ram m ar form alism s have becom e standard  too ls fo r 
gram m atical descrip tion  w ith in  com putational linguistics. A  sign ifican t advan tage  o f  them  is th e ir  
declarativeness, som ething w hich im plies tha t they  can be  used  by  parsers and  g enera to rs  w ith  the 
sam e ease. T w o developm ents in recent years are particu larly  in teresting  from  the p o in t o f  v iew  o f  
translation  and m ulti-lingual generation . T h e  first is the idea that descrip tions o f  d iffe ren t languages 
can be related  by v irtua lly  the sam e m eans as descrip tions belong ing  to  d iffe ren t leve ls  o f  
descrip tion  w ith in  a single language (K aplan  e t a l.. 1989; van  N oord , 1990; R ussell et a l., 1990). 
T his la tte r developm ent is especially  su itab le  fo r those w ho favour a tran sfe r m odel o f  translation , 
as w ell-know n descrip tion  levels such  as phrase structure , functional s truc tu re  and log ica l form  can 
be reused and set in to  correspondences.

T h e  second idea is th a t parsing  and genera tion  can  be  seen  as basica lly  th e  sam e p ro cesses  that 
d iffe r only  in th e ir inpu t (Shieber, 1988; Z ajac &  E m ele, 1990; E m ele  e t al., 1990). T h is  w ould 
m ake it possib le  to hand le  all p rocessing  by  the sam e m echan ism s and  by  m eans o f  a  sing le  g ram m ar 
and d ictionary  fo r each  language. T his idea, o n  the o th er hand , g ives som eth ing  to  th o se  w h o  are 
in terested  in  in terlingua approaches, since, i f  a  com m on  rep resen ta tion  language can  b e  found  fo r 
the descrip tion  o f  d ifferen t languages, w e can  use  it in  the d ifferen t g ram m ars and  ge t transla tion  
system s and m ulti-lingual generation  system  a lm ost fo r free.

In  th is p ap er w e repo rt on  a  p ro jec t w hich  is concerned  w ith  deve lop ing  the  secoiKl idea.^ In  the  
n ex t section  w e describe briefly  its goals  and m otivations. T h en , in  section  3 , w e  p rov ide  som e 
argum ents in favour o f  conceptual tex t-rep resen ta tions and p ropose  a w ay  o f  characteriz ing  
sem antic equ ivalence o f  generated  texts. In  section  4 , w e show  how  the concep tual rep resen ta tions 
are used for bi-lingual sen tence generation . In  the last section , finally , w e ind ica te  b riefly  o u r p lans 
fo r the future.



2. The project
T h e p ro jec t is  exp lo ra tive  w ith the overall aim  to  ju d g e  the possib ilities o f  using  interlingual 
rep resen ta tions in  app lications such  as docum ent generation , in telligen t (cxi-line) handbooks, and 
translation . W e do  th is by  study ing  a specific  tex t genre, the serv ice m anual, and in  particu lar the 
exposito ry  sections, w here an  ob jec t is described  and its function  is explained. O u r in itial corpus 
com prises  86 sen tence  pairs  from  tw o  serv ice  m anuals issued by  V olvo T ruck  C orporation . M ore 
sp ecific  goals  o f  the  p ro jec t are to  d eve lop  an  in terlingual rep resen tation  language fo r th is gerue 
and a lgo rithm s fo r  m ulti-lingual genera tion  from  the  in terlingual represen tations. W e also  invest
igate  the possib ilities  o f  u sing  the in terlingua fo r au tom atic  translation . T w o  languages ate 
considered , S w ed ish  and E nglish .

T h e  in te rlingua  shou ld  co v er all relevant aspects o f  the  texts: s tructu re , con ten t and textual 
coherence, b u t w e are  on ly  concerned  w ith  the  lingu istic  varia tion  tha t can  be  found w ith in  the 
genre. F o r  in stance, as all sentences o f  o u r corpus are declara tive  and p resen t-tense , w e treat such 
p roperties  as struc tu ra l invarian ts that need no t b e  accounted fo r o n  sem antic  o r  p ragm atic  grounds.

A  basic  assum ption  o f  the p ro ject is tha t it is  usefu l to  consider transla tion  and m ulti-lingual 
genera tion  as c lo se ly  related  tasks. I f  w e v iew  th e  general genera tion  problem  as one  o f  finding a 
tex t (o r all tex ts) tha t sa tisfies a g iven  set o f  constrain ts in  a g iven contex t, it  is easy  to  see that 
transla tion  fits th is defin ition . T h e  source tex t p rov ides one set o f  constrain ts w hile  A e  gram m ar 
and  genre-specific  ru les o f  the target language prov ide ano ther set. O n the  o th e r hand, in  m u lti
lingual genera tion , w e m ust som ehow  ensure tha t the tex ts that a re  generated  are equivalen t in 
im portan t respects, e.g . as regards conten t, sty le and progression . T he requirem ents o f  such an 
equ ivalence  rela tion  com es very  close to  w hat one  dem ands o f  a rela tion  betw een  translations.

3. Towards a characterization of equivalence
T h e usual w ay  to  characterize  the relation  o f  translation  equivalence is perhaps w ith  reference to  a 
n u m b er o f  descrip tion  levels  on  w hich  tw o texts should  be  identical o r  corresponding . F o r  instance, 
C arbonell & T o m ita  (1987) m en tions the  fo llow ing  factors to  be  im portan t fo r good translations: 
p ragm atic  invariance  (m atters o f  illocu tionary  force, sty le e tc .), sem antic invariance, structural 
invariance , lex ical invariance and spatial invariance. Ignoring  the latter, w h ich  is concerned w ith 
the ex ternal p roperties  o f  the  tex t such  as length  and page layou t, it is  in teresting  to  no te  how  
invariance  is decribed  w ith  respect to  the  d ifferen t levels. In  the  case o f  p ragm atics and sem antics 
the  no tion  is  o n e  o f  "preserv ing  invarian t" the  relevant p roperties, w h ile  structural invariance is 
exp la ined  as "p reserv ing  as fa r  as possib le" the syn tac tic  structure , and lexical invariance  is 
exp la ined  as "preserv ing  a one-to -one  m app ing  o f  w ords o r  phrases from  source  to  target tex t". W e 
see  th a t it is ea sie r to  im ag ine  a com m on, language-independen t rep resen tation  fo r the h ig h er levels 
o f  tex ts, w hereas the  lo w er levels, such as syntax and  lex is, can  on ly  be  b rough t in to  correspondence 
w ith  each  other.

H ow ever, ev en  i f  tw o  lexem es, o r  tw o  OM istructions, o f  d ifferen t languages canno t be  treated  as 
h av in g  the sam e p r t ^ r t i e s ,  bu t se t in to  a co rrespondence fo r  lack  o f  b e tte r a lternatives, w e can still 
g ive  them  a co m m o n  descrip tion . F rom  the  form al po in t o f  v iew  there  seem s to  be  no  relevant 
d istinc tion  be tw een  iden tity  and correspondence , s ince, i f  tw o  elem ents co rrespond , w e can 
in troduce  a property  at the in terlingua level tha t is  expressed  by  these tw o elem ents (and  no  others) 
in  the  tw o languages. T h e  associa tion  betw een  the  elem ents and the in terlingual descrip to r is  then 
m ade in  the  g ram m ars o f  the tw o  languages. C onversely , o f  course, a perce ived  identity  o f  m eaning 
o f  tw o  e lem ents from  d ifferen t languages can  be  represented  as a triv ial co rrespondence betw een 
th e  e lem ents. N o te , though, tha t by  using  an in terlingua represen tation  w e can decom pose a



correspondence betw een  often , quite  com plex  sets o f  p roperties in to  tw o  s im p ler rela tions b o th  o f  
w hich  relate a sim ple descrip to r at the in terlingua level to  com plex  lan g u a g e -sp e d flc  rep re
sen tations, ju s t as a  w ord  form  is associated  w ith  its  m orpho-syn tac tic  and  sem antic  p roperties  in  
a dictionary . T h is  is advantegous n o t least from  the po in t o f  v iew  o f  m ulti-lingual generation .

N ow , i f  w e w ant to  g e t at the bottom  o f  a  genera tion  p rob lem , w e w ill need  to  re fe r  to  com plex  
com binations o f  p roperties. B u t th is is  d ie  case w hether w e woric w ith  in te rlingua  rep resen ta tions 
o r  correspondence rules. W ith  the in terlingua approach  w e then  have  the  ad van tage  th a t all 
in form ation  is  accessib le  at a sing le  level o f  descrip tion . It is  o ften  argued  th a t in  the  case  w e deal 
w ith  languages tha t m ake the sam e k ind  o f  d istinctions and use  the  sam e k ind  o f  construc tions, as 
is the case w id i Sw edish  and E nglish , w e need  no t co n sid er the  relevant p rag m atic  and  sem antic  
properties, but m ere ly  note the  co rrespondences. H ow ever, in  o u r  co rpus w e find  several pa irs  o f  
sen tences, such  as the fo llow ing , th a t seem  d ifficu lt to  describe  on  the b asis  o f  stru c tu ra lly  based  
correspondence ru les only:^

1. A n ellipsis occurs only  in  one  o f  the languages, bu t n o t in  the  o ther.
S: BasvOxeldelen manövreras mekaniskt, rangevåxeln pneumaäski.
E: The basic section is mechanically operated; the range gear is pneumaäcally operated.

2. A n  in tegrated  com plem ent co rresponds to  the sub jec t head , w hile  the  sub jec t co rresponds to  a
sub jec t m odifier.
S: Spärrventilen har till uppgift att förhindra växling av rangeväxeln n är ...
E: The purpose of the inhibitor valve is to prevent inadvertant shifting of the range gear when ...

3. A  passive c lause corresponds to  an active clause w ith  an  anaphoric  subject.
S: Spärrventilens kolv trycks upp urfördjuprungen pä kolvstängen ...
E: This moves the plunger o f the inhibitor valve out of its dimple...

4. A sim ple N P  corresponds to  a coord inated , d isjunctive  N P.
S: Den här nedkylningen kallas laddluftkylning.
E: This cooling process is known as charge air cooling or intercooling.

A s a basis fo r describ ing  the sem antic  equ ivalence o f  tw o sen tences th a t are transla tion  equ ivalen ts 
w e appeal to  the no tion  o f  top ic , o r  topical question  (C arlson , 1983; A hrenberg , 1987). S peak ing  
inform ally , w e can  say tha t a necessary  cond ition  fo r tw o sen tences be ing  tran sla tio n  equ ivalen ts 
is that they  answ er the sam e question  by  th e  sam e standards, w here  standards refe r to  such  th ings 
as tru thfu lness, com pleteness, c larity  and relevance.^ T h is  is actually  a lso  a  cond ition  tha t can  be 
applied in  practice; o ften  it is no t a d ifficu lt task  to  decide  w hich  question  o r  questicMis a  g iven  tex t 
sentence attem pts to  answ er, as ev idence  bo th  from  its form  and its con tex t can  b e  used.

I f  w e look  at the  fou r sen tence  pairs  above, th e  top ical questions o f  th e  first p a ir  c an  be  rendered  
in  E nglish  as H ow  is the basic section operated, a nd  how  is the range gear operated?  A t the  
conceptual level w e m ay  in troduce a concep t. O peration , w ith  tw o  a rgum ents, o n e  fo r  th e  o b jec t 
(gear o r  g ea r set) being  operated  upon  and one  fo r  the  m an n er in  w h ich  it  is  done. A  question  th a t 
relates to  th is  concep t, o n e  tha t m akes it a top ical concep t, can  be rep resen ted  as a  p ropositional 
structure  w hich is unspecified  w ith  respect to  o n e  o f  its  argum ents:

aspect Operation 
thing r-gearl
value [ ]



A s fo r the  occurrence o f  the finite verb  in  the second con junct o f  the E nglish  sen tence aixl its 
absence  in  the correspronding S w edish  sen tence, it  can  be handled  com pletely  w ithin the gram m ars 
o f  the tw o languages. W e need no t form ulate  a separate  correspondence  ru le  saying that a finite 
v e rb  in  on e  language can correspond to  no th ing  in  the  o th er language un d er certain  circum stances.

A s fo r the  second  p a ir  o f  sen tences w e are faced w ith a co rrespondence pattern  w hich is even 
m ore  invo lved  than  the  sp litting /liising  exam ples d iscussed  by  K ^ l a n  e t al. (1989) and S ad ler & 
T ho m p so n  (1991). W e can  avoid  in troducing  exp lic it correspondence  rules, i f  w e state the rules in 
te rm s o f  rela tions b e tw een  in terlingua descrip tions and language-specific  gram m atical descrip tions, 
how ever. M oreover, they  becom e quite sim ple because  the  in terlingua descrip tion  is a  sim ple one. 
T h e  top ical question  is W hat is the purpose o f  the inhibitor valve?  w ith  the in terlingua descrip tion

aspect Purpose 
thing inh-valve2
value [ ]

T h e  rules w e need are associated  w ith  d ie  concep t P urpose  in  the  know ledge-base as explained 
in  section  4.4.

T h e  th ird  pa ir  illustrates the im portance o f  co-texL T h e  topical question  m ay be tendered  as W hat 
happens in connection with this?, w here this refers to  an  even t o f  sh ifting  the range g ear described  
in  the  p rev ious sen tence. W hile  the even t is expliciU y referred  to  in  the  E nglish  sen tence, it is no t 
so in  the S w edish  sen tence, illu strating  the com m on property  o f  tex ts tha t causal rela tionships 
b etw een  even ts are  often  no t g iven  exp lic it expression . A t presen t w e have  no t defined text-level 
ru les, so  th is  sen tence-pa ir cannot be handled  by o u r generator, bu t it seem s clear that a correspon
dence  ru le  u sing  only  structural in fo rm ation  is no t su ffic ien t fo r the purpose.

T h e  fou rth  p a ir  o f  sen tences, finally , addresses the topical question  o f  w hat a certain  process is 
called . A s it happens tw o  term s are  used fo r  it in E ng lish  w hile  on ly  one is used  in Sw edish. The 
resu lt is tha t a d isjunction  is used in  E ng lish  -  p robab ly  in response to  som e standard o f  com pleteness 
-  w ith  rx) co rrespond ing  d isjunction  in  the  S w edish  sentence. T h e  fact tha t a sim ple N P  in one 
language  in  som e cases can  correspond to  a  d isjunctive  N P  in  an o th er language is fo r obvious 
reasons no t som eth ing  that one  w ould  like  to  express as a general possib ility  o f  structural 
co rrespondence . H ow ever, w ithout access to  a sem antic/pragm atic  level o f  descrip tion  one  cannot 
exp ress the appropriate  constrain ts.

4. The unification-based generator
4.1 Overview
In  th is  section  w e show  h o w  sen tences can  be  generated  from  conceptual representations. W e refer 
to  these  rep resen ta tions as  con ten t descrip tions as they  m ain ly  con ta in  sem antic  inform ation. T he 
genera tion  p rocess rough ly  have the  stages illustrated  in  figure 1.

T h e  first m odu le  o f  the g enera to r constructs language specific  gram m atical descrip tions using  
rela tional g ram m ar ru les and inform ation  in  the  com m on know ledge-base  (K B ). T hese w ill then 
be fed  in to  the surface s tring  generator, w h ich  has its  ow n  gram m ar. B etw een  these tw o  m ain  
m odu les th ere  is a lso  an  in terface w hose purpose  is  to  fine-tune  the incom ing  gram m atical 
descrip tions so  tha t they  conform  to  the dem ands o f  the su rface generator.

10



Content Descriptions

________________i ______________
/Grammar rule selection, application 
V  and resolution J

Grammatical Descriptions

T
Grammatical^Descnptions

f Surface string generation^
---------------

Linguistic String

Figure 1: Basic architecture of the generator

A n ed ito r is bu ilt o n  top  o f  the KB enabling  con ten t descrip tions, g ram m atica l descrip tions, 
g ram m ar rules, dom ain  and lingu istic  know ledge to  be  in terac tive ly  and  in crem en ta lly  added  o r  
m odified . A ll in fo rm ation  is coded  as feature-value m atrices w ith  un ifica tion  as the so le  m ethod  o f  
com bining.

T he generation  p rocess is no t language specific . T h e  K B  can  support kn o w led g e  fo r  several 
languages. G iven  a con ten t descrip tion  the system  concurren tly  genera tes the co rrespond ing  strings 
fo r  all the supported  languages. In  the  n ex t subsections w e w ill describe  con ten t descrip tions, 
g ram m ar ru les, and KB fo r the  first stage o f  generation . T h e  surface string  genera tion  m odu le  is 
m odeled  on  S h ieber (1988) and uses g ram m ars w ritten  in  the  P A T R -n -fo rm at.

4.2 Content descriptions
In  o rd er to  ach ieve m ulti-lingual generation  w e w an t to  w ork  w ith  language  in dependen t chunks 
o f  inform ation. T h e  trad itional approach  is  to  u se  log ical p ropositions, such  as a  co n ju n c tio n  o f  
facts, w hich  th e  tex t is supposed  to  express. T h e  con ten t descrip tions in  the  system  con ta in  log ica l 
propositions, bu t also  d istingu ish  them  o n  the  b asis  o f  p ragm atic  f im e tio a  M o reo v e r th e  co n ten t 
descrip tions need n o t be fu lly  specified  as som e o f  the  con ten t m ay  b e  retrieved  from  th e  K B .

Propositions can be  o f  a  n u m b er o f  d ifferen t types. T h ey  are  expressed  d iffe ren tly  d epend ing  on  
the  type. T he types can  be  grouped in to  tw o  m ain  ca tegories. H rs t  those  th a t have  a p u re ly  log ical 
m eaning, curren tly  being  the sim ple type th ing-aspect-value  (tav) and the  co n junc tion  (and). 
Secondly , w e have a n um ber o f  types tha t besides hav ing  a  log ical in terp re ta tion  a lso  have  a 
non-logical function. B elow  w e w ill d iscuss instances o f  both  types and g ive  sm all ex am p les  o f  
th e ir use.
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T hing -aspect-value , w hich  is used to  express a value o f  an  aspect o f  a certain  thing. T he exam ple 
below  show s a sim ple fact w ritten  as an attribu te-value m atrix  w hich says that a th ing  called 
rlOOO has the co lo r green.

type tav 
thing rlOOO 
aspect color 
_value green

A nd, a log ica l c o n ju ra tio n  o f  tw o  o th er propositions:

type and

*> [] 
a2 []

M ost often the a l  value is o f  type tav while the o2 is either a  tav or an and.

• R eference-scope, w hich  log ically  is a  conjunction . It has tw o a ttribu tes, called  re f  and  scope 
each  con ta in ing  propositions abou t a g iven  o b jec t (o r set). T he non-log ical aspect o f  it lies in 
the  w ay  the  tw o propositions have been  d iv ided. T he first a rgum ent specifies a proposition  
w h ich  is used  fo r  m ak ing  reference to  the  object. T h e  in ten tion  is that the ob jec t and proposition  
m ust be know n  to  the read er a t th is po in t, e ith e r by  hav ing  been  in troduced  at an earlie r point 
in  the  tex t o r  included  in the  read e r’s background know ledge. T he proposition  w ill determ ine 
h o w  reference  to  the ob jec t w ill b e  ach ieved  a t the surface level; e.g . b y  using  its p ro p er nam e, 
a p ronoun , o r  a  defin ite  descrip tion , possib ly  includ ing  a n u m b er o f  ad jectives and so on. The 
scopo va lu e  con ta in s in fo rm ation  tha t is new  in  the  curren t contex t. It iden tifies the proposition  
th a t is  asserted  abou t the  ob jec t.T he reference-scopo type is  used  to  express the contents o f  
sim p le  c lauses. T h e  first a rgum ent w ill fo n n  th e  sub jec t o f  tha t c lause  w hile the scopo value is 
u sed  to  bu ild  the  p red icate , includ ing  verb  and com plem ents.

B elow  is a sim ple exam ple  o f  a con ten t descrip tion  o f  the c lause The basic section is mechanically 
operated. "T he basic  section" is know n w hile  "m echanically  oporated" is new  inform ation  w hich  
is asserted  in the sentence.

type rs

type tav

ref thing *[rl000bs]
aspiect isa
_value b-sectionj

type tav

SCOJO thing ■[]
aspiect Oporation
value JJ
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T he value rlOOObs m eans the basic  section  o f  the gearbox  r l  000. T h e  aspec t isa  gets the  reflex ive 
and transitive c losure o f  the  classes rlOOO belongs to. F rom  these, the  concep t b -sec tion  h as  been  
chosen. It has the  nam e "basic section" a ttached  to  it.

T he scope value  is an unspecified  p roposition , i.e. one  correspond ing  to  a top ical questio n  as 
explained  above. T h e  unspecified  value  w ill be retrieved from  the K B  during  the genera tion  process.

4.3 Mapping content descriptions onto grammatical descriptions
A conten t descrip tion  represen ts p roperties tha t are  com m on  to  equ iva len t sen tences o f  d ifferen t 
languages. In  addition , each  sen tence in  the  equ ivalence  class sa tisfies a  lan g u ag e-sp ec ific  g ram 
m atical descrip tion . G ram m atical descrip tions and  con ten t descrip tions are  re la ted  rough ly  as the  
tw o sides o f  the classica l S aussurean  lingu istic  sign. T hus, it  is na tu ra l to  exp ress po ssib le  rela tions 
betw een  gram m atical features and  con ten t fea tu res as a  rela tion  be tw een  p artia l strucu ires. In  the 
cu rren t g ram m ar w e actually  u se  a n u m b er o f  d ifferen t re la tions, w h ich  encode  b o th  the  language  
and the textual hm ction  o f  the  structures be ing  rela ted , as in  the  fo llow ing  ex am p les  w h ere  cd  and  
gd stand fo r  con ten t and g ram m atical descrip tions respectively :

1. in form -sw (cd , gd), refer-eng(cd , gd), describe-eng(cd , gd)

A nother possib ility  w ould  be to  encode the function  and language as argum ents:

2. sign ify(cd , languge, function , gd)

A specification  o f  the relation  un d er a m ore com plete  genera tion  schem e w ould  have  to  tak e  m any  
o ther aspects into account, e.g . as follow s:

3. sign ify(cd , language, function , type, user-m odel-in , con tex t-in , con tex t-ou t, u ser-m odel-ou t, 
gd)

w here ‘ty p e ’ is the  type  o f  tex t object; such  as c lause o r  sentence, ‘u se r-m o d e l-in ’ is  a m odel o f  
w hat background know ledge the  reader posesses at th is po in t, ‘co n tex t-in ’ reco rds relevan t ob jec ts  
m entioned  in  the tex t so far to  aid pronoun generation  and ellipsis. T h e  user-m odel-ou t w ill reflec t 
the fact that the reader has accom odated  the  new  in fo n n a tio n  in  the  co n ten t descrip tion . 'This can  
be used  to  ensure tha t the new  in fo rm ation  indeed  is  relevan t, coheren t and  consisten t w ith  w hat 
has been said  and w ith  w hat the reader a lready  know s.

From  now  on  version  I o f  the relation  specification  w ill be  considered  since  it  is  the  one  has been  
im plem ented.

G iven  a conten t descrip tion  and a gram m atical descrip tion  the  g en era to r w ill try  to  prove the 
relation  betw een  them . E ither descrip tion  m ay be  partia lly  specified . T h e  g en era to r w ill d u ring  the 
p ro o f procedure suggest instan tia tions to  com plete  the specifications. I f  w e w ould  like  to  genera te  
a gram m atical descrip tion  that argum ent should  in itia lly  be  un instan tia ted . I f  the  p ro cess  w as 
successful the genera to r returns the  answ ers one  b y  o n e  ev en  i f  there  a re  an  in fin ite  n u m b er o f  them . 
In  princip le , w e could  also  parse  a  gram m atical descrip tion  w h ich  w ould  lead  to  a  con ten t 
descrip tion . A t the tim e o f  w riting  th is  is  no t ye t p rac tica l fo r e ffic iency  reasons. T h e  g enera to r 
w orks accord ing  to  the  p rincip le  k now n  as S L D -reso lu tion  (see e.g . N ilsson  &  M aluszynsk i, 1990). 
T he attribu te-value m atrices are  coded  as d irected  acyclic  graphs. T h e  se lec tion  function  is g rap h  
unification . T h is is s im ila r to , bu t n o t necessarily  lim ited  to , th e  w ay  log ic  p ro g ram m in g  languages 
w ork.

T h e  g ram m ar is a  ru le  base, w here  each  ru le  genera lly  tak es  the  fo llow ing  form : 

reloCcdo, gdo) < -  re l i(c d i, g d i) ...... reln(cdn, gd„).

W e refer to  the left-hand  side as the head and the righ t-hand  side as the  bo d y  o f  the rule. T h e  head 
consists o f  a single term , w hile  the  body  m ay  con ta in  any n um ber o f  term s. 'The ru les cu rren tly  in
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use actually  con ta in  te n n s  w ith  additional argum ents, b u t w e ignore these here.

G iv en  a  co n ten t descrip tion  fo r a sen tence, w e w ill first constn ic t a terni hav ing  inform -sw  o r 
in fo rm -eng  as a functor. T he con ten t descrip tion  w ill becom e the  first a rgum ent and the second 
a rgum en t w ill be  in itia lized  to  the  null dag. g iv ing , say. in fonn-sw (cd . []). T h e  generation  o f  the 
gram m atica l descrip tion  w ill s tart b y  p ick ing  o u t those  ru les w hich  have inform -sw  as the functor 
o f  th e ir  heads. T h ey  w ill then  b e  tried  ou t one  b y  one. T h e  a rgum ents o f  the term  w ill be unified 
w ith  the  co rrespond ing  a rgum ent o f  the  ru le  head . I f  tha t succeeds all subgoals appearing  on  the 
righ t h and  side  o f  the  ru le  m ust hold . T h ese  are  tried  o u t recursively . T h e  argum ents o f  the subgoals 
share  m ateria l w ith  each  o th e r and particu larly  w ith  th e  head  argum ents. A s n ew  m aterial is unified 
in to  th e  struc tu res.the  changes becom e im m ediately  v isib le  everyw here. W hen all the subgoals have 
successfu lly  b een  p roved  tiie p rocess suspends in  th a t state. T h e  argum ents o f  the  initial term  have 
been  fu lly  instan tia ted  and can  be  p icked  o u t  A fter tiiat the p rocess resum es by  backtrack ing  to  
cho ice  p o in ts  in  the  SL D -tree w here alternative  instan tia tions can be found.

T h e  ru les a re  w ritten  in  such  a w ay  tha t a structural dep th -first analysis w ill be perform ed on the 
co n ten t descrip tion . T h is a lso  m eans th a t the gram m atical descrip tion  w ill be bu ilt top-dow n. T he 
subgoals take  care  o f  the substructures. T h e  recursion  is stopped , aside  from  failing  unifications, 
by  ru les hav ing  n o  righ t hand  side o r  by  b u ilt-in  ru les accessing  the KB.

T h e  fa r  m o st im portan t bu ilt-in  ru le  is d ie  the  p rim itive  retrieval operation , iget. It has three 
argum ents: ca rrie r, ind ica to r, and value. T h e  carrie r deno tes an  o b jec t that has a  va lue  stored under 
a ce rta in  ind icator. I t can . from  the  gen era to r’s  p o in t o f  v iew , be regarded  as a sim ple property . T he 
ig e t is used  fo r  tw o  d ifferen t purposes:

1. C heck ing  the  valid ity  o f  the con ten t d e sc r ip tio a  T h e  w orld  m odelled  in  the KB m ust sanction 
the  in fo rm ation  expressed  there.

2. R e triev in g  lingu istic  in fo rm ation  fiom  dom ain  objects. A ll dom ain  concepts m entioned  in  the 
co n ten t descrip tion  con tribu te  fragm ents o f  g ram m atical descrip tions. T h e  ru les g lue these 
fragm en ts  to g e th e r to  form  the gd.

W e end  th is  subsection  w ith  tw o  ru les th a t hand les reference-scope descrip tions. T h e  first rule 
says th a t in  o rd er to  relate a cd o f  th is  type and  a  c o r r e ^ n d i n g  gd . besides th e  cond ition  tha t they 
shall un ify  w ith  th e  a rgum ent m atrices, the  reference in fo rm ation  m ust be  p o ssiU e  to  express as 
p art o f  a g ram m atica l sub jec t and the scope in fo rm ation  m ust be  expressed  as part o f  a  gram m atical 
p red icate . In  add ition  the  ru le  adds m ore  fea tu res to  the  gd . in  th is  case tense  in form ation .

inform-sw

type rs 

ref ■[]

scope [ ]

subject ■ []

predicate [yform pres]

iefer-sw( [ ] .  [ ] ) ,  dcscribc-sw ( [ ] ,  [ ] )
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describe-sw

thing [ ]  

aspect [ ]
3 n

value [_J

f

LJ, sw-epred, m  ’ [ ]
4

body [ ]

3„  5 - -
, iget(  |_J,sw-name, [J )

T h e pred icate  is  ob tained  b y  app ly ing  a n ile  fo r  the fu n cto r describe-sw . T h e  righ t-hand  side o f  
th is  ru le consists o f  th ree calls to  the  K B , w here  the  first answ ers the  top ica l q u estio n  and th e  o th e r 
tw o retrieves linguistic  in fo n n a tio n  as exp la ined  in  the n ex t section.

4.4 The knowledge base
T he know ledge necessary  fo r  the first stage o f  th e  genera tion  p rocess is kep t in  a  s ing le  know ledge 
base. T h e  p rim ary  aim  o f  the know ledge base is to  store  in fo rm ation  abou t th e  dom ain  objects. I t 
is  organized as an  inheritance netw ork , allow ing  instances to  inherit p roperties from  th e ir  concepts. 
T he properties can be d iv ided  in  tw o  classes, dom ain  related  and  language related . In  the  sm all 
exam ple below  the rlOOO, ca lled  the  carrier, is  an  instance  o f  the concep t G earbox , and it has the 
p roperty  sw -nam e, a lso  called  the ind icator, deflned  to  be the  va lue  [lex rlOOO].

sw-namc [lex rlOOO]

A ssociated  w ith  each  ind icator, there  is  a  m ethod  w hich  know s h o w  th e  value  is  to  b e  retrieved . 
T he value  can  e ith e r b e  cached  in  the  ca rrie r txxie d irec tly , inherited  from  a  co n cep t d u o u g h  
isa-links, o r  o therw ise  com puted . It is  the  fac t tha t the  know ledge is on ly  accessib le  th ro u g h  the 
dom ain  ob jec ts  th a t m akes genera tion  m uch  easie r d ian  parsing . In  o rd e r to  m ak e  the  system  
b id irectional w e w ould  also  have to  m ake dom ain  ob jec ts  accessib le  from  th e ir  p ro p erty  va lues, 
especially  the  lingu istic  p roperties.

L ingu istic  inform aticm  can  b e  associated  w id i dom ain  concep ts in  d iffe ren t w ays. N o u n s are  
stored  un d er an  in d ica to r nam e w h ich  is then  d ifferen tia ted  fo r  the  tw o languages as in  th e  exam ple  
above. In fo rm ation  relevan t fo rp red ica tes  is stored  u n d er the  in d ica to r ep red  w hich  is  d ifferen tia ted  
in  the sam e w ay. In  the  case  o f  the concept O peration , the Sw edish  ep red-value  is  a  struc tu re , w hich  
says that th e  p red icate  should  con ta in  the v e rb  m anövrera  in  the  passive  vo ice , and a  m an n er 
adverbial expressing  the  m anner o f  operation:
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arg

body

' [ ]

passive yes

compll jmanner [̂aform t]]

lex manövrera

In  section  3 w e considered  the  fo llow ing  sen tence  pair, and  in troduced  a concep t Purpose fo r its 
descrip tion :

S: Spärrvenälen har till uppgtfl an fdrhindra växling av rangeväxeln när ...
E: The purpose o f the inhibitor valve is to prevent inadvertant shifting of the range gear when ...

T h e  Sw edish  sen tence  can be  hand led  by  the p rev ious ru le  fo r reference-scope propositions.^  T he 
s tructu re  fo r  the  S w edish  p red icate  in form ation  associated  w ith  P urpose  w ould  be  as follow s:

arg

body

compll

lex

compl2

pobj

■ [ ]

prep till 

obj [lex uppgift] 

ha

infeomp *[J

F o r  the E ng lish  sen tence w e actually  hav e  to  use a d ifferen t c lause-level ru le, in troducing relations 
o f  the  asserted  p roposition  bo th  w ith  the sub jec t and the pred icate . T h e  first association  w ill u se  the 
E ng lish  nam e o f  the  concept, w hile  the second  w ill u se  the p red icate  in form ation . In conjunction  
these  ru les w ill p roduce  a partial g ram m atical descrip tion  correspond ing  to  the  p an em  the purpose  
o f. . .  i s ... .

inform-eng

type rs 

ref ' [ ]

scope [ ]

2 ^

subject pmod
prep of 

obj ^ []

predicate r lex be 1 
[vform presj

3 „ 2 ,
refer-eng( [ ] ,  []),describe-eng ( [ ] , [ ] )  , identify-eng ( [ ]  [ ] )

16



5. Status and future work
W e believe that the generation  procedure as fa r  as sen tences are concerned  is pow erfu l aiul flex ib le  
enough  to  handle  m ost o f  the  sen tence-level phenom ena o f  o u r corpus. H ow ever, th is  rem ains to  
be p roved , as the cu rren t g ram m ar on ly  co v e ts  a frac tion  o f  the  corpus. M oreover, w e w ill ex tend  
the ru le base to  han d le  paragraph-level phenom ena such  as coherence  re la tions and  a n a i^ o r ic  
dependencies as w ell.

I f  anything, the genera tion  p rocedure  is a t p resen t ra th e r to o  pow erfu l and unconstra ined , so  w e 
w an t to  investigate  fu rther w h ^  constra in ts to  p u t on  i t  A s fo r  s p ^ ,  th e  bo ttleneck  o f  the  genera tion  
p rocess is the surface generator. Ideally  w e w ould  like to  e lim inate  it  com ple te ly  and  w ork  w ith  a 
sing le  g ram m ar incorporating  ph rase  structure  as w ell as functional g ram m atica l in fo rm ation .

Notes
1. T he pro ject, K onceptuell tex trep resen ta tion  fö r  au tom atisk  generering  o ch  översä ttn ing , is 

funded by the C entre fo r Industrial Inform ation  T echno logy  (C EN H T) at the  L inköp ing  Institu te  
o fT ech n o lo g y .

2. W e take the  sen tence  pairs  in the corpus as prim a fa c ie  in stances o f  transla tion  equ iva len ts  and 
thus necessary  to  account for. T h is m ay  be  questioned  in  a few  cases, e.g . w here  one  sen tence  
contains a m od ifie r hav ing  n o  co u n te rp an  at all in  the o th e r sen tence, bu t all such  excep tions 
need careful m otivation .

3. T w o  paragraphs m ay be considered  equ ivalen t i f  th ey  an sw er the  sam e q uestions in  th e  sam e 
order.

4. I t needs a d ifferen t ru le  fo r describe-sw , how ever, as  the va lue  o f  th e  asserted  p roposition  need  
no t be a sim ple concept.
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Operajonell maskinomse^ing: 
Kvar møter vi veggen?

Magnar Brekke
Norges Handelshøyskole

Roald Skarsten
Universitetet i Bergen

1. Introduksjon
1.1. Utgangspunkt
D ette e r e in  rapport om  ei undersøk ing  av p roduk tiv ite ten  ved  bruk av  m ask inom setjing  (here tte r 
M T) som  del av e it større kom m ersie lt om setjingsprosjek t. Ei p rosjek tg ruppe ved  D et h istorisk-fi- 
loso fiske  faku lte t ved  U niversite te t i B ergen  gjennom fjørte i tid srom m et 1988-90  d e t s.k. P rosjek t 
PH IL E N T R A  pä  oppdrag  frå P h illips Petro leum  C om pany  N orw ay. D en  m ask ine lle  de len  av 
oppdraget vart u tfø rt ved bruk av W eidners M aeroC A T  system  fo r engelsk -til-no rsk . D ette  
program m et vart u tv ik la  ved U iB  1986-87 (P rosjek t E N T R A ) pä  g runn lag  av tilsvarande  en g e lsk 
tysk  versjon  (jfr. B rekke og  Skarsten  1987). E N T R A -system et v art u tv ik la  pä  D E C  M icrovax II i 
sam arbeid  m ed D igital E quipm ent C orporation . N orge , og  v art k jø rt p ä  denne m ask inen  i p rosjek t
perioden.

1.2. Avgrensing
R apporten  e r  o rien tert u t Irä ønsket om  ä v inna  em pirisk  kun n sk ap  om  den  to lle  eksisterande  
program vare fo r M T  kan  spela  innanför e it m eir om fattande om setjingsprosjek t m ed  reelle  
ram m efak to rar (sä som  kostnadsefTektivitet, tidspress, kvalite tskon tro ll m .m .). U ru lersøkinga e re in  
konkret konfron tasjon  m ellom  e it operasjonelt og  p rak tisk  irm retta M T -system  o g  dei sp råk lege , 
økonom iske o g  sosiale  realitetane som  de t e r  nødvend ig  ä  k u n n a  tak la . D enne  rry>poiten m ä  sjäast 
som  ei tilbakem eld ing  frä  e it fron tavsn itt som  e r  v ik tig  dersom  vi m e in e r a t d e t vi som  språkspe- 
sia lis tar driv  m ed, skal ha  relevans fo r de t sam funnet vi lev e r i. D e t som  fø lg je r e r  a ltsä  inn re tta  
m o t p rak tisk  u tfo rsk ing  h e lle r enn  teoretisk  forldaring  av dei fak to rar som  sp e la r in n  ved  b ru k  av 
M T  som  om setjingsreidskap .

2. Prosjektdesign
D en overordna ark itek turen  fo r P rosjek t PH IL E N T R A  g ärfram  av fly tsk jem ae ti A ppend iks 1 (m ed 
m indre juste ringar, jfr . nedanför). T ekstane  kom  frå  o p p dragsg ivar som  try k t o rig inal og  som  
A S C Il-fil pä d iskett. K vart de ldokum ent (kapittel) i pap irkopi g jekk  til tran s la tø r fo r term -ekser-
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pering . L ista  o v e r ekserperte  te rm ar gjekk sfl sam an m ed papirkopien  til term inolog , som  ved søk 
i N orsk  term banks N O T -base  etablerte sannsynlege ekv ivalen tar, o fte  i konsultasjon  m ed oppdrags- 
g ivar.

I m ellom tida  v art A S C Il-teksten  las ta  inn  i den  e lek tron iske tekstbanken  og  førebudd for 
M T -system et. E it vokabularsøk  gav ei liste  o v er uk jende ord som  sam an m ed te tm ane f r i  term søket 
v a rt lagde  inn  i system ordboka. T eksten  v a rt dere tter k jø rt g jennom  E N T R A -program m et og 
resu lta te t o verfø rt til d isk en  i W ordP erfeet-form at. D enne u t-teksten  vart lasta  inn  pfl P C  og  danna 
g runn lage t fo r transla tø ren  si redigering  (post-editing) og  tilbakefø ring  til opphaveleg  tekstform at. 
F e rd ig red igert tek st v art så  rev idert og  k o n tro llen  fø r  siste  u tsk rift o g  re tu r  til oppdragsgivar.

T ek stm assen  b esto  av om lag  20 0 0  sider d r if tsh an d b f^e r fo r  o lje industrien , fo rdelt o v e r 31 u like 
subdom ene (j&'- A ppend iks 2). D esse sp en n er o v er sv æ n  m ange tekn iske  fagom råde, ftå  prosess
k jem i o v e r de t m este  av  m ekan isk  industri til d rikkevatn  og  te lek o m m u n ik asjo n  D et se ier seg sjølv 
a t den  filo log iske  tekstfo rstå ing  h e r  e r  s terk t avhengig  av fagspesialistens innsik t i funksjon  og 
arbeidsm åte , o g  av at u like ek sp erta r kan  etab lera  ei effek tiv  kontak tform .

P H lL E N T R A -team et besto  fo r det m este  av 5 p erso n år på  deltid , som  seg  i m ellom  representerte 
fø lg jande relevan te  fu n k s jo n a r  term inolog , transla tø r, engelsk  fagspråkspesialist, edb-spesialist og 
sek re tæ r/koord ina to r (jfr. seksjon  3). A lle  v a r  ru tinerte  PC -brukarar, dei fleste m ed hovudfag  eller 
m eir, og  m ed rela tiv t sterk  prak tisk  språkkom petanse. E tte r  v isse  innk jø ringsvanskar og  person 
sk ifte  i sta rten  fungerte  de tte  team et b ra  g jennom  heile  prosjek tperioden .

3. Forskingsdesign
U ndersøk inga  av tidsbruk  og  p roduk tiv ite t i to ta lp rosjek tet o m fa tta r fire v ik tige  delom råde m ed 
k v a r  sine  spesifikke  funksjonar. Innhaldet i k v a n  av desse  delom råda e r  lista  opp  nedanför, 
fo rkortingane refe re rer til kurvene på  flg. 2. E in  g itt m edarbeidar hadde sje ldan  alle e lle r  berre 
funksjonar u n d e r e itt delom råde:

3.1. Terminologiarbeid(TRM):
• T  e n n ek se ip e rin g  i papiricopi
• T erm kon tro ll m o t W eidner system ordbok (Vocabulary Search)
• T erm søk  i N o rsk  term banks N O T -base
• T erm av k la rin g  (te lefon , telefaks, b rev) m ed oppdragsg ivar
• O ppdate ring  av system ordbok (Dictionary U p ^ te )

3.2. Redigering (= post-editing) (EDT):
M ed  u tgangspunk t i tilg jenge leg  o rig inaltekst i pap irkop i, term liste  fo r deldokum ent, og  m askin- 
p ro d u se n  u t-tek st i W P -fo rm at på  diskett:
• R ekonstituering  av  o rig inalfo rm at
• T ek stred ig erin g

3.3. Tekstrevisjon (REV) (NB: ved annan person enn redigerar):
• K ritisk  g jerm om lesing  av  u ttekst
• K onsekvenskon tro ll, dokum ent-in tern t og  m o t tid legare  dokum en t
• O ppretting

3.4. Administrasjon (ADM):
• K onverte ring  og  overfø ring  av elek tron isk  tekst
• K jø ring  av m ask insystem et
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• K opiering  og  u tskriv ing
• Y m se sekretæ rfunksjonar

E tte r denne skissa  av p rosjek te t o g  undersøk inga  g å r vi n o  o v e r til å d rø fta  dei v ik tigaste  p rob lem a 
vi støy tte  på  i den  prak tiske  g jennom føringa.

4, Problemstillingar
4.1. **VirkeUghetskonfronta^on**

P rosjek t PH IL E N T R A  h a r  e i rekke in teressan te  p rob lem stillingar. I d e t som  h e r  e r  k a lla  “ v irke- 
lig h ed k o n fro n tasjo n ” ligg  d e t a t vi v ille  h a  ei tilbakem eld ing  p å  kva  p rob lem  d e t e r  v ik tig ast å få 
løyst først dersom  M T  skal kurm a bli til stø rre  sam funnsm essig  ny tte . K va  v ille  u tfa lle t bli av e in  
lum kret konfroiu isjon  m ellom  e it operasjonelt M T -system  o g  den  røyndom  C 'v irkelighet”) av  
språklege, økonom iske o g  sosia le  rea lite ta r som  fo rre tn ingsverda  rep resen te re r?  F rå  v å r  s id e  låg  
d e t e it behov fo r å  kny ta  den  lingv istiske  refleksjon  til e it arm a u tgangspunk t en n  de t teo re tisk e , d er 
d e t lingvistisk  in teressan te  no rm alt b lir  definert u t frå  e in  bestem t teo ri, o g  in n an fö r d enne  teo rien  
sin  problem horisont.

L ingvistisk  in teressan te  problem  synte  seg  o fte  å  spela  e in  p e rife r  ro lle  i d en n e  sam anhengen . 
D et v ar o fte  lingvistisk  triv ie lle  problem  som  v art avg jerande fo r  k o r  ve llukka  resu lta te t v a rt pga. 
den  kum ulative effek ten . E it i og  fo r seg  overkom eleg  lingv istisk  prob lem  m ed  h ø g  tekstfrekvens, 
m en  d er løysinga ikkje e r im plem entert i system et, skaper e it s to rt p rob lem  i p raksis , m ed an  e it 
teoretisk  k o m p lisen  problem  som  førekjem  sjeldan , i p raksis  e r  ubetydeleg  fordi o m se tjin g a  likevel 
m å redigerast. P rob lem ftekvens b lir  m ed andre ord v ik tigare  en n  teo re tisk  vanskeg rad , og  v an sk e
grad i dette  praktiske perspek tive t e r  ig jen  rela tert til dei taste trykka transla tø ren  m å  utføra.

E in  annen v ik tig  subdim ensjon  e r  tidsd im ensjonen . I e in  k onkre t a rbeidssituasjon  m ed faste 
leveringsfristar v a r  de t u råd  å p rio rite ra  “akadem iske  p rob lem ”. D ette  ga  oss også  som  akadem i- 
kara r ei anna ny ttig  erfaring . Vi hadde p lan lag t at d e t f ^ e g e  u tv ik lings- o g  oppgraderingsarbeide t 
skulle gå paralle lt m ed  oppdragsprosjek tet, slik  a t s jø lve M T -system et kurm e kon tin u erieg  forbe- 
trast frå  dokum ent til dokum ent; tidsp resse t g jorde dette  i p raksis  um ogeleg  fo r  oss. N å r  e in  arbe ider 
i en anbodssituasjon, vil d e t fag lege aspek tet tapa  m ed e in  gong  de t k jem  k ryssande  in te resse r  inn. 
D et faglege arbeidet bø r d ifo r gå para lle lt m ed og  uavheng ig  av anbodssituasjonen , dersom  det let 
seg g jera, e lle r sk je i etterkant, dersom  det e r  dei sam e personane som  e r  involvert.

T idsd im ensjonen  ak tualiserte  også  ei rekkje andre laten te  p ro b lem stillin g ar som  ikk je  le t seg  
kontro llera på  sam e m åte  som  n å r e in  sk rq x r seg  si e iga  ideelle  verd  og  lø y se r  p ro b lem a  teoretisk . 
M T  vil, m ed sitt verifiserbare  k rav  til effek tiv ite t, s tilla  dei engasjerte  a k a d e m i^ e  m iljø a  andsynes 
e in  ny  type  u tfo rd ringar, og  de t e r  ikk je  g itt a t M T -fo rsk ing  p rim æ rt v il b li e in  akadem isk  d isip lin  
i fram tida dersom  ein  ikk je  m ak ta r å  tak la  slike  “virkelighetdconfirontasjonar", n o k o  d e t ik k je  e r  
trad isjon  fo r  i lingv istiske  m iljø . O m setjing  h a r  nem leg  hittil ikk je  h a tt e in  e tab lert o g  v e ldefinert 
rolle  innan lingvistikkdisip linen .

4.2. Evalueringsvanskar
Som  kjen t e r  de t i seg  sjø lv  ein  vanske  å eva luera  kva lite t ved  om setjing  u t o v e r  d e t grurm leggjande 
k riterie t a t kunden  skal ve ra  nøgd  m ed re su lta te t  D enne rapporten  g ir  ikk je  rom  fo r v id a re  d rø fting  
av  dette  m en  n ø y er seg  m ed å påpe ika  at vi i p rosjek trapporteringa  v å r  h a r  støy tt p å  tilh ø v e  som  
ikkje så  lett la r  seg  ein tyd ig  definera . G rensa  m ellom  genere lt v o k ab u lar o g  term ino log i e r  ikk je  
le tt å finna, og  sle tt ikk je  grunngi; tilsvarande g jeld  fo r g rensa  m ellom  term  a r  o g  koU okasjonar. V i 
h a r  fø lg t den  p raksis som  N orsk  T erm bank  h a r  e tab lert u t f r t  e rfaring  o g  sk jønn.

Vi v il også g jera  m erksam  p å  a t n å r  vi sam an liknar m ed m anuell om se tjing , ta r  vi som  g itt at de tte
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in n eb e r b ruk  av elek trraiisk  tekstbehand ling  o g  tenno i^K lag , p å  sam e m åte  som  un d er redigering 
av  M T -produsert ut-teksL  Vi v il også  nenm a at evalueringa ikk je  b y g g jer på  e in  ideell prosedyre, 
i o g  m ed  a t vi e r  p a rt i saka (fo r e it k lårt døm e på  de tte  sjå  M aklovitch  1985) og  fordi tidspresset 
og så  h e r  k an  v e ra  årsak  til m ind re  m ålefeil.

T ran sla tø ren s p s ^ s k e  reaksjonar p å  “sam arbeid” m ed M T  e r  også  e in  noko  variabel faktor. D et 
e r  u tan  v idare  k lå rt a t de t e r  m e ir  anstiengande å  “reparera”  e it dårleg  tekstu tkast enn  å streva m ed 
å  o m se ^ a  d irek te  f iå  g runn teksten . Som  v i snart skal sjå , skulle de tte  tilhøvet få  e in  v ik tig  innverkrutd 
p å  slu ttfasen  av  p ro sjek te t o g  rep resen tera  ei feilk jelde som  ikk je  v a rt avdekka fø r  de t underliggande 
ta lm a te ria le t v a r  gjeruiom arbeidd.

D esse  a tte rh a ld a  e r  likeve l ik k je  av e in  slik  k arak ter a t det genere lle  b ile te t som  kjem  fnun  vil 
k u n n a  en d rast vesen tleg . D et ty d e r b e rre  at e in  b ø r  ve ra  rom sleg  m ed  “desim aln ivået”  i to lk inga av 
resu lta ta . I  hovudsak  refe re rer v åre  m ålin g ar til e it  represen tativ t u tval som  o m fa tta r næ r 50%  av 
to ta ltek s tm asse .

4.3. Delproblem  

4J .I. Terminologi
D en  g jennom snittlege  fo rekom sten  av n y e  term ar pr. s ide  fo rk v a r  av dei 9  dokum enta  e r  fram stilt 
i fig . 1. P rosjek tkalky len  va rt lag t e tte r  e in  del s tikkp røver u n d er p ilo tfasen , o g  desse  ga oss grurui 
til å  rekna m ed  at n y e  te rm ar v ille  opp tre  re la tiv t te tt i startfasen  m en  e tte r  kvart sjeldnare. 
T erm in o lo g ia rb e id et v ille  i startfasen  m .a.o . ku n n a  p åfø ra  p rosjek te t e it  stø rre  tap  Stan e tte r ei v iss 
tid  v ille  b li k o m p en sen  e tte r  at te rskelarbeidet v a r  g jort. Som  fig. 1 tydeleg  v iser, v art denne 
fo rven tn inga  innfridd . I d e t første dokum ente t (nr. 1 langs horisontal akse), som  v a r på  to ta lt 420  
s id er, fann  vi i g jennom sn itt l in  i o v erkan t av to  nye  te rm ar pr. s ide  (vertikal akse). A lt e tte r  det

Figur J: Documents

andre  d o k u m en te t, d å  30%  av  to ta ls ide ta le t v a r  tilbakelag t, v a r  de tte  ta le t fo r  te rm ar pr. side m eir 
en n  halvert, o g  d ik  v id are  m ed e in  g jennom gåande fallande tendens fram  m ot de t siste  dokum entet 
(nr. 9  lan g s ho rison ta l akse), som  inneheld t ingen  n y e  term ar. D en  g rafiske  k u rven  i fig. 1 stadfester
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at den  ten n in o lo g isk e  grunn lagsinvesteringa ved  b ruk  av M T  e r  tu n g  o g  at lønsem d b e n e  kan  
oppnåast ved eit v iss t volum .

I  praksis  synte de t seg  likevel sv æ it vanskeleg  å  sty ra  e in  konsekven t o g  til ei k v a r  tid  oppdatert 
te im bruk  berre  u t frA system ordboka. Som  e it separa t de lp rosjek t p roduserte  vi d ifo r  e i try k t 
term liste  pfl grunn lag  av om lag  700  ekserperte  te rm ar og  faste u ttrykk , m ed  både engelsk  og  norsk  
oppslag . T erm lista  lim gerte  som  e it k o n k re t referansepunk t og  ei fokusering  fo r  d en  kon tinuerlege  
d ialogen vi førte m ed  oppdragsg ivar om kring  term bruken .

4 3  J .. Ekvivalens
E kvivalensprob lem atikken  e r  ikk je  lø y st b e n e  ved  term ino log isk  reg istrering . Ig jen  e r  det kunden  
som  bestem m er kv a  scan e r  ei funksjonelt ekv ivalen t om setjing . D e t syn te  seg  h e r  at pe tro leum s- 
b ransjen  hadde irm arbeidd i sp räket s itt d en  spesie lle  form a fo r  n o rsk  som  i fag leg  sam an h en g  e r 
k jend  som  N orw english . Flash gas  td. sku lle  i fø lg je  p rosessingen iø rane  h e ita  d e t sam e p ä  norsk , 
h e lle r enn  “avdam pingsgass", som  v a r  N orsk  T erm banks e k v iv a le n t S p ø rsm åle t om  k ven  som  
skulle  vera  norm givar, og  konflik ten  rund t d e t  kom  d ifo r  inn  m ed  ei tyngde  som  vi ikk je  hadde 
fo ru tse tt

E it anna problem  som  vi ikkje hadde fo ru tse tt  hadde sam anheng  m ed fagbestem te  sub k u ltu rar 
og  språkkonvensjonar. D et synte  seg  a t e tab lert no rsk  in g en iø r^ rf lk  e r  ty d eleg  b asert p ä  tysk  
trad isjon  og  tyske  form uleringer, m edan  dokum enta reflek terte  ang lo -am erikansk  ingen iø rsp råk . I 
slike tilfelle  e r  norm grunn laget høgst uavk lara, o g  alt e tte r  trad isjonsfo rank ring  kunne  v i frå  tilsette  
i sam e se iskap  få  u like sv a r på  kva  som  v a r re tt tekn isk  språkføring .

E in  tredje fak to r v a r  fraseo logien  o g  den  “ tau se"  k u r m s k ^ n .  M ed  d e t m ein est at ei om se tjin g  i 
og  fo r seg  kunne ve ra  g ram m atisk  rett, og  iso lert sett e in  uk landerieg  se tn ing , m en  “de t v a r  berre  
ikkje s lik  ein  sa  de t" , og  de t v isste  a lle  som  v a r i b ransjen . E in  kunne  aksep tera  nok re  a w ik ,  m en  
n å r dette  v art de t van lege , vart teksten  opp levd  som  sæ r, sjø lv  om  h an  ikk je  v a r  d irek te  feil, jfr . 
døm e 1:

(1) Atmospheric Equipm ent D rain System  sku lle  he ita

“System  fo r av løp  fra atm osfæ risk  u tsty r"  og  ikkje rroko anna, som  td.

“A vløpssystem  fo r a tm osfæ risk  u tsty r"

V idare m å nem nast p rob lem et m ed “g jend ik ting", som  fo r M T  e r  u løysande. S åleis  fastslo  
oppdragsg ivar a t døm e 2:

(2) Tank Pressure D evice  bu rde b li g jeng itt som :

“gassvak t fo r å varsle dersom  de t oppstår isolasjonsfeU  på  transfo rm ato rv ik lingen"

D ette  e r e it trøkså ekstrem t døm e på  g jend ik ting  kop la  m ed  im p lisitt encyk loped isk  kun n sk ap  og  
ligg  langt frå  de t e in  van legv is rek n ar som  om setjing , m ask ineli e lle r  ikkje.

F o r det Qerde kan  nem nast sam ansette  nom inalu ttrykk , e it  v e lk jen t c rux  fo r  all syn tak tisk  analyse. 
D et e r  ikk je  m indre k jen t som  e it vanskeleg  M T -prob lem , ikk je  b e n e  fo r  au tom atisk  ana lyse  m en  
også  i høg  grad  fo r  transfe r-ieg lane  som  lag a r overgang  m ellom  kjeldesp råk  og  m ålsp råk . M ellom  
typologisk  u like ^ r å k  som  td. engelsk  o g  norsk  b iir  de tte  ekstra  k ink ig . D et som  p å  engelsk  e r  e in  
del av hase-sy n tak sen , m å  p å  norsk  o fte  fo id e last m ellom  te rm d am in g sreg lan e  o g  p reposisjons- 
h a se la u k e n  (døm e 1 o v an fo r illu strere r de tte  godt).

H er e r  vi iruie p å  e it felt som  synest å  ligg ja  svæ rt dårleg  til rette  fo r  au to m a tisen  o m setjin g , sæ rieg  
nåro p p h o p in g a  av e lem en t i d en  engelske nom iruilftasen  overstig  4 -5 . D ette  e r  o fte  tilfe lle  i kom pak t 
tekn isk  dokum entasjon , o g  døm e (3 ) e r  førebels y tterpunktet i sam linga  vår:
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(3) fra m e  m olded case therm al magnetic automatic 3 po le  a ir circuit breaker

D et e r m ange problem  som  kjem  til syne her. e r  dette  e in  te rm , e lle r e it konglom erat av te im ar 
(m ed  xd. fra m e  m olded, 3  po le  og  air circuit breaker som  k jem eelem ent)?  E lle r se r vi h e r  berre  det 
u lykksalige  resu lta te t av fö rfa ttaren  s itt behov fo r  ä ko rta  ned til e it sam ansett nom inalu ttrykk  det 
som  burde  vo re  sag t m ed  tre -lire  setn ingar? D øm e (3) v ise r e in  type  problem  som  ikk je  h a r  tradisjon  
fo r  å  vera  lin g v is tisk  in teressan t, m en  ei løysing  m å  firmasL E tte r  inngåande konsu ltasjonar v art vi 
s tåan d e  ved  (4):

(4 ) “ 3 -po le t ko m p ak tb ry te r fastm ontert m ed  overlast- og  kortslu tn ingsvem ”

m en  den  kom  sjø lvsag t ikk je  u t av m askinen . O gså  h e r  e r  de t bygd inn  encyklopedisk  kunnskap  
som  ikk je  v a r  ek sp lis itt i d e t engelske  uttrykket.

G jennom  heile  tekstm assen  førdcom  liknande rela tiv t faste  o g  tilbakevendande se k v e rsa r  av 
nom ina l-e lem en t, g jem e  svæ rt like  u ttrykk  m en  m ed  sm å variasjonar i o rdstilling . E in  konkordans 
v a r  e it n y ttig  h jelpem iddel fo r å  lin n a  desse. S jø lv  om  lå  v a r så ekstrem e som  døm e 3. v art det 
likevel, in n an fö r p rosjek tram m ene, u råd  å avg jera  term inologisk  sta tus fo r  m ange av  dei. V i var 
derm ed  av sk o m e frå  å leg g ja  slike sekvensar inn  i system ordboka og  såleis hen ta  u t rmkon 
rasjona liseringsgev inst i de tte  høvet.

V i k an  ikk je  fo rla ta  ekv ivalensprob lem atikken  u tan  å pe ika  p å  prob lem et m ed  de t språklege 
“ bev issthetsn ivåe t” som  k arak terise re r m an g e  b ed riften  O fte h a r  se lskapet e in  vag  e lle r  uavklart 
com pany policy  m .o .t. språkbruk . D et e r v å r  e rfa ring  at slike spørsm ål e r låg t prio rite rt og  kanskje 
ikk je  k jem  til å få noko  anna løysing  enn  a l den  som  e r  siste  form elle  kontro llerande instans også 
b lir  sp råk leg  n o rm g iv a ru tan  at de t sk jer e a e r  m edv iten  overveging . D erm ed ris ikere r vi at e in  annan 
d ag  kan  de t ve ra  e it arm a synspunk t som  e r “d e t re tte” . I tillegg  k jem  ei allm erm  forventn ing  om  at 
sam e k o r  d årieg  o g  uk la r o rig ina lteksten  e r, skal s lu tp ro d u k te t vera  høgg lanspo lert og  uangripeleg  
(“taus fo rven tn ing”?).

4.4 TeksUeverandørtilhøve
P rosjek te t v art k a lk u le rt m ed  u tgangspunk t i tekst som  alt v a r  elek tron isk  tilg jengeleg . D et seier 
seg  sjø lv  a t M T  b asert p å  tekst som  ikk je  v a r  i e lek tron isk  form at v ille  g itt e it h e lt arm a reknestykke, 
s jø lv  m ed  op tisk  inn lesingsu tsty r. D ette  p rob lem et vil g radv is av ta  o g  e r  vel a lt i d ag  eit m arg inalt 
p rak tisk  prob lem  pga. den  geneieU e bruken  av tekstbehandling .

D e t at teksten  h a r e lek tron isk  fo rm at sik ra r likevel ikk je  alltid  rask  M T -behandling . O fte kan  
fo rekom sten  av v isse  kon tro llkodar (som  td. “ hard  lin jesk ift” ved  slu tten  av k v a r lin je i e in  
A S C ll-tek s t)  skapa  u fo ru tsette  o g  tidkrev jande vanskar. S ideform atering  kan  represen tera  eit 
v esen tleg  stø rre  p rob lem . V å r  erfaring  v a r a t u p r e g a  teknisk  spesiftkasjonssto ff i spa lte r ikkje 
c ig n a r seg  fo r  M T , jfr . døm e (5):

(5) Y S L L  5083  L ocal panel m ounted  
Y S L L  5084  low -tow  U V  in tensity  
sw itch  fo r  each  pod .

S e t a t2 4 % f t i l l
irttensity.

N o  e r  nye  system  undervegs som  kan  tak la  o g så  slike p roblem , m en  de t k rev  d å  ei spesialprosedyre 
fo r  d efo rm aterin g  o g  reform atering .

I e in  k o n k re t p roduksjonssam anheng  b iir  de t v ik tig  ikk je  berre  m ed  term bruk  o g  sd ln iv å  m en 
o g så  m eir  ban a le  aspek t som  gjeld  typografisk  og  o rtografisk  k v a lite t på  inntekst. I M T -sam anheng 
b iir  de tte  spø rsm åle t endå  v ik tigare  fordi e in  setn ingsbasert analyse ikk je  g ir  rom  fo r educated  
guessing. D et sam e p rob lem et ek sis te re r også fo rse tn in g a r m ed trykkfe il som  i seg  sjø lv  g ir  legitim e 
o rd fo rm er. D øm e (6) illu strere r p roblem et:
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(6 ) The ling-up conå ts c f  23 unit c f  m etre-clad circuit breakers.
(link-up)(consists) (m etal)

D et e r  ikkje vanskeleg  å  sk jøna  a t fo r  m yk je  av de tte  sk ap er s tø n e  p rob lem  fo r  M T  en n  fo r 
trad iq o n e ll om setjing .

T il slu tt skal nem nast e it delp rob lem  som  vi g løym de fl ta  om sy n  tU u n d e r  p lan legg jinga: m ed 
nye  r e i d s k ^  og  aibeidsm fltar fø lg je r de t ofte  v isse  psyko log iske  leak sjo n ar som  p flv iikar sam ar
beidskulturen  i e it p ro s je k t V i opp levde i starten  e in  v iss  uv ilje  hos oppdragsg ivars dokum en- 
tasjonsansvailege, tiu leg  fordi ^ i  opp levde M T  som  ein  po tensie ll konkurren t til e tab lerte  
produksjonsTutiner. D e t t d t  ei stund  fø r  sam arbeidskulturen  v a rt s lik  a t de tte  p ro b lem et kunne 
se iast fl ve ra  lø y s t  D e t som  frfl vflr s ide  v a r  testing  av e it  spennande M T -p ro s je k t m ed  sik te  pfl 
y tterlegere  forbetringar, v a r  no k o  u k jen t og  derm ed  k ansk je  n eg a tiv t lad a  o g  til o g  m ed  trugande  
fo r  enkelte  m edarbeidarar. D ette  v art e i pflm inning om  k o r  v ik tig  d e t e r  i foricant av  e it p ro g ek t-  
sam arbeid  fl e tab lera  ei fe lles g runn legg jande forstfling fo r  p rob lem  o g  av g ren sin g ar o g  s lik  s ik ra  
a t oppdragsg ivar a lt i sta rten  h a r  rea listiske  fo rven tn ingar til re su lta te t

4.5 Er M T konkurransedyktig?
M ed neirm de fø rese tnader og  kom pliserende fak to rer e r  vi sfl kom ne frem  til hovudprob lem stillinga: 
E r  M T  konkurrensedyktig , og  i sfl fall, k o r s to r e r  gev insten? F ram stillinga  v il i d e t fø lg jande v era  
kny tt til fig. 2  (fo r k o d er sjfl seksjon  3 ovanfor):

Figur 2: Documents

F ig . 2  e r  d  gam anstilling av d en  tid a  (u ttryk t som  tim ar pr. å d e  lan g s v e rtik a l ak se) som  g jekk  
m ed  til adm inistrasjon , te rm im lo g ia rb e id , red igering  o g  rev isjon  av fire  u tv a ld e  do k u m en t (langs 
horisontal akse) m ellom  i a lt  n i. I  tillegg  tfl fø rste  o g  siste  dokum en t (respek tive  n r. 1 o g  4  pfl fig . 
2) va lde  v i d d  to  som  represen terte  1 /2-vegs- o g  3 /4 -dels-m erket i p ro sjek tg jennom føringa  
(respektive n r. 2  o g  3 pfl fig. 2 ), dvs. e tte r  1048 o g  1530 sider. U tva le t u tg je r  m er  50 %  av he ile  
tekÅ m assen (995 av i d t  2022  sider).

D en  m arkerte  nedgangen  i nye  te rm ar pr. s ide  (syn t pfl fig . 1) e r  pfl fig . 2  reflek te rt som  e it s terk t 
fall i ressu rsb ruken  pfl term ino log iarbeid  (jfr. n est øvste  ku rve  o v e r d o k u m en t 1, som  gflr m o t null 
ved  dokum ent 4 ). B ehovet fo r  adm inistrasjon , sæ rleg  tu n g t i innk jø ringsfasen  (jfr. n est n ed ste  kurve
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o v e r  dokum en t 1) U ir  også  ste rk l redusert i resten  av prosjek tperioden . B ehovet fo r rev isjon  av 
ferd ig  transla tø r-red igert tekst (j^r. nedste  kurve o v er dokum ent 1) e r  rela tiv t stab ilt m en svakt 
aukande m o t slu tten . A t behovet fo r red igering  skulle  auka så d ram atisk  m o t slu tten  som  øvste 
ku rv e  på  fig. 2  syner, e r  e it faktum  som  krev  ei litt g iund igare  fo ik laring .

D e t hadde  seg  nem leg  slik  at v åre  to  translatørar, e tte r a t 3/4 av p rosjek te t (seks dokum ent på  til 
sam an  1530 sider) v a r  tilbakelag t, kom  m ed fiam legg  om  å om setja  siste  1/4-delen m a n u e lt  D ei 
v a r  p å  dette  s tad ie t god t innk jø rde  i rea lia  o g  ten n in o lo g i o g  veltren te  i sin^kstil o g  fonnulerings- 
m åte  fo r  desse  dokum enta . L everingsfristen  n s n n a  seg , o g  tran d a tø ran e  m ein te  a t dei no  kunna 
tas ta  iim  norsk  v e rs jo n  (på sk jerm en) raskare  o g  m eir  rasjonelt d irek te  frå  grunnteksten  (p å  pa^ir) 
en n  om  dei sku lle  h a ld a  firam m ed å  “ reparera"  p å  M T -u ttekst m ed  stad ig  tilbakevendande feil og 
manglar

P rosjek tle iinga  (= fo rfa ttarane) opp levde fram legget som  litt av e it an tik lim aks, fordi v å r  u tgangs- 
hypo tese  tiisa  a t d e t v a r  ne ttopp  i denne fasen a t dei stø rste  Ih ik tene  av M T  ville  kunna  h a u s ta s t  I 
d en  p ressa  tid ssituasjonen  v a r  de t v ik tigaste  likevel å  ferd igstilla  siste  dokum ent iruian den  avtalte 
leveringsfristen . V i gav derm ed g røn t lys fo r d irek te  m anuell om setjing  av dei siste  tre  dokum enta, 
m ellom  desse  a ltså  de t a lle r siste , rep resen tert som  nr. 4  p å  fig. 2. R esten  av arbeidet synte god 
fram drift o g  v a n  avslu tta  i rett tid , og  translatø rane v a r tilfredse m ed arbeidssituasjonen  i innspurten.

D et sku lle  e tte r  de tte  ikk je  ve ra  uven ta  a t tidsbruken  på  red igering  (=m anuell om setjing  m ed 
e lek tron isk  term oppslag  og  tekstbehand ling) sky t i v ere t o g  e r  høgare  pr. side fo r  dokum ent 4  enn  
fo r  n o kon  av dei andre. A t tidsb ruken  på  rev isjon  (jfr. nest ø v ste  kurve o v er dokum ent 4  på flg. 2) 
ik k je  berre  b lir  red u se n  m en  som  nem nt sy n er e in  svak  auke, e r  vanskelegare  å  forstå. M en det 
o v ero rdna  synspunk te t blir: ko rle is  påverka  overgangen  til m anuell drift den to ta le  produktiv ite ten
1 p rosjek te t?

F o r  å kunna  svara  på  dette , e r  d e t na tu rieg  å gå o v e r p å  den  van lege  p roduktiv ite tsindeksen  som  
tran sla tø ra r g jem e  b rukar, n em leg  p roduksjon  av ferd ige  sider pr. tim e arbeidsinnsats, anten  de t 
g jeld  adm in istrasjon , term arbeid , red igering  e lle r  revisjon . S lå r vi sam an desse ta la  fo r kvart av dei 
fire  u tvalde  dokum en ta , få r  vi som  resu lta t kurven  i flg. 3. P roduktiv ite tskurven  sy n er b ra  stigning 
frå  0 ,62  s id e r pr. tim e  fo r  dokum en t 1 (det a lle r første), g jennom  1,27 sider pr. tim e fo r dokum ent
2 (e tte r ve l 1000 sider) og  o p p  til 1,77 s id e r pr. tim e fo r  dokum en t 3 (e tter vel 1500 sider). H er 
irm treffer så  de t to ta lt uven ta  i de tte  prosjek tet, like  överraskande fo r  transla tø rar som  fo r prosjek t
leiing : ved  o vergang  til m anuell om setjing  i e in  fase  d e r  behov fo r adm inistrasjon  og  term arbeid  er 
v ed  e it m in im um , g å r  den  to tale  sideproduksjonen  n e d  til 1,29 pr. tim e.

Figur 3: Documents
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D ette  v a r  så  p ass  sensasjonelt a t v i. e tte r a t undersøk inga  v a r  avslu tta , g jekk  tilbake  i m ateria le t 
og  kontro llerte  og så  dei to  andre m anuelt om sette  dokum enta , a ltså  d e t s juande og  åttande. D esse 
ta la  v art litt høgare  m en  fram leis m aiicert under ta la  fo r dokum ent 3 . 1 g jennom sn itt fo r m anuell 
om setjing  va r p roduktiv ite ten  1,42 s ider pr. tim e  arbeidsinnsats, a ltså  ca. 25%  låg a ie  en n  d e t beste  
av  m askinom setjing . D enne d ifferansen  e r  oppsik tsvekk jande sæ rleg  av to  g runnar;

1. D en  m anuelle  om setjinga  e r  u tfø rt av  høg t k valifiserte  o g  ru tinerte  tran s la tø ra r  m ed  so lid  
erfaring  m ed den  ak tuelle  term inologi og  språktype.

2. F a lle t i p roduk tiv ite ten  f tå  den  m ask inelle  fasen  v a r  stikk  i strid  m ed  desse  transla tø rane  si 
psyko log iske  opp lev ing  av arbeidssituasjonen  m .o.L k v a  m etode som  v a r  m est p roduk tiv .

D e t v ik tigaste  spørsm åle t som  vi ikkje h a r  få tt sv a r på, e r  q ø lv sa g t ko rle is  ku rven  i fig . 3 v ille  ha 
gå tt e tte r td . 2000  e lle r  3000  s id e r dersom  vi hadde ha ide  fiam  m ed  m ask inell om se tjin g  som  del 
av p rosessen , og  sæ rleg  p å  k v a  punk t vi v ille  h a  fått ei u tfla ting . D en  o p p fa tn in g a  som  vi e tte r  k v art 
fekk , e r  a t u n d er de i rådande ram m evilkår (kvalite ten  i d e t eksisterande  system et, le ssu rsa r  til 
ju ste rin g  og  fo rbe tiing  undervegs o .l.)  kunne vi ikk je  h a  ven ta  sæ rleg  m ei r  stign ing  i p roduk tiv ite ten . 
D et e r e in  slik  ten ta tiv  konk lusjon  som  lig g  til g runn  fo r  v å r  satsing  p å  n este  generasjons 
u tv ik lingsverk tøy  fo r  m ask inom setjing  (jfr. nedan fö r) h e lle r enn  p å  raflin erin g  av  d e t eksisterande.

5. Generaliseringar
D enne undersøkinga av e it konkret em pirisk  m ateria le  hadde til fo rm ål å  k larleg g ja  om  eit 
eksisterande operasjonelt M T -system  av dagens p rogram generasjon  h a r  vo re  p roduk tiv ite tsfrem - 
jan d e  i den prak tiske g jennom føringa  av e it oppdragsprosjek t inrum fag tekstom setjing . V i h a r  i d e t 
føregåande k o n sta ten  a t svare t e r  ja , o g  i tillegg  a t de tte  M T -system et i s in  rette  sam anheng  e r 
konkurransedyktig  i sam anlikn ing  m ed tilsvarande p rosjek t u tan  s lik t M T -irm slag. V i vil n o  d røfta  
i k o r sto r grad desse  generaliseringane kan  vera  gy ld ige også u tan fo r ram m a av P ro sjek t PH IL E N - 
T R A .

5.1 Weidners system og MT generelt
W eidners M acroC A T  v a r  resu lta te t av fo rsk ing  o g  u tv ik ling  g jo rt på  slu tten  av  70 -ta lct, og  e r  
represen tativ t fo r operasjonelle  M T -system  i s to re  d e le r av 80-åra. A v dei m est a lvo rlege  avgren- 
singane kan  nem nast at W eidner-system ordboka berre  tille t é in  ekv iva len t i k v a r  o rdk lasse . D en  
nye generasjonen  av M T -system  som  n o  e r  u n d e r u tv ik ling  e lle r  im p lem en tering  e r  s te ik a re  
lingvistisk  ftm derte (td. L F G ) og  h a r lang t m eir robuste  analyse- o g  tian sfe rs tra teg ia r  (td . C hart 
Parsing, U n^ication). I tillegg  e r  d e t u tv ik la  m e ir  so fistikerte  tek n ik k ar fo r reg is tre ring  og  u tveljing  
av synonym . E in  aktuell represen tan t fo r  denne p rogram generasjonen  e r  M T  TC X ILK IT ftå  E C S , 
P rovo  (sjå  H ig inbotham , H er and Pen theroudak is 1987).

5.2 Petroleumsspråk og fagspråk generelt
K an v i slu tta  f tå  de t m ateria le t v i h a r  tes ta  til fagspråk  genere lt?  D et e r  e i sv æ n  k o m p lise rt oppgåve 
å definera  fagspråk, an ten  det g jeld  term inologi e lle r andre s ider v ed  q>råket, og  d e t e r  d e t ikk je  
p lass fo r å  g jera  her. I ly s  av de t som  e r  sag t u n d er seksjon  2 . o v an fo r e r  d e t liten  g runn  til å  s jå  på 
“p e tro le u m s^ rå k ”  som  no k o  e in s k ^ le g  fenom en. D et v i h a r  fo r  o ss , e r  e it  g en ere lt ingen iø rsp råk  
som  ta r  farge  av  d e t subdom enet som  e r  om hand la , td . [»D sesskjem i, o g  i sam e g rad  som  e in  få r  
g rep  om  o f ^ y g n in g ,  funksjon  og  term inologi i su b d o m o ie t, v il e in  også  k u n n a  hand  te  ra  om setjing  
av fag tekst innan  subdom enet.

V i e r  av den  oppfatn inga a t m ed e it corpus som  o m fa tta r 31 subdom ene (jft. A ppend iks  2) e r  de t 
rim eleg  å gå  u t ftå  a t våre  tal v ille  vera  dekkande også  fo r andre b ransjar. D et e r  liten  tv il om  at 
m ed eit corpus som  spenner o v e r fæ rre subdom ene viUe kostnadseffek tiv ite ten  vore en d å  større.
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5.3 Kostnadseffektivitet
T e n n te tth e t o g  sp ie iin g  o v er subdom ene er svæ rt v ik tige variab la r i eit kostnadsperspektiv . E in  
m e iru v en ta  fak to r v a r  om  fanget og  betydn ingen  av den  sk ju lte  ku im skapen som  ligg  i fraseologiske 
konvensjonar. L ingv istisk  in teressan te  problem  som  td. p ronom inalisering  v a r i dette  perspektivet 
perifere , fo rd i de t v a r  lite  b ruk t i denne teksttypen , m edan  e it translatørproblem  som  val av rett 
p reposis jon  v a rt sv æ rt sentrali. G enerelt sett e r  d e t tekstvo lum et som  u tg je r den  kritiske m assen  for 
kostnadseffek tiv ite t. I v å rt prosjek t låg  denne g rensa på ca. 1000 tekstsider.

6. Konklusjonar
S am anfattande k an  de t se iast a t M T  h a r g itt lingv istikken  ein  ny  d im ensjon  som  prøvebenk for 
lingv is tisk  teori o g  datam ask inelle  m etodar. O perasjonell M T  sk ap er konkrete  høve fo r uttesting  
o g  verifikasjon  av teo ribaserte  h y p o teser og  forslag  m o t d e t fiille spek teret av au ten tiske språklege 
fenom en . D ette  v itk a r  definerande o g  fokuserande fo r p roblem stillingane.

P å  sam e tid  h a r  vi sett a t M T  avdekker heilt nye  u tfo rd rin g ar i den  tause  kunnskapen  som  ligg  i 
ev n a  til god  om setjing , o g  g jennom  fo rsøket på å im p lem rø te ra  noko  av denne. O m setjing  p er se 
h a r  som  k jen t ingen  sæ rieg  trad isjon  som  v itskapleg  fagdisip lin . D ette  tilhøvet e r  no  iferd  m ed å 
end ra  seg , og  M T  v il kunna kom a til å spela  ei v ik tig  ro lle  i denne sam anhengen . F o r  oss frå  eit 
akadem isk  m iljø  h a r  d e t vo re  positiv t å arbeida  m ed litt større grad av  resu lta torien tering , kopla 
m ed  g jennom førde  ru tin a r fo r kvalite tssikring . D et e r  likevel v ik tig  å sikra  d e t faglege u tv ik lings
arbeidet rom  ved  s id a  av p roduksjonsprosessen .

P rosjek t P H IL E N T R A  h a r v ist a t W eidner-generasjonen  av operasjonelle  M T -system  va r rim eleg 
b rukbar, m en  h an  e r  no  e it tilbake lag t stadium . D et e r  likevel ikkje tilfe ld ig  at de t “gam le" 
S ystran -system et fram leis e r  konkurransedyk tig , trass i dei sto re  lingv istiske  avgrensingane de t har. 
F o rk laringa  e r  tru leg  a t system et h a r  store  og  varierte  o rd b ø k er m ed opptil e in  kvart m illion  ord. 
T il sam anlikn ing  kan  d e t nem nast at vi hadde om lag  15.000 oppslagsord  i v årt W eidner-system .

D ette  h in d ra r sjø lvsag t ikkje at det m å vera  e it p rim æ rm ål fo r M T  å få e it best m ogeleg  lingvistisk  
fundert u tgangspunk t fo r system et; de t e r di fo r vi også  no  h a r  gå tt o v e r til det L F G -baserte  system et 
M T  T O O L K IT . M en  de t e r  nødvend ig  at u tv ik lingsarbeidet undervegs kan  relaterast til “virkelig- 
h e tskonfron tasjonar” av den typen  som  h e r e r  rapportert. D en  erfaringa  som  vi i B ergen  h a r m ed 
M T  T O O L K IT  g ir  grunn lag  fo r  å hevda a t n å r  W eidners M acroC A T  kunne gi e in  v iss produktiv i
te tsgev inst, v il e it  system  basert på  M T  T O O L K IT  kunna  g jera  det i endå  høgare grad , n å r  først 
te rske linveste ringa  e r  g jort, i form  av term ino log isk  detalj-spesifikasjon  o g  generell ordboksopp- 
datering . E )ennye generasjonen  av operasjonelle  M T -system  g ir lang t betre  høve til im plem entering  
av varie rte  k rite rium  fo r val av  ord  og  setn ingskonstruksjonar.

V isse  ekv ivalensprob lem  (m .a. fraseo logi) rep resen terer form idable  u tfo rd ringar fo r param etris- 
ke tiln æ rm in g sm åtar og  k an  kansk je  berre  løysast ved  ind iv iduelle  tilp asn in g er frå  p rosjek t til 
p rosjek t. P å  sam e m åte  som  det finst e igne  o rd bøker fo r  id iom atiske u ttrykk  kan  de t lag rast o f ^ a g  
fo r  ferd ige o m setjin g ar m ed fraseo log iske  p referanser. V ansken , i høve til dei fleste id iom atiske 
u ttrykka , e r  a t dei ik k je  e r  a llm en t k jende på  førehand , og  i b ransjen  e r  e in  seg  h e lle r ikk je  alltid  
m ed v iten  at d e t n e tto p p  e r  ta le  om  e in  ̂ s i e l l  og  karak teristisk  fraseo log i. M ykje  ligg  ugjort nettop  
her, m en  n å r  fraseo log ien  fø rst e r  iden tifisert og  g jennom aibe idd , lig g  M T  bra til rettes for 
ko n sek v en t bruk.

N å r  vi så  h a r  nådd  “th e  m om ent o f  tru th ” , spørsm åle t om  M T  e r  IfMisam, u tg je r tekstvolum , 
term te tthe t og  sp re iing  o v e r  subdom ene v ik tige  ob jek tive  e lem ent i svaret. M en det e r  også 
su b jek tiv e  e lem en t, v isse  psyko log iske  fak to rar i a rbeidssituasjonen , som  m å takast svæ rt alvorleg. 
D et e r  v ik tig  å h in d ra  at transla tø rene  m å  arbeida m ed a ltfo r m ykje  halvgod sp råkføring  som  m å 
rettast - slik  at dei til slu tt s tå r  i fare  fo r å m issa  si na tu rlege  språkkjensle  fordi dei h a r  vore om gitt
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så  lenge av u n a tu tleg  språkføring. I denne sam anhengen  e r  de t den  g ram m atisk  uk landeriege  
om setjinga som  e r  farlegast, ikkje den  påv ise leg  ugram m atiske om setjinga.

D et kan  ikkje understiekast s te ik t nok  at M T  i dag  ikk je  e r  og  neppe v il bli e it trugsm ål m ot 
translatørane som  yrkesgruppe. T v ert im ot e r  M T  alt i dag , o g  v il i aukande grad  b li, e in  e ffek tiv  
translatø rreiskap  som  i sin  rette  sam anheng v il kunna  redusera  ru tinearbeid , s ik ra  overo rdna 
konsekvens og frem ja produk tiv ite t i om setjing , sæ rleg  av  fagtekst.
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Appendix 1: Prosjekt PHILENTRA flytskjema

Appendix 2: Subdomene, petroleumsproduksjon

INSTRUMENT AND UTILITY AIR 
CHEMICAL INJECTION 
SEPARATION, FLASH GAS AND 

BOOSTER COMPRESSION 
COMMUNICATIONS 
(MASTER) CONTROL (STATION) 
CRANES AND HOISTS 
DEHYDRATION AND VENTILATION 
DEW POINT UNITS.

PROPANE REFRIGERATION.
GAS COMPRESSION 

DIGITAL CONTROL

ALARM, SHUTDOWN AND STARTUP 
FACILITIES
WASHDOWN AND FIREFIGHTING 
FLARE
FUEL AND LUBRICATION 
GAS/GASLIFT  
GLYCOL REGENERATION 
HOT OIL
HEATING, VENTILATION, AIR 

CONDITIONING 
HYDRAULIC
METERING AND TELEMETRY

PIG & SPHERE LAUNCHING 
POWER GENERATION 
PRODUCTION WELLHEADS 
OIL RECOVERY 
RELIEF
SEAWATER COOLING 
SEPARATION 
OIL STORAGE 
TURBINES 
POTABLE WATER/
FRESH WATERCOOLING/ 
FRESHWATER SUPPLY
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Unification Based Transfer

Björn Beskow
Uppsala University

Abstract
This paper concerns formal tools and methods for describing the transfer phase of a 
machine translation process. The unificational firameworic o f the MuITra formalism is 
elaborated. The transfer relation rqrresenting a relation between translation units is 
formally defined. A control structure based on qiecificity is introduced, and shown to 
provide a way o f treating some linguistic phenomena.

1 Introduction
L I  The MuTTra system
T h e M uIT ra system  is being developed  w ith in  the  p ro ject ”M ultilingual Support fo r  T ransla to rs 
and W riters". T h e  p r o je a  is sponsored  by  D ig ital E qu ipm ent C orporation  and by  N U T E K . It runs 
in  tandem  w ith  a s is te r p r o je a  at IPPI in  M oscow .

T he M uIT ra system  is a  support system  fo r transla ting  and w riting . T h e  system  is fu lly  in terac tive , 
w here the transla to r o r  w rite r alw ays is  in  com m and. T h e  in fo rm ational dom ain  o f  the  system  is 
no t ju s t tex t, bu t consists o f  several d ifferen t k inds o f  e lem ents, rang ing  from  ord in ary  tex t to  layou t 
and 3D  graphics. T he system  thus opera tes in  a Com pound D ocum ent Environment.

O ne functionality  o f  the system  is a M achine T ransla tion  com ponent. T h e  tran s la to r o r  w rite r can  
use this com ponent by selecting  an elem ent o r  a reg ion  o f  the docum ent and  query ing  the  system  
fo r a translation.

T he transfe r approach to  m ach ine  translation  has been  adopted . A nalysis  is  p e rfo m ied  by  a  chart 
parse r producing  feature structu res (see [Sflgvall-H ein 1987]). S yn thesis  is perfo rm ed  by  a  u n ifi
cation-based genera to r tak ing  feature  structures as input. T h is  p ap er w ill focus on  th e  tran sfe r  phase  
o f  the M uIT ra system .

1.2 Transfer Process
T echniques and too ls fo r analysis w ith in  the  field  o f  M ach ine  T ransla tion  (M T ), and du ring  the  las t 
years to  som e ex ten t also  generation , are reasonably  weU understood  and developed . T h e  tran sfe r 
process, o n  the  contrary , is  still o ften  described  as a b lack  box. V ery  few  descrip tions o f  the tran sfe r 
com ponent in  an  M T  system  has been  given. I f  the tran sfe r p rocess is  described  at a ll, the  descrip tion  
is alm ost alw ays procedurally  form ulated , and  som etim es even  hardcoded . T h is  leads to  several 
unfortunate consequences. T h e  translation relations w h ich  the  tran sfe r ru les are supposed  to  
describe, becom es h idden  behind  sequentially  o rdered  transform ations. T h e  g ram m ar w rite r is
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fo rced  to  try  to  fo resee com plicated  in teraction  betw een  rules. T he m ain tainab ility  and extendibility  
o f  the  g ram m ar becom es poor.

D uring  the  las t years, though, som e efforts have been  m ade to  describe the transfer process w ithin 
a  u n ificational fram ew ork  (see fo r exam ple the E L U  pro ject in  G eneva E stival et.al. 19901 o r 
K a iisso n  etxil. in  H elsink i [C arlsson  &  V ilkuna 1990]). T h is is also the  iq)ptoach o f  the M ulTra 
system . F o r  reasons o f  transparency , a  transfe r form alism  should be declara tive ly  form ulated . T he 
form alism  shou ld  be  transparen t, in bo th  an  ex ternal and in ternal sense. T h e  possib le  in teraction  
b etw een  ru les shou ld  be fu lly  con tro lled  b y  the form alism . R u les should  be stated  in  a linguistically  
in tu itive  w ay.

T h e  unificaticnud parad igm  has show n to  be fru itfu l w ith in  analysis and generation , and has 
b eco m e a  d e  fac to  standard  in  the  research  com m unity . Form alism s w ith in  the  paradigm  is 
charac te rized  b y  th e ir  declara tiveness and transparency . T h e  M ulT ra  form alism  is thus form ulated 
in  term s o f  un ifica tion  and  subsum ption .

I w ill first describe the  declarative fo nnu la tion  o f  the M ulT ra  form alism . D iscussing the 
p rocedura l read ing  o f  the  form alism  w ill lead  m e to  tire issue o f  contro l. I w ill show  how  a control 
s truc tu re  based  o n  the no tion  o f  specific ity  can  be defined  w ith in  the un ificational paradigm .

2 Translation Relations
T h e  p u rpose  o f  a  tran sfe r com ponen t is to  c ^ t u r e  the translation  relations tha t m ay  hold betw een 
un its  in  tw o  languages (see [W ikholm  1 9 9 1 ]o r[ In g o  1991]). T h ese  un its can  be o f  d ifferen t type. 
A  tra n d a tio n  re la tion  can ho ld  betw een  tw o  lexemes,, like  ‘ro ck ’ in  E ng lish  and ‘k lip p a ’ in  Sw edish. 
It can  hold  b etw een  tw o  structural( units,, ph rases (see [W ikholm  1989]), like fo r exam ple a noun 
p h rase  consisting  o f  a head and a prepositional phrase in  E ng lish , and a phrase  w ith  the  sam e 
struc tu re  in  Sw edish . It m ay  also  ho ld  betw een  com binations o f  lexical and structural units, like 
co re  phrases (see [Sägvall-H cin  et.al. 1990] o r  [Ö stling 1991]), o r  cases w here a  lexem e in  one 
language is related to  a phrase in the o th er language.

T h ese  d ifferen t cases have in  M T  trad itionally  been referred to  as a  d istinction  betw een  lexical 
and  s rru cm ro /tran sfe r. B u t since the d ifferen t cases are  conceptually  equal on  the level o f  translation  
rela tions, the no tio n  o f  transla tion  rela tions im plies tha t no  sharp  d istinction  should  be m ade betw een 
structu ral and lex ical transfer. Y ou should  be  ab le  to  describe them  w ith  the sam e type o f  rules.

T h e  basic  b u ild ing  b locks in  un ification-based  fo rm alism s are fea tu re  structures (see [Shieber 
1986]). A  fea tu re  s truc tu re  is  an unorded  set o f  feature value  pairs. F eatu re  struc tu res provides a 
un ifo lm  fram ew ork  fo r rep resen ting  translation  units. A  transla tion  un it, be  it a lexical o r  a com plex 
un it, is  in  th e  M ulT ra  form alism  represen ted  b y  a featu re  structure. A  transfe r re la tion  is thus a 
re la tion  betw een  tw o featu re  structures.

3 Transfer Rules
T h e  re la tions be tw een  transla tion  un its  are defined  by  transfe r rules. T h ese  ru les describe the feature 
s truc tu res  rep resen ting  th e  transla tion  un it be ing  related , and p laces  restric tions o n  these  structures.

3.1 Syntax
F eatu re  struc tu res are  u sually  described  by  a set o f  iden tity  equations ho ld ing  o v er the  feature 
s truc tu re  be in g  described . A n iden tity  equation  sta tes w hat va lue  should  be  fo r a  specified  feature. 
T h e  ^ c i a l  sym bol usually  refers to  the ‘ro o t’ o f  the feature  structure  being  described. In  the 
M ulT ra  fo rm alism , an iden tity  equation  m ay  con ta in  variab les, p refixed  by  a questiorunark  ’? ’.
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T hese  are no t variab les in  the feature structure  being  described , bu t in  th e  descrip tion  itse lf. A  
variab le  thus deno tes a substructure . A  special variab le  is  *AN Y’ w h ich  can  be  v iew ed  as the 
anonym ous variable.

A  transfe r rule consists o f  fou r parts:
• A  label
• A  set o f  identity  equations w hich  describes the source fea tu re  structure.
• A  sim ila r se t o f  iden tity  equations describ ing  d ie  ta rg e t feature  struc tu re
• A  set o f  tran sfe r equations rela ting  v ariab les m en tioned  in  th e  source  and  ta rg e t iden tity  

equations. A  tran sfe r rela tion  sta tes tha t the  transfe r rela tion  ho lds b etw een  the subparts  o f  the 
source  and targ e t structure  deno ted  by  the  variables.

F igure  3-1 below  is  a  sim ple exam ple  o f  a  lex ical ru le. It describes  th e  re la tion  b e tw een  tw o  
structures represen ting  lexem es in  S w edish  and G erm an. It says th a t a  struc tu re  w ith  the va lue  
‘m on tering ’ on  the lex  featu re  stands in  the  transla tion  relation  to  a  struc tu re  hav ing  the v alue  
‘m o n tiien ’ on  the lex  feature.

It does not con ta in  any tran sfe r relations. I t is thus an  ‘a to m ic ’ rule.

Label
M ontering

Source
<* lex> ■ m ontering 

Target
<* lex> «= m ontieren 

Transfer 
{)

Figure 3-1 Lexical rule

F igure  3-2 below  is  a  little  m o te  com plex  ru le , describ ing  th e  transla tion  rela tion  b etw een  tw o  
prepositional phrases. It relates a structure  hav ing  the  substructu re  deno ted  by  ?p re p l as va lue  on  
the  prep  feature, and  the substructure  denoted  by  ? rec tl as the value  on the  rect fea tu re , w ith  a 
structure  tha t has ?p tep2  as va lue  on  the prep  feature  and  ?rect2  as the  va lue  o f  the rect feature . It 
also says that the  substructu res denoted  by  ?p re p l and ?p tep 2  stands in  tran sfe r re la tion  to  each  
o ther, and d itto  fo r ? re c tl and ?rect2.

Label
PP

Source
<* prep> ■ ?prepl
<* rect> ■ ?rectl

Target
<* prep> ■ ?prep2
<* rect> ■ ?rect2

Transfer
?prepl <B> ?prep2
?rectl <B> ?rect2

Figure 3-2 Structural rule

33



F ig u re  3-3 below  is an exam ple o f  a hybrid  ru le  rela ting  structures w ith bo th  structural and lexical 
in fo rm ation . It describes the rela tion  that ho lds betw een  a  structure  represen ting  an N P  w ith the 
lex em e ‘W h isk y ’ as its head , m odified  by  the PP  ‘on  the ro ck s ’, and a structure representing  an N P  
w ith  the lex em e  ‘W h isk y ’, m odified  by  the P P  ‘m ed  is ’.

S ince  the tran sfe r  ru les rela tes feature structures, no t lexem es o r  trees, the g ram m ar w rite r m ay 
take  an  arb itrarily  large  con tex t in to  account.

Label
whisky>on-the*rocks

Source
<* head lex> ■ ’whisky*
<* prep lex> » ’on’
<♦ rect def^ - d e f
<* rec t det lex> « ’the’
<* rec t head lex> ■ ’rocks’

Target
<* head lex> = ’whisky*
<* prep  lex> ■ ’med’
<* rec t head lex> * ’is’

Transfer
{)

Figure 3-3 Hybrid rule

3.2 Semantics
T o  th is  syn tax , w e have  to  add som e sem antics to  say  w hat it m eans that tw o  feature structures 
s tands in  the tran sfe r relation . G iven  tw o feature  structures S and T , w e start by  defin ing  the set o f  
applicable  ru les w rt. S and T . W e say  tha t a ru le  is  applicab le  if f  its source p art subsum es S. L e t A 
be the  se t o f  app licab le  ru les as defined  in  3-1 below ;

A  = { r: sou rce(r) subsum es S )

Definition 3-1 Applicable rules

T h e  use o f  subsum ption , in the defm ition  w ill guaran tee that th e  tran sfe r p rocess be sound. N o 
fea tu re  can  be  added  to  S  b y  any rule.

W e th en  d efine  th e  se t o f  ac tually  applied  ru les to  be  a  subset o f  the  set o f  ^ p l ic a b le  rules A. 
w ith  the  add itional dem ands tha t
• th e  targ e t p a rt o f  the  ru les be urufied w ith  T  and
• a ll the  tran sfe r equations in the ru les holds.

L e t a be  the  se t o f  applied  ru les as defined  in  3-2 below :

a=  { n  sou rce(r) subsum es S &  
targ e t(r)  un ifies w ith  T  &
V  e  in  equations(r): e  ho lds)

Definition 3-2 Applied rules

N ote  th a t th e  defm ition  o f  applied  rules relies on  th e  transfe r rela tion  yet to  be  defm ed.

N o w  w e shall defm e the  m ost general featu re  structure  th a t un ifies w ith the source fiart o f  all the 
app lied  rules. L e t C  be  a structure  as defined  in  3-3 below :
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V r €  a :  C  unifies w ith r.

Definition 3-3 Completeness

C  will he lp  us guaran tee that the transfe r p rocess is  com plete , by  acting  as a ‘rec o rd ’ o f  all ^ jp lie d  
rules.

W e are  now  ready  to  form ally  define the  tran sfe r rela tion . W e say  tha t th e  tw o  featu re  structures 
S and T  stand  in  the transfer rela tions, i f  and  only  i f  there  ex ists a C , such  th a t the sou rce  structu re  
S subsum es C:

S <=>  T  i f  and on ly  i f  

B C  as in  D efin ition  3 -3 :  S subsum es C.

Definition 3-4 Tranter Relation

T he defin ition  im plies that, i f  S is n o t the  em pty  structu re , there  ex ists  a em p ty  set o f  applied  
rules, and T  is th e  un ification  o f  all target parts  o f  the applied  rules.

T h is is a recursive defin ition  o f  the transfe r relation , and  the  recursion  is in troduced  above in  the 
defin ition  o f  applied rules. It is recursive o v er sub-parts o f  th e  struc tu res S and  T , m en tioned  in  the 
rules. T he recursion eventually  ends w ith  atom ic ru les, w h ich  is to  say , ru les  th a t lack  fu rth e r transfer 
equations.

T he transfer process, o r  the actual com puting  o f  a tran sfe r re la tion , co n sis ts  in  crea ting  a 
constructive p ro o f  tha t the  transfe r rela tion  holds. T h e  procedural read ing  o f  the  tran sfe r  p rocess 
fo llow s readily:
• G iven  a source structure  S and an underspecified  target s tructure  T :
• C om pute the se t A o f  applicab le  ru les w it. S.
• A pply  the ru les in  A  in  paralle l, by  un ify ing  the  target parts  w ith  T  and recursively  com pute 

the  transfer equations, y ield ing  the  tqiplied ru les a.
• C om pute the  structure  C  by un ify ing  the  source part o f  all applied  ru les in  a.
• V e r i^  tha t S subsum es C.

From  the defin ition  fo llow s com pleteness o f  the transfe r rela tion . S ince C  is the un ifica tion  o f  
the source part, and S subsum es C , all features o f  the  source structu re  have  been  considered  in  the 
transfer process.

It can also be seen  from  the defin ition  tha t the transfe r p rocess w ill te rm ina te , since  the  recursion  
in troduced in the transfe r equations rela te  substructures.

4 Control
T he defln ition  o f  the transfe r re la tion  im plies tha t (any subset o f  the  app licab le  ru les w h ich  y ields 
an  appropriate C  could  be applied . T o  th is  general fram ew ork , w e w ill add  a  con tro l s truc tu re  
specify ing  w hich applicab le  ru les to  tq>ply. W e will base th is  con tro l s truc tu re  o n  th e  no tio n  o f  
specificity.

4.1 Specificity
Specificity  is a general heuristics w ell understood  and used  in  artificia l in te lligence , aiKl e laborated  
by fo r exam ple the E L U  p ro jec t in  G eneva ([E stival et.a l. 1990]). T h e  basic  id ea  is tha t a m o te  
specific  rule should  precede o r  b lock  the app lication  o f  a m ore general rule.

Specificity  can be defm ed in  term s o f  subsum ption  b etw een  the  source p a rts  o f  tw o  rules. A  rule 
A is m ore specific  than  a rule B i f  the source p art o f  B subsum es the source p art o f  A.
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I f  the ru les are  equal by subsum ption , a rule is m ore specific  i f  it contains m ore  transfer equations.

A  ru le  A is m ore  specific  than  a rule B if  
sou rce(A ) ^  source(B ) and 
sou rce(B ) subsum es source(A ), o r 

-  sou rce(A ) m source(B ) and
I transfeK A ) | >  | transfer(B ) |

Definition 4-1 Spec^icity

S pecific ity  th u s  constitu tes a partial o rd e r on  the tran sfe r rules. T h is  partial o rd er is independent 
o f  the  sou rce  and  target featu re  struc tu res S and T .

W e th en  have  to  m odify  the defin ition  o f  the  set o f  applied  ru les to  reflect th is princip le  o f  
specific ity . W e constra in  th e  se t o f  applied  ru les fu rth er by  say ing  th a t i f  a ru le  r  is in  the set o f  
app lied  ru les, no  o th er ru le  s w hich  is m ore  specific  than  r  is in  the set. I f  a ru le  is applied , we 
guaran tee  th a t n o  o th e r m ore  specific  ru le  also  is  ap i^ied . So, le t a  be the  set o f  applied ru les as 
defined  in  4 -2  below ;

a  =  { r: source(r) subsum es S & 
targe t(r) un ifies w ith  T  &

V  e in  equations(r):
e  ho lds &
- i3 s  €  a : s is m ore  specific  than  r}

Definition 4-2 Applied rules

T h is  defin ition  can  be  v iew ed strict, as actually  proh ib it the application  o f  less sp e d fic  rules. It 
m ay  also  be  used  to  deflne a preference ordering  o n  the tran sfe r relations. A  p reference ordering 
is thus a partial o rdering  on  the  resu lts o f  the tran sfe r so tha t a m ore specific  read ing  is p referred  
o r  p recedes a m o re  general in terpretation .

4.2 Blocking
T h is  contro l s tra tegy  can be  used  to  hand le  fo r exam ple b lock ing  phenom ena in  an  e legan t way. 
B lock ing  occurs in  cases w here there  is a specific  translation  w hich  one  w ants to  b lock a m ore 
general in terp re ta tion . F o r  exam ple, consider the translation  relations in figure 4-1 below :

’Whisky on tlie rocks’ <=> 

’Whisky med is’

’Whisky’ <=> ’Whisky’ 

’on’ <=> ’p&’

’rock’ <=> ’klippa’

Figure 4-1 Translation relations
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‘W hisky on  the  ro ck s’ w e p re fe r to  translate  in to  Sw edish  as ‘W hisky  m ed is ’. B u t ‘o n ’ in  iso lation  
can be translated  as ‘pfl’, and ‘ro ck ’ as ‘k lip p a ’.

T he general in te ip re ta tion  o f  an  E ng lish  N P  consisting  o f  a  noun  and a P P  is described  b y  the ru le  
show n in  figure 4 -2  below , w hich  ju s t  rela tes the noun  and the  prepositional ph rase  by  the tran sfe r 
equations.

Label
General-np

Source
<* head> s ?headl 
<* prep> B 7prepl 
<* rect> B ?rectl

Target
<* head> = ?head2 
<* prep> B ?prep2 
<* rect> B ?rect2

Transfer
?headl
?prepl
?rectl

< B >  ?head2 
< B >  ?prep2 
< B >  ?rect2

Figure 4-2 General NP rule

T he application  o f  th is  general ru le  can  is b locked  by the  ru le  p rev iously  described  above in  figure 
3-3, since tha t ru le  is m ore  specific  than  the  general ru le  in  figure 4 -2 . T h e  sou rce  p a rt o f  the  ru le 
in  figure 3-3 describes the lex  va lue  o f  the head and the  p reposition , and the  rect. 'Thus the  source 
part o f  the general ru le  subsum es the  source p a rt o f  the  ru le  in  figure 3-3.

4.3 Lexicalized Phrases
A s m entioned  above, since the  tran sfe r rela tion  is a  re la tion  b etw een  fea tu re  struc tu res, th e  g ram m ar 
w riter can  take an arb itrarily  large contex t in to  accoun t w hen  fo lm ula ting  a  tran sfe r  ru le . T h e  no tion  
o f  specificity  in con junction  w ith  th is  possib ility  o f  choosing  con tex t, a lso  p rov ides  fo r  a  w ay o f  
treating  a sim ilar class o f  no to rious problem s in  m achine translation , lex icalized  ph rases and  id iom s. 
C onsider fo r exam ple the E ng lish  phrase ‘k ick  the b u c k e t’. It is a lex icalized  p h rase , w h ich  should  
be translated  to  ‘d d ’ in  Sw edish. 'The m ain  v e rb  o f  the ph rases m ay  be  inflected . 'This transla tion  
relation  is  described  by  the  ru le  described  in  figure 4 -3  below .

T he rule relates an E ng lish  verbal phrase w hose head  v e rb  is  ‘k ic k ’ and  w hose  o b jec t is  ‘the 
b u ck e t’, w ith  a S w edish  verb  phrase w hose head  v e rb  is ‘d d ’. T h e  tw o p h rases  share  va lue  o n  the 
tense feature. T h is ru le  is m ore  specific  than  a general read ing  o f  the v e rb  p h rase , and  thus M ocks 
the general reading.

37



Label
kick-the-bucket

Source
<* cat> = vp
<• tense> B 7tense
<* head lex> B*kick’
<* obj def> .d e f
<* obj det lex> - ’the’
<* obj head lex> B 'bucket*

Target
<* cat> B vp
<* tense> B ?tense
<* head lex> B*d6*

Transfer
{)

Figure 4-3 Kick the bucket

5 Conclusions
In  th is  paper, th e  transfe r form alism  o f  the  M ulT ra system  has been  described. F eatu re  structures 
have  been  show n to  p rov ide  a  un iform  w ay o f  rep resen ting  translation  units. A declarative 
fo rm ula tion  o f  the  tran sfe r rela tion  have been  sta ted  in  term s o f  un ification  and subsum ption. T he 
p rocedura l read ing  o f  th is  fo rm ula tion  have been  elaborated .

F u rther, th e  no tion  o f  specific ity  have  been d iscussed , and  a contro l structure  ba.sed on  th is 
p rinc ip le  have  been  in troduced . It has been  show n how  th is  contro l s tructure  prov ides a w ay o f  
trea ting  som e in teresting  lingu istic  phenom ena. T h is raises fu rther questions about on  w hich  level 
in  the  transla tion  p rocess these  phenom ena should  be treated  tha t is, in  the  analysis o r  in the transfer 
phase. C onsidera tions like  th is  rem ains to  be  investigated .

It m ay  also  tu rn  o u t tha t the princ ip le  o f  specific ity  is a to o  pow erfu l heuristics. B ut that w ould 
in  any  w ay  lead  to  fu rth er insigh t in to  b locking  phenom ena, and m igh t also  reveal o th er interesting  
genera liza tions to  be  d one  in  th is field.

In  conclusion , I have cla im ed  tha t the un ificational paradigm  p rov ides a very  su itab le  fram ew olk 
fo r  d escrib ing  th e  tran sfe r p rocess, and show n how  such  a descrip tion  can been  m ade.
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A Unification-based Grammar of Serial Verb 
Constructions

Adams B. Bodomo
University of Trondheim

0. Introduction
In  m any languages o f  W est A frica  and also  in  the A frican-C arribean  C reo les there  ex ists  a un ique  
and p roductive  gram m atical phenom enon  involv ing  an in trica te  in terp lay  o f  a  series o f  v e rb s  and 
th e ir argum ents w ith in  the borders o f  w hat seem s to  be a  m onoclausal construction . V arious n am es 
have been  used to  designate  th is  phenom enon. A m ong them  are  serial verbs, v e rb  seria lisation , 
consecutive verbs, sequential verbs and serial v erb  constructions W e. here , adop t the  term  seria l 
verb  constructions (hereafter, SV Cs).

SV C s p resen t a n um ber o f  p rob lem s w ith  regard  to  in fo rm ation  ca tego risa tion  and  are therefo re  
the subject o f  in tense debate in  cu rren t g ram m atical theories. T h e  m ajo r issues a re  sum m arised  in  
section 1.2. In section  1 .3 ,1 g ive a b r ie f  p resen tation  o f  rep resen ta tive  approaches cu rren tly  be ing  
suggested w ith in  the  various gram m atical theo ries and form alism s.

M y hypo thesis in  th is p ap e r lies w ith in  a com putational lingu istic  fram ew ork  w here  I regard  SV C s 
as com plex pred icates derived from  the  conceptual o r  a rgum ent s truc tu re  o f  tw o  o r  m o re  v erbs , 
first by  the form al p rocess o f  un ification  and then  by  PS  ru les o f  the  language  in  q u e s tio a  I tak e  it 
that un ification  operates at all levels  o f  the g ram m ar, itK luding th e  lex icon , th e  m orphosyn tac tic  
level and the gesta lt level (to  be  defined  in  section  2 .4). In  section  2 .0 , w e b rie fly  in troduce  
unification , a concep t popu larly  em ployed  w ith in  co m pu ter science and lingu istics as an  in fo rm a
tion  com bining opera tion  on feature structures. In  subsequen t sections w e then  b eg in  to  dem onstra te  
the un ification  form alism  w ith  SV C s as they  o ccu r in  D agaare  and o th e r V o ltaic  lan g u ag es a t the  
various gram m atical levels.

1.0 Serial Verb Constructions
1.1. Data: The structure o f  Voltaic SVCs
T h e fo llow ing  data  (1 -  6) illustrate  the  structure  o f  S V C s as th ey  o ccu r in  som e m ajo r V oltaic  
languages (D agaare. K usaal, D agbane). D ata  from  som e K w a languages (A kan , E w e, Y oruba) are 
also added fo r com parative purposes.

41



(1 ) D a g a a re  (a  V oltaic  language in G hana, B u ik ina  F aso  and C dte d ’Ivoire):

(1) Bayuo daac Ayuo loo
push+ p .c  A yuo fall 

B ayuo  pushed  A yuo dow n

(ii) Bayoo Ome la Ayoo k u  
b ea t p .c  k ill

B ay o r beat A yor to  death

(Hi) Bayoo na dugee ncn kuor  
F U T  boil-t-p.c m eat sell 

B ay o r w ill boil m eat and sell it

(iv ) Bayoo na dugee nen a kuor  ( n o n  s v e )
F U T  boil-t-p.c m eat and sell 

B ay o r w ill boil m eat and then  sell it

(v ) *  Bayoo na dugee nen na kuor
F U T  boil-t-p.c m eat FU T  sell 
B ay o r w ill boil m eat and sell it

(2 ) K u s a a l  (a V o ltaic  language in G hana, B urk ina F aso  and T ogo):

(i) O bu ol ne koom nu
s/he pour-i-PAST p.c w ater drink-i-PAST 

S /he  poured  w a te r and d rank  it

(ii) * 0  bu o l ne k6bm o nu
s /h e  pour-t-PAST p .c  w ater s/he drink-t-PAST 

S /he poured  w ater and drank it

(Hi) * 0  bu o l ne koom nu o
S /he  pour-i-PAST p .c  w ater drink-i-PAST it 

S ^ e  poured  w ater and drank  it

(3) D a g b a n e  (a V oltaic  language in G hana and T ogo):

(i) O zaO la kpargu yi
s/he took p .c sh irt w ore 

S /he  took a shirt and w ore it

(ii) * O zaO la kpargu y i la
s /h e  took p .c  sh irt w ore p .c 
S /he  took a sh irt and w ore it

(iii) DzemI kpaa la kpam naO mwali ni
poured  p .c  o il pu t riv e r inside 

D zem i poured  oil into the river

ii\) *D zem i kpaa la kpam naO kpam mwall ni 
poured  p .c  oil p u t o il river inside 

D zem i poured  oil in to  the river

(4 ) A k a n  (a K w a language in  G hana):

0 ) Kofi too nsuo num ui
buy  w ater d rink  

K ofi bough t w ate r and drank  it
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(ii) *Kofl too nsuo num ui nu  
buy  w ater drink  it 

K ofi bough t w ate r and d rank  it

(S) E w e  (a K w a language in  G hana and T ogo  and B enin):

(i) Komi fo Ami dze any!
b ea t fall g round 

K o m i knocked  A m i dow n

(ii) Kofi fo Ama wul
b ea t kill-i-pron 

K ofi bea t A m a to  death

(iii) ?Koml fo Ama wu 
bea t k ill 

K ofi beat A m a to  death

(iv) *  Kofi fo Ama wu 
beat k ill+ pron  

K ofi beat A m a to  death

Ama

(6) Y o ru b a  (a K w a language in  T ogo , B enin  and N igeria):

(i) Olu gbo a$o wo 
took  dress w ear 

O lu pu t on  som e clothes

T hese  characteristics are cap tured  by  the fo llow ing  w ell-fo rm edness cond itions in  (7) below :

(7)
A ll the verbs in  an  SV C  m ust share  a single structural subject.

i. In  an  SV C  there  is on ly  a single tense  node

ii. SV C s have a single po larity  clitic, (p .c)

V. T here  is an absence o f  connecto rs o r  com plem entizers w ith in  the s tring  o f  verbs.

V. D ydadic verbs m ust share in ternal argum ents.

T he w eU -form edness condition  in  (7i) wiU account fo r the u ng ram m atica lity  o f  (2 ii) since  there  
is an  undesirab le  copy  o f  the  subject p ronoun  ’s /h e ’. S im ilarly , the ex tra  occurences o f  the  fu ture 
tense m arker and the po larity  c litic  in  ( Iv )  and (3 ii) respective ly  v io la te  cond itions (7 ii) and (7 iii), 
thereby  rendering  them  ungram m atical. T h e  data  in (1 iv) illustrate  (7 iv) w h ich  is ac tually  a  sem antic  
w ell-form edness condition  because , even though  the construction  is  sy n tac tica lly  co rrec t, it do es  
no t have the norm al sem antic  read ing  o f  SV C s w here the  actions are  in tu itive ly  m o te  tig h tly  related . 
C ondition  (7v) is very  im portan t in  S V C  constructions in  V oltaic . It accoun ts fo r  th e  fac t th a t V 2s 
and subsequent verbs in  th e  S V C  d o n ’t need  in ternal argum ents w h e th e r in  th e  p ronom ina l fo rm s 
(2 iii) o r  as copies (3iv). N otice , how ever, tha t there  seem s to  be a  d iffe rence  b e tw een  V o ltaic  and  
K w a seria lisation  w ith  respect to  the  ex tra  occurrence  o f  in ternal a rgum en ts in  th e ir  pronom irtal 
form s. T h is d ifference exp la ins w hy (Sii) is  g ram m atica l and (2 iii) is not.

/ . 2  The issues
T he above characteristics o f  S V C s pose  a  n u m b er o f  p rob lem s fo r the  theory  o f  g ram m ar and the 
m ajo r issues being d iscussed  include  the  follow ing:

43



1. W hat are the syntactic  and sem antic  p rocesses involved  in  these  com plex pred icates that are 
SV C s and at w hat level o f  the g ram m ar do  they  occur?

2. H ow  can  syntactic  and sem antic  inform ation  be categorised  in  these constructions?

3. D o  these  constructions express a single event o r  a  series o f  events and. i f  so , is v erb  o rder in 
these  constructions crucial to  the understand ing  o f  these phenom ena?

4 . A nd  w hy do  certain  languages seria lise  a t all w hile  o thers d o n ’t? In  o th er w ords, can  w e establish  
a  se ria lisation  param eter?

Issue no . I m igh t, fo r  instance, involve ou tlin ing  th e  syntactic  p rocesses tha t are  able to  b ring  so 
m any  verbs to g e th e r in  one  clause: bu t fo r m em ory  failu re , an  un lim ited  n u m b er o f  verbs can occur 
in  o n e  clause. W ould  these  be  cases o f  c o m p lo n en ta tio n , coord ination , ad junction  o r  som e o ther 
p rocesses?  A nd i f  so at w hat level o f  the g ram m ar are  these  like ly  to  o c c u r  the  lex icon , the 
d_struc tu re , th e  s_structu re  ?

Issue  no .2  is related  to  n o .l  bu t, in  addition , it  m igh t involve accoun ting  fo r  how  the inform ation 
fo r  each  ve rb  and its  argum ents are d istribu ted  in  the  w hole  com plex . W hat, fo r  exam ple, is it  that 
enab les a v e rb  to  share som e o f  its argum ents w ith  o thers?  T h is is w hat w e are d irec tly  concerned 
w ith  here  and a lthough the o th e r issues are  in teresting  in  th e ir  ow n  righ t it m igh t not be possib le  to 
suggest so lu tions fo r them  in  th is paper. In  the n ex t section  w e show  how  som e earlier analysis 
hav e  attem pted  to  so lve  the  problem s.

1 3  Possible solutions
A s a  reaction  to  the  above p rob lem s m any  so lu tions have been  p roposed  w ith in  various gram m atical 
theo ries and fo rm alism s. T h ere  are no  tigh t com partm en ts be tw een  these  approaches bu t it is 
possib le  to  g roup  them  into w hat I w ill call the lex ical-conceptual, the  syn tactico -sem antic  and the 
cogn itive  approaches.

13.1 The lexical •  conceptual approach
T h is  approach  to  the analysis o f  SV C s is curren tly  pursued  by  researchers such  as D dchaine (1987, 
1988) and L efebvre  (1986 , 1987, 1991), the  m ain  idea  being tha t SV C s ’are  derived  com plex 
p red icates w hich  are  fo rm ed  p rio r to  D -structu re  by  m eans o f  opera tions on  the lexical conceptual 
struc tu re  (L C S ) o f  v e rb s .’

T h e  rep resen ta tive  analysis from  th is  g roup  is  L efebvre (1991). W ith  data  from  causative SV Cs 
(w hat she term s ’tak e ’ serial verb  constructions) in  the  F on  language, L efebvre claim s that the 
p rocess o f  se ria lisation  o rig inates from  the le x ic o a  T h e  resu lting  com plex  p red icate  is then 
pro jec ted  onto  the syntax  as a b i-headed  V P. T h e  exam ple sentence she uses is show n below :

(8) Kbku s6 is o  yi'fwi i x f
K o k u  tak e  c rab  go /com e m arket

K oku b ro u g h t (d irection  aw ay / tow ards speaker) th e  crab  to  the  m arket.

T h e  L C S  o f  (8) w ill then  be  represen ted  as fo llow s in  (9):

(9)
[x cause  [y undergo  change o f  location]]
[y undergo  change o f  location  

aw ay from /tow ards speaker to  loca tion  z]
[x cause  [y undergo  change o f  location  

aw ay  ftom /iow ards sp eak er to  location  z]]

a. s d :
b. yffwi:

c. s6-y tfw i .

T h e  verbs s6  and yi'/w i w ill receive the L C S  as show n in  (9a) and (9b) respectively . T o  
L efebvre , a certa in  prcxxss (w hich  she fails to  m en tion ) ’co n fla te s’ the L C S  to form  the com plex
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lexical pred icate  in  (9c). T h is  com plex  p red icate  then  pro jec ts in to  the syntax  as a b i-headed  V P  in 
an  essen tia lly  com plem entation  configuration  (as show n in (10))

( 10)

VP

N P V

K 6 k u

V P

so
N P

/% «fta s  3

yi/wa axi

by the fo llow ing  X -b ar theory  (11)

( 11)
a. X P  - »  S p ecX ’ X ’
b. X ’ ->  X  Y P
A s L arson  (1991) po in ts  ou t, such  a theo ry  allow s heads to  have  at m ost a  s ing le  com plem en t 
from  a m axim al p ro jection , forcing  a b inary  b ranch ing  structure  in  w hich  the tw o  head s o f  the 
com plex pred icate  are inse tted  in to  tw o availab le  V  positions.

1 J 2  The syntacU co-sem antie approach

W hile the foregoing g ro u p  o f  researchers co n sid er S V C s to  be  a p roduct o f  th e  lex ico n , o thers such  
such  as B aker (1989, 1991) A yew ole (1988) and  H ale (1991) co n sid e r it to  be  a  post-lex ical 
phenom erron, tak ing  p lace at the  level o f  syntax  (and possib ly , o th e r  post-lex ical levels). B ak er 
(1989) is the  represen tative analysis fo r th is  group.

T he structural characteristics o f  the S V C  th a t w e saw  ea rlie r in  (7) (sec tion  1.2) th rea ten  the 
en tire ty  o f  the  theta-theory , especially  the  P ro jec tion  P rincip le  (P P ) and the  the ta  criterion . 
N atu ra lly , therefo re , m o st analyses w ith in  the  G B  fram ew oik  are  concerned  w ith  ana lysing  SV C s 
in  the  l i ^ t  o f  the  problem s posed  b y  the th rea t to  the ta  theory . O ne recen t analysis  in  th is  d irec tion  
is B aker (1989). M ost o f  the  SV C s w e have seen  so far seem  to  v io la te  the  P ro jec tio n  P rinc ip le  as 
stated  by  C hom sky (1981) as in  (13) below :

(12) K ofi naki A m ba kiri 
h it k ill

Kofi struck  A m ba dead

(taken  from  B aker O ln d )) .

(13) T h e  pro jection  princip le

Suppose a  is a  lexical category  and P is a position  o f  argum en t type.

a. I f  p  is  an  im m ediate  constituen t o f  a o ne-bar level p ro jec tion  o f  a  a t som e syn tac tic  level, then  
a  6-m arks p  in a ’
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A ll the V 2s e .g  lOO, yl, n Um Ul, kirif wo in  the above exam ples are transitive verbs but 
there  is no  a rgum en t fo llow ing  them  in the  su rface structure. T he object seem s to be ’d e le ted ’ at 
th is  level by  iden tity  w ith  the ob jec t o f  V 1, from  the  po in t o f  v iew  o f  o ld-fashioned transform ational 
g ram m ar. T h is  m ean s then  th a t the com plem entation  p roperties o f  such  verbs are no t represented 
at all the  levels  o f  the  syntax  o f  SV C s, thereby  v io la ting  the  P P  as sta ted  above.

T o  so lve d iis  p rob lem . B aker proposes tha t double-headed  V P s be  allow ed in  serialising 
languages, thereby  m ak ing  it possib le  fo r  bo th  verbs to  ’sh a re ’ the  sing le  ob jec t N P s in  each  o f  the 
constructions. F igu re  (14) be low  (also  taken  from  B ak e r (ib id )) illustrates the  p rincip les fo r th is 
app roach  w ith  th e  Sranan  sen tence in  (12). A ccord ing  to  h im , to  ge t a double-headed  V P  one o f  the 
verbs m u st p ro jec t im m edia te ly  to  the  V ’ level. T h e  V P  and h ig h er V ’ w ould then  be projections 
o f  bo th  v erbs , ’n a k i’ and  ’k ir i’. 'The arrow s ind icate  theta-ro le  assignm ents. A ccord ing  to the 
standard  cond itions o n  theta-ro le  assignm ent (sta ted  in  C hom sky (1986)) ’naki ’ d irec tly  theta-m arks 
’A m b a’ w hile  ’k ir i’ ind irectly  o r  pred icationally  theta-m arks ’A m b a’. Q uo ting  W illiam s (1984), 
B ak er again  claim s tha t the tw o  verbs can  theta-m ark  ’K o fi’ by  the fact that the external (agent) 
theta-ro les o f  the verbs perco late  to  th e ir  m axim al p ro jec tions, w hich  is the  V P, thereby  being 
assigned  to  the  subject. In  th is  w ay , accord ing  to  B aker, the lex ical theta-ro le-assign ing  properties 
o f  bo th  v e rb s  are  satisfied  in  th is  structure, and  the  P P  w ould  then  be obeyed.

b. If a  6-maiks ^  as a lexical property, then a 6-maiks p at all syntactic levels

(14)

T h e  conc lusions behind  such  an  approach  are  th a t X ’ theo ry  is  ex tended  in such  a w ay diat 
seria lis ing  languages allow  V ’s to  em bed  w ith in  V ’ to  form  a double-headed  construction . F inally , 
he  ou tlines th e  k ind  o f  consequences tha t these  conclusions m ay  have on  w hat k ind o f  verbs m ay 
com bine  in  an  S V C , th e ir  lin ea r o rd er and  the structural positions o f  th e ir  argum ent N P s as follow s 
in  (15):
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a. E ach  verb  m ay o r m ay no t 6-maric the subject o f  the w hole serial VP.
b. F o r each o ther argum ent a  in  the SV C:

i. a  m ust be 6-mariced by  all the verbs that fo llow  i t
ii. a  m ust be 0-marlced by  the v erb  tha t im m ediately  p recedes it.
iii. a  is no t 0 -m aiked  by any v e rb  that p recedes it o th er than  as in  (ii).

c. F o r each  verb  in  the  SV C , the  argum ents o f  th a t verb  m ust ap p ear in th e  fo llow ing  
h ierarchical o rd e r  A gent> Instrum ent>Patien t/T hem e>G oa]/L ocation .

B ak er’s p roposals certain ly  constitu te  an  im portan t con tribu tion  to  the  d iscussion  o n  S V C s as 
long as w e lim it ourselves to  the  k ind  o f  V  N P  V  structures th a t he  m ain ly  em ploys as the  m o tivation  
fo r  h is analysis. A  c lo ser look at lo n g er strings w ould  reveal a  n u m b er o f  o b jec tio n s to  som e o f  
B aker’s cotK lusions. A s an illustration , co n sid er (16) v isa  v is ( IS b i)  repeated  below :

(15bi). a  m ust be  6 -m aiked  by  all the verbs th a t fo llow  it.

(15)

(16) Z o  g a a  wuo haani wa k u  ma 
run  go co llect b lackberries com e give m e 

"G o and co llect som e b lackberries fo r  m e"

W hile the v e rb  ’g iv e ’ w ould  0-m ark  b lackberries it canno t be  said  tha t ’c o m e ’ does the sam e w ith  
b lackberries, thereby  v io la ting  (bi). In  o th e r  w ords (16) is a co u n te r exam ple  to  B a k e r’s charac
terisation  o f  SV C s. F u rth er still, th is  w hole idea  o f  abstracting  doub le-headedness in  seria lis ing  
languages m ight in troduce m ore prob lem s than  so lu tions, fo r  it is d ifficu lt to  see h o w  th ree , four 
o r five verbs m ay have th e ir  argum ent structure  crunched  to g eth er w ithou t ge tting  in  to  con flic t 
w ith  som e G B - theoretic  issues like the 0 -crite rion  and certain  p rinc ip les o f  w ord  o rder. F o r 
exam ple, as A w oyale  (1988: p .6) po in ts ou t, it  m igh t no t be possib le  on  (G B ?) theore tical g rounds 
fo r one verb  to  form  p a n  o f  the argum ent structure  o f  ano ther verb. A s an o th er exam ple  to  one o f  
the above reservations, the theta  criterion , at least, in  its classical sense  w ould  n o t be  obeyed  in 
B aker’s p roposed analysis, since in  effect each  o f  the tw o N P s in  the  con figuration  rece iv es  tw o 
theta  roles.

H ow ever, som e o f  these ob jections w ould  on ly  seem  to  reflec t G B  in ternal p ro b lem s crea ted  by 
B ak er’s ’double-headed  V P ’ approach. T h e  con tribu tion  o ffers us a lo t o f  good  p rem ises to  bu ild  
upon.

I J J  T he cognitive approach

W hile the approaches d iscussed  above usually  concern  them selves w ith  m ain ly  g ram m atica l issues, 
the cognitive approaches w ould  concern  them selves w ith  the rela tionships tha t ex ist be tw een  
g ram m atical categorisation  and m ental categorisa tion  i.e  the ’g ram m atica l p ack ag in g ’ v is-a -v is  the 
’cognitive pack ag in g ’. T hey  are therefo re  m ostly  in terested  in  issues lik e  the  c lausehood  and 
eventhood o f  SV C s. A n exam ple o f  such  approaches is G ivdn  (1991).

T h is study is  m ost in terested  in  the sense in  w hich  the  series o f  v e rb s  in  an  S V C  jo in tly  form  a 
single event. W hile gram m atical approaches w ould  use  structural d iagnoses lik e  the  d istribu tion  o f  
in flection  and agreem ent, G iv6n  em ploys a d ifferen t m ethod  invo lv ing  an  e lic ita tion  o f  serial and 
non-serial constructions in  d iscourse to  see the w ay in  w hich  native  speakers o f  serial and  non-seria l 
languages structure  th e ir  in form ation . 'The underly ing  princip le  fo r  th is  investiga tion  is  the D istance  
Princip le , an iconicity  princ ip le  w hich  relates g ram m atical o rgan isa tion  to  concep tual o rgan isa tion . 
T his is stated below  in  (17):

(17) T he tem poral-physical d istance betw een  chunks o f  lingu istically -coded  in fo rm ation  co r
relates d irectly  w ith the  conceptual d istance betw een  them .
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O ne in te ip ie ta tio n  o f  th is p rinc ip le  is that pause separations d iv id ing  fin ite  clauses (single event 
dom ains ) in  non-seria l languages should  be com parab le  to  those separating  verb  sequences in 
seria lis ing  languages i f  SV(Ts really  define a single event.

G iv d n ’s m ethodo lgy  involved  presen ting  speakers o f  seria lising  and  non-seria lising  languages 
w ith  a sho rt m ovie  w hich  they  w ere asked to  describe  orally  later. Pause  m easurem ents w ere taken  
and  the  p robab ilities  th a t w ere com puted  show ed that there  w ere no  sign ifican t d ifferences betw een 
pau ses  separa ting  fin ite  c lauses in  non-seria lising  languages and those separating  SV C s in  seria li
s ing  languages.

2.0 Unification grammar
In  th is  section  o f  th e  study  w e p ropose  o u r ow n  so lu tions to  som e o f  the problem s posed by  attem pts 
to  rep resen t the  s truc tu re  o f  SV(Ts. W e do th is  from  a g ram m ar form alism  that has  been  variously  
referred  to  as unification gram m ar, unification-based gram m ars, irtform ational gram m ars o r  
in form ation-based gram m ars. A  represen ta tion  o f  g ram m ar from  th is  v iew poin t is  in  consonance 
w ith  the  structure  o f  S V C s outlined  in  (7) as h igh ly  in fo rm ation-sharing , the argum ent being  that 
th is  is  possib le  because  o f  a  un ification  opera tion  w hich  can  occu r a t any level o f  the gram m ar.

B efore em bark ing  o n  the  form al represen tation  o f  SV C s from  th is inform ation  processing  
perspec tive  a t o u r  th ree  proposed  levels, w e p resen t a b r ie f  characterisa tion  o f  un ification  gram m ar 
in  section  2 .1 . F o r  the purpose  o f  ach iev ing  a  concise  analysis w e do  no t envisage g iv ing  a full 
exposito ry  accoun t o f  un ification  and un ification  gram m ar. A n adequate n u m b er o f  introductory  
references ex ist in  the  literature  fo r the  purpose  e .g  S h ieber (1985), C arlson  and L inden  (1987) and 
U szk o re it(1 9 9 0 ).

2.1 The Concept
T h e general idea  behind  unification  is that it is a com putational (i.e. a  fo rm a l) operation  that m erges 
the  in fo rm ation  o f  tw o  o r  m ore feature  structures i f  th is  in form ation  is consistent. In  o th er w ords, 
it is  an opera tion  w hich  enables tw o  featu re  structu res to  share the sam e consisten t inform ation. 
U szkoreit (1990) g ives a m uch  m ore form al defin ition  o f  the  concep t o f  un ification  as fo llow s in
(18) and (19):

(18) A  type  to is the un ification  o f  tw o types t] and t2 , i f f  to is the least in fonnative  type tha t is 
subsum ed  by  both  tj and t2 .

o r

(19) A  type  to is  th e  un ification  o f  tw o types t] and  t2 , i f f  to is subsum ed b y  bo th  t] and t2  and to 
subsum es all o th e r  ty p es tj th a t are a lso  subsum ed by  t i  and t2 .

B elow  in  (20) is an  exam ple o f  un ification  (from  S h ieb er (ib id)) as an  opera tion  w hich  com bines 
th e  in fo rm ation  from  tw o  fea tu re  struc tu res to  ob ta in  a feature  structure  that includes all the 
in fo rm ation  o f  both.

(20)
un ifies w ith

[cat: np]
[ agreem ent: [n u m b ersin g u la r] ]

r
cat: np

L ag reem en t:
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In  (21) w e have an  exam ple o f  an a ttem pt a t un ification  w hich  fails because  o f  inconsisten t 
in form ation  in  bo th  featu re  structures:

(21) [agr[per:3]] un ifies [agr{per.2]] =  failu re

U nification  is o ften  said to  be  com m utative, associative  and  indem potent.

A n y  grarrunar form alism  a  part o f  w hich  con ta ins un ification  as described  above w ould  then  be 
term ed  a un ification  g ram m ar o r  a  un ification-based  g ram m ar fo rm alism . S u ch  a  form alism  do es 
no t necessarily  have  to  conform  to  any  p articu la r g ram m ar theory ; it  cou ld  a lso  b e  b u ilt ju s t  as a 
tool fo r  form ulating  and  testing  theories o f  na tu ra l language. In  th is  sense  w e w ould  say  there  are 
basica lly  tw o  groups o f  un ification-based  g ram m ar form alism s. L ex ica l F u n c tian a l G ram m ar 
(L FG ) and  G eneralised  Ph rase  S tructu re  G ram m ar (G PSG ) are  those recogn ised  in  th e  lite ra tu re  to  
be  based  on  gram m atica l theo ries w hile  the  second  consists  o f  F unc tiona l U nifica tion  G ram m ar 
(FU G ) and P A T R  w hich  w ere developed  as too ls  fo r  evaluating  g ram m atica l theories.

W hat is, how ever, m ore  im portan t is  tha t these  fo rm alism s, irrespective  o f  w h e th e r th ey  w ere  
developed  as too ls  o r  as grarrunatical theories in  th e ir  ow n  righ t, are  b u ilt  o n  th e  sam e p rincip les. 
A ll the curren t fo rm alism s are  characterised  by  a  com bination  o f  a  u n ifica tio n  fram ew ork  fo r 
p rocessing  grarrunatical in fo rm ation  w ith in  com plex  featu re  struc tu res and  a  co n tex t free  phrase  
structure  part.

2.2 The lexicon: LCS unification
In  L efeb v re ’s d iag ranunatica l rep resen ta tion  (figure repeated  below ) o f  how  com plex  p red icates 
are form ed in d ie  lex icon  she fails to  m en tion  the p rocess w hich  she says ’co n fla te s ’ the  p red icates 
o f  the various verbs. D eveloping  tha t idea further, w e c la im  that th a t p rocess is indeed  a  un ification  
operation: th e  L C S s o f  the various verbs can be  represen ted  as fea tu re  s truc tu res  and  m erged  
together as long as the  in form ation  in  bo th  structu re  do  no t conflict. W e illu stra te  th is  w ith  the 
fo llow ing D agaare sentence (22) w hich  has an alm ost equ ivalen t transla tion  as L e feb v re ’s exam ple  
sen tence (8) from  Fon.

(22) Bader di la kyl gaa daa 
tak e  p .c  m ille t go  m arket 

B ad er took som e m ille t to  the m arke t

T he verbs ’ta k e ’, ’g o ’ and th e ir  com pound will have  an  identical L C S  as in  (9), repeated  below :

(9)
a. S 3 :
b. yi7wa

[x cause [y undergo  change o f  location]]
[y undergo  change o f  location

aw ay  from /tow ards speaker to  loca tion  z]
c. s6- ytfvra: [x cause [y undergo  change o f  loca tion

aw ay  firom /towards speaker to  location  z]]

T h e  reanalysis o f  th is rep resen tation  in  a un ification  form alism  is  show n  b e lo w  in  (23). T h e  L C S s 
such  as (9) are seen  in  term s o f  feature structures con ta in ing  bu n d les  o f  concep tua l in fo rm ation . 
T h e  conceptual feature  structure  o f  ’ta k e ’ is  th en  m erged  w ith  the  concep tual fea tu re  s tru c tu re  o f  
’g o ’ th rough a p rocess o f  un ification  m arked  b y  the  ’U ’ in  (23a).
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(23a)

r
I V undergo ch. c/t toe. ]

[cause \J

__1

_ y  undergo ch. of toe. _

_gaa
_ aw ay  to z

T h e  resu lting  com plex  L C S  is  represen ted  in  (23b) as a feature  structure  w hich  is m ore  com plex 
th a t die  p rev ious tw o. A s w ill be  no ticed  parts  o f  the structure  w ith  sim ila r in fo im ation  are m arked 
w ith  s im ila r num bers  (here  1). It is these  parts  w hich  are  m erged  to g eth er because they  contain 
consisten t in fo rm ation . T h is  is the sense in  w hich  w e say  un ification  can  take p lace also  inside the 
le x ic o a

(23b)

; c a u s e
_ y  u n d erg o  ch . of loc. ]

_ a w a y  to z  

■ d i-g a a

In  the  n ex t section , w e see how  the  un ification  opera tion  w ould  com bine consisten t syntactic  
in fo rm ation  abou t a rgum ents o f  tw o p red icates toge A e r  to  form  com plex  syntactic  feature  structu
res. W e w ill a lso  see th a t the  resu lt o f  th is  conceptual un ification  show s up  in  the syntax , first, as 
d iscon tinuous p red ica tes  in  the c-structu re , and  then  as p redchains in  the  f_structure.

2.3 The syntactic level: LFG unification
In  section  1.3.2, w e  saw  that B ak e r’s analysis o f  SV C s is essen tia lly  at the  syntactic  level w here he 
regards th e  tw o  verbs in  the  series as  sharing  the  in ternal argum ent. W e take a m uch  m ore  radical 
approach  and claim  that no t ju s t on ly  the in ternal argum ent b u t o th er un its like the external
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argum ent, tense and polarity  c litics are also  shared. T his w e claim  is possib le  th rough  the un ification  
operation  being  discussed.

W e adopt essen tia lly  B ak e r’s approach  w hereby V ’s can  be  em beded  w ith in  V ’s to  form  
double-headed constructions. B y  th is ex tension , w e are  able to  account fo r  the recursive  n a tu re  o f  
V Ps in  SV C s. (24) can  be  regarded as p a rt o f  the PS ru les  o f  an  S V O  seria lis ing  language like 
D agaare:

(24) S - »  N P , A U X , V P.
V P V ’.
V ’ - ♦  V ,N P , V ’.
V ’ ->  V.
V ’ V ,N P .
V ’ - ♦  V , PP.
N P ->  D E T , N.
A U X  ->  T E N SE .

T hese ru les can  then  generate  the  data  ( l i i i ) ,  repeated  be low  as (25):

(25) Bayoona dugec nen k vo r  
P U T  boil-t-p.c m ea t sell

B ay o r w ill boil m ea t and sell

T his structure  can be represented  in L FG  style c-structu re  and f-structure as show n in the  d iagram s 
below  in (26a) and (26b) respectively . T o  ind ica te  how  un ifica tion  opera tes w ith in  th e  c-structure , 
w e use the  m etavariab le  no tation  o f  L F G  in  w hich u p  and dow n arrow s are used  on the  N P  and  V P 
nodes, w hich are  regarded as feature  structures, to  show  the  d irec tion  in  w hich  g ram m atica l 
in form ation  flow s from  one feature  structure  to  another. In the  d iagram  below , th en , th e  up  and 
dow n arrow s on the N P  and V P  nodes are read respectively  as "ups sub jec t is dow n" and  "up  is 
dow n". T he "up" refers to  the  feature  structure  o f  the  m o th er node, w hich  in  th is  case  is S and  the 
"dow n" refers to  the feature  structure  o f  the node itself. S o  th is w ould  m ean  th a t, w ith  respect to  
(T S U 6 J )= i  all the  functional in fo rm ation  carried  by  the N P  in  (26) goes in to  the s u b je a  p art o f  
the  m o th er’s (i.e  S ’s) feature structure  w hile  w ith  respec t to  T=i all th e  functional in fo rm ation  
carried  by the V P  (i.e  the V P ’s feature struc tu re) is also  d irect in fo rm ation  abou t the  m o th e r’s feature  
structure. T h is is exactly  the no tion  o f  un ification  w e have been  allud ing  to  so f a r  the  in fo rm ation  
o f  the N P  is unified  w ith  tha t o f  S and the in fo rm ation  o f  the V P  is  a lso  un ified  w ith  tha t o f  S. T h e  
= in  each  o f  these  represen tations expresses th is idea  o f  un ification  m uch  c le a re r  the  in fo rm ation  
o f  the ’daugh ter’ node ind icated  by  X is  iden tified  o r  un ified  w ith  th e  in fo rm ation  o f  the  ’m o th e r’ 
node, ind icated  by  T. T h e end  resu lt is tha t bo th  m o th er and d au g h te r share  th e  sam e inform ation . 
P u t in  a sim p ler w ay, N P  is the sub jec t o f  S and V P  the fim ctional head  o f  S.

From  the above explanation  w e m ay then  say  d iat the tw o  verbs and  ku o r  share
the sam e inform ation , n o tju s t  on ly  about the in ternal argum ent ncn bu t a lso  abou t d ie  future 
tense n a  and the po larity  clitic
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(26a)

(26b)

SUBJ

OBJ

AUX

PREDCHAIN

REST

[PRED Bayoo]
[PREDTien]

TENSE FU T [PRED ha*]

PREDl
«ugce<(TsuBJXtOBJ)>* 

PREDCHAIN PRED2 1(U3r<(tSUBJ)(TOBJ)>’

A s w as h in ted  a t th e  end  o f  section  2 .3 , the  p redchain  seen  in  (26b) is  the resu lt o f  the conceptual 
un ifica tio n  described  in  tha t section . N ow , the  un ification  at th is  syn tactico -sem antic  level o f  the 
g ram m ar invo lves th e  a rgum ents o f  th is  com plex  p red icate . In  the  nex t section  w e w ill see th a t the 
concep tual u n ifica tion  again  c rea tes a  com plex  p red ica te  o r  a  'sh a rin g  g es ta lt’ w hose  'p o in ts ’ are 
th en  un ified  d u e  to  the un ifica tion  opera ting  a t th a t level too.

2.4 The gestalt level: Gestalt unification
T h e  fie ld  o f  lingu istic  sem antics is in  a con tinuous and rapid sta te  o f  developm ent. Q uite apart from  
m ore  estab lished  theories like M o n tag u e’s G ogical) m odel theoretic  sem antics, L o n g ack er’s theory  
o f  cogn itive  gram m ar, LakofT’s cognitive sem antics and Jack en d o fT s conceptual sem antics, am ong 
m any  o thers , n ew er m odels are  com ing  u p  quite  often.
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O ne o f  such  theories is the G estalt theory  curren tly  being  developed  at the  U niversity  o f  
T rondheim , N orw ay (c f  H ellan  and D im itrova-V ulchanova (1991, forthcom ing)). O ne o f  the  m ain  
aim s o f  the theory  is to  p ay  m uch  c lo ser a tten tion  to  the  re la tionsh ip  b etw een  syn tac tic  and 
conceptual levels than  o ther theories do. B y the term  gesta lt o f  a sen tence  is  m ean t am ong  a coup le  
o f  usages, as the  idealised  m odel o f  reality  tha t any ’p iece ’ o f  rea lity  has to  m atch  in  the relevan t 
respects in  o rd er to  be realised  as the  in terp re ta tion  o f  tha t sen tence. F rom  th is  w e rea lise  tha t there 
is  n o  one-to -one  relationsh ip  betw een  gestalts and the  situa tions-in -the-w o ild  th ey  m odel: there  
m ay  be  several w ays o f  m odeling  a reality  as  show n below  in  (27):

(27)

1. H e knocked  John  on  the  head

2. H e knocked  the  head  o f  John

T he sentences 1 and 2 m ay  be said  to  be tw o  gesta lts  rep resen ting  w h a t is  p robab ly  one 
situation-in -the-w oild . D ifferen t languages have d ifferen t w ays o f  m odeling  these  gesta lts  and  it is 
one o f  the aim s o f  the  theory  to  show  how  th is is done and  also  the  n u m b er o f  g esta lts  in  languages 
o f  the w orld  (gesta lt language un iversals?) O ne o f  such  attem pts a t ex tracting  language  un iversa ls  
is  the estab lish ing  o f  the  com pletedness param eter, w hich  is one  o f  the  card inal n o tions o f  the  theo ry  
(D im itrova-V ulchanova and H ellan  (ib id)). A ccord ing  to  th is  param eter, languages o f  the w orid  
m odel gestalts, w hich  are  essen tia lly  conceptual no tions, o n  the  b asis  o f  th is  p a ram ete r and  they  
have m echan ism s fo r  ad justing  constructions n ea re r o r  aw ay  from  th is  p a ram ete r in  b o th  d im en 
sions. A s a result, w e can  have com pleted  and uncom pleted  gesta lts  o r  b e tte r  still m ore  o r  less 
com plete  gestalts.

L ike  the  Jackendo lian  m odel, th is  m odel also  has th ree m odules: the  conceptual m odule/level, 
the  gestalt m odule/level and the m o iphosyn tac tic  m odule/level. H ow ever, in  th is  w ork  w e w ill be 
concerned  w ith  ju s t  one level - the  gestalt level, w here w e hope to  show  how  the  uniH cation m odel 
w e have been  develop ing  m ay be used to  rep resen t structures a t th is  level.

A t th is level the basic  un it is the gestalt, w hose superord inate  form  is the su p er gestalt. A  su p er 
gestalt d iv ides in to  a roo t gesta lt (R G ) and a dependen t gesta lt (D P). T h e  topo logy  o f  the  R G  is 
m ade u p  o f  relations and  poin ts, the  po in ts  ,in tu rn , d iv id ing  in to  cen tre  p o in t and  lim ita tion  point. 
B ut w e also  have a pred icate . T h e  sen tences 1 - 4  be low  in  (28) illustrate  th is  b asic  topo logy :

(28)
1. H e w a lk e d :
2. H e is a te a c h e r :
3. H e pain ted  the h o u s e :
4 . H e pain ted  the  house  red:

C en trepo in t - re la tion  
C en trepo in t - rela tion  - pred icate  
C en trepo in t - re la tion  - lim ita tion  po in t 
C tre.p t. - re la tion  - lim itn .p t. - pred .

T here  are m any types o f  gestalts a t th is level bu t w e w ill be m o st in terested  in  a special ty p e  ca lled  
sharing gestalts. T h ese  are  instances o f  non-icon ic  gesta lts  in  w hich  d iffe ren t re la tions w ould  share  
po ints. H ere the w o rld ’s languages d iv ide  in to  tw o  m ain  ty p es o f  gestalts: dep en d en t gesta lts  and 
serial gestalts and the c la im , to  be  elaborated  in  subsequen t w ork  (B odom o (fo rthcom ing)), is  that 
in  the expression  o f  sharing  gestalts in  causative constructions o f  the  fo rm at (29):

( 2 9 ) S - > N P  +  V P [N P X P ]

the X P  o f  non-seria lis ing  languages like N orw egian , E ng lish  and  F rench  is  essen tia lly  -V  w hile 
tha t o f  seria lis ing  languages like  D agaare, E w e and  Y oruba  is essen tia lly  -t-V (seria lisa tion  
param eter fo r gesta lt fo rm ation). T h e  tw o cases are exem plified  by the fo llow ing  N orw eg ian  and 
D agaare sentences (30).
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(30a)

1 1.

1 1 1 .

(30b)

Sigurd  slo  S igrid  ned  
h it+ P A S T  dow n 

S igurd  knocked  S igrid  dow n

G øran sparket ballen f la t
k ick + P A S T  ba ll+ D E F  fla t 

G øran  k icked  the  ball flat

Ingebjørg sp iste kjø leskapet tom t
ca t+ P A S T  fridge+D E F  em pty 

Ingeb jø rg  a te  u p  (the contents of) the refrigerator

Bayuo Ome la Ayuo b o
b ea t p .c  dow n

B ayuo knocked  A yuo dow n

Doodaa Ome la a bool pur 
b ea t p .c  D B F ball exp lode  

D o rd aa  k icked  the ball flat

BoOlsikyer d l la a trigyl baar
ea t p .c  D B F fridge fin ish

B o n lach er ate u p  (the conten ts o f) the  refrigerato r

H av ing  said  th is, w e p roceed  to  analyse how  an SV C  can  be  represen ted  w ith in  the fram ew ork 
o f  w hat w e ca ll a  gesta lt un ification  g ram m ar (G U G ). T he represen tative sen tence here  is ( l i )  
repeated  below :

11.

1 1 1.

00 Bayuo daae Ayuo loo 
push-i-p.c A yuo fall 

B ayuo  pushed  A yuo dow n

T h e  v e rb  ’p u sh ’ to g e th e r w ith  its argum ents expresses g e s tl w h ile  ’f a ll’ w ith  its argum ents 
exp resses gest2 . In  w hat w ay  then  o r  b y  w hat m echanism  do  w e say  tha t the tw o gestalts ’sh a re ’ 
p o in ts?  A gain , as w as done in  p rev ious sections, w e rein terp re t the gesta lt topo logy  as a  feature 
s truc tu re  o f  the  attribu te  value type. T h is  situa tion  is dep icted  in  (31a) w here  structures w hich 
co n ta in  s im ila r in fo rm ation  about po in ts are  m arked  w ith  thesam e n u m b er (here 1 and 2). A 
un ifica tio n  opera tion , sym bolised  by  ’U ’ runs o v er these  structu res, m erg ing  th e ir inform ation 
together.

(31a)

r _ lo c a l  f. P  " 1 r local f.
1 X -,1

L_ctr.pL

t^ re ll

[•
local f

C iB a y u c G j  1 

r ^ a c  ^  I
\J

l_ctr.pt.

^12

[ •

local f

[ i B a y u c G j  J

r 1—
^ o c a l  f. r local f.

n

i f  L lim .p t. [; C A yuo  □ j e s t t J_jim .pt. [■ C A yuo  □  4
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(31b)

L, \T' “»̂3 ]
[ .rel1-rel2

compl.g«st

Q
local f

.local f.

Qdaae* 1:^

C A yu o ^S

■3 ]

3] J
T h e resu lt o f  th is in form ation  is (31b) above. B riefly , w e say  th a t th e  various local features 

(attribu tes o f  the com ponen t parts  o f  the gesta lt), especially  th o se  o f  the  rela tions, w ou ld  then  
com bine to g eth er to  specify  the global features (attribu tes o f  the w hole  com plex). A s a  resu lt o f  the 
m erg ing  together o f  the  po in ts  th rough  the  un ifica tion  opera tion  at th is  level, w e say  tha t th e  various 
gestalts (w hich  have now  becom e a  com plex  gesta lt) share  po in ts. T h is  is h o w  w e m ay  a rrive  a t a 
com plex o r  a  ’sharing  g esta lt’ w ith in  a un ification  g ram m ar fram ew ork.

3.0 Conclusion
In  conclusion, the  m ain  concerns o f  th is  p a p e r have  been  to  o ffe r  an a lternative  approach  to  the 
representation  o f  S V C s from  a c o m p u ta tio n ^  lingu istic  perspective. A fte r  a  b r ie f  d iscussion  o f  the 
characteristics o f  SV C s w ith in  m ajo r V oltaic  languages o f  W est A frica  w e g av e  a  b r ie f  exposition  
o f  som e earlier trea tm en ts o f  SV C s. T h e  rest o f  the p ap e r then  consisted  o f  an  acco u n t o f  SV C s 
using  a un ification  g ram m ar fram ew ork.

T he unification  operation , as has been  show n, is a  pow erfu l tool w hich  can  be  used  to  analyse 
linguistic  da ta  independent o f  theory . In  th is  p ap e r it h as  been  show n to b rin g  to g e th e r analyses 
from  d iverse  theories, includ ing  lex icalist, syn tac tico -sem anticist and  concep tua list ones. F rom  th is  
perspective w e claim  the un ification  g ram m ar approach  to  be  a  clean , un ify in g  w ay  o f  represen ting  
SV Cs.

T he paper, w hich  is m ain ly  a dem onstra tion  o f  how  in fo rm ation  is  p rocessed  b e tw een  ve rb s  and  
th e ir argum ents w ith in  an  SV C , has, how ever, n o t accounted  fo r  m any  o th e r issu es  concern ing  
SV C s such  as eventhood, c lausehood , ve rb  o rd er and p aram etrisa tion  and shou ld  constitu te  top ics 
fo r fu ture research .

Note
In  th is  and m any  o f  the  featu re  structures in  th is  p a p e r it  has been  necessa ry  to  do  som e 
represen tational im derspecifications in  o rd e r arch ieve s im p ler fea tu re  s truc tu res and  thereby  
arch ieve useful generalisations. H ere, it  w ould  have  been  necessary , fo r  in stance, to  accoun t 
fo r  how  die po larity  c litic  -e, like  the future tense  particle , is a lso  shared  by  the tw o  v e rb s  in  the 
construction .
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Maskinoversættelse af tyske NPer

Ellen Christoffersen og Margrethe H. Møller
Handelshøjskole Syd. Kolding

V ed Insd tu t fo r E ihvervsfo rskn ing  i K old ing  h a re n  p ro jek tg ruppe fra  H andelshø jsko le  S yd  siden  
som m eren  1989 arbejdet m ed udv ik lingen  a f  de t tysk -danske  m odul til m ask inoversæ tte lsessyste- 
m et M ETA L.

M E T A L  e r  e t a f  de  "gam le" m ask inoversæ tte lsessystem er i den  forstand , a t m an  h a r  arbe jdet på  
udvik lingen  a f  de t i 20 -30  år. F ørst kun i U S A , ved U niversity  o f  T exas, o g  s iden  m id ten  a f  firserne 
også i E uropa, idet den  tyske S iem ens-koncem  køb te  system et. I dag  e r  d e r  M E T A L -arbe jdsg rupper 
i U SA , T ysk land , B elgien , S panien  og  D arunark. S iem ens sæ lg er system et m ed sp rogparrene  
tysk-engelsk , engelsk-tysk  og  tysk-spansk , og  andre sp rogpar e r  u n d er udvik ling . I d en  danske 
arbejdsgruppe u dv ik le r vi m odu ler m ed dansk , i fø rste om gang  de t ty sk -danske  genereringsm odul. 

M E T A L  arbejder e fte r transferm odellen :

tyske analyseregler

tysk ordbog

tysk-dansk
transferordbog

danske
genereringsregler

dansk ordbog

D en danske generering  b ygger på  e t analyseresu lta t, d e r  de ls  e r  ftem k o m m et vha. m orfo log isk  
og syntaktisk  analyse a f  den tyske  tekst, dels o m fa tte r de  sem antiske  op lysn inger, de enkelte  
leksem er e r  forsynet m ed i den tyske ordbog.

M E T A L  skal først og  frem m est oversæ tte  fagsproglige tekster. I det lingv istiske  arbejde  h a r  den  
danske arbejdsgruppe d e rfo r taget udgangspunk t i fagsproglige tekster. V i ønskede a t beg y n d e  vort 
arbejde m ed  enk le  tekn iske  tekste r som  f.eks, s ty k liste r og  indho ldsfo rtegnelser til b rugerve jled 
n inger, og  derfo r v a r  d e t også natu rlig t fo r o s  i fø rste  p ro jek tfase  at begynde  m ed  at o v ersæ tte  I ^ r .

D a vi kunne oversæ tte  indho ldsfo rtegnelser, satte  v i en  fo re løb ig  slu tstreg  u n d e r N P -genereringen  
og  gik  o v e r til a t oversæ tte  sæ tninger.

I dette  indlæ g v il v i beskæ ftige  o s  m ed nog le  p rinc ip ie lle  p ro b lem er i m ask inoversæ tte lse , 
eksem plificeret ved  to  p ro U em er, vi o fte  e r  s tød t p å  i vo re  fagsprog lige  N P er. D e t d re je r  s ig  dels 
om  e t leksikaliseringsproblenc H vilke o p lysn inger skal væ re  tilgæ ngelige  i o rdbøgerne  og  hvilke 
op lysn inger kan  m an beregne sig  til?  -  og  de ls  om  e t strukturproblem : E n  s tru k tu r på  u dgangs
sproget k ræ ver som m e tid e r en  struk tu ræ ndring  p å  m ålsp roget, o g  i andre tilfæ lde  kan  den  geng ives 
ved  sam m e struk tu r på  m ålsproget. H e r m å m an søge at finde lingv istiske  v a riab le r og  væ rd ier, d er 
både kan  beregnes og  også e r  tils træ kkelige  til at træ ffe  valge t m ellem  de  to  m uligheder.
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Et strukturproblem:
Tyske genitivkonstruktioner
(E llen  C hristo ffe isen )

F ø rst v il je g  gø re  rede fo r  d e t p rob lem , d e r  opstAr, nAr en  b estem t s tn ik tu r  i udgangssproget 
m o d sv ares  a f  flere  fo rskellige  struk tu rer i m A lsproget E t sådan t p roblem  m ø d er v i, nAr d e r  i den 
ty sk e  tek s t o p træ d er e t nom inalsyn tagm e som  attribu t til e t  andet nom inalsyn tagm e. D et attributive 
nom ina lsyn tagm e stAr i gen itiv , m en s de t overordnede nom inalsyn tagm es kasus e r  bestem t a f  dets 
syn tak tiske  sta tu s i sæ tn ingen .

Tysk struktur
D et ty sk e  ana lyseresu lta t a f  denne struk tu r se r ud  som  v ist pA fig u r 1.

TYSK STRUKTUR

N P

N P
( C A ..)

N P
(C A  G )

Figur 1

D enne s tru k tu r fin d er vi i fø lgende ek sem p ler hen te t fra  de fagsproglige tekster, vi h a r arbejdet m ed 
i fo rb indelse  m ed oversæ tte lse  a f  ty ske  nom ina lsyn tagm er til dansk:

1. E ine  A nzahl m eh rsp rach ig er LexikoneintrA ge 
E t antal f le rsp rogede leksikonartik ler

2. D ie  V orschriften  des H erstellers 
P roducen tens fo rsk rifter

3.

4.

5.

6.

7.

D e r A ustausch  n ich ttragender T eile  
U dvekslingen  a f  ikke-bæ rende dele

D ie  V erw indungsstabilitA t des F ahrzeuges und d ie  S icherheit d e r  Insassen  
K øretø je ts  v ridn ingsstab ilite t og  passagerernes sikkerhed

F o lg en d e  V erfo rm ungen  des R ahm enbodenverzuges 
F ø lg en d e  defo rm atio n er a f  ram m ebunden

B rem sdruckkre ise  d e r  A ntriebsachse 
T ræ k ak se len s brem sekredse

A u sb eu len  le ich te r B lechschA den 
O p re tn ing  a f le tte  p ladeskader

8. V o r B egiim  d e r  R eparatu rarbeiten  
In d en  repara tionsarbejdernes begyndelse

9. E in  D utzend  ak tu e lle r P rob lem e 
E t d u s in  ak tue lle  p rob lem er

10. R ahm enkontro llm aB e und BlechstArken d e r B M W -M odellreihen  
B M W -m odelræ kkem es ram m ekontrolm Al og  p ladetykkelser
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11. D er A nfang  des B enu tzeihandbuches 
B n igervejledn ingens begyndelse

12. E ine  R eihe d er U beisetzungsvorsch lS ge 
E n  ræ kke a f  oversæ nelsesfo islagene

F orsøger m an  at gruppere  eksem plerne e fte r de krite rier, d e r  anvendes i de  gæ ngse  g ram m atikker, 
opstå r fø lgende fire  grupper:

Objektiv genitiv:
Som  ob jek tiv  gen itiv  be tegnes d e t "logiske objekt" fo r  d en  hand ling , d e r  e r  u d tiy k t i d e t v e rb a lsu b 
stan tiv , scan e r  kerne i den  overo rdnede N P.

1. A usbeu len  le ich te r B lechschåden  
O pretn ing  a f le tte  p ladeskader

2. D er A ustausch  n ich ttragender T eile  
U dvekslingen  a f  ikke-bæ rende dele

3. Fo lgende V erform ungen  des R ahm enbodenverzuges 
Fø lgende defo rm ationer a f  ram m ebunden

Possessi V geniti v:
D en possessive genitiv  u d trykker e t tilhø rsfo rho ld  e lle r  e t d irek te  e jendom sforho ld .

4. D ie V erw irvJungsstabilitåt des Fahrzeuges und d ie S icherheit d e r Insassen  
K øretø jets v ridn ingsstab ilite t og  passagerernes sikkerhed

5. R ahm enkontrollm aB e und B lechstårken  d e r B M W -M odellie ihen  
B M W -m odelræ kkem es ram m ekontro lm ål og  p lade tykkelse r

6. B rem sdruckkreise  de r  A ntriebsachse 
T ræ kakselens brem sekredse

Subjektiv genitiv:
Som  subjektiv  genitiv  be tegnes de t "logiske subjekt" fo r den  hand ling , d e r  e r  u d try k t i d e t 
verbalsubstan tiv , som  e r  kerne i den  overordnede N P.

7. V o r B eginn  d e r R eparatu rarbeiten  
Inden  reparationsarbejdernes begyndelse

8. D e r A nfang  des B enutzerhandbuches 
B rugervejledn ingens begyndelse

9. D ie V orschriften  des H erstellers 
P roducentens forskrifter

Paritiv genitiv:
D en partitive gen itiv  e r  e t gen itiv led , som  b e teg n er en  m æ ngde, d e r  b e s tå r  a f  ensartede  dele , e lle r  
en  ensartet m asse , m edens den overo rdnede N P  be tegner en  del a f  denne m æ ngde  e lle r  m asse.

10. E ine  A nzahl m ehrsp rach iger L ex ikonein tråge 
E t antal flersprogede leksikonartik ler

11. E in D u tzen d ak tu eU erP ro b lem e  
E t dusin  ak tuelle  p rob lem er
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12. E ine  R eihe  d e r  besten  U bersetzungsvorschlK ge 
E n  ræ kke a f  de bedste  oversæ ttelsesforslag

I de  tyske  ek sem p ler e r  d e r  struk turel overensstem m else, m en sem antisk  e r  d e r  tale om  en stor 
varia tionsbredde.

Danske strukturer
T il oveiu iæ vnte ty ske  stru k tu r sv arer tre  s truk tu re r p å  dansk, d e r  se r ud som  v ist i figur 2. D en  a f 
struk tu re rne , d e r  fo rekom m er h y p p ig st i de fagsproglige tekster, vi ha r  arbejdet m ed , e r  næ vnt først, 
o g  den  m in d st hypp ige  sidst.

TY SK  STRU K TU R: 

N P

DANSK STRU KTUR:

N P

N P  
( C A ..)

N P
(C A G )

II

III

N P P P

N P

N P N P
(C A  G ) ( C A ..)

N P

N P N P
(A PPO S)

Figur 2

Dansk struktur I:
D et tyske  a ttribu t i gen itiv  skal på  dansk  e rsta ttes a f  en  p ræ positionsforb indelse . D enne struktur 
anvendes p å  dansk  ved  transfe r a f  ob jek tive  gen itiver og  v isse partitive  genitiver.

N P

N P  P P

1. E n  ræ kke a f  oversæ tte lsesfo rslagene 
E in e  R eihe  d e r  U bersetzungsvorsch låge

(paititiv  genitiv)

2. O pre tn ing  a f le tte  p lad esk ad er 
A usbeu len  le ich te r B lechschåden

(objek tiv  genitiv)

3. U dvekslingen  a f  ikke-bæ rende dele 
D e r  A ustausch  n ich ttragender T eile

(objek tiv  genitiv)
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4. Følgende defo rm ationer a f  ram m ebunden
Folgende D eform ationen  des R ahm enboden-verzuges

(ob jek tiv  gen itiv )

Dansk struktur II:
D et tyske attribu t i gen itiv  skal p å  dansk  væ re  en  N P  i gen itiv , d e r  s tå r  fo ran  d en  o v ero rdnede  N P . 
D enne struk tu r anvendes p å  dansk  v ed  tran sfe r a f  sub jek tive o g  possessive  gen itiver.

N P

N P  N P  
(C A  G ) ( C A ..)

6.

7.

8 .

9.

Inden  reparationsarbejdernes begyndelse  
V o r B eginn  d e r  R eparatu rarbeiten

B rugervejledningens begyndelse  
D er A nfang  des B enutzerhandbuches

P roducentens fo rsk rifter 
D ie V orschriften  des H erstellers

K øretø jets v ridn ingsstab ilite t og  passagerernes sikkerhed  
D ie  V erw indungsstab ilitå t des F ahrzeuges und  die 
S icherheit d e r  Insassen

B M W -m odelræ kkem es ram m ekontro lm ål og  p lade tykkelse r 
D ie R ahm enkontrollm aB e und  B lechstårken  d e r B M W -M odellre ihen

10. T ræ kakselens brem sekredse
B rem sdruckkreise  d e r  A ntriebsachse

(sub jek tiv  genitiv ) 

(sub jek tiv  genitiv ) 

(sub jek tiv  genitiv ) 

(possessiv  gen itiv )

(possessiv  genitiv ) 

(possessiv  gen itiv )

Dansk struktur III:
D et tyske attribu t i gen itiv  skal på dansk  væ re en  apposition  m ed sam m e syn tak tiske  sta tus som  
den overordnede N P.

D enne struk tu r anvendes på  dansk ved  transfe r a f  v isse  partitive  gen itiver, n æ rm ere  betegnet 
artens genitiv .

N P

N P  N P  
(A PPO S)

11. E t antal flersprogede leksikonartik ler
E ine A nzahl m ehrsp rach iger L ex ikonein tråge

12. E t dusin  ak tuelle  p rob lem er 
E in  D utzend ak tu e lle r P roblem e

(partitiv  gen itiv ) 

(partitiv  gen itiv )

E t betydningsindhold  på  tysk  b ehøver ikke at væ re  kny tte t til en  b estem t s tru k tu r p å  dansk . S åledes 
om fa tte r både dansk  struk tu r I o g  III v isse  partitive  gen itiver (se figu r 3).
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T Y S K
S T R U K T U R

N P

N P  
( C A ..)

N P
(C A G )

D A N S K  I
S T R U K T U R

N P

N P  P P

II N P

N P  N P  
(C A  G ) ( C A ..)

III N P

N P  N P  
(A PPO S)

T Y S K
B E T Y D N .
IN D H O L D

O bjek tiv , 
Parti tiv 
G enitiv

Subjek tiv ,
P ossessiv
G enitiv

Figur 3

Parti tiv 
G enitiv

Inden  fo r den  ene  ty sk e  stru k tu r k an  vi a ltså  konstatere  en  sem antisk  d ifferen tiering  i 4  betyd
n ingsvarian ter, n em lig  ob jek tiv , sub jek tiv , possessiv  o g  partitiv  genitiv . D ette  fo iho ld  e r  im idlertid  
kun  en  b eg ræ n set h jæ lp  til den struk tu relle  d isam biguering , d er skal foretages fra  tysk til dansk.

Hvordan kommer vi frem til den rigtige danske struktur?
D et vUle v æ re  ideelt, om  de  d ifferen tieringskriter, som  vi h a r b rug  for, b lev  leveret a f  den  tyske 
analyse. D ette  e r  im id lertid  ikke tilfæ ldet. F o r tiden analyseres en  tysk  genitivkonstruk tion  som  en 
N P , d e r  b e s tå r  a f  to  N P er, h v o ra f  den  sidste  står i gen itiv  (se  fig u r 1). D et e r  d e r en  h istorisk  forklaring 
p å , ide t de t fø rste  tyske  analysem odul blev  udvik let til sp rogparret tysk -engelsk , hv o r de t ikke har 
v æ re t nødvend ig t at levere  d isse  in form ationer. D er e r  derfo r behov for, a t den tyske gruppe udvikler 
analysen  på  dette  punkt.

D a  vi ikke  h a r  kunnet ven te  på  at få de m anglende op lysn inger leveret a f  den  tyske analyse, har 
vi selv  m åtte t finde lø sn in g er fo r at kunne danne den  rig tige s tru k tu r på  dansk.

V i h a r  d e rfo r udv ik le t en  p rocedure, d e r  beregner, u n d er hv ilke  betingelser en  tysk  genitiv  skal 
geng ives m ed  den  danske  stru k tu r 1 ,11 o g  III:

I ty sk  genitiv  - dansk  P P
II ty sk  genitiv  - dansk  s-genitiv
III ty sk  gen itiv  - dansk apposition

(objek tiv  og  partitiv  genitiv ) 
(possessiv  og subjektiv  genitiv) 
(partitiv  genitiv )

S e lve  p ro ced u ren  b earb e jd er genitiverne i den (»nvendte ræ kkefø lge, således at den  m est specielle 
og  le ttes t iden tificerbare  stru k tu r behand les først.

T y sk  gen itiv  ->  dansk apposition

D enne  danske  s tru k tu r skal anvendes, n å r den  overo rdnede tyske N P  a n g iv e re t m ål, en  m æ ngde 
0.1. (su b stan tiv er som  A nzahl, M eter, K iste, G las), o g  n å r  den  overo rdnede N P  e r  uden  determ iner.

D en  p rak tisk e  løsn ing  h a r  beståe t i, a t vi i den  tysk-danske  ordbog  h a r forsynet de tilsvarende 
danske  su b stan tiv e r (antal, m eter, kasse, glas) m ed  e t træ k, d e r  v iser, at det tyske genitivattribu t 
m odsvares a f  en  dansk  apposition  (træ kket M ark e r o f  G en itiv e  m ed væ rd ien  A P P O S ition ).
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T ysk  genitiv  —» dansk  s-geniiiv

D e tyske genitiver, d er på  dansk  skal geng ives som  s-gen itiv , kan  iden tificeres ved  h jæ lp  a f  tre 
betingelseskom plekser.

D et første betingelseskom pleks anvender som  k riterium , om  d e r på  ty sk  som  d e te rm in er for 
oveiieddet anvendes en ten  den bestem te  artikel e lle r O-artikel.

H er e r  d e r anvendt e t slags "kollokationkriterium ".

I andet be tingelseskom pleks anvendes som  hovedkriterium  den  regel, a t a lle  d an sk e  sub jek tive  
gen itiver op træ der som  s-genitiv . O pgaven  b estå r så  i at iden tificere  d en  o v ero rdnede  tyske  N P  som  
subjek tiv  genitiv . D et e r  den, hv is kernen  e r  e t ”in transitiv t" verba lsubstan tiv , e lle r  k ern en  e r  e t 
"transitiv t" verbalsubstan tiv  o g  underleddet k an  fungere  som  agens, dvs. i d en  ty sk e  en sp ro g ed e  
ordbog e r  fo rsynet m ed det sem antiske  træ k  H U M an  e lle r  P O T en t.

D en  p rak tiske løsn ing  b estå r i, a t vi s lå r  o p  i den  danske  o rdbog  fo r  a t k u n n e  hen te  op lysn ingen  
om , hvorv id t den  danske æ kvivalen t til kernen  i den  overordnede ty sk e  N P  e r  e t verbalsubstan tiv , 
og  fo r at få op lysn ing  om  de ts tra n s itiv ite t

E r  de t danske substan tiv  e t verbalsubstan tiv , h a r  vi fo r a t kunne hen te  denne op lysrung  forsynet 
det m ed træ kket D E V E R B A L . K an  verbalsubstan tive t fo rb indes m ed en  ob jek tiv  gen itiv  e r  de t i 
o rdbogen  forsynet m ed træ kket T R A N S itiv ity  m ed væ rd ien  T rue.

I tredie betingelseskom pleks iden tifice re r vi en  possessiv  genitiv  ved  u delukkelsesm etoden  dvs. 
ved  at konstatere , at det overordnede substantiv  ikke e r  forsynet m ed træ k k et D E V E R B A L  i d en  
danske o rdbog  og  ikke h ar fået tildelt et træ k  i den  tysk-danske  o rdbog , d e r  v iser, a t d e t tyske 
genitivattribu t skal oversæ ttes ved en  dansk p ræ positionsforb indelse .

T ysk  genitiv  —» dansk  PP

D e resterende tyske gen itiver (ob jek tiv , partitiv  genitiv ) oversæ ttes ved  danske  p ræ positionsfo r
bindelser. D en danske p ræ position  e r en ten  den , d e r  m åtte  væ re  ang ivet på  den  o verodnede  N P s 
kem esubstan tiv  ved  træ kket M ark er og  G en itive , e llers e r  de t p ræ positionen  " a f '.

Et leksikalsk problem:
Oversættelse af tyske komposita
(M argrethe H. M øller)

I et m askinoversæ ttelsessystem  e r d e r  p rinc ip ie lt to  m åd er at oversæ tie  k om posita  på: m an  k an  
en ten  leksikalisere  dem  e lle r  oversæ tte  dem  kom positionelt.

V ed  leksikalisering  o p tag er m an  kom positum et i o rdbøgerne  som  é t o rd . V ed  kom positionel 
oversæ ttelse  op tager m an  de led , kom positum et e r  sam m ensat af, i o rdbogen  -  m edm indre  de  findes 
d e r  allerede -  o g  lad er system et oversæ tte  dem  é t fo r  é t og  sam m enfø je  dem  til e t  kom positum  på 
m ålsproget.

S am m ensæ tn ing  e r  en  m eget anvend t orddannelsesm ekan ism e i ty sk  fagsp rog , o g  m an  kan  ikke 
leksikalisere  a lle  kom posita. I p raksis  v il m an  oversæ tte  kom positionelt, n å r  de t ov erh o v ed e t k an  
lade  sig  gøre, o g  kun  ty  til leksikalisering , n å r  d e r  ikke  e r  andre m uligheder. D et sp a re r kodn ings- 
arbejde, idet leksikalisering  indebæ rer, a t d e r  op rettes artik le r i a lle  tre  o rd b ø g er, o g  de t g iv er 
m ulighed fo r al behandle  sam m ensæ tn inger, d e r  ikke  h a r  væ re t reg istrere t tid ligere.

D et, je g  gerne v il v ise , er, hvo rn år d e r  ikke e r  andre m u ligheder end  leksika lise ring , o g  hvilke 
u lem per leksikaliseringen  på  den  anden  side har.
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F ø rst og  frem m est e r  kom positionel oversæ tte lse  kun  m ulig , n ä r det ty ske  og  de t danske 
kom positum  h a r  sam m e struktur. H vis de t tyske kom positum  skal oversæ ttes ved et dansk 
sim pleksord  e lle re t  flerleddet ud tryk , som  vi h a r  m ange eksem pler på i de fagtekster, vi beskæ ftiger 
os m ed , e r  vi nød t til a t leksika lise ie  kom positum et.

V i sk e ln e r m ellem  kon tekstuafhæ ngig  og  kontekstafhæ ngig  kom positionel oversæ ttelse.

(1 ) S erien  I p roduk tion  -  serie  | (Hxxlukdon
(2) D ien st | p rog ram m  -  h jæ lpe  | program

I eksem pel (1) k an  beg g e  kom positum ets led  oversæ ttes d irek te, uafhæ ngig t a f  konteksten. D et 
ty sk e  Serie  oversæ ttes til dansk  serie, og  d e t ty ske  P roduktion  oversæ ttes til dansk  produktion. I 
eksem pel (2) e r  oversæ tte lsen  a f  fø rste leddet kontekstafhæ ngig : n o m ia lt oversæ ttes d e t tyske 
substan tiv  D ienst ved  de t danske  substan tiv  tjeneste, m en  n å r  de t s tå r sa im nen  m ed Program m , 
oversæ ttes d e t ved  v erbe t hjæ lpe. D ette  kan  ang ives i transferordbogen .

D anske  k o m p o sita  kan  have  fugebogstaver, o g  som  hovedregel g æ ld er de t, a t e t g ivet o rd  altid 
an v en d er sam m e fiigebogstav , n å r  det in d g år som  første sam m ensæ tn ingsled  i e t to leddet kom po
situm . D et danske  substan tiv  æ ndring  anvender f.eks. fugebogstavet s som  i ændringsforslag, 
æ ndringsønske. V i angiver, hv ilke t fugebogstav  d e r skal anvendes, i den  danske ordbog.

N ogle  o rd  an v en d er desuden  en  speciel allom orf, n å r de in d g år i e t kom positum . D et dandce 
substan tiv  m askine  anvender f.eks. aU om orfen m askin  som  i m askin fejl O gså  dette  angiver vi i den 
danske  ordbog.

D er kan  v æ re  d isam bigueringsprob lem er, f.eks. n å r analysen  v æ lg er substan tivet die S teuer i 
stede t fo r  verbe t steuern  i de t tyske  kom positum  Steuerzeile, så  vi få r  oversæ ttelsen  *skattelinie  i 
s ted e t fo r den  rig tige  styrelin ie . H er e r  d en  eneste  løsn ing  leksikalisering  a f  de t tyske kom positum  
o g  dets danske  oversæ ttelse .

M en  b o rtse t fra  de t fu n g erer kom positionel oversæ tte lse  fin t, n å r  d e r  e r  ta le  om  toleddede 
kom posita. D et b liv e r straks vanskeligere , nå r  kom positum et h a r  m ere  end to  led. F o r  d e t første er 
d e t da  ikke m u lig t i d en  danske  generering  at beregne, h v o r d e r  skal indsæ ttes fugebogstaver, for 
d e t andet kan vi ikke  sto le  p å  at få den  rig tige oversæ tte lse  a f  e t led , hv is de tte  leds oversæ ttelse  er 
kon tekstafhæ ngig . B egge dele  skyldes, at system et ikke e r  i stand til at analysere sig  frem  til 
kom positum ets in terne  struktur.

I eksem plerne;
(3 ) [[W örter | buch]ein trag] 

o rdbogsartike l
(4 ) [F ach[buch  | handlung]] 

specia lbog_handel

se r  v i, at substan tive t bog  skal have  ftige-s, n å r de t op træ d er som  andet sam m ensæ tn ingsled  som  i 
ordbog  i eksem pel (3), m en  ikke, n å r  de t e r  første sam m ensæ tn ingsled  som  i boghandel i eksem pel 
(4).

D a  system et ikke h a r  k rite rie r til a t a fgøre  hvordan  kom posita  m ed flere  end  to  led  e r  opbygget, 
h a r  m an  i d en  ty sk e  ana lyse  tru ffe t e t  valg : m an  ana lysere r a ltid  hø jrerekursiv t. A lternative t v ille 
v æ re  at levere  flere  analyser. D et m å  im id lertid  væ re  leg itim t a t træ ffe  e t sådan t va lg  i e t operationelt 
m ask in o v ersæ tte lsessy stem .

I den  danske  generering  g ø r vi ikke noge t forsøg  p å  a t væ lge  specielle  a llom orfer e lle r  indsæ tte 
fug eb o g stav er i d isse  kom posita , vi sam m enfø jer sim pelt h en  de  kanon iske form er, så  vi får 
o v e isæ tte lsem e  (S) ordbogartikel og  (6) specialboghandeL  V i ov eriad er de t til posted itoren  at 
indsæ tte  fuge-s. H vis e t sådan t kom positum  o p træ d er gang  på gang  og  posted ito ren  ikke ønsker 
h v e r gang  a t sku lle  indfø je  fuge-s, m å han leksikalisere  kom positum et.
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D et, at kom posita  altid analyseres hø jrereku tsiv t, får også  konsekvenser fo rd e n  kon tekstafhæ ng
ige kom positionelle  oversæ ttelse  i transfero idbogen ;

(5) D alenbankdienstprogram m  
databasehjæ lpeprogram

(6) D ienstprogram m fiink tion  
* tjenestepiD gram funktion

E ksem pel (S) b liv e r oversat korrek t, fordi de t tyske  substan tiv  D ienst m ed  d en  hø jrereku rsive  
analyse b liv e r genkend t som  førsteled  i k om positum et D ienstprogram m . D e t g ø r d e t derim od  ikke 
i eksem pel (6), jf . nedenstående analyse træ , o g  den  kom positionelle  o v ersæ tte lse  b liv e r  derfo r 
fo rk e r t

N S T

N S T N S T
(C A N  "Funktion")

D ienst

N S T

P rogranun

N S T

F u nk tion

H vis m an  vil væ re sikker p å  at få  oversa t D ienstprogram m  rig tig t i a lle  sam m enhæ nge, m å  m an  
leksikalisere det.

I p raksis vil en  b ruger a f  system et væ lge  leksikalisering , n å r  d e r e r  tale  om  fagsprog lige  term er. 
D et e r  v ig tig t, a t de b liver oversa t korrek t og  p å  sam m e m åde h v e r gang.

Sam tid ig  m ed, at m an lø se r  et p roblem  ved  a t leksikalisere , skaber m an  im id lertid  e t andet. M an 
ødelæ gger nem lig  m uligheden  fo r  at oversæ tte  sideordnede kom posita  m ed  ellipse.

P å tysk ude lader m an  ofte  andet sam m ensæ tn ingled , hv is d e t e r  fæ lles fo r  to  s ideordnede 
kom posita;

(7) Å nderungs- oder U m stellungsw unsch  
æ ndrings- e lle r om stillingsønske

(8) M aschinen- oder B ed ienungsfeh ler 
m ask in - e lle r  betjeningsfejl

(9) K o p f-u n d  FuBzeile 
top- og  bundlin ie

I eksem pel (7) -  (9) e r  andetleddene W unsch, F ehier  og  Z eile  fæ lles fo r  de  to  sideo rdnede 
kom posita. I eksem pel (7) skal d e t danske førsteled  æ ndring  h av e  fuge-s. I eksem pel (8 ) anvendes 
d en  specielle  a llom orf m askin  a f  d e t danske førsteled  m askine. I eksem pel (9 ) skal d e t tyske 
substantiv  K opf, da  det in d g år i e t kom positum  m ed an d ed ed d e tZ e i/e , have  den  k o n tek sta lh æ n g ig e  
oversæ ttelse  top  i stedet fo r den  no rm ale, d irek te  oversæ tte lse  hoved.

E n  forudsæ tn ing  for, at vi kan  behand le  s ideordnede k om posita  m ed  eU ipse e r, a t d en  ty ske  
analyse få r  m ulighed  fo r a t analysere  konstruk tionen  kom positicm elL K o m p o s itæ n e s  bestanddele  
skal a ltså  findes i o rdbøgerne , og  kom positaene  m å  ikke  væ re  leksika lise rede . D ette  sky ldes , a t 
analysen  fø lger princ ippet om  "the longest possib le  m atch".

H vis m an f.eks, h a r  leksikaliseret de t tyske kom positum  F uSzeile, få r  m an  ik k e  en  kom positionel 
analyse. D et betyder, a t F ufizeile  i e k so n p e l (9 ) ik k e  U iv e r  genkend t som  e t k o m positum . K o p f 
b liver derm ed h e lle r ikke genkend t som  førsteled  i e t kom positum  m ed Z eile  som  andetled . V i får
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altså  ikke d en  rig tige kon tekstafhæ ngige  oversæ ttelse  a f  K opf, nem lig  top, m en  derim od den 
n o n n a le  ove isæ tte lse  hoved, a ltså  *hoved- og bundlinie.

S å kan  m an  natu rligv is væ lge at leksikalisere  sideordningen  K opf- und F uSzeile, m en  en  sådan 
leksika lise ring  k an  g ribe  om  sig. D e to  kom posita  kan  jo  også  op træ de i andre kom binationer og 
m ed  andre kon ju n k tio n er end und:

K o p f- und  FuBzeile 
K opf- o d e r  FuB zeile 
K opf- bzw . FuB zeile 
K o p f- FuBzeUe 
FuB- und  K o p f ^ i le  
etc.

K om posita  o p træ d er hypp ig t i tyske fagsproglige tekster, båd e  a lene og  i sideordn inger m ed 
e llipse. I v o rt arbejde  m ed fagsprog lige  korpora  h a r  v i væ ret n ø d t til at leksikalisere  m ere, end vi 
fra  begyndelsen  havde fo restille t os.

E llen  C hristo ffe rsen  og  M argrethe H . M øller 
In stitu t fo r  erhvervsfo rskn ing  
H andelshø jsko le  Syd 
E ngstien  3 
D K -6000  K old ing
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Linguistics and Machine Translation

Helge Dyvik
University of Bergen

A bstract

This talk discusses some o f the challenges posed for theoretical linguistics by transla
tional problems. It briefly discusses different aspects o f the concept o f translational 
equivalence and the degree to which this relation may be captured by machine 
translation (MT) systems. It is argued that the formal requirements and multilingual 
perspective of MT provide new criteria o f  adequacy for semantic theraies. This 
motivates further development of linguistic semantics as a prerequisite for a semanti
cally based theory o f  machine translation. In particular it seems that the semantics of 
translational equivalence needs to be able to refer to a typology o f linguistic objects as 
part of its “ontology”. Some of the points are illustrated by a short presentation o f an 
experimental MT project. Finally it is briefly indicated how the treatment of linguistic 
objects as part of the semantic model fits into a situation theoretic account

1. Translational Equivalence as Empirical Evidence
A t least one optim istic  th ing  can be  said about the re la tionsh ip  b etw een  lingu istics and M T : it is 
im proving. T here  w as a  tim e  w hen  the tw o concep ts w ere rarely  con jo ined , and  i f  th ey  w ere , ‘b u t’ 
seem ed a m o te  p lausib le  con junction  than  ‘a n d ’. T o-day , how ever, bo th  fie lds h av e  changed  
som ew hat: linguistic  theories o f  g ram m ar tend  to  take  p rob lem s o f  com puta tional trac tab ility  
seriously , and lingu istic  approaches are find ing  th e ir w ay  no t on ly  in to  sm all experim en tal M T  
pro jects but also  into the large m arket-orien ted  ones.

W ith in  th is area o f  increased in teraction  betw een  the  tw o  fie lds the  flow  o f  in fo rm ation  -  o r  
insp iration  -  is u sually  seen as unid irectional: lingu istic  theo ries o f  syntax  and  sem an tics p rov ide  
representational too ls  fo r the developers o f  M T  system s, bu t rem ain  ra th e r u n pertu rbed  by  the  
activ ity  them selves. H ow ever, the increased  c o n ta a  betw een  lingu istics and  the  ac tiv ity  o f  tran s
lation  should  no t be  seen  as a pure  case o f  applied  science, in  w hich  resu lts  from  lin g u is tics  are 
sim ply  used  to  so lve practical p rob lem s. T ransla tion  shou ld  also  be  recogn ized  as  an  im portan t 
testing  ground fo r lingu istics, re in fo rc ing  a m uch-needed  m ultilingual perspec tive  in  the  dev e lo p 
m ent o f  m o te  o r  less form al lingu istic  theories. Specifica lly , th e  “p re-th eo re tic”  co n cep t o f  
translational equivalence m ay prov ide  valuab le  crite ria  o f  adequacy  fo r  lin g u is tic  theo ries. T h is  is 
especially  ev iden t w ith in  sem antics. W ith in  lingu istic  sem antics w e try  to  charac te rize  the  m ean ing  
o f  a linguistic  expression  by  transla ting  it in to  som e m ean ing  represen ta tion . T h is  m ean ing  
representation  is, basically , ju s t  ano ther lingu istic  expression , and  the natu ra l question  is how  th is 
a lternative expression  b rings us c lo ser to  the characteriza tion  o f  m ean ing  than  d id  the  orig inal 
expression. 'There are several rela tionsh ips a  m ean ing  represen ta tion  m ay  e n te r  in to  w h ich  m ay
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m otivate  it as an inform ative characterization  o f  m eaning . F o r one  th ing  w e m ay relate it to  different 
exp ressions w ith in  the sam e language, fo r  instance by  m eans o f  a m odel theoretic  interpretation , 
thereby  charac te riz ing  various sem antic  rela tions like synonym y, en tailm ent etc. betw een  expres
sions; fo r an o th er the m ean ing  represen tation  can  be  used  to  m ed ia te  be tw een  language and o ther 
con tac ts  w ith  rea lity , like sigh t and action; fo r yet ano ther the rep resen tation  can be related to 
ex p ressio n s in  d iffe ren t languages, and hence characterize  sem antic  rela tions across language 
borders. T h e  re la tion  o f  translational equ ivalence  invo lves ju s t  th is last-m en tioned  type o f  sem antic 
re la tions and  hence  constitu tes an  em pirical dom ain  w ith  respect to  w hich  sem antic  representations 
need  to  b e  adequate . T h e  relation  o f  transla tional equ ivalence is no t easy  to  p in  dow n, bu t a corpus 
o f  actual tex ts  pa ired  w ith  th e ir  transla tions, sorted  accord ing  to  quality  b y  txlingual inform ants, 
w ou ld  be  a sta rting  po in t, g iv ing  us p art o f  the  ex tension  o f  the relation , so to  speak. T he translational 
re la tion  is m an ifested  in  such  a co llection  o f  actual translations. T o  the  ex ten t tha t sem antic 
rep resen ta tions are  adequate  w ith  r e s p e a  to  such  p h e n o m e n a -th a t is, to  tiie ex ten t that they  classify  
eq u iv a len t exp ressions to g e th e r -  they  are a lso  m otivated  as som eth ing  m ore than  ju s t arbitrary 
a lte rna tive  en cod ings o f  som e sem antic  content.

It is  an  age-o ld  insigh t that translatiorud equ ivalence  involves m uch  m ore  than  denotational 
equ ivalence . G ani leav ing  aside now  the im portan t question  o f  w hether the  translation  relation 
shou ld  be  conceived  as an equ ivalence  relation  at all; w e m ay  n o te  that good translation  is frequent! y 
assum ed to  b e  irreversib le .) T h e  litera tu re  o n  translation  d iscusses several sub-species o f  the 
relation; the  fo llow ing  categories are suggested  by  W ern er K o ller (1983 :186ff.):

1. D enotational equivalence
2. C onnotative equivalence
3. Text-ru>rmative equivalence
4. P ragm atic equivalence
5. F orm al equivalence

D enota tional equ ivalence  m ean s equ ivalence  w ith  respect to  p roperties o f  a described  situation  
(conceived  as a section  o f  “ob jec tive  rea lity”). H ow ever, languages u sually  a llow  alternative 
verb a liz in g  stra teg ies, w hich  m ay  induce  d ifferen t perspectives  on  w hat m ay  still be conceived as 
the  sam e described  situations, h igh ligh ting  d ifferen t aspects o f  th e ir  tem poral structure  o r  o f  the 
rela tionsh ips b e tw een  th e ir  participants. (E xam ple: “ I can  on ly  stay  un til S P M ” vs. “ I have to  leave 
at 5 P M ”.) S im ilarly , a lte rnative  verbaliza tions m ay  belong  to  d ifferen t sub-languages o r  levels o f  
sty le . E qu ivalence  w ith  respect to  such  p roperties is  connotative  equ ivalence. Text-norm ative 
equ iva lence  is equ ivalence  w ith  respect to  properties characteristic  o f  certa in  tex t types. A  French 
business le tte r m ay  have a d ifferen t structure  from  a N orw egian  business letter, a F rench / 
N orw eg ian  p a ir  o f  le tte rs  are tex t-norm atively  equ ivalen t on ly  i f  they  each  satisfy  the respective 
F ren ch  and  N orw eg ian  conven tions fo r such  texts. P ragm atically  equ ivalen t tex ts  o r  u tterances are 
eq u iv a len t w ith  respec t to  the  ctM nmunicative ac ts  perfo rm ed  w ith  them , and  th e ir  effects on  the 
rece iv e r (such  as  the  deg ree  o f  po liteness accom panying  a  request, irony , etc.). C ultural differences 
frequen tly  m ak e  the ach ievem en t o f  p ragm atic  equ ivalence d if f ic u lt  F inally ,/o rT no / equivalence 
is  eq u iv a len ce  w ith  respec t to  p roperties o f  assonance, rhym e, rhy thm  and w ord-play .

O bv iously , all these  ty p es are  n o t alw ays o f  equal im portance , b u t they  all be long  in  a principled 
d iscussion  o f  transla tional equivalence. W e m ay  n o te  th a t deno ta tional equ ivalence  p rim arily  
co n cern s the  described  situa tion , p ragm atic  equ ivalence  th e  d iscourse  situation , w hereas connota
tive , tex t-no rm ative  and  form al equ ivalence  p rim arily  concern , in  an  irreducib le  w ay, the linguistic  
signs them selves. I f  tw o  tex ts  are equ ivalen t w ith  respect to  chosen  perspectives, levels  o f  style, 
tex t-structu ra l no rm s and m etrical properties, they  can be said to  be equ ivalen t w ith  respect to  the 
types o f  linguistic devices used in  them . T h is suggests that a p rec ise  characterization  o f  translational 
equ iva lence  p resupposes no t on ly  adequate  deno tational sem antics and p ragm atics enab ling  us to
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refe r to  such p roperties o f  described  situations and d iscou rse  situa tions w h ich  transla tiona lly  
equ ivalen t expressions have to  b ear a  com m on rela tion  to. I t seem s th a t w e also  need  a un iversal 
typo logy  o f  linguistic  devices: lingu istic  expression  types them selves are an  irreducib le  p a rt o f  the 
‘on to lo g y ’ o f  th ings w hich  translationally  equ ivalen t expressions have  to  h av e  in  com m on. T h u s, 
form al aspects o f  a  tex t m ay  crea te  types o f  m ean ing  th a t w e w ant to  re-c rea te  in  a  transla tion . If  
w e take it as ax iom atic  tha t it is  the  task  o f  sem antics to  accoun t fo r  all aspec ts  o f  m ean ing , these  
translational i^ e n o m e n a  b ring  new  prob lem s w ith in  the scope o f  sem antic  theories.

2. Limits of MT: Equivalence from Pre-Established 
Correspondences

T ranslational equ ivalence  is  basica lly  a  rela tion  b etw een  texts  o r  utterances ra th e r th an  betw een  
lex ical and gram m atical e lem ents in  language descrip tions. In  o th e r  w ords, transla tiona l eq u iv a
lence  concerns paro le  ra th e r than  longue. It is an  analy tic  task  to  reduce  transla tional equ ivalence  
betw een  texts, as far as possib le , to  a function  o f  correspondence  re la tions b e tw een  e lem en ts  o f  
language descrip tions -  to  rela tions o f  langue  ra th e r than  paro le. H ow ever, it  seem s very  lik e ly  that 
there  are  types o f  translational equ ivalence  tha t cannot be so  reduced . T h u s , w h ile  conno ta tive  
properties o f  ind ividual lexem es m igh t be  g iven  som e represen ta tion  in  th e  lex ico n , it is  d ifficu lt 
to  see how  inform ation  about conno tative and  sty listic  p roperties o f  com plex  [riirases can  b e  derived  
com positionally , in  the  w ay in fo rm ation  abou t d eno ta tive  p roperties are. In  such  cases  the  on ly  
so lu tion  seem s to  be to  lis t such com plex  phrases w ith  th e ir  p roperties a s  id iom s, bu t ex ten siv e  use 
o f  th is so lu tion  is a t least im practical because it leads to  an  exp losion  in  th e  in v en to ry  o f  id iom s. 
Furtherm ore, g lobal s ty listic  p roperties o f  tex ts tha t concern , fo r  in stance, th e  frequency  o f  certain  
constructions canno t even  in  p rinc ip le  be  reduced  to  s im ple  co rrespondence  re la tions betw een  
linguistic  descrip tions. T here  are  a lso  aspects o f  form al transla tional equ iva lence  (fo r in stance , in  
translations o f  poetry) and culture-bound p ragm atic  equ ivalence  th a t seem  to  p resu p p o se  genu ine  
creativ ity  o n  tiie part o f  the transla to r, and  hence to  be  som eth ing  th a t canno t b e  reduced  to  
pre-established correspondences.

T hese lim itations are a t the sam e tim e lim ita tions on  the possib ility  o f  m ach ine  transla tion . A 
m achine translation  system  is possib le  to  the  ex ten t tha t w e have  been  ab le  to  reduce  aspects  o f  
translational equ ivalence to  functions o f  p re-estab lished  co rrespondence  re la tions b e tw een  fin ite  
linguistic  descrip tions. T h e  lingu istic  analysis in  the  descrip tions m ay  show  any  d eg ree  o f  soph is
tication , and w e m ay gran t the possib ility  tha t the transla tion  algorithm  is ab le  to  exp lo it con tex tual 
inform ation  o f  various k inds to  choose am ong alternatives -  the  fac t rem ains th a t any  equ ivalence  
betw een  tex ts estab lished  b y  the  system  m ust be com positionally  derivab le  from  th e  e lem en ts  in  
the descrip tions and the p re-estab lished  correspondence  rela tions b e tw een  them . T h is  ho ld s  true 
w hether w e im plem ent the  relations as sim ple p o in te rs  o r  as rep resen ta tions o f  som e kind , 
represen ting  w hat the  co rresponding  en tities have in  co tiunon . S u ch  rep resen ta tions, i f  w e u se  them , 
can reasonably  be  seen  as sem antic  represen tations. S ince  it  seem s p lausib le  to  c la im  th a t all aspects  
o f  translational equ ivalence are m ean ing  rela ted , it  shou ld  be the  task  o f  sem an tics to  acco u n t fo r 
the  correspondence rela tions b etw een  languages o n  w hich  transla tional equ iva lence  is  based . 
Sem antic  represen tations, then , shou ld  csf)ture w h a tev er a  transla tional eq u iv a len t h a s  to  be 
equ ivalen t w ith  respect to, to  tiie ex ten t th a t th is  is  derivab le  from  th e  lingu istic  descrip tions. S uch  
represen tations a re  a t th e  sam e tim e  poten tia l in terlingua expressions -  it  shou ld  in  p rin c ip le  be 
possib le  to  im plem ent a transla tion  algorithm  that transla tes a source tex t to  such  a  rep resen ta tion , 
and generates a  target tex t from  it.
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3. InterUngua as a Theoretical Tool
T h is  does n o t m ean  tha t it  w ould  be a good idea  to  d o  so in  practice. T he m ajo rity  v iew  is that the 
tran sfe r techn ique  is to  be  p referred  o v er the  in teriingua technique, and there are o ften  good 
a rgum en ts to  support th is  v iew . T h e  goal o f  constructing  a tru e  in teriingua is often  considered as 
un realistic , o r  a t least im practical. Such  a un iversal in term ediate  represen tation  is easily  seen  at 
lea s t as a  de tou r, in  m any  cases it  seem s s im p ler to  define d irec t transitions from  source repre
sen ta tions to  ta rg e t represen tations. S till, the  idea  o f  an in teriingua should  n o t be  d iscarded  ou t o f  
hand . In  the  firs t p lace , th e  possib ility  o f  in terlingua-based  transla tion  does no t im ply  the possib ility  
o f  a  tru ly  un iversa l in teriingua, com m on  to all conceivab le  language pairs. A n in teriingua can be 
specific  to  a  g iven  language p a ir  and still be  an  in teriingua. In  the  second p lace , w e should 
d istingu ish  b etw een  the  theore tical possib ility  o f  an  in teriingua and the practica l u tility  o f  having 
su ch  an  in te riingua  ac tually  im plem ented  in  a system . E ven  i f  w e decide against the latter, w orking 
o u t an  in te riin g u a  m ig h t be  a  usefu l p art o f  a  p rinc ip led  study  o f  translational equivalence. In  f a a ,  
o n  reflec tion  it  is easily  seen  th a t th e  d istinction  b etw een  in teriingua and transfe r is  no t a deep 
d istinc tion  o f  p rinc ip le , bu t ra ther a fa irly  superfic ial o n e  o f  im plem entation . It is  n ev er die case 
th a t tran sfe r m u st t e  p referred  o v e r in teriingua because  transfe r is  the  on ly  possib le  option: 
in teriingua is possib le  w henever tran sfe r is. M ach ine  transla tion  actually  im plies th e  possib ility  o f  
in terlingua-based  m ach ine  translation . T h is  is  because  m ach ine  transla tion , as I have already 
po in ted  out, is  on ly  possib le  to  the ex ten t tha t translational equ ivalence can  be  reduced to  a function 
o f  p re-estab lished  correspondences betw een  elem ents o f  tw o language descrip tions. S ince the 
language  descrip tions are fin ite , there  w ill be a fin ite  n u m b er o f  such pre-estab lished  correspon
dences. T h e  co rrespondences can  be im plem ented  as sim ple po in ters, but it is  o f  course also  possib le 
to  label each  co rrespondence  w ith  a un ique nam e, and to  w rite  rules fo r com bin ing  such labels 
com positiona lly  in  tandem  w ith the ru les fo r com bin ing  the  co rrespond ing  expressions syntactical
ly. In  short, the  correspondence  relations, be ing  finite in  num ber, can  ev iden tly  be  described  in a 
m eta language. Such  a m eta language w ould  be a theoretically  possib le  in teriingua betw een  the tw o 
languages, and ev en  i f  w e d o n ’t im p lem en t it as an  in teriingua the  m etalanguage m igh t be a useful 
theoretical too l fo r  keep ing  o u r ideas stra igh t w hile w riting  the program s.

4. The PONS Project: Exploiting similarity between languages
N o w , 1 h a v e n ’t  w orked  ou t such  a  theoretically  in teresting  in teriingua yet. I have, on  the o th er hand, 
been  w ork ing  o n  an  experim en tal translation  system , and 1 should  like to  g ive a  b r ie f  sketch  o f  it 
in  o rd e r  to  illustrate  som e o f  the po in ts I have m ade. T h e  p ro jec t is  called  P O N S  -  acronym ic for 
“ P artie ll O versette lse  m ellom  N s r s t ^ n d e  S p r ik ”  (Partia l T ransla tion  b etw een  C losely  R elated  
L anguages). T h e  starting  p o in t w as an  id ea  abou t studying  som e aspects o f  the  relationsh ip  betw een 
lingu istic  m o tivation  and  com putational trac tab ility  in  M T  system s. A  com m on objection  to  
lin g u is tica lly  soph istica ted  language descrip tions as m odules in  translation  system s is that they  w ill 
inev itab ly  m ak e  analysis  and syn thesis  hopelessly  redundan t and  ineffic ien t, com frared to  quick 
ad -hoc  sho rtcu ts  from  sou rce  construction  to  target construction , w ithou t regard  fo r th e ir full set o f  
g ram m atica l and  sem antic  properties. T h is  is  ev iden tly  a  valid  consideration  -  it w ould  be  irrational 
to  spend  tim e  find ing  a  lo t o f  g ram m atica l and  sem antic  in fo rm ation  i f  you  rea lly  d o n ’t need i t  O n 
th e  o th e r han d , lin g u is tic  m otivation  and  com puta tional trac tab ility  could  be  com bined  i f  w e could 
ach ieve  a lingu is tica lly  w ell-in fo rm ed  system  ab le  to  refrain  from  using  all its  know ledge all the 
tim e. I f  the  system  had  som e m eans o f  evaluating  the com plex ity  o f  a g iven  translatioruil task  in  
advance , it  cou ld  in fe r  the  am ount o f  analysis required  and ad just its m ode  o f  opera tion  accordingly. 
T h e  possib ility  o f  tak ing  shortcu ts  w ould  obv iously  be m ost frequent during  transla tion  betw een  
close ly  related  languages; hence  it w as natural to  try  ou t these  ideas in  rela tion  to  translation  betw een
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a p a ir o f  Scandinavian  languages like  N orw egian  and S w edish . T h e  fo rm al to o ls  o f  un ification  
g ram m ar seem ed w ell suited to  the  task , since  featu re  structu res can be  m ore  o r  less underspecified : 
inform ation  can  be rem oved from  them  as the need arises.

It is no t on ly  considerations o f  efficiency  tha t m otivate  such  an  a ttem pt to  ach ieve  a  system  that 
uses its know ledge in  a considered  w ay. It seem s quite  p lausib le  to  assum e that h u m an  transla to rs  
behave in  a sim ilar m anner. W e s e o n  ab le  to  a d ^ t  the  am ount o f  in fo rm ation  w e  b rin g  to  b e a r  on  
a problem  to  its  com plexity . T hus it is obv iously  fa re a s ie r  fo r  us to  transla te  b e tw een  c lo se ly  related  
languages than  betw een  languages tha t are genetica lly  and typo log ica lly  fu rth e r apart. T h e  S can 
dinavian  languages are  a lm ost lim iting  cases in  th is  r e s p e c t  In  transla tions b e tw een  D anish , 
Sw edish  and N orw egian , o r  b e tw een  BokmfU and  N ynorsk , there  w ill freq u en tly  (but fa r  from  
alw ays, o f  course) b e  a w ord-by-w ord  ty p e  correspondence  be tw een  sou rce  and  ta rg e t tex ts . A  
natural p rocedure  in  such  cases w ould  be  first to  inspec t d ie  so ite n c e  to  b e  transla ted  su ffic ien tly  
closely  to  determ ine th a t it contains no  constructions departing  from  th e  unm arked  w ord-by-w ord  
case, and then  transla te  w ord-by-w ord , m ak ing  m orpho log ica l ad justm en ts a long  th e  w ay. T h e  
hum an transla to r w ould  n o t take  the trouble  to  reflec t carefiilly  and a t len g th  o n  th e  con ten t and 
connotations o f  the source sentence, in  abstraction  from  its  syn tac tic  form , and  th en  try  to  encode 
th is conten t “ from  scratch” in  the target language w ith  n o  regard  fo r the  w ay  it w as exp ressed  in  
the source text. O nly  to  the ex ten t tha t the  constructions d o  n o t a llow  fairly  sim ple  form al m app ings 
is such a c lo ser consideration  o f  sem antic  p roperties necessary . T h e  tran s la to r w ill u se  as m u ch  o f  
the  structure  o f  the  source sen tence as possib le  -  as lo n g  as she can  tru st th a t a  s im ila r sen tence  
structure  in  the  target language is transla tionally  equ ivalen t. A nd th is  is  n o t a case  o f  laz iness; it  is 
because th is  m ethod  is a  p recond ition  fo r a good  transla tion , th a t is, a  tran sla tio n  w h ich  renders the 
properties o f  the source tex t as re liab ly  as possib ly , including its w ay o f  using language. B y “ a  w ay  
o f  using language" 1 have in m ind  production  o f  the type  o f  m ean ing  w hich  is  cap tu red  by 
connotative equivalence (such as equ ivalence w ith  respect to  the chosen  perspective  on  a situation), 
pragm atic  equ ivalence and form al equivalence. L anguages have d iffe ren t resources, d ifferen t 
device inventories, fo r  creating  such  m ean ing  -  tha t is w hat m akes transla tion  difTicult -  b u t the 
m ore closely  tw o  languages are  rela ted , the  g rea ter the  o v erlap  b etw een  th e ir  inven to ries  o f  
linguistic  devices w ill be. It is no t a facile  shortcu t, bu t the sa tisfac tion  o f  an  independen t purpose  
o f  translation  w hich takes p lace w hen  w e choose equ ivalen t lingu istic  dev ices in  a tran sla tio n  -  fo r 
instance w ord-by-w ord  transla tion  w henever tha t is possib le . ( ‘P o ss ib le ’ he re  m ean s  ‘p reserv in g  
translational eq u iv a len ce ’ -  includ ing  conno tative equ ivalence  etc . In  o th e r  w ords, it  is  no t a 
counter-argum ent to  the claim  m ade here  that w ord-for-w ord  transla tions frequen tly  are bad  -  w hen  
they  are bad, they  p resum ably  are no t th e  c lo sest possib le  equ ivalen t.) In  such  cases w e p ass  d irec tly  
from  a device in  one  language to  an  equ ivalen t dev ice  in  the o ther, ca re fu l considera tion  o f  the 
actual jo b  done by  these  dev ices is superfluous. T h is does n o t m ean  th a t m ean in g  sudden ly  is 
un im portan t, it  sim ply  m eans th a t equ ivalence o f  m ean ing  has been  estab lished  on ce  and fo r  all, 
g iven o u r know ledge o f  the  r e l a t i o n ^ p  betw een  the  languages, and  there fo re  w e need  n o t w orry  
about it every  tim e.

H ence there  a re  bo th  practical and  theoretical reasons to  try  to  d ev e lo p  a  system  ab le  to  take  
“shortcu ts”  past an  involved  sem antic  analysis w henever th is  is  possib le  because  o f  a  c e r t^ n  degree  
o f  structural co rrespondence b etw een  the tw o  languages. T h is is  a  basic  idea  in  th e  P O N S  pro jec t. 
T h e  system  is im plem ented  (in  In terlisp), ex cep t fo r  a  few  m odu les th a t a re  n o t fu lly  i n t e g r t ^  y e t  
T he lingu istic  descrip tions are  developed  w ith in  an  ex tended  and m od ified  v e rs io n  o f  L auri 
K arttunen ’s D -P A T R , a  fh u n ew o ik  fo r  deve lop ing  un ification-based  gram m ars. T h e  id ea  o f  
shortcu ts is cap tured  by  a  d istinction  betw een  th ree  d ifferen t m odes o f  opera tion , co rresp o n d in g  to  
three d ifferen t degrees o f  co rrespondence betw een  source and target constructions. W e w ill look 
at the m ost elaborate  m ode. M ode 3, first.
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Fig. 1. The three modes o f PONS
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Fig. 2 Situation schema, PONS version

5. Mode 3: Semantic Representations as Interlingua
T he M ode 3 path  from  source string  to  ta rg e t strings is  described  in  the  o u te r  c irc le  o f  fig . 1. T h e  
language descrip tion  o n  w hich  parsing  is  based  consists o f  a set o f  anno ta ted  p h rase  s truc tu re  ru les, 
a se t o f  stem s, in  w hich  each  stem  con ta ins all in fo rm ation  w hich  is  co m m o n  to  all fo rm s o f  tha t 
stem , and a se t o f  w ord  form s con ta in ing  fu rther in form ation . All en titie s  -  ru les, s tem s an d  w ord  
form s -  are  represen ted  as featu re  s truc tu ius, o r  d irec ted  g raphs, w h id i  are  un ified  d u rin g  parsing . 
T he resu lt o f  a p arse  is  a  j^rrase structure  tree  and a  featu re  structure . T h e  fea tu re  s truc tu re  consists  
o f  substructures, one  o f  w hich  is  a  sem antic  rep resen ta tion  in  the  fo rm  o f  a  situa tion  schem a  (fig. 
2).

T h e situation  schem ata  I am  u sin g  a re  som ew hat m odified  v ersions o f  th e  situa tion  schem ata  
in troduced  by  F enstad , H alvorsen , L angholm  and  van  B enthem  in  1987. A  situa tion  sch em a is  a 
representational fo rm at su ited  to  be  in terpreted  b y  situa tion  theory . In  S itu a tio n  S em an tics the  
m eaning  o f  a  sen tence is  conceived  as a re la tion  b etw een  types o f  d iscourse  situa tions and ty p es  o f  
described  situations: the  m ean ing  constra ins these  situa tions to  be  o f  ce rta in  types. T h e  ex am p le  in  
fig. 2 represents the sen tence “John  le ft” . In the schem a attribu tes rep resen t param eters  o f  s itua tions 
(a  situation  is constitu ted  o f  a relation, a  se t o f  a rg u m en ts  to  it and a location , am ong  o th e r th ings).
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w hile  v a lues rep resen t the  correspond ing  en tities in  the  situa tions represen ted . T he “ou tennost 
lay er”  rep resen ts aspects  o f  the d iscourse situation , w hile  the described  situation  is en tered  as the 
va lue  o f  arg3  ( it is  the en tity  about w hich  the speaker in fo rm s the hearer).

In  the  fu ll featu re  structure  o f  a  sen tence the  situation  schem a is in ter-related  w ith  the syntax 
substructu re  in  various w ays. Fig. 3 show s the basic  layou t o f  full feature structures, w hile fig. 4 
show s a  s im plified  exam ple.

.syntax

tra n s

Fig. 3 Basic layout of PONS feature structures

T h e  pa tte rns o f  un ifications betw een  the syntax  and sem antics substructu res express such  th ings 
as link ing  re la tions b etw een  syn tac tic  functions and sem antic  a ig u m en t positions. In M ode 3 the 
s itua tion  schem a is  ex tracted  as a k ind  o f  in terlingua expression  from  the  fea tu re  structure. In  o ther 
w ords, lin k in g  re la tions and  o th e r syn tac tic  in fo rm ation  from  the  source  string  parse  are forgotten  
abou t, s ince  th ey  are  sou rce  language ^ c i f i c .  T a rg e t s trings are  then  genera ted  from  the  situation  
schem a, on  the b asis  o f  the  target gram m ar, in  th ree  stages (cf. fig. 1, righ t-hand  co lum n o f  boxes):

1. T arg e t s tem s exp ressing  the  rela tion  values in  the schem a are  retrieved  from  the lex icon , and 
th e ir  fea tu re  struc tu res  a re  un ified  in to  th e  s itua tion  schem a. T h e  resu lt is  tha t target language 
sp ecific  syn tac tic  fea tu res are  added , giv ing  a se t o f  fu ll featu re  struc tu res, link ing  relations and  all, 
a s  o u tp u t

2 . S y n tac tic  ru les a re  p red ic ted  top-dow n, the  p red ic tions being  constra ined  and governed  by  the 
in fo rm ation  in  th e  fea tu re  struc tu res, w h ich  in  a  sense “k now  all abou t”  the  constructions about to  
be  genera ted . T h e  o u p u t is  a set o f  trees, w ith  lex ical s tem s a t the  term inal nodes.

3 . W ord  fo rm s a re  en te red  at the  term inal tree  nodes, to  th e  ex ten t th a t th e ir  featu re  structures are 
co m p a tib le  w ith  w h a t is  a lready  there. T h e  ou tpu t is a  se t o f  ta rg e t s trings -  th e  set o f  strings, tha t 
is, to  w h ich  the  ta rg e t g ram m ar assigns situa tion  schem ata  com patib le  w ith  the  source situation  
schem a. T o  th e  ex ten t th a t I hav e  been  ab le  to  cap ture  the p roperties d ia t defm e translational 
equ iva lence  in  the  situa tion  schem ata, the strings are usefu l translations.
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Fig. 4 Feature structure with interrelated syntax and irons substructures
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6. Modes 1 and 2: Shortcuts by exploiting similarity
T his , then , w as the m o st e laborate  m ode. N ow  le t us consider the  m odes that a llow  the system  to 
ex p lo it struc tu ra l sim ilarities be tw een  the languages -  m odes 1 and 2 in fig. 1. T h e  idea  is tha t the 
system  itse lf  shou ld  be  ab le  to  decide th a t th is  chunk  corresponds to  a  ta rg e t construction  
w ord-by -w ord , and hence  is to  be tack led  in  M ode 1, w hereas th is  chunk  c o r t e ^ n d s  in  a slightly  
m o te  in d irec t fash ion , w ith  d iscrepancies in  constituen t o rd e r and gram m atical form atives, and 
hen ce  M o d e  2  is in  o rder, w h ile, finally , th is  one does n o t correspond in  any  in teresting  w ay  at all, 
so  he re  w e  have to  reso rt to  M ode 3 and retrieve  a  situa tion  schem a. T h e  basis fo r  m ak ing  such 
dec is ions w ill have  to  be  language p a ir  ^ c i f i c  inform ation . A t th e  ou tse t, how ever, the  language 
descrip tions a re  independen t o f  any  specific  transla tion  partner. T he languages are  described  in  
th e ir  o w n  term s -  ex cep t fo r  the obvious fac t th a t the  sam e gram m atical apparatus has been  
em ployed , en su rin g  th a t the  sam e type o f  gram m atica l phenom enon  is described  in the  sam e term s 
in  every  language. B u t on  the b asis  o f  such  descrip tions g ram m ar com parisons can  be  perform ed 
au tom atically . A n  a lgorithm  has been  im plem ented  w hich  to  som e ex ten t p re-com piles g ram m ar 
pairs: it com pares th e  en tities in  the tw o g ram m ars and the tw o  lex icons and adds in form ation  about 
the  resu lts  o f  the  com parison  to  them . T h u s a fte r the com parison  the  language descrip tions will 
co n ta in  in fo rm ation  abou t th e ir  partners. L e t us briefly  co n sid er how  th is wiU be u tilized  in  M ode 
1 and  M o d e  2.

M ode  1 is  the  defau lt m ode from  w hich  the  system  departs  on ly  w hen  triggered  to  do so. It is the 
m o d e  o f  w ord-by-w ord  correspondence. E ven  so , som e syntactic  analysis has to  be  perform ed, in 
o rd e r to  ach ieve  d isam biguation  o f  hom onym ous form s, and in  o rd er to  d e tec t cases w here M ode 
1 is insu ffic ien t. T herefo re  a syntactic  tree  is derived . T h e  ru les and lex ical en tries u tilized  in  th is 
deriva tion  w ill con ta in  in fo rm ation  to  the effec t tha t an  identical tree  w ith  the  sam e com positional 
p roperties can  be  derived  by  the target language ru les and lex ical en tries. T h is m eans tha t w e do 
n o t need  to  do  that: w hen  the correspondence  betw een  source and target string  is  tha t close, w e can 
fo rget about th e  target g ram m ar; the source tree  itse lf  can  be used. T h en  the source lex ical entries 
at the  term inal nodes are rep laced  by corresponding  target en tries, w hereupon  the resu lting  structure 
en te rs  stage  3 o f  the  synthesis p rocedure  (cf. fig. 1) during  w hich  com patib le  target w ord form s are 
found. T h is  p rocedure  w ill appropriate ly  handle  gender c lashes and various k inds o f  one-to-m any 
co rrespondences b e tw een  the tw o  lexicons. M ode 2 is  in  o rd e r in  cases w here  source  and  target 
s trin g  still co rrespond  w ith  respect to  the  sets o f  sense-carry ing  w ords they  contain , bu t d iffe r in 
constituen t o rder, in  d ie  p resence  o f  sense-less g ram m atical form atives, o r  both . In th is  case the 
so u rce  tree  carm ot be  used , but the  source  featu re  structure , includ ing  its g ram m atical in form ation 
(its  f-struc tu re  in  LEG  term s) is  still u sefu l. A n exam ple  o f  such  a  correspondence  w ould  be 
N o rw eg ian  “d en  nye  b ilen  m in ”  vs. S w edish  “m in  n y a  b il” ‘m y  new  c a r’. T h e  g ram m ar com parison  
h as  iden tified  cases w h ere  a ru le  in  one  language corresponds to  a ru le  in  the  o th e r w ith  respect to  
sense-carry ing  daugh ters and com positional p roperties, b u t no t w ith  respect to  constituen t o rd er o r  
sense-less daugh ters. In  such  cases po in ters hav e  been  constructed  betw een  the  rules. H ence the 
p rocedure  is  th a t the  system  recogn izes the  po in ter, retrieves th e  target ru le, overw rites its  feature 
s truc tu re  o v e r  the  source  fea tu re  structu re , and  starts top-dow n p red ic tion  o f  ta rg e t ru les constrained 
b y  th e  m od ified  source  fea tu re  structure . In  o th e r  w ords, it  en ters stage  2  o f  th e  fu ll syn thesis 
p rocedure .

F in a lly , M o d e  3 is  triggered  w hen  th e  parse  reveals  e ith e r a ru le o r  a  lex ical en try  w ith  n o  M ode 
1 o r  M ode 2  conespcm den t in  th e  target language.

T h is  w as a very  b r ie f  ske tch  o f  a system  w hich  opera tes partly  o n  in terlingua p rincip les -  in  M ode 
3 -  and p a rtly  o n  tran sfe r p rinc ip les -  in  M odes 1 and 2. I have suggested  that a  sem antic 
rep resen ta tion  idea lly  should  be  ab le  to  cap tu re  every th ing  in  term s o f  w hich  w e define translational 
equ iva lence  (a t least to  the ex ten t tha t such  equ ivalence  is  reducib le  to  p ie-estab lished  co n esp o n -
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dences b etw een  d e m e n ts  in  the language descrip tions), and tha t su ch  a sem antic  lep ie sen ta tio n  can  
be seen as a  k ind  o f  d ieoretical in te ilingua  expression . H ow  does th is  w ork  ou t in  th e  case  o f  the 
k ind o f  equ ivalence relations that are  cap tu red  in  M odes 1 and 2? In  M ode  1 w e u tilize  com m on 
tree  structures in  the  tw o languages, in  M ode 2  w e u tilize  com m on syn tac tic  featu re  struc tu res. In  
o th er w ords, in  these  m odes w e have equ ivalence  w ith  respec t to  types o f  linguistic signs: th e  sam e 
linguistic  devices are  em ployed . A s w e have seen , d iis  is one  k ind  o f  equ iva lence  w e  w an t to  
c ^ tu r e ,  since  it  is  in v o lv ^  in  ach iev ing  co im otadve an d  form al equ ivalence . B u t i f  transla tional 
equ ivalence m ay  invo lve  such  g ram m atical equ ivalence , and sem antics is  to  charac te rize  all aspec ts  
o f  translational equ ivalence , th en  so n a n tic s  has  to  be  ab le  to  re fe r  to  aspects  o f  g ram m atica l form . 
Is th is reasonable?

7. Language as Part of the World
Several situa tion  sem anticists (R obin  C ooper, S tan ley  P eters, Jean  M arie G aw ro n ) hav e  been  

w orking  tow ards the developm en t o f  a situa tion  theo re tic  account o f  g ram m ar itse lf. T h e  p rob lem s 
addressed  by  C o oper do  n o t p erta in  to  transla tion , bu t ra th e r to  the  situa tion  th eo re tic  cha rac 
teriza tion  o f  the  in form ation  sta tes a tta inable  b y  hum an  and artificia l in fo rm ation  p rocesso rs. A  
gram m ar, accord ing  to  h is  analysis, is a re la tion  betw een  possib le  lingu istic  u tte rances and  possib le  
types o f  facts in  the w orld  around us. T h is  is  n o  p lace  to  go  in to  deta ils ; su ffice  i t  to  sa y  th a t th is  
approach  involves trea ting  lingu istic  en tities -  w ords, sen tence  constructions, g ram m atica l ca tego
ries e tc . -  as  “th ings in  th e  w orld” a long  w ith  o th er th ings that hum an  b e in g s can  talk  abou t and  
relate  to. T h is is  a desirab le  perspective; sem antics ou g h t to  be  ab le  to  accoun t fo r  lan g u ag e  as 
som eth ing  w hich  occurs in  d ie sam e w orld  as the one  language rela tes to . and  n o t as som eth ing  
occurring  in  a dom ain  en tire ly  o f  its  ow n. T h is  is obv iously  necessa ry  in  o rd e r  to  account 
sem antically  fo r  reflex ive  language use , th a t is, u se  o f  language to  ta lk  abou t lan g u ag e , in  
expressions like  “th e  w ord  ‘h o rse ’” , “the  expression  you ju s t  u sed ” , “ th a t w as a  bad  sen tence” , etc. 
A no ther exam ple is the usual situa tion  sem antic  analysis o f  nam es (fig . S).

Fig. 5 Circular representation o f a name
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T h e analysis  specifies tha t a p recond ition  fo r using  the nam e to  refer to  an  individual is that the 
ind iv idual en ters in to  the rela tion  n a m ed  w ith  the nam e itself. In  o th er w ords, the nam e en ters into 
the  specifica tion  o f  its  ow n  sem antics, as part o f  the  type o f  described  situation  it relates to. There 
is  an  e lem en t o f  c ircu la rity  in  th is. I f  w e in terp re t the feature  structure  as a  represen tation  o f  the 
nam e itse lf, the  resu lt is tha t the feature  structure  w ill con ta in  a  c ircu la r path.

In  th is  case the  lingu istic  en tity  itse lf  occurs in  its described  situation , w h ich  is  sligh tly  special. 
B u t th e  o ccu rren ce  o f  lingu is tic  en tities in  discourse situa tions  is  qu ite  typ ica l, o f  course, and 
d iscou rse  situa tions a re  a lso  p a rt o f  w hat en te rs  in to  th e  specifica tion  o f  lingu istic  m eaning  in  a 
s itua tion  theo re tic  fram ew ork . H ence the e lem en t o f  c ircu larity  could  becom e quite w idespread i f  
w e  dev e lo p  th e  situa tion  theo re tic  accoun t in  som e detail: lingu istic  signs becom e essen tia lly  
c ircu la r struc tu res, con ta in ing  them selves as constituen ts o f  the ir “ sem an tic” su l^ a r ts . T h is is  a 
consequence  o f  u nderstand ing  th e  m ean ing  o f  an  expression  as th e  w ay  it  constra ins the relation 
b e tw een  d iscou rse  situa tions in  w hich  it can  b e  used  and  ob jec ts  it can  describe. In tu itively , the 
c ircu la r s truc tu re  exp resses the fact th a t an  essen tia l p roperty  o f  any  d iscourse  situation  in  w hich 
sig n  S is  used , is  th a t S  is  a constituen t in  it.

A  consequence  o f  th is  is  that i f  w e assum e th a t tran d a tio n a l equ ivalence  is  to  m ean  equivalent 
s itua tion  schem ata , then  a  sign  w ill on ly  be  transla tionally  equ ivalen t w ith  itself. T h is  cap tures in 
a  fa irly  bru tal w ay  the  u n ique , non-transla tab le  charac te r o f  lingu istic  signs: the insigfit o f  m any 
transla to rs  th a t th e  pe rfec t transla tional equ ivalence  rela tion  across languages is em pty . W hat we 
d o  in  p rac tice  is search  fo r target expressions tha t are  equ ivalen t w ith r e s p e a  to  subsets o f  the 
in fo rm ation  in  the  schem ata. In fact, I be lieve  tha t w e do  w ant a theo ry  o f  translation  tha t accounts 
fo r  its basic  im possib ility , w h ile  a t the sam e tim e a llow ing  fo r various approxim ations to  the 
unatta inab le  ideal.

C onsidera tions like  these  m igh t be  a starting  po in t fo r develop ing  a sem antic  theo ry  o f  translation  
-  a  study  o f  th e  sem antics o f  transla tion  ra ther than  sim ply  w o tid n g  w ith  sem antics fo r  translation . 
A s I hav e  s tressed , the theoretical constructs  o f  such  a  theo ry  are  no t necessarily  to  be taken  as 
m o d els  fo r  d i r e a  im plem enta tion , bu t they  m igh t still p rov ide  the  w ork w ith som e theoretical basis.
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En homografseparator baserad pä sannolikhet

Gunnar Eriksson 
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0, Inledning
H om ograli e lle r  lex ika l fle ityd ighet b lir  e tt  s to rt p rob lem  sä  snart m an  b ö rja r  fö rsöka  an alysera  
större m ängder tex t. A nalys av  verk liga  tex te r frän  sk ilda  g en rer k räv er e tt g enere llt lex ik o n  m ed 
hög  täckningsgrad  o ch  fö r  a tt den  lex ikala  ana lysen  ska kunna  ligga  till grund  fö r  arm at än  triv ia la  
lingv istiska  iak ttag e lse rk räv s att an talet m öjliga analysd istink tioner (t ex  o rd k lassse r, su bka tego rie r 
e lle r  m orfo log iska  egenskaper) ä r stort. B äda dessa  fö ru tsättn ingar fö rsv å ra r den  lex ik a la  analysen: 
A ntalet hom ografer ökar!

Några triviala exempel:
N är ett lex ikons täckningsgrad  ökar, ö k a r också  chansen  att en m in d re  lie k v e n t to lkn ing  av  en  
ordform  finns som  alternativ  i de tta  lex ikon . O m  det använda katego risystem et sk ilje r m ellan  fin ita  
och  infin ita  verb fo rm er u p p stå r i m ånga  svenska  v e rbbö jn ingsm önste r hom ografi m ellan  en  
preteritum - och  en  particip to lkning .

R edan  vid  ett ganska U y g sam t antal analysd istink tioner kan  g raden  av fle ity d ig h e t bli besvärande. 
Som  ja g  redov isar nedan  g e r  e tt lex ikon  m ed hög  täckn ing  och  e tt system  av 11 k a teg o rie r (i 
huvudsak  m otsvarande d e  trad itionella  o rdklasserna) till resu lta t att 36%  av o rd en  i de  använda 
tex terna är m inst tväfa lt hom ografa. O m  m an  u tö k ar an a ly sk a teg o riem a till a tt om fa tta  även  
trad itionella  m orfo log iska  drag  k ry p er hom ografig raden  fö r  tex te rna  u p p  ö v e r  50% .

I arbetet m ed att bygga upp  S tockho lm -U m eå C orpus, SU C , konfron te rades vi sn a rt m ed  detta  
problem . P ro jek te t (se K ällgren  1990) h a r  sa tt sig  fö ie  a tt bygga  u p p  en  ko rpus m o tsv aran d e  de 
engelska  B row n- och  L O B -korpusam a. K orpusen  ska innehålla  (m inst) 1 m ilj. o rd  o ch  dessa  ska 
vara  fö rsedda m ed en  (en tydig) lex ikal o ch  m orfo log isk  analys. I s tö rsta  m ö jlig a  u tsträck n in g  ska 
analysen  u tfö ras au tom atisk t - även  om  den  fö rsta  m iljonen  o rd  k o m m er a tt v ara  k o n tro lle rad  av 
m änsk liga  ögon  - och  fö r  a tt n å  fram  till de tta  m ål ska  p ro jek tet även  u tv ärd e ra  o lik a  m eto d er fö r 
au tom atisk  lex ikal d isam biguering . F le ra  m eto d er o d i  idgoritm er sk a  tes ta s, såväl lingv is tisk t 
regelbaserade som  sådana som  baseras p å  frekvens h o s  tid igare  analyserade  ko rpusar. H ä r korruner 
a tt rapporteras om  en  pågående u tvärdering  av en  m etod  av den  senare typen .

i .  Homografseparatom
I Fig. 1 nedan  v isas hom ografseparatom s p lats i analysprocessen . E n  tex t tillde las i d e t fö rsta  steget 
a lla  m ö jliga  analysaltenuitiv  av lex ikon . I nästa  steg  filtreras de  m in d ie  sanno lika  a lte rna tiven  bort 
av hom ografseparatom .
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rå
tex t

Homogrqfseparatom

lex ikonuppslagning  disam biguering

S W E T W O L  ->  H O M O G R A F-
S E P A R A T O R N

Figur 1

analyserad
disam biguerad
text

D et lex ikon , S W E T W O L , som  pro jek te t h a r  få tt m öjlighe t a tt anvånda baseras på  K oskenniem is 
tv ån ivåm odell och  ä r  uppbygg t vid  enhe ten  fö r  dato rlingv istik  v id  institu tionen  fÖr allm än språk- 
v e te n s k i^  i H elsing fo rs (se K oskenniem i 1983 resp . K arlsson  1992).

I .I  Utgångsmaterial fö r  statistik
F ö r  a tt kunna  u ta rb e ta  en  m etod  som  ska  baseras på tid igare  fö rekom st i tex t behövs ruiturligtvis 
tillg ån g  till tid igare  analyserade  texter. Jag  h a r kunna t använda m ig  av N usvensk  frekvensordbok, 
N F O  (A llén  1970), som  innehå lle r frekvensuppg ifter om  1 m iljon  löpord  i P ress öS-m aterialct och 
av S krivsyn tax , en  m ind re  korpus bestående av tex te r från  f ^  o lika g en rer (se T elem an 1974). 
U n d e r d e t fo rtsatta  a rbetet m ed S U C -korpusen  k an  de redan  analyserade tex te rna  i korpusen 
tillsam m ans m ed ovanstående m ateria l u tg ö ra  underlag  fÖr ny  (och  fö rbättrad ) statistik .

F rån  d essa  tv å  k ä llo r h a r  två so rters sta tistik  häm tats. F rån  N F O  h a r  häm tats  alla ord som  enlig t 
m in  ka tego riuppsä ttn ing  ä r  hom ografa , 2404 ord. F rån  S krivsyntax  h a r  ja g  häm tat sta tistik  om  
sam fö iek o m st m ellan  kategorier. S k riv sy n tax ’ korpus innehåller, i den  form  ja g  h a r  använt den, 
105 529  "lex ikala  enheter" dvs o rd , lex ikaliserade  fraser och skiljetecken . I exem plen  (1) och (2) 
n edan  ges exem pel p å  dessa  o lika  ty p er av frekvenser.

( 1)

(2)

1 (1) kan  m an  a lltså  no tera  att o rd fo rm en  toppar fö rekom m er to ta lt 12 g ån g er i P ress 65, därav  4 
g ån g er som  substan tiv  i p lu ra l, de  öv riga  8 gångerna  som  verb  i p resens. I (2) v isas att e tt veit> 
fö regås av e tt substan tiv  i 4354  fall i Skrivsyn taxkorpusen , p ronom en  fö regår verb  i 3260 fall och 
e tt substan tiv  fö regås av  e tt annat substan tiv  i 1112 fall.

1 2  övergångssannolikhet och lexikal sannolikhet
P ro cessen  k an  ö v ersik tlig t beskrivas p å  fö ljande sätt: H om ografsepara tom  v ä lje r  d en  bästa  to l
k n in g en  av  en  v iss  ord fo rm  genom  a tt av d en  rela tiva  frekvensen  d ra  s lu tsa tser om  den m est 
san n o lik a  to lkn ingen . N edan  ä r  a lltså  näm naren  i exem pel (3) d en  to ta la  fö rekom sten  av o rdform en 
toppar och  i (4 ) de t to ta la  an ta let substan tiv . D e tv ä  typerna  av in fo rm ation  kom bineras i (5) genom  
a tt d e  m u ltip lice ras  sam m an  och  separa to rn  v ä lje r den  to lkn ing  som  h a r  d en  högsta  sam m anslagna 
saim olikheten .

toppar v e rb  p res 4
substan tiv  pi 8
to ta lt 12

substan tiv  -  verb 4354
p ro nom en  -  v e rb 3260
substan tiv  -  substan tiv 1112

(3) lex ika l sanno likhet (P-lex): 
toppar 
V 
N

4 /1 2  = 0 .33  
8 /12 = 0 .67
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(4) Ovei;gängssannolikhet (P -ö v erg ):
< en tyd ig t ord>
N
N

cfle rty d ig t o rd>
V
N

(S) kom bination  av lexikal sannolikhet och  
Ovei;gflngssannolikhet:

< cn tyd ig t o rd>  toppar
N  V
N  N

4 3 5 4 /2 1 5 6 2  =  0 .2 0  
1112/21562 =  0 .05

0 .3 3  * 0 .2 0  =  0 .0 6 6  
0 .6 7  * 0 .05  =  0 .034

I J  Disambiguering av räckor av flertydiga ord
V al av den  tro ligaste  to lkn ingen  fö rv a r t  och  e tt av o rd en  i en  läng re  räcka, e tt "spann" (se  (6 ) nedan ), 
av  flertyd iga ord k an  i p rinc ip  fortgä pä  liknande  s ä t t  S anno likhe tsvärdet fö r  varje  to lk n in g  beräknas 
som  ovan  och  värde t fö r  varje  m ö jlig  sekvens av an a ly se r beräknas genom  a tt d e  ingående 
alternativens värden  m ultip liceras. A lgoritm en besk riv s punk tv is  nedan.

(6) E tt sparm innehållande N  an tal o rd  o ch  katego rie rna  A - I . ... 
fö reslagna av  lexikon.

o rd l o rd2 ord3 o rd (N -l)  o rdN
B D G

A E • •• I
C F H

1) B ilda alla m öjliga  sekvenser av ka tegorifö rslag  fö r spannet:

A B D G  I
A B D H  I
A B E G  I

A C F H  I

2) B eräkna sanno likhetsvärdet fö r varje  sekvens genom  a tt m u ltip licera  d e  en sk ild a  a itcm ati-
vens. N edan  v isas a ltem ativsekvensen  A -B -D -.. .-G-I.

o rd l A
ord2 B [ P -lex (B ,o rd2) • P - ö v e r g ( A 3 ) l *
o rd3 D [ P -lex (D ,ord3) * P -överg(B ,D ) ] *

[...]*
o rd (N -l)  G  I P - le x (G ,o rd N -l)  •  P-över;g(G ,...) ] *
o rdN I [ P-över;g(G ,I) ] =  sanno likheten  fö r  k o m bina tion  1.

3) V älj kom binationen  m ed  det högsta  san n o lik h e tsv ä rd e t 

E n  algoritm  som  den n a  ä r  m y ck e t resurskrävande. H om ografsepara tom  an v än d er en  annan  
algoritm  presen terad  i D eR ose  1988. H ans algoritm , V O L S U N G A , b y g g e rp å  "dynam isk  p ro g ram 
m ering" och  lö se r p rob lem et m er  effek tiv t. D en  baseras p å  fö ljande iak ttagelse : O m  e tt v iss t 
analysaltem ativ  in g år i d o i  bästa  sekvensen  av alternativ  fö r h e la  spännet m åste  även  den  bästa  
delsekvens som  fö regår anal y sa ltem ativet ingå i den  bästa  s e k v e n se a  D etta  in n eb ä r a tt m an  fö r 
varje  to lkn ingsaltem ativ  bara  beh ö v er spara den  bästa  sekvensen  av to lk n in g ar fram  till de tta
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alternativ . I spånnet i (6) ovan  innebSr användningen  av D eR oses algoritm  att v id  processn ingen  
av  o id 4  en d ast tvä o lika  k tnnb ina tioner av  to lkn ingar (näm ligen den bästa  vägen  till D  och den  bästa 
väg en  till F ) b eh ö v er analyseras fö r v art och  ett av detta  ords a lternativ . D etta  ska jäm fö ras  m ed de 
sex  sekvenser som  den  p rim itivare  a lgoritm en m åste  hantera.

2. Utvärdering
E n  u tv ärdering  av  den n a  m etod  fÖr lex ikal d isam bigueiing  h a r  påbö ija ts . U tvärderingen  ska baseras 
p ä  ho m o g rafsep ara to m s analys av en  stö rre  m ängd  texter. D essa  tex te r ä r he lt sk ilda  frän de tex ter 
som  u tg ö r b as  fö r den  sta tistik  som  separa to rn  använder. I deim a artikel u tvärderas analysen  av ett 
m y ck e t lite t antal o rd , 3103  st, fö rdelade p ä  tv ä  o lika  texter.

D en  ka tego riuppsä ttn ing  som  h a r  använ ts ä r  begränsad  och  innehå lle r 11 katego rie r som ung
efä rlig t m o tsv a ra r d e  trad itionella  o rdk lasserna  och  3 k a tego rie r fö r o lik a  ty p er av skiljetecken. 
D etta  in n eb ä r som  tid igare  näm nts a tt hom ografseparatom  g es  en  en k la ie  uppg ift jäm fö rt m ed 
d isam bigueringen  av alternativ  frän  e tt m e r  fin indelande system . D et finns tv ä  skäl till detta. D et 
fö rs ta  ä r rent p rak tisk t: D e använda ka tegorierna  ä r  skäm ingsm ängden  av  de  katego rie r som  
används av SW E T W O L , N F O  och  Skri vsyntax . D et andra  skälet ä r  a tt v i v ille  undersöka h u r m ycket 
e tt sä p ass  g rovm ask ig t nä t kunde sälla  blarxl a lte rnativen  i e tt  m e r  om fattande system . K ategorierna 
ä r  alltså  in te  desam m a som  används fö r analys av SU C -korpusen . F ig  2 v isa r  ka tegorisystem et och 
fig . 3 resu lta ten  av den n a  första u tvärdering .

Figur 2 Använda kategorier

substan tiv  N konjunk tion K O N J
v e rb  V preposition PR E P
adjek tiv  A pronom en P R O N
adverb  A D V räkneord N U M
in te ijek tio n  IN T E R J infin itivm ärke IN FM A R K
egennam n  < P rop>

och
"stora" sk ilje tecken  (.?!:) CB
k o m m a (,) IK
ö v rig a  sk ilje tecken IG

Figur 3 Resultat (3103 ord)

in stan ser av am bigu ite t /  to ta lt antal ord 1109/3103 36%
k o rrek t analys /  am b igu ite te r 974 /1109 87%
felak tig  analys /  to ta lt antal ord 135/3103 4%
kv arv aran d e  am bigu ite t 0%

M an  k an  n o te ra  a tt h om ografsepara tom  vid  analys av  de  ca 3KX) o rden  v ä lje r en  rik tig  analys i 
87%  av d e  fall d en  u tsä tts  för. T ill de tta  k o m m er 1994 ord  som  fä r  en  en ty d ig  analys av lex ikon  
o ch  d ä r h o m o g ra fsep ara to m  a lltså  in te  appliceras. A v dessa  fä r  e tt fätal e n  felak tig  lex ikonanalys 
m en  to ta lt se tt ä r ärtdä närm are  96%  av o rd en  i tex ten  ko rrek t analyserade e fte r  separato rns arbete.

2.1 Några exempel på  analyser
N ed an  red o v isa r j a g  n åg ra  exem pel frän  analysen. A -exem plen  v isa r  de t fle rtyd iga  ^ )an n e t före 
d isam bigueringen , b- o ch  c -exem plen  v ilken  analys hom ografseparatom  valt.
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I (7a) v isas e tt spann  som  innehflUer 7  fle ity d ig a  o rd fo n n e r i följd  och  de  sam m anlag t 288 m ö jliga  
analyserna fÖr sp ä n n e t (7b) v isa r hom ografseparatom s k o n e k ta  analys.

(7a)
iakttar vad som händer p ä andra hä ll 1 världen
V A D V K O N J V P R E P N U M N P R E P N

N P R O N N A D V P R O N V A D V
P R O N V

(7b)
iakttar vad som händer p ä andra hä ll i världen
V P R O N P R O N V P R E P P R O N N P R E P N

I (8a) kan  m an  n o tera  att en  o rd fo rm , bedragnade. in te  ges någo t fö rslag  till ana lys av  SW E T - 
W O L -lex ik o n e t H om ografsepara tom  h an te rar av lex ikonet oanalyserade  o rd  p å  enk last tånkbara  
sått. E n  ordform  som  saknar analysfö rslag  görs av h o m ografsepara tom  till am b iguöst m ellan  a lla  
ka tegorier i de t använda kategorisystem et, f.n. 14 stycken . D etta  in n eb är aUtså att d isam biguerings- 
processen  i detta  fall ska ta  stä lln ing  d ll 112 m ö jliga  ana lyser fÖr sparm et. (8b) v isa r  d en  (nästan) 
korrek ta  analysen. S trik t bedöm t skulle  öed rag /u rde  h a  analysera ts som  V  en lig t m itt ka tegorisystem  
m en ja g  vä lje r att godkäim a även ad jek tivanalysen  eftersom  att b estäm m a p erfek t p a rtic ip fo rm ers  
ordklasstillhörighet in te  ä r  e tt p roblem  bara fÖr hom ografseparatom !

(8a)
eJ
A D V

bedragnade band
V
N

av
P R E P
A D V

dubbla
V
A

lö ften
N

(8b)
ej
A D V

bedragnade
A

band
N

av
P R E P

dubblal
A

öften
N

(9) är exem pel på en  typ isk  svaghet hos separatorn . A a  avgöra om  som  ska  analyseras som  
K O N J e lle r PR O N  k lara r den  sällan!

(9a)
världen som blo tt en illusion
N K O N J A D V A D V N

P R O N K O N J N
A P R O N

(9b)
världen som blo tt en illusion
N K O N J A D V P R O N N

Som  näm nts hanteras oanalyserade  o rd fo rm er m ycke t enkelt. F ö r  a tt fö rbä ttra  h o m o grafsepara
to m s presta tion  ä r  de t m ö jlig t a tt använda sig  av e tt flerta l heu ris tiska  reg le r av typen : idcn tifle ring  
av ändelser, användn ing  i tex ten  av versa ler/gem ena, etc . Ingen ting  av d e tta  ä r  im p lem en tera t i d en  
nuvarande versionen  av hom ografseparatom . C -exem plen  ned an  v isa r  a tt e ffek tiv ite ten  kan  fö rbät
tras  genom  atLbara beg ränsa  de  ka tego rie r som  k an  tillsk rivas e tt oana lysera t o rd . I d e ssa  exem pel 
h a r  separatorn  bara  bedöm t sanno likheten  fÖr att e tt o analysera t ord  ska tillh ö ra  n åg o n  av de  ö p p n a  
kategorierna: N , A , V , < P rop>  e lle r A D V , m edan  b-exem plen  v ä lje r  b land  14 k a teg o rie r  ink lusive  
sk iljeteckerikategorier som  CB (clause boundary).
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( l l a ^
N ibelungen A lberich rövar rhenguldet och

CB V K O N J
N

( l i b )
N ibelungen A lberich rövar rhenguldet och

CB N P R E P N C B K O N J

(11c)
N ibelungen A lberich rövar rhenguldeto ch

CB N V V N K O N J

(12a)
N ibelungarnas fångenskap

CB N

(12b)
N ibelungarnas fångenskap

CB P R O N N

(12c)
N ibelungarnas fångenskap

CB N N

3. Sammanfattning
R ed an  d essa  p relim inära  försök  v isa r  att m an  kan  nä  överraskande goda resu lta t m ed denna enkla 
m etod . V i ä r m edvetna  om  a tt n ä r  vi g radv is u tö k ar an ta let k a tego rie r k o m m er de goda resultaten  
a tt fö rsäm ras m en  sam tid ig t k om m er korpusen  ständ ig t a tt väx a  v ilke t ge r  oss e tt  växande m aterial 
a tt  b asera  och  därm ed  fö rbättra  sta tistiken  pä. D et a llt större m ateria le t g e r  oss ock så  m öjlighet att 
p rö v a  m er so fistikerade  m eto d er fö r sta tistisk t baserad  d isam biguering . V i bedöm er det vara  fullt 
m ö jlig t att uppnå  96-97%  o rdk lasskorrek thet även m ed  e tt u tökat ka tegorisystem , m en h u r m ycket 
läng re  kan  m an  kom m a?

D et har, oss ve te rlig t, h e lle r ännu inete  någonstans, g jo rts n åg ra  försök att d isam biguera m orfo 
lo g isk a  särd rag  m ed  sam m a m eto d e rso m  h ä r  h a r  använts fÖr d isam biguering  av ordklasskategorier. 
S ådana  fö rsök  s tå r vi i begrepp  att u tföra  inom  S U C -pro jek tets ram ar.
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Syntax and prosody in a Danish Text-to-Speech 
System

Peter Molbcek Hansen & Ebbe Spang-Hanssen
University o f Copenhagen

0, Introduction
T his p ap er is  structured  as follow s:

In  section  1. w e p resen t the basic  structure  o f  a D anish  tex t-to -speech  system  (hencefo rth  T T S -sys- 
tem ), and illustrate som e o f  the special needs o f  T T S -system s as com pared  w ith  o th e r natural 
language processing  system s (N L P-system s). In  th is  connection  w e exem plify  so m e cases o f  
syntactically  determ ined  stress loss in D anish.

In  section  2. w e presen t and d iscuss som e p relim inary  resu lts o f  an em pirical investiga tion  o f  the 
relation  betw een syntactic  structure  and pause d istribu tion  in  read-aloud  D arush p rose .

In  section  3. w e describe a specialised  g ram m ar form alism  fo r exp ressing  sy n tac tic  as w ell as 
m orphological and phonological s tructu re , and w e ou tline  the parsing  stra tegy  used  to  transform  
input sentences to  phonetically  consisten t and p rosod ica lly  adequate  transcrip tions w ith  special 
em phasis on how  to ach ieve robustness.

1, Syntactic Aspects of the TTS-System
A P PE N D IX  1 is a schem atic  overv iew  o f  the d a ta  flow  th rough the  seria lly  connected  com ponen ts 
w hich converts strings o f  A S C II-sym bols to  sound w aves in  a stepw ise  fash ion . T h e  com ponen t 
labeled  S P E Q A L IZ E D  P A R SE R  (SSPS  F O R M A L IS M  IN T E R P R E T E R ) takes care  o f  th e  lex i- 
co-m orphological and syn tac tic  analysis needed  in  o rd e r fo r the  system  to  ex trac t su ffic ien t 
linguistic  inform ation  from  the inpu t te x t  T h is  com ponen t, hencefo rth  referred  to  as SSP S  (S urface 
S tructure Parsing  System ), is the  one  w hich  w e hope to  be o f  m ost in terest to  com puta tional 
linguists, and  w e w ill no t com m ent on  the o th e r com ponen ts a t all, a lthough  m o st o f  them  are  o f  
course m ost im portan t fo r the  tex t-to -speech  conversion  process.

T h e  task  o f  parsing  tex t in  T T S -system s is d ifferen t from  th a t o f  pars in g  tex t in  sy stem s aim ing 
at assigning sem antic  structure  to  inpu t tex t. A P PE N D IX  2  h igh ligh ts  som e im portan t d iffe rences 
betw een  T T S -system s and  o th er (typ ically  sem antica lly  o rien ted ) N L P -system s. T h e  ex is tence  o f  
such d ifferences has, o f  course, ra th e r d irect consequences fo r the  design  o f  p arsers, s in ce  the 
inform ation  to  be  ex tracted  from  the  input tex t is partly  d ifferen t. T h e  task  o f  S S P S  is  basica lly  to  
convert a tex t string rep resen ting  an input sen tence in to  a rep resen ta tion  w hich  con ta in s  all 
phonetically  relevant p roperties o f  the sen tence (p rosodic  as w ell as segm en tal) in  string  form , i.e. 
as som e sort o f  system atic  phonetic  represen tation . In  m ost o ld e r  T T S -sy stem s th is  task  is so lved
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by a set o f  le tte r-to -phoncm e rules, see e.g. C arlson &  G ranström  (1975), w hich  have no  (system a
tic) access to  h igher-level linguistic  in fo rm ation  as such. A lthough several early  T T S -system s can 
p roduce  com prehensib le  ou tput u tterances prac tica lly  w ithout any syntactico-sem antic  know ledge, 
th ey  do  n o t sound "in telligen t", and there  is m uch  to  be  gained  in  synthetic  speech quality  by 
in troduc ing  such  in fo rm ation , since in  m any  cases sem antic , p ragm atic , and  syntactic  structure  is 
m ore  o r  less d irec tly  reflected  in the prosodic  structure  o f  the  spoken  sentence, de term in ing  e.g . the 
d istribu tion  and rela tive  length  o f  pauses, the  d istribu tion  and relative prom inence  o f  stresses, and 
the  in tona tion  con tours o f  w hole u tterances.

T h e  ideal T T S -system  w ould  therefo re  have to  include a t least as m uch  lingu istic  inform ation  as 
the  ideal m ono lingual " tex t-to -conceptual structure" system . S ince, how ever, a good com prehen
sib ility  w ill su ffice  fo r m any practical applications o f  T T S -system s, it seem s reasonable to  set the 
leve l o f  am bition  som ew hat low er, and try  to  see how  fa r  syn tac tic  (and o f  course lexical and 
m orpho log ica l) know ledge w ill get u s  in  the  d irec tion  o f  p roducing  in telligen t sounding  output, 
b efo re  a ttem pting  to  include  sem antic  and p ragm atic  inform ation.

In  D an ish  th is  m akes all the m ore  sense, since  there  are  regu lar pa tterns o f  stress lo ss  in nouns 
and  verbs and o f  po ten tia l pause p lacem en t at syn tac tic  boundaries w hich are alm ost com pletely 
p red ic tab le  from  the syn tac tic  context. A P P E N D IC E S  3 and  4  illustrate  the  m ost im portant stress 
rem oval pa tterns o f  th is kind.

N o te  th a t the  cond ition ing  factors as far as stress lo ss  is concerned  a re  signaled  in  syntactic  surface 
structure: p ro p erties  such  as the defin iteness o f  noun  phrases and the transitiv ity  o f  verbs are easily 
ex tractab le  fi'om tex t, once m orphosyn tac tic  and lexical in fo rm ation  is m ade available through 
lex ico -m orpho log ica l and  syn tac tic  parsing . N ote  also  that the typ>e o f  stress loss considered here 
is  n o t a m atte r o f  phone tic  degree , bu t a d iscrete  syntactico-phonological m atter, viz. absence vs 
p resence  o f  m ain  w ord  stress in  the stressab le  sy llab le  o f  the w ords in  question . M ost languages 
in c lu d in g  D an ish ) have regu larly  unstressed  function  w ords such  as articles and prepositions, but 
stress lo ss  in  m ajo r class w ords (verbs and nouns) is a  pecu larity  o f  the Scandinavian  languages, 
the  D anish  v ers ion  being probab ly  the clearest exam ple o f  th is  phenom enon. T h is  fact in  itse lf 
c learly  necessita tes  a syntactic  analysis.

N eed less to  say , the actual phonetic  m an ifestations o f  stressed and unstressed  sy llab les o f  such 
w ords also  depend  in  part on  the  syntactic  contex t, and th is is also  true  o f  the ru les fo r p lacing 
pauses, bu t here  basic  em pirical research  is needed  to  determ ine these ru les them.selves. T h is will 
be the sub jec t o f  the  n ex t section.

2. Pause Placement
2.1 General Principles
I t  is n o t su rp rising  tha t all lingu ists  w ho have  w orked on  pause  location  in  speech  synthesis agree 
th a t the  good  use  o f  pauses h igh ly  increases the  q ua lity  o f  the  speech  produced  by  the  m achine. 
T h is  is a lso  o u r  experience . U ntil now , w e have on ly  m anually  m ade som e pauses in  a few  sen tence 
rep resen ta tions, b u t it is qu ite  c lea r  tha t even  a very  lim ited  u se  o f  pauses m akes synthetic  speech 
m uch  m ore  natu ra l.

T h is  m eans th a t o u r w ork  w ith  pause loca tion  has a  good  practica l ju stifica tio n , bu t it should be 
m en tioned  th a t it  a lso  is o f  considerab le  theoretical in te re s t  T h e  p ro U em  concerns the  relations 
b e tw een  th e  v a rio u s com ponen ts o f  language:

- p ragm atics: d iscourse  structure.
D o  no tions like to p ic  and focus p lay  a ro le in  the 
d e te rm ina tion  o f  pause  sites?
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• sem antics: logic structure.
D oes pred icate  a rgum ent structure  p lay  a role?
A re pauses m ore like ly  to  o ccu r betw een  a
p red icate  and its m o d ifle r than  b etw een  a  p red icate  and its a rgum ents?

- syntax: constituen t structure.
A re  pauses m ost like ly  to  be  found  at im portan t 
I^irase boundaries?

• prosody: prosodic  u n its  de term ined  by  length  and  stress.
Is  rythm  m ore  im portan t than  syntax?

A t first, it  seem s reasonab le  to  th ink  tha t p ragm atics and  sem antics m u st b e  the  d ec is iv e  factors. 
I t is a com m on v iew  th a t pauses and un its  o f  m ean ing  are connected .

T h is v iew  is reflected , fo r instance, in  the  offic ia l D an ish  gu ide to  punctuation . T h e  trad itional 
D anish  punctation , w hereby w e understand  here  th e  u se  o f  com m as, is  a  g ram m atica l p u nc tua tion  
tha t D enm ark  has in  com m on w ith  G erm any  and the  E aste rn  E uropean  coun tries, w hereas the  
W estern  E uropean  countries, includ ing  N orw ay  and  S w eden , use a  so -ca lled  pause  pu n c tu a tio n  o r  
m eaning punctuation .

In  the  d iscussion  about the com m as w e c learly  see th e  opposition  b e tw een  on  one  h and  syntax , 
w hich  is accused o f  hav ing  only  p o o r links to  pause  location , and on  the  o th e r h and  th e  m ean ing , 
w hich is connected  to  the  true pause location . H ow ever, w hen  the  au thorities w ork  o u t th e  p rac tica l 
ru les fo r pause punctuation , these ru les are  co ined  as v e ry  syn tac tic  lo ok ing  ru les: p u t the  co n u n a  
betw een  sen tences, in  enum erations, around appositions and  so  forth . A t least, syn tax  is  used  to  
indicate w here it is possib le  to  put the com m as.

A s com putational linguists w e m ust hope that syn tax  p lay s an im portan t ro le , since  syn tax  is m uch  
easie r to  hand le  in  a m achine than  sem antics, and, as a m atte r o f  fact, it tu rns ou t tha t recen t research  
seem s to  show  that purely  m orphological and syn tac tic  m eans w ill b e  su ffic ien t to  m ake  usefu l 
pause determ ination . T his does no t m ean  tha t traditicm al G erm an-D anish  g ram m atical com m a ru les 
are reliable in  all respects re levan t fo r pause p lacem ent, n o r  that it  is  possib le  to  m ake the  ideal 
pauses w ithout an understand ing  o f  the tex t. W hat w e claim  is d ia t it  is  p o ssib le  to  so lve  an 
in teresting  p a n  o f  the p rob lem s in  a purely  syntax  based  system .

2.2 A Short Look at Recent Research
T he point o f  v iew  expressed  by J. B achenko and E. F itzpatrick  (1990) rep resen ts one  m a jo r  trend 
in A m erican research  in  th is field:

O ur current analysis rests on tw o ideas. F irst it is possib le to  describe a  level c f  prosodic phrasing  
tha t is independera o f  discourse sem antics. Second, th is d iscourse-neutral phrasing  depends on a  
m ix c f  syntactic and  nonsyntatic fa c to rs; chiefly, syntactic constituency, l^ - to - r ig h t w ord  order, 
and constituent length. There is  no necessary f i t  betw een syn tactic structure a n d  p hrasing , since  
prosodic phrasing m ay ignore m ajor syntactic boundaries in  order to  sa tisfy  the constra in ts on  
phrase length. B achenko  and F itzpatrick , (1990, p . 155).

T he au thors thus continue the w ork  done by  E . Selk irk  (1984) and  G ee  and  G rosjean  (1983). In  
th e ir op in ion , th e  m ost im portan t com ponen t o f  language in  th is  resp ec t is  p rosody , b u t p rosody , 
in  its  tu rn , is based  on  syn tax , w ord  o rd er and  leng th . T h is  m eans th a t syn tax  is  co nsidered  as an  
im portan t, b u t ind irect factor.

A t present, w e are inclined to  th ink  tha t the A m erican  p rosod ic  ru les  are  n o t fit fo r  o u r  purposes. 
In  o rder to  bu ild  the p rosod ic  phrases, the A m erican  lingu ists  w ork in  a  very  b u tlo m -u p  f a ^ io n ,  
starting  w ith  very  sm all phono log ica l units. T hey  end  u p b u ild in g  a p rosod ic  phrase  structu re  w hich  
is about as fine-grained  as  a norm al constituen t structure. H ow ever, i f  w e co n sid e r o n ly  the  observed
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pauses, th is  w hole structure  seem s very  hypothetical. B y fa r  the  m ajo rity  o f  the prosod ic  boundaries 
th ey  se t u p  are  no t m arked  by  any  jMuse w hen poople read aloud a t a norm al spreed.

T h e  hypo thetica l ch arac te r o f  these ru le  system s can be illustrated  by  the  basic  rule in  G ee and 
G rosjean  (1983), th e  verb  b alancing  rule, w hich  has been taken  o v er by  B achenko and Fitzpatrick . 
T h e  v e rb  b a la io in g  ru le  says that the first g roup ing  o f  m ajo r constituen ts is  m ade around the verb. 
I f  the con stitu en t to  th e  le ft o f  the v e rb  is short it  is groupod w ith  the verb , and a  m ajo r boundary  
is  m ad e  a fte r the  verb . O n the  o th e r hand , i f  the  constituen t p reced ing  the  v e rb  is  lo n g er than  the 
co n stitu en t th a t fo llow s, th en  a  b reak  is  m ade  befo re  the  verb , and the v erb  is g rouped  together w ith 
th e  fo llow ing  unit:

A . (This little  incident) II g ives (a  new  zest) (to  our investigation)
B . (C hickens) w ere eating H (the rem aining green vegetables)

In  th is  n o ta tion , the  paren theses ind icate  the  p rim ary  p rosod ic  un its  tha t have first been  identified. 
T h e  do u b le  slash  m arks th e  boundary  produced  by  the v e rb  balancing  rule.

T h is  ru le  exp la in s  o f  course  w hy  there  is o ften  a break  befo re  die v e rb  w hen the  p receding  pihrase 
is long . B u t it is  im possib le  to  see tha t there  ev e r is a boundary  a fter the  verb  w hen the preceding 
p h rase  is short. A s a m a tte r  o f  fact, th ere  seldom  is a b reak  a fte r the verb. B u t that is explained in 
the  theo ry  o f  G ee  and  G rosjean  b y  the  ex istence  o f  a subsequen t ru le  th a t bu ilds th is first \Ag phrase 
in to  still b ig g er phrases, see A P PE N D IX  S.

T h e  b ig g er the  constituen t, the m ore  im pnrtan t the  boundary . T h e  algorithm  builds the phrases 
m echan ica lly  in  a le ft-associa tive  w ay, and the las t boundary  w ill alw ays be  the m ost im portant. 
T h u s, it seem s to  us that the m ain  effect o f  the m uch  praised  verb  b alancing  ru le is to  say  tha t there 
is  a break befo re  the v e rb  i f  the first constituen t is long, and that the chances o f  a new  break increase 
th e  fu rth er aw ay  w e get from  the  first break . B achenko and F itzpatrick  do  no t h ide  the fact that it 
is  d ifficu lt to  observe  the v e rb  balanc ing  rule:

D uring subsequent processing, th is balancing effect is usually lo st since neither length nor 
adjacency to  a  verb p la y  any fu rth e r  role in  G ee and  G rosjean’s  analysis (1990, p .l6 2 ) .

N evertheless, B achenko  and F itzpatrick  stick to  the  verb  balanc ing  ru le, to  w hich  they  propose 
so m e am endm ents, in  p a rticu la r a v e rb  ad jacency  ru le  th a t m easu res th e  d istance from  the  verb. 
T h ey  a ttach  so  m uch  im pxirtance to  the  p rosod ic  ph rasing  tha t they  th ink  it  ru les ou t clausal 
constituency . E xam ples lik e  the  fo llow ing  show , th ey  th ink , th a t clausal boundaries are un im por
tant:

E ven m y fia n cee  II believes it’s  only m y im agination.

2.3 Out Own Investigations
O u r p re lim in ary  investiga tions seem  to  show  th a t parsing  p rob lem s p lay  a  som ew hat m ore 
im p o rtan t ro le  than  recogn ized  by  the  A m erican  lingu ists  w e hav e  m e n t io n ^ .  T h is  d ifference m ight 
be  d u e  to  the  lan g u ag es w e  have exam ined . T h e  D an ish  ru les m ay  b e  d ifferen t from  the E ng lish  
ru les. B u t o u r  d isag reem en t w ith  these  A m erican  lingu ists  m ay  also  stem  fn x n  the fact tiiat they 
iden tify  the  syn tac tic  fac to r w ith  syn tac tic  constituency , w hereas w e th ink  that the  syntactic  factor 
is  a  m atte r o f  h o w  peo p le  parse  sen tences.

P au ses  d o  n o t se rv e  to  ind ica te  th e  boundaries o f  syn tac tic  constituen ts. P erhaps th ey  m ostly  serve 
to  ind ica te  w h ere  com plex  constituen ts end , and thus facilita te  parsing . G o ing  dow n in to  an 
em bedded  c lause  does n o t cause  any  parsing  p rob lem , bu t it is o ften  a  problem  to  pop  u p  again  at 
the  r ig h t p lace . In  pars in g  term s: it is o ften  m ore  d ifficu lt to  p o p  than  to  push.

W e have investiga ted  3 po litical reports from  th e  D anish  radio , correspond ing  to  8 pages o f  w ritten 
tex t, and 2 artic les from  m agazines, co rrespond ing  to  ano ther 8 pages o f  text. T h e  political reports
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from  the radio  w ere registered  w ith  a tape  reco rder and la te r  on  w ritten  dow n. T h e  tw o  a rtic les w ere 
read by  a colleague w ho did  not Irnow the purpose  o f  the investigation .

O u r m ain  find ings are show n in  A P PE N D IX  6. T here  are boundaries w here  speakers n ea tly  
a lw ays m ake  a pause  (ob liga to ry  sites), and there  are o thers w here it is  ju s t  possib le  to  do  it (po ten tial 
sites). In  the la tte r case, f a k e r s  w ill u se  d ie opportun ity  to  m ake a pause , i f  the  b o u n d ary  com es 
a  long  tim e  a fte r the p reced ing  pause.

W e have listed  th e  various cases in  an  o rd e r co rrespond ing  to  the  rela tive  frequency  w ith  w hich  
the  type o f  boundary  in  question  is  used  fo r loca ting  a  pause. P auses o ccu r v e ry  freq u en tly  around  
appositions, quotes and  the  like ( 3 7  to  8 ) ,  som ew hat less frequen tly  a fte r a  co o rd in a te  term  th a t is  
no t an S, etc.

T h e  categories enum erated  from  3 to  8 can  be  subdiv ided  so  tha t so m e subcatego ries w ill ge t a 
very  h igh  priority . I t seem s to  be the  case  tha t there  is  a  pause b efo re  a  c lause  i f  th is  c lau se  in  its 
tu rn  starts w ith  an  em bedded  clause , as is the  case  in  exam ple 7a  be low  (at når..).

A s to  P P ’s, it does n o t seem  to  m atte r tha t m uch  w hether the  P P  is  a com plem en t o r  a m odifier. 
I t is m ore  im portan t how  fa r  it is from  the head  o f  the  construction , i.e. the verb  o r  the  head  noun  
in  a n N P .

T he exam ples listed  in  A P PE N D IX  7 illustrate  the 8 m ain  syn tac tic  bo u n d aries  w hich  w e have 
exam ined  and w hich are listed  above. V ery  few  pauses can  no t be  c lassified  as b e lo n g in g  to  any  o f  
the 8 categories.

5. The SSPS Formalism and Parsing Strategy
3.1 General Features
O nce the rules govern ing  stress and pause  p lacem en t are estab lished , th ey  m u st be  exp ressed  in  a 
w ay w hich  is com patib le  w ith the  "norm al" syntactic  ru les w hich  treat lingu istic  exp ressions as 
strings o f  term inal sym bols in th e  usual C hom skyan  w ay, and the  e ffec ts  o f  such  ru les  m u st be 
in troduced in  the parsed output. T o  th is  end w e use  a  specialised  form alism : SSP S .

A n  early  version  o f  the  SSP S  form alism  is  described  in  M olbæ k H ansen  (1989) and  in  M olbæ k 
H ansen (1991). T h e  current version  is ou tlined  in  M olbæ k H ansen  et al. (1991). A P P E N D IX  8 
illustrates som e o f  the  m ain  fea tu res o f  the  cu rren t version , w hich  is basica lly  a  ph rase  s tructu re  
g ram m ar augm ented  w ith  facilities fo r exp ressing  restric tions o n  s is te r  constituen ts  and  fo r 
expressing  feature perco lation  from  d au g h te r nodes to  m o th er nodes. E ach  rew rite  ru le  has 
optiotuilly associated  w ith  it one o r  m ore  inden ted  lin es  exp ressing  su ch  restric tions an d /o r 
perco lations. T he first restric tion  associated  w ith  the  ru le

N P  ;;=  D E T 7  A P *  N O U N  

viz. the  indented  line

N O U N > D E F C " D E n "

expresses a  r e s tr ic tio n , nam ely  tha t i f  the D E F  and  N O U N  constituen ts are b o th  p resen t, then  
the values o f  the  feature  a ttribu te  D E F  (defin iteness) fo r D E T  (D E T  >  D E F ) m u st b e  com patib le  
( Q  w ith  the  abso lu te  va lue  D E FI (indefm ite)

T h e  las t indented  line  associated  w ith  the  sam e rule, v iz . th e  indented  line 

N P  > D E F  : " D E F D ”

expresses a p e rc o la tio n , nam ely  the  assignm ent to  the  m o th e r node N P  o f  the  abso lu te  va lue

91



D E F D  (defin ite) o f  the feature  a ttribute D EF. T h e  reader is referred  to  M o lb s k  H ansen  et a i. (1991) 
fo r  a  fiille rd escrip tio n  o f  the no tational conventions. In the  cu rren t version  attribute registers w hose 
scope is g lobal w ith in  a w hole (sub)tree (cf. the ho ld  reg isters know n from  e.g. A ugm ented 
T ran sitio n  N etw orks) are  no t im plem ented , bu t th is  facility  can be  easily  added, i f  the need arises.

In  SSP S  the sam e form alism  is used  to  express bo th  m orphological and surface syntactic 
co n stitu en t struc tu re , and  D anish  syntax  and m o t f ^ lo g y  actually  form  tw o  sections o f  the sam e 
g ram m ar de lim ited  b y  a sing le  line o f  the form

M O R F

m ark in g  th e  beg inn ing  o f  the  m orphological section.

T h e  chart-based  p a rse r analyses the inpu t tex t accord ing  to  th is  g ram m ar and its associated  m orph 
lex icon , and it  schedu les its analysis as show n in  A P PE N D IX  9. F irs t each  w ord  o f  an  ir^rut sentence 
is  analysed  in  a  top-dow n , first-ru le-first fash ion  by  the  m orphological section  o f  the gram m ar, and 
in  th is  m orpho log ica l m ode up  to  4  in terp re ta tions are  accepted  fo r a w ord. W hen all w ords are 
analysed , the  p a rse r  m ode is  sw itched  to  syntactic  m ode, in  w hich  the  resu lts o f  the m orphological 
ana lyses are taken  to  be term inal edges from  the  ou tset. T h is stra tegy  perm its the  use o f  op tim ization  
fac ilities  such  as precom piled  le ft-co m er taU es  and K ilbury-strategy  com patib le  w ith  bo ttom -up 
parsing , cf. W iren  (1987). N ote, how ever, th a t the p a rse r w ill o n ly  sw itch  m ode i f  the existence o f  
a m orpho log ica l g ram m ar section  is  ind icated  in  A e  gram m ar. O therw ise, the  w hole input string 
(inc lud ing  w hite  space) w ill be parsed accord ing  to  the  g ram m ar considered  as a m onolith ic  w hole. 
U n d e r norm al c ircum stances, how ever, the g ram m ar prescribed  separation  o f  syntax  and m orpho
logy  m ak es fo r faste r parsing .

3.2 Demarcation o f  Prosodic Structure
S yn tactica lly  cond itioned  phono log ica l phenom ena Qike stress loss, pauses, intcm ation m arkers 
e tc .) are  in troduced  in  the  p a rse r o u ^ u t  as linearized  ou tpu t sym bols o f  lexical en tries m atching 
w ith  zero -leng th  inpu t sym bols, w hich  m eans tha t they  can  be in troduced  everyw here in  the string. 
T h e  techn ica l de ta ils  o f  th is  facility  are described  in  M o lb z k  H ansen  (1991). A P PE N D IX  10 show s 
a  parse  o f  the  inpu t sen tence  "en  su r tjen e r tab e r a ltid  ansigt" w ith stress loss on  the finite verb . T he 
s itua tion  a fte r m orpho log ica l parsing  is tha t each  w ord has several in terpretations, each  w ith a 
un ique  com bina tion  o f  string  rep resen ta tion  and m orphosyn tac tic  feature  va lues (the abbreviations 
enclosed  in  < > ) .  In the  exam ple  the  th ird  inpu t w ord  has tw o n o u n  in terp re ta tions v iz. the stressed 
and unstressed  varian ts  o f  the (deverbal) noun  "tjener" ( ‘w a ite r’) and tw o  verb  in terpretations, viz. 
the  stressed  and unstressed  varian ts  o f  the p resen t tense  v e rb  form  "tjener" ( ‘e a rn s ’). T he unstressed 
varian ts  have  strin g  rep resen tations ending  i n , (com m a) and the value  STRO o f  the feature attribute 
ST R . T h e  syn tac tic  ru le

S ::= SU B J V E R B  A D V P H R * O B J?
O B J >  D E F  C  "D E H "
V E R B  >  S T R  C  STRO 
7

V E R B  >  S T R  C  S T R  1

sta tes  th a t a sen tence  m ay  consis t o f  a sub jec t + a fin ite  verb  op tional adverb ials  -f an  optional 
ob jec t. T h e  restric tions sta te  tha t i f  th e  ob jec t is  p resen t and has  th e  value  D E F I, then  the  verb  m ust 
hav e  th e  v a lu e  STRO, o therw ise  the  v e rb  m ust have th e  va lue  S T R l. S uch  a ru le  w ill ensure that 
the  v a rian t tab*Or, w ill be chosen  in  th e  exam ple sen tence, and the com m a is in terpreted  by the 
phono log ica l system  as a  sym bol w hich  prevents stress from  being  assigned to  the  preceding  w ord. 
(F o r de ta ils  o f  th e  coopera tion  o f  the p arser com ponen t and  the phonological transfo rm er com po
n en t o f  A P P E N D IX  I ,  see M olbick H ansen  (1991)).
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3.3 Robustness
A  T T S -system  m ust be robust, bo th  in the  sense tha t unsuccesfu l parses  shou ld  no t be to lerated , 
and in the  sense tha t the ou tpu t should  be sensib le  in  cases o f  un iden tifiab le  input. M any  m o d em  
p a n e ls  take  care o f  robustness in  a preprogram m ed w ay, typ ica lly  by  chosing  the  lo n g est partia l 
subcharts in  cases w here there  are  unparsed  islands in  d ie  input, see e.g . R ussi (1991). In  SSPS 
ro b u s tn e s s  is  o b ta in e d  in  g r a m m a r  p re s c r ib e d  w ays. T h e  g ram m ar w rite r  m ay  b ase  h is  ru les on  
e.g . h is  know ledge o f  frequen t constructions. H e m ay  then  w rite  m ean in g h il m le s  fo r  such  
constructions and w rite  d e fa u lt  ru le s  fo r configurations no t com patib le  w ith  these  m les. D efau lt 
ru les are ru les w hich  are m atched  by  any  m ateria l at th e  relevan t level i f  th ey  are  a llow ed  to  apply , 
tha t is, i f  the "stm ctu red ” ru les are  not m atched . T h is  p r e s u f ^ s e s  a  first-ru le  first s tra tegy .

A P PE N D IX  11 illustrates the p rincip le , show ing  a  m orpho log ica l and a  syn tac tic  defau lt rule. 
T h is princ ip le  enab les the g ram m ar w rite r to  experim en t w ith  various arrangem en ts (o rderings) o f  
the  sam e ru les and  to  evaluate  the  overall perfo rm ance o f  each  a rrangem en t o n  a rep resen ta tive  
sam ple o f  test sen tences. W e are at p resen t engaged  in  develop ing  such  a tes t sam ple.
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ASCII text: De spiste altid middag kl. 19.

TEXT NORMAUZER (A TRIVIAL PREPROCESSING PROGRAM) 

Normalized: de spiste altid middag klokken nitten 

SPECIAUZED PARSER (SSPS FORMAUSM INTERPRETER) 

Morphophonemic: di,spis*t0,a11+^tidd midd-a klokk-0n,nltt-0n 

PHONOLOGICAL TRANSFORMER (SPL FORMAUSM INTERPRETER) 

Phonetic: disbi:sdO’alUiD?m’edak]Cg‘'nn'ed‘̂ n 

PHONETIC TRANSFORMER (SPL FORMAUSM INTERPRETER) 

parameterized:
PI PI PI PI PI PI PI PI PI -.. PI PI 
P2 P2 P2 P2 P2 P2 P2 P2 P2 .... P2 P2

A PPEND IX  1: T H E  D A N ISH  TE X T -T O -SPE E C H  SY STEM :

Pn Pn Pn Pn Pn Pn Pn Pn Pn .... Pn Pn

SYNTHESIZER (SOFTWARE SIMULATION) 

Wave image: Frl Fr2.........JFr 1649 Frl650

D/A-CONVERTER 

Electric oscillations:

LOUDSPEAKER 

Sound waves:
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APPENDIX 2; TASKS IN TEXT-TO SPEECH S\’STEMS (ITS) 
AS OPPOSED TO OTHER SYSTEMS (O)

1 . TTS: surfaa structure 1 ->  surface structure 2
vs

O: surface structure ->  some other structure 

Example:
word inventory and order must be identical in input and output 
in ITS. (TTS-systems involve both 
analysis (identification) and generation.

2. ITS: Semantic structure is often irrelevant
vs

O: Semantic structure is usually essential

Example: semantic structure essential in translation systems

3. ITS: Prosodic features often essential
vs

O: Prosodic features often redundant 

Example 1:
"Jens drak mælk" is distinguished from "Jens drak mælken" 
both morphologically and prosodically, but for
0-parsers the prosodic difference is irrelevant.

Example 2:
In Danish many but not all stød susceptible 
monosyllabic first parts of compounds 
exhibit stød-loss. Ilius 'balgulv" 
with stød retension and 'balsal" with stød loss 
have a different morphophonological structure.
This difference is completely irrelevant in 0-systems.
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(æmma = > next word unstressed)
(single quote = >  next word stressed)

Noun phrase internal constructions of various 
semantic subtypes:

a) Determiner phrase ending in indefinite noun:
^t ’stort Jbundt Yriske Vadiser
to /ed lividiøg

b) Constructions with indefinite noun + proper name 
j)rofessor Spang-Tlanssen
^lagter X)lsen 
^nte ’Agate 
/ætter ’Jens

c) Constructions with indefinite noun + numeral 
gummer ’et
.indgang 7  
Jrappe ’6

d) Constructions with indefinite noun + '^lace name" 
/estaurant Den X^yldne Tortun
/Cap Det Håb

e) Hypotactic proper name phrases:
Jens Teter
,Oie Svendsen 
Jens / ’eter ’Jensen

APPENDIX 3: STR ESS L O S S  IN  N O U N  PH R A SES
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(c o m m a  = >  n e x t  H o rd  u n s t r e s s e d )
( s in g le  q u o te  = >  n e x t  w o rd  s t r e s s e d )

a )  V e rb  w ith  in d e f in i te  d i r e c t  o b je c t ,  i r r e s p e c t iv e  o f  
in te r v e n in g  m a te r ia l :
J e n s  id r ik k e r  a ld r ig  Y adø l 
J e n s  i le d e r  e f t e r  ^ n g e

A PPE N D IX  4: STRESS L O S S  IN  \E R B  PH R A SES

vs

V e rb  m t h  d e f in i te  d i r e c t  o b je c t ,  i r r e s p e c t iv e  o f  
i n te r v e n in g  m a te r ia l :
J e n s  * d r ik k e r  a ld r ig  ,s in  ^ æ l k  
J e n s  l e d e r  e f t e r  ’Jpengene

b ) V e rb  +  a d v e rb ia l  c o m p le m e n t ,  p o s s ib ly  
w t h  in te r v e n in g  d i r e c t  o b je c t :
J e n s  iS a tte  s in  cy k e l I n d  i s k u r e t

vs

V e rb  p h r a s e s  w t h  p e r i p h e r a l  lo c a tiv e  a d v e r b ia l :  
J e n s  ^ a t t e  s in  cy k e l I n d e  i s k u r e t ’

c) A  c o m b in a t io n  o f  a )  a n d  b ) :  
J e n s  ,s t0 v e d e  ’b o r d e t  ’a f

vs

J e n s  ,s tø v e d e  ’b o rd e  ,a f
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A . (T h is  l i t t l e  i n d d e n t )  / /  g iv es  ( a  n e w  z e s t)  ( to  o u r  in v e s t ig a t io n )

B . (C h ic k e n s )  w e re  e a t in g  / /  ( th e  r e m a in in g  g re e n  v e g e ta b le s )

A P P E N D K  5: VERB BALANCING R U L E

I gave the book to  John fo r C hristm as

APPENDIX 6: PAUSES IN WRITTEN DANISH READ ALOUD ( 16 PAGES )

YES NO

OBLIGATORY SITES •

1. A fter coordinated S 65 5
2. A fter embedded S 40 2

POTENTIAL SITES

3. Around appositions, quotes 37 8
4. A fter coordinated non-S 25 17
5. A fter complex in i t ia l  phrase 42 39
6. A fter complex inverted subject 10 6
7. Before clause 89 75
8. Before PP 41 252

TOTAL NUMBER OF PAUSES ‘ 343

TOTAL NUMBER OF UNUSED SITES 404
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1 . S o m  b a r n  e ls k e d e  h u n  k i r s e b æ r ,  / /  o g  h u n  to g  im o d  
p o se n  m e d  e n  s e lv fø lg e , d e r  fø rs t  b a g e f te r  h a r  f o r u n d r e t
m i g / /  o g  g ik  r u n d t  b l a n d t  d e  ø \ r ig e  p a s s a g e r e r  / /  o g  b ø d  a f  s in  r ig d o m . (D ,2 A )

2 . M e n  j e g  o p le v e d e  t r e  t i n g  d e n  s id s te  d a g , h u n  d e r  s ta d ig
f} id e r  m ig  m e d  u n d r e n .  ( D ,1 3 )

3 . V ed  H i t l e r s  m a g to v e r ta g e ls e  d e n  3 0 . J a n u a r  1 9 3 3 / / m a r c h e r e d e  
b r u n s l g o r t e m e / /  S A -k o rp s e n e  / / ,  i e t  f l r e t im e r s  fa k k e l to g  
g e n n e m  p o r t e n .  (R ,3 ,5 )

4 . 1 m a n g e  la n d b r u g s e g n e  /  e r  h e le  l a n d s b y e r  p å  f l u g t / /  p å
g r u n d  a f  m a n g e l  p å  m a d  o g  v a n d  / /  o g  a f  f ry g t  f o r  e p id e m ie r .  (R ,6 ,2 7 )

5 . M e n  v e d  r e t t e n  i M iin c h e n  / /  k ø r e r  e n  p ro c e s  m o d  e n  a f  
W o lffs  t id l ig e r e  u n d e r o r d n e d e / /  g e n e r a lm ^ 'o r  S c h u t t .  ( R ,5 4 )

6. S å  s k u l le  to h u n d r e d e å r s d a g e n  f o r  å b n in g e n  a f  B r a n d e n b u r g e r  T o r  i 
d ig  11 v æ re  a n d e r le d e s  p ro b Ie m Iø s .(R 4 > 1 3 )

7 a . E n  n a b o ,  d e r  ø n s k e d e  a t  h jæ lp e  h e n d e / /  b e k la g e d e  
s ig  o v e r / /  a t  n å r  h a n  k o m  fo rb i p å  v e je n  /  o g  g e rn e  v ille  
h i l s e  p å  h e n d e / /  s å  v e n d te  h u n  ry g g e n  t i l .  ( D 3 4 1 )*

T b. D a  h a n  e r f a r e d e ,  a t  j e g  e n d n u  ik k e  h a v d e  s o v e t / /  
in s i s te r e d e  h a n  p å  a t  g iv e  m ig  e n  in d s p r ø j tn in g  a t  so v e  p å .  (D 3> 28)
D e r fo r  s to d  M a r k u s  W o lf f  n a tu r l ig t  n o k  h ø j t  p å  ø n s k e s e d le n  h o s  d e  
v e s tty s k e  m } 'n d ig h e d e r  / /  v e d  g e n fo re n in g e n . (R ,4 4 3 )

A PPEN D IX  7: SA M PL E  PA U SE LO CA TIO N S
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N P  : : =  D E T ?  A P *  N O U N  
N O U N  >  D E F  C  'D E H ' '
D E T  >  D E F  C  A P  >  D E F  
D E T  >  A N  C  A P  >  A N  
D E T  >  A G  C  A P  >  A G  
A P  >  A N  C  N O U N  >  A N  
A P  >  A G  C  N O U N  >  A G  
D E T  >  A N  C  N O U N  >  A N  
D E T  >  A G  C  N O U N  >  A G  
N P  >  D E F  ; T ) E F D ''

D E T  : : =  Q U A N T ?  A R T ?  E N U M ?
Q U A N T  >  D E F  C  A R T  >  D E F  
Q U A N T  >  A N  C  A R T  >  A N  
Q U A N T  >  A G  C  A R T  >  A G  
A R T  >  D E F  C  E N U M  >  D E F  
A R T  >  A N  C  E N U M  >  A N  
A R T  >  A G  C  E N U M  >  A G

Q U A N T  : ; =  W R D
W R D  >  W  c  "W K V A "

A R T  ; : =  W R D ?  N P
W R D  >  W  C  " W P R O N "
N P  >  W  c  "VVGEN"
A R T  >  D E F  : 'D E F D ''
A R T  >  A : "A"

A R T  : : =  W R D
W R D  >  W  C  "VVDEFR"

E N U M  : : =  W R D
W R D  >  W  c  "VVNUM "

APPEND IX  8: SSPS G RA M M A R SE C T IO N
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F O R  E A C H  IN P U T  S E N T E N C E  
B E G IN
IN T U T  A  S E N T E N C E .

S V M T C H  T O  M O R P H O L O G IC A L  M O D E  =  T O P -D O W N , D E P T H - H R S T , 
F m S T - R U L E - n R S T ,  E A C H  C H A R A C T E R  S U R R O U N D E D  B Y  
T W O  C O N S E C U T IV E  V E R T IC E S .

F O R  E A C H  W O R D  
B E G IN
P A R S E  T H E  W O R D  A C C O R D IN G  T O  M O R P H O L O G IC A L  
P A R T  O F  G R A M M A R , A C C E P T IN G  A T  L E A S T  1 A N D  
A T  M O S T  3  IN T E R P R E T A T IO N S .
E N D
A R R R A N G E  T H E  R E S U L T S  A S T E R M IN A L  E D G E S  
I N  A  C H A R T  F O R  T H E  S Y N T A C T IC  M O D E .

S W IT C H  T O  S Y N T A C T IC  M O D E  =  B O T T O M -U P , L E F T -C O R N E R , 
E A C H  W O R D -R E S U L T  S U R R O U N D E D  B Y  
T W O  C O N S E C U T IV E  V E R T IC E S .

P A R S E  T H E  S E N T E N C E  A C C O R D IN G  T O  S Y N T A C T IC  P A R T  O F  
G R A M M A R , A C C E P T IN G  E X A C T L Y  1 IN T E R P R E T A T IO N .

O U T P U T  IN T E R P R E T A T IO N  IN  
U N E A R IZ E D  M O R P H O P H O N E M I C  F O R M .

EN T)

A PPEN D IX  9: SSPS PA R SE R  A LG O R IT H M
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A P P E N D IX  10 : E X A M P L E  O F  A N A L Y S IS  

I n p u t :  E n  s u r  t j e n e r  t a b e r  a l t id  a n s ig t .

M O R P H O L O G IC A L  A N A L Y S IS :

0-1 e n  < W N U M  A N TJM S A G E N C  D E H >
0- 1 e n ,  < W D E T  A N U M S  A G E N C  D E F l >
1- 2  s u r r ,  < W V IM P  S T R 0 >
1-2 s u r r  < \ W I M P  S T R l  >
1- 2  s u r !  < W A D J  A N U M S  A G E N C  D E F l >
2 - 3 t J E n = 0 r ,  < \V S U B  A N U M S  A G E N C  D E O  S T R 0 >
2-3 t j E n = 0 r  < W S U B  A M J M S  A G E N C  D E F l  S T R l  >
2-3  ^ E n + O r ,  O V W I N  S T R 0 >
2- 3  ^ jE n + O r  < \ W F I N  S T R l  >
3 -  4 t a b = 0 r  < W S U B  A N U M S  A G E N C  D E n >
3-4  ta b * 0 r ,  < \ W F I N  S T R 0 >
3 -  4 t a b * 0 r  < W V F IN  S T R l  >  
d -S a l l+ J i^ t id d  < W A D V >
4 - 5 a l t i d ,  < W S U B  A N U M S  A G E N  D E H  S T R 0 >
4-5  a l t id  C W S U B  A N U M S  A G E N  D E H  S T R l  >
4 - 5 a l t id  < W A D J  A N U M S  A G E N C  D E H >
5- 6  a n h ^ I g t ,  O V V IM P  S T R 0 >
5-6 a n h % s lg t  < ^ W I M P  S T R l  >
5-6  a n h = s l g t ,  < W S U B  A N U M S  A G E N N  D E H  S T R 0 >
5-6  a n h = s l g t  < W S U B  A N U M S  A G E N N  D E n  S T R l  >

S Y N T A C T IC  A N A L Y S IS :
e n ,s u r  ^ E n = 0 r  t a b * 0 r ,  a Il+ 4^  t id d  a n h = s l g t

O U T P U T  F R O M  P H O N O L O G I C A L  T R A N S F O R M A T IO N : 
e n s ’U :? r t j’E : n C t s : b C ’a l ? ^ i D ? ’a n ,s e g d
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U N S U C C E S F U L  P A R S E S  A R E  A V O ID E D  B Y
1) F IR S T  R U L E  H R S T  S T R A T E G Y
2) D E F A U L T  R U L E S :

M O R P H O L O G IC A L  D E F A U L T  R U L E :

S T E M  : : =  I e t r +
S T E M  >  M  : 'M N S A C  M C C O  M N P X "

I £ .  A N Y  L E X IC A L L Y  U N ID E N T IF IA B L E  
P A R T  O F  A N  I N P U T  W O R D  W IL L  
D E F A U L T  T O
1) A  N O U N  S T E M ,
2 ) O F  T H E  C O M M O N  G E N D E R ,
3) W IT H  P L U R A L  I N  - E R ,
4 ) W IT H O U T  -E -  O R  -S -  A S  1 S T  P A R T  O F  C O M P O U N D
5) W r r a  S P E L L IN G  =  M O R P H O P H O ^ ’E ^ ^ C  R E P R E S E N T A T IO N .

E .G . A N  I N P U T  W O R D  L I K E  'S M U L P E R N E "
W IL L  B E  O U T P U T  A S :

•S m uIp+ O rnO " <>VSU B A N U M P  D E F D >

S Y N T A C T IC  D E F A U L T  R U L E :

S  : :=  W R D +

l E .  "A S E N T E N C E  IS  A  S E Q U E N C E  O F  W O R D S "

T H IS  P R IN C IP L E  A L L O W S  A N Y  D E G R E E  O F  M O R P H O L O G IC A L  
A N D  S Y N T A C T IC  E X P L IC IT N E S S  T O  B E  C O M B IN E D  W IT H  
A  G IV E N  P R A C T IC A L  IM P L E M E N T A T IO N .

APPENDIX 11: RO BU STN ESS IN  T H E  S S P S -S \’STEM
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A new Dictionary of Swedish Pronunciation

PerHedelin and Dieter Huber
Chalmers University of Technology

A bstract

This paper describes some aspects of a pronunciation dictionary for Swedish, "Svenskt 
Utlalslexikon" (SUL), which is piesenUy developed at our departm ent This dictionary 
provides, among other items, three kinds of information about Swedish pronunciation 
that are not included in standard dictionaries: information on varian ts , on inflected 
form s and com pounds, and on p ro p er names. SUL is organized as a machine-readable 
lexical database which in its present form contains approximately 1 0 0 .0 0 0  headwords. 
The run-dme system comprises four separate processing modules: an inflection engine, 
a compound engine, the transcripUon engine, and the dicUonary search algorithm. In 
addiuon to phonetic and phonological information, SUL also aims to supply various 
kinds of paradigmadc, syntagmatic and stadsucal informadon, needed for the linguisdc 
processing stages in text-to-speech synthesis and automadc speech recognidon.

i .  Introduction
Large-scale, h igh-quality , m ach ine-readab le  p ronuncia tion  d ictionaries a re  a  fundam enta l p re 
requisite  fo r progress in  various areas o f  speech  and language techno logy . F o r  in stance, m o d em  
speech synthesis system s require access to  a  d ictionary  in  o rd er to  look  u p  th e  p ronuncia tion  o f  
individual w ords and com pounds w hich  are to  be converted  from  o rthog raph ic  tex t to  speech . T he 
o ther w ay round, au tom atic  speech  recognition  system s need  p ronuncia tion  in fo rm ation  from  
large-vocabulary  lexical databases in  o rd er to  m atch  die incom ing  speech  signal ag a in st possib le  
w ord candidates.

H ow ever, w hile spelling-to-sound conversion  (and  its reverse) adm itted ly  constitu tes one  im p o r
tan t reason fo r the  use o f  specialized  p ronuncia tion  d ictionaries in  co m p u te r speech  syn thesis  and 
recognition , it  is certain ly  no t the  on ly  one. L ingu istic  p rocessing  m odu les th a t perfo rm  syn tac tic  
and sem antic  parsing  are  becom ing  m ore  and  m ore  in teg rated  in to  bo th  syn thesis  and  recogn ition  
system s, w ith  the purpose  to  supp ly  relevan t in fo rm ation  fo r  e .g . p ro so d ic  p ro cessin g , p au se  
m ark ing , d isam biguation , anaphoric  reso lu tion , and the  de tec tion  and  correc tion  o f  erro n eo u s input. 
In  o rder to  be able to  support these  m odules in  an  e ffic ien t w ay , i.e . in teg ra ting  b o th  th e  speech  
p rocessing  and natu ra l language p rocessing  stages o f  th e  overall system , v a rio u s k inds o f  m o rp h o 
log ical, syn tactic , sem antic  and even  con tex t-o rien ted  in fo rm ation  need  to  be  inc luded  in  the 
d ictionary.

O rdinary  d ictionaries do  no t p rov ide  these  d ifferen t types o f  in fo rm ation  w ith in  one  sing le , 
com prehensive data  structure  th a t is im m edia te ly  accessib le  to  spoken  language p rocessing  (SLP) 
in  com puter speech syn thesis  and  recognition . F o r instance, conven tional d ia io n a rie s , in  as fa r  as
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th ey  com prise  any  phonological in fo n n a tio n  at all. usually  include only  one, i.e. the m ost com m on 
and  leas t s tigm atized  (no t necessarily  the sam e!) lexical p ronunciation  fo r each  headw ord  in  som e 
k ind  o f  broad  phonem ic  transcrip tion . T hey  thus ignore the inheren t variab ility  o f  natural hum an 
speech , d icta ted  by  influences o f  so c io le a , d ialect, and various features o f  speaker id iosyncrasy . 
E ven  m ore  im portan tly , they  do no t p rovide any  system atic  in fo n n a tio n  about alternative pronun
c ia tions tha t typ ica lly  o ccu r in continuous, connected  speech , i.e. includ ing  dilTerent k inds (and 
d eg rees!) o f  assim iliadon , reduction , neu tralization , and elision  o f  ind ividual speech  sounds, caused 
b y  in fluences o f  co ard cu la tio n . speech  rate , and stress.

T h e  in tended  u se r  o f  a  conven tional d ictionary  is a  hum an  being. W ith  th is in  m ind , lex icographers 
hav e  o v e r th e  cen tu ries asp ired  to  op tim ize the  selection , in terpretation  and p resen tation  o f  the 
m ateria l to  b e  co llected  in  a  d ictionary . M ach ine-readab le  d ictionaries, on  the  o th e r hand , are no t 
w ritten  p rim arily  fo r in te lligen t hum an  users, b u t have  to  deal w ith  the  natural language processing  
and  speech  signal p rocessing  m odules o f  com pu ter system s. T h is  apparen tly  trivisd o l» erv a tio n  has 
a n u m b er o f  far-reach ing  consequences concern ing  both  d ie  selec tion  and  the  o rganization  o f  the 
lex ica l item s. T hus, conven tional d ictionaries implicitly  assum e that th e ir  users have access to  o ther 
sources o f  lingu istic  and factual know ledge, and are able to  ex tract and  com bine  inform ation from  
v arious sources in  a soph istica ted  and experienced  m anner. O n the contrary , w hen  com puters access 
d a ta  in  a m ach ine-readab le  d ictionary , all in fo rm ation  m ust be stated  explicitly, i.e. e ith e r by  w ay 
o f  exhaustive  lis ting , o r  retrievable  b y  apply ing  a set o f  w ell specified , form alized  rules. A s a 
consequence , d ictionaries fo r applications in  the fie lds o f  speech and  language techno logy  com pa
red  w ith  trad itional, hum an-orien ted  lex ica, hav e  to  m eet considerab ly  h ig h er de-m ands in expli
citness, exhaustiveness and  consistency.

T h is  p ap e r d iscusses som e aspects o f  a pronunciation  d ictionary  fo r Sw edish , "Svenskt U ttalsle- 
x ik o n ” (SU L ), w h ich  is p resen tly  developed  at o u r departm en t fo r  use in  com puter speech synthesis 
and recognition . Several early  versions o f  the  w ork have  been  docum ented , i.e. ^ e d e l i n  1986), 
(H edelin  1987) and (H edelin  1989). C ertain  additional aspects o f  th is d ictionary  are also  described 
in  H u b er (1990). T h is p resen t article focuses m ain ly  on  the  fo rm alization  arxl representation  o f  
phonological (ch ap ter 3) and  m orphological (chap ter 4 ) in form ation  w ith in  the SU L lexical 
database. T h e  trea tm en t o f  syn tagm atic  in fo rm ation  in fu ture ex tensions o f  SU L  is  d iscussed  in  a 
separate  p a p e r pub lished  w ith in  th is  vo lum e (cf. H u b er 1992).

2. Lexicon Structure
In  standard  co m p u te r term ino logy , SU L  constitu tes a lex ical database  w hich  is  o rganized  in  records 
and  fields. E ach  record  com prises a co llection  o f  various types o f  in form ation  perta in ing  to  one 
lex ical item , the  lexem e. T h e  records are again  subd iv ided  in to  fie lds storing , fo r  instance:

• th e  headw ord  in  norm al orthography;
• a  phonem ic transcription;
• in fo rm ation  on  the  w ord  class (part-of-speech);
• o n e  (o r  severa l) paradigm  codes.

In  add ition  to  these  ob liga to ry  en tries, S U L  also  contains fie lds fo r  the sto rage  o f  inform ation  on 
a lte rna tive  spellings and pronuncia tions, on  in flectional irregu larities (bo th  in  the w ritten  and in  the 
spoken  do m ain ), o n  sem antics and etym ology , hom onym  ind ices, co llocations, and d iH erent k inds 
o f  sta tis tica l data . O n the w hole, each  record  in  the  S U L  database com prises a total o f  17 d a ta  fields. 
T w o  o f  the m ore  im portan t o f  these  fie lds are briefly  iden tified  below :

106



H eadword
T he headw ord  is listed  in  n o n n a l o rthograph ic  spelling . A cronym s, abbreva tions and  M ends are 
treated  as separate records. H om onym s (i.e. bo th  hom ophones and hom ogra;rfis) a re  hand led  by  
using  separate  headw ords m arked  w ith  a hom onym  index  and a  num ber.

W ord Class (Part-af-Speech)
E ach  headw ord  is classified  accord ing  to  its norm al u sage  in to  o n e  o f  the  ca tego ries noun, pronoun, 
verb, adverb, adjective, numeral, preposition, conjunction, interjection, and  article. W o rd s hav ing  
m ultip le  usage, i.e. perta in ing  to  tw o  o f  m ore w ord  class ca te-gories, a re  d up lica ted  as headw ords,
i.e. one en try  fo r e a d i  category . S ubcategories (e.g . aux ilia ry  v e rb , sub o rd in a tin g  con junction , 
personal p ronouns) are  no t q iec ified . P ro p e r nouns, acrm iym s and  abb rev iations are  m ark ed  
accordingly .

T h e  represen tation  o f  in fo rm ation  about p ronuncia tion  and m orfd io logy  is  described  in  deta il in  
the fo llow ing sections o f  th is  article. A  b r ie f  au then tic  excerp t from  th e  S U L  d a tab ase  (d isp lay ing  
only  the first S o f  the  to ta l o f  17 fie lds) is  show n fo r illustration  p u rposes in  tab le  1 below .

anammelse
anamnes
anamnestisk
anamnctisk
anamorfos
ananas

/ä'namnnelsa/ s5 
/anam 'ne:s/ s3 
/anam 'nestisk/ a3 
/anam'ne.lisK/ a3 
/anamor1o:s/ s3 
r annanas/ s9

Avldng anamma+-else

Avldng anamnes-t-tisk 
Avldng anamnes-Kisk

medidn: sjukdomshistoria, sjukbikt
anamnes-
anamnes-
ombildning
botanik: släkte av familjen ananas- 
växter; en frukt

Table 1. Excerpt from the SUL database

3, Pronunciation
3 .1  B a c k g r o u n d

C onventional d ictionaries o f  Sw edish , in  as far as they  prov ide  any  phono log ica l in fo rm atio n  at all, 
generally  seem  to trea t p ronuncia tion  in  a  ra th e r ad  hoc  and  un theo re tical w ay . T h a t is , o ld e r  
dictionaries, dating  back  to  the beginning  o f  th is cen tu ry  o r  even  ea rlie r  (e.g . D alin  1850, SA O B  
1898, L yttkens &  W u lff  1911) o ften  use no tation  system s th a t do  no t conform  w ith  o u r  p resen t 
standards o f  e ith er b road  "phonem ic" o r  narrow  "phonetic” (i.e. a llophone-o rien ted ) transcrip tion . 
M o te  recent, general-purpose d ictionaries (e.g . M olde  1977, ö s te rg re n  1981, A llén  e t al 1986, 
M alm ström  e t al 1988, (joU inder 1989) u sually  p rov ide  p ronuncia tion  in fo rm ation  fo r  a su b se t o f  
headw ords on ly , and  o ften  use n o ta tio n  system s based  on  g r ^ h e m ic  ana log ies  ra th e r  th an  o n  
estab lished  phonetic  transcrip tions (e.g. IPA  1949). O n ly  few  d ic tionaries o f  S w ed ish  include  
system atic  in form ation  on  p ronuncia tion  usage  fo r  all lex ical en tries, all o f  them , ho w ev er, covering  
on ly  a very  lim ited  and  h igh ly  specialized  subset o f  p resen t-day  S w ed ish  v o cabu la ry  su ch  a s  fo r  
instance g e o g ra i^ c a l  nam es (e.g . S prN  1 9 7 7 ,1 9 79 ,1981). T h e  on ly  m o re  recen t, genera l-pu rpose  
Sw edish  d ictionary  w hich  provides transcrip tions system atica lly  fo r a ll headw ords is L ex in  (1984), 
a  12.(XX)-headword lex icon  in tended  p rim arily  fo r  u se  in  teach in g  S w edish  a s  a  second  language. 
SFL -oriented  in fo rm ation  on  the p ronuncia tion  o f  S w edish  can  a lso  b e  found  in  a n u m b er o f  
m ulti-lingual, fo re ign-learner d ictionaries published  abroad.

U ntil recently , the Sw edish  L anguage C ouncil (S venska  S pråknäm nden) in  S tockho lm  w as 
preparing  the  publication  o f  a  m ajo r pronunciation  d ictionary  o f  m o d em  S w edish . T h is  p ro jec t has, 
how ever, been  abandoned.
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Q e a r iy , th ere  is  an  u rgen t need fo r the com pila tion  o f  a  large-scale , h igh-quality  p ro ru n c ia tio n  
d ictionary  o f  m o d em  Sw edish , w hich  m eets the standards o f  p resen t-day  phonetics and lexicology, 
and  w hich  needs to  be  prov ided  bo th  as a  m ach ine-readab le  e lec tron ic  da tabase  fo r use in  com puter 
speech  app lications, a ^  as a conven tional hard -copy  lex icon  fo r  in terested  hum an  users. S im ilar 
d ictionaries are a lready  availab le  o r  u n d er developm ent fo r  a  n u m b er o f  E uropean  (e.g . W ells 1990, 
M o lb s k  H ansen  1990) and non-E uropean  (e.g. E D R  1990) languages.

3 J  N o ta tio n

P rinc ipa lly , th e  transcrip tion  o f  p ronuncia tion  can  be  e ith e r narrow  (allophone-orien ted) o r  broad 
(phonem e o rien ted). F o r  som e app lications (e.g. speech  syn thesis o r  ̂ a k e r  verification) a  narrow , 
a llophon ic  tran sc rip tio n  m ay  be desired , w hereas fo r o th e r  p l i c a t i o n s  (e.g . au tom atic  speech 
recogn ition) a  b ro ad  transcrip tion  m ay  be  m ore  usefu l (cf. H u b e r 1990 fo r  a  m ore  detailed  
d iscussion ). B ased  on  th ese  requ irem ents, S U L  fo llow s an  essen tia lly  dual p r o a c h ,  viz:

• all transcrip tions lis ted  exp lic itly  in  the S U L  da tabase  a re  basica lly  phoneme-oriented,
• allophone-oriented  transcrip tions are generated  by  ru le  w henever required .

P honetic  (i.e. a llophone-based) transcrip tions o f  in flected  w ord  fo rm s and com pounds are thus 
perfo rm ed  first in  the  phonem e dom ain , befo re  handling  phonem e-to-aU ophone conversion  by  rule 
in  the  au tom atic  transcrip tion  system . T h e  resu lting  th ree-step  p rocedure  fo r genera ting  both  
ph o n em ic  and  p h o n e tic  transcrip tions o f  in flections and com pounds is  illustrated  below  in  table 2  

fo r  the  in flected  S w ed ish  no u n  "gatom a" (Eng: the  streets):

database storage 

word inflexion 

conversion rules

p h o n e m e  s tr in g  

p h o n e m e  s tr in g  

a llo p h o n e  s tr in g

/“ga la /

/“g a la /  + /-oma/ = r  ga io m a/ 

[ 'g o :U D i\a ]

Table 2. Phoneme-to-allophone conversion in SUL.

3 2 .1  B ro a d  Transcription

T h e  no ta tion  system  used  in  S U L  fo r transcrip tions at the  phonem e leve l is  based  on  the  follow ing 
phonem e concep ts:

V o w e ls : /a/ /e/ N /o/ An/ /o/ /e/ /0/ /a/

C o n s o n a n ts : /b/ /d/ /g/ /m/ /h/ /g/ /j/ /r/ /!/ Nt
/p/ A/ /k/ /f/ /s/ /J/ /§/ Iql /h/

P r o s o d y : I ' l  I ' l  lU  I ' l  n  l - l  1 :1

N o te  th a t in  o rd e r to  b e  ab le  to  perform  the  fd ionem e-to-allophone conversion  au tom atically  and 
in  bo th  d irec tions in  a  consisten t and unequivocal m arm er, w e had  to  m ake  som e con-cessions to  
th e  trad itional w ay  o f  d efin ing  the  phonem e system  o f  S w edish  in  standard  tex tbooks o f  phonology. 
T h ese  concessions re fe r  (i) to  th e  ex tensive  u se  o f  p rosod ic  m arkers, and  (ii) to  the  unorthodox 
c lassifica tion  o f  p /  and  as phonem es during  the phonem ic  processing  stages. O n the w hole, our
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SU L  {dioneme transcrip tions are  m ore  deta iled  than  w hat is  custom ary  fo r  a  phonem e-based  
transcrip tion  system  in  o th er app lications (cf. fo r  instance E le n  1970 and G arién  1988). A s sta ted  
earlier, how ever, all phonem e labels  in  SU L  are  w ritten  w ith  the  in h eren t p rob lem s o f  au tom atic  
allophone conversion  in  m ind . T h e  overrid ing  consideration  in  dev ising  o u r  system  has b een  to  
provide fo r sim ple and safe  phonem e-to -a llophone m app ing  in  bo th  d irec tions.

T he phonem e strings fo r  each  headw ord  are  stored  in  the transcrip tion  fie ld  o f  the S U L  da tabase, 
using  norm al, low ercase  A S C II characters: one  A SC II ch arac te r p e r  sym bol.

N ote also that our SU L broad transcriptions m ark stress and accent with the sym bols placed in  the 
initial position o f  a  syllable, as iDustrated in  the following exam ples o f  Sw edidi words: "qirirtger" 0-c. /  
’spriTin a  if), "q jiin g o t' ( le .  /  ’̂ rrh iT ioa/) and "springbrunn" ( Le. /  ‘spriTTn-^bnnnnO. IPA (1949) 
follows the sam e convention, v ^ r e a s  Sw edidi phonetidans often tend to  place the corresponding 
symbols at (or after) the stressed vo w el

T he sym bol H  as a  p rosod ic  m ark er is  u sed  fo r th e  dual purpose: (i) to  c lass ify  a  w ord  as  a 
prosodic  com pound, thereby  ind ica ting  tha t the  w ord is p ronounced  w ith  a specia l v e rs io n  o f  the 
grave accent (accent 11), and (ii) to  m ark  the p rosod ic  boundary . S U L  th u s  w rites  fo r  instance:

/ ‘a:v^ga:s~2 r0 :r /a n d  [‘a:v^ga:s~2 rae:r]

fo r the Sw edish  noun  com pound "avgasrör" (Eng: exhaust p ipe) in  the  phonem e and  in  th e  allophone 
dom ain  respectively . L ikew ise the  d ictionary  lists:

A)e'ta:lnirj/, [b ^ to in lg ]
/be*ta:lnit)S‘'ba*lans/, [b^'tadnlgs~ba*lans]
A)e'ta:lnii)sba' lans*’priD’ble:m / [b ;'tadnlgsba'lans~prc)'b le:m ]

fo r com pounds pronounced  w ith  the Sw edish  w ord accen t II. O n the o th e r han d , w h en ev er a 
m orphological com pound does correspond to  a  p rosod ic  com pound , as fo r  in stance  in  th e  S w edish  
w ords "trädgärd" (i.e. / ’treggord /), "B ergm an" (i.e. / 'b e ijm ari/, no te  the  p ro so d ic  d istinc tion  
betw een  the p roper noun  ind ica ting  the n am e "B ergm an" and th e  o rd in ary  n o u n  "bergm an" 
ind icating  an occupational g roup  correspond ing  to  the  E ng lish  "m iner"), "A lingsäs" (i.e . /a l ir |s ’o :s/) 
and "D alby" (i.e. / ’da:lby /), the  prosod ic  m a rk e r/~ /is  not u sed . It m ust be  apprecia ted  in  th is  con tex t 
tha t o u r defin ition  o f  a  prosodic  com pound  is  no t necessarily  equ iva len t to  a com pound  in  the  
m orphological sense.

F inally , the d istinction  betw een  long  and  sho rt sy l/ob /es is m ain ta ined  b y  the  u se  o f  p rosod ic  stress 
m arkers, w hereas the (b inary) d istinction  betw een  long  and short vowels is  m arked  in  th e  SU L  
phonem e system  by  p lac ing  the  du ration  sign  N  a fte r the vow el sym bol. T h e  d istin c tio n  b etw een  
long  and short consonants, on  the o th e r hand , is  no t m ain ta ined  in  the  S U L  system  a t a ll, i.e . the  
duration  sign  / : /  is used  fo r  vow els only . H ow ever, fo r any  long  sy llab le  con ta in in g  a  sh o rt vow el 
and only  o n e  consonant, the  consonan t sym bol is  repeated  in  all phonem e tran scrip tio n s, such  as 
fo r  instance in  / ’kali/, / ‘tak k / and / ‘takka/, b u t n o t in  / ’k a lt/  o r / ‘talda/.

3 J J  Narrow  Transcription

SU L  uses 4 6  aUophone labels  to  describe  the  inheren t variab ility  o f  th e  S w edish  ph o n em e system . 
T hese  labels are lis ted  and exem plified  below  in  th e  tab les  3 (vow els) and  4  (consonan ts). T h e  
authors i ^ l o g i z e  th a t fo r technical reasons it  has no t b een  possib le  to  co rrec tly  rep ro d u ce  all the  
d iacritic  sym bols in  th is  repo rt (cf. appendix  C).
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[a :] mat [ a ] att
[e :l vet W vett
[i:] vit [I ] vitt
[u :] bo [0 ] bott
[m:] hus [e ] hund
[y :] byt [Y ] bytt
[0:] [0 ] gått
[e :j sal [? ] vätt
[ * : ] här k ä r
[ » : ] hö W höst
[oe:] hör [ « ^ ] förr  •

[ s ]  d r a

Table 3. SUL notation fo r  the vowel atlophones

[ b ] bo [ d ] dag
i < a bord m fisk
[ g ] gata [ h ] hel
0 ] ljuv m kunna
[ 1 ] leta m kärl
[ m ] meta [ n ] natt
[ n J barn w ting
[ p ] peta [ r ] reta
[ s ] sol [ § ] fors
m sjö
w tak m fart
[ c ] tjuv [ V ] veta

Table 4. SUL notation for the consonant atlophones

In  add ition  to  these  sym bols. S U L  also  prov ides a  special no ta tion  to  marie th e  pronunciation  o f  
d iph thongs, w hich , a lthough  they  do  n o t fo n n  p a n  o f  the  S w edish  vow el system , frequently  occu r 
in  lo an  w ords o f  foreign  o rig in , such  as fo r  instance Audi. T hese  occu rrences are  transcribed  on  the 
a llophone  leve l b y  u sin g  (i) the  tw o  vow el a llophones tha t m ost accura te ly  describe  the  starxlard 
S w ^ i s h  p ron tm eia tion  o f  these  sounds, com bined  w ith  Gi) a  subscrip t liga tu re , resu lting  in  fo r 
in stance  [1 9 ] in  th e  p rev ious exam ple.

N ote  also  th a t the  transcrip tions in  o u r  d ictionary  frequently  u se  d ie  allophone [a] in  foreign  loan 
w o rd s w here  th e  o rthog raph ic  spelling  uses "0 " (e.g . in  "abolition"). S om e transcribers m ig h t p refer 
to  u se  th e  a llophone [cd] in  these  contex ts. A n o th e r fine  d istinction  in  S w edish  concerns the 
d iffe rence  b e tw een  the  sh o rt a llophones [^] and [^], w h ich  are o ften  confused  due  to  the  d ialect o f  
S tockholm  and its p refe rence  fo r [9 ] in  bo th  /e /  and /e/  contex ts. In  both  cases, i.e. fo r  the  /(D/ - A)/ 
as w ell as fo r  the  /e /  -/e/  d istinction , SU L  attem pts to  describe  S tandard  S w edish  G U kssvenska) and 
fo llow s th e  conven tions estab lished  in  L y ttkens &  W u lff (1911).
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4, Morphology in SUL
T he inclusion  and adequate  rep resen ta tion  o f  m orpho log ica l in fo n n a tio n  in  a  p ronuncia tion  
d ictionary , bo th  fo r m an  and  m ach ine, serves several im portan t purposes. W ord  in flection , b o th  in  
the o ithog raph ic  and in  the phonetic  d o m ain  is  the  m ain  m otivation . T h e  genera tion  o f  derived  
form s and com pounds, again  bo th  in  a  w ritten  and a  spoken  version , is  a lm ost eq u a lly  im p o r ta n t 
C om pu ter system s w ithou t access to  m orpho log ical da ta  w ould  need  to  reso rt to  an  exhaustive  
listing  o f  all the  po ten tia lly  possib le  in flected  fo rm s fo r  each  lexem e in  o rd e r to  co rrec tly  associa te  
incom ing  w ord  cand idates w ith  th e ir  lex ica l head s as th ey  ap p ear in  th e  d ic tionary . T h is  k ind  o f  
exp lic it lis ting  is  n o t on ly  h igh ly  uneconom ical (and un in te lligen t!) in  p rac tica l ^ rp lica tio n s , it 
w ould  also  be  ou trigh t im possib le  w ith  regard  to  the  p rac tica lly  un lim ited  n u m b er o f  com pounds 
and  derivations contained  in  languages like  Sw edish .

Sw edish  is bo th  an  inflectional language and a  language w ith  a  s trong  poten tia l to  form  new  w ords 
b y  com pounding  and by  derivation . A ll th ree  o f  these  m orpho log ical p rocesses m ay  (and  o ften  do!) 
change the  phonological realization  o f  a  w ord  in  a varie ty  o f  w ays, includ ing  fo r  in stan ce  stress 
sh ifts, reductions, assim ilations, e lis ions, syncope and epentiiesis. T h ese  changes are  governed  by  
a large set o f  ru les and, unfortunately , an  ev en  la rg e r lis t o f  excep tions.

In  analogy w ith  the  approach  presen ted  b y  H ellberg  (1978), S U L  attem pts to  ctq>ture the 
m orphophonem ic v ariab ility  o f  S w edish  in  a represen tational fo rm at w hich  in teg ra tes  the  changes 
o f  the w ords induced  by  com pounding  and  derivation  w ith  th e ir  in flection . It m u st b e  iqrpreciated 
in  th is contex t tha t the inflectional and derivational b eh av io u r o f  w o rd s in  S w edish , like  in  m any  
o th er languages, is considerab ly  m ore  com plex  in  the  phono log ica l th an  in  the o rthograph ica l 
dom ain . F o r  instance, stress sh ifts and changes in  w ord accent pa tterns are m an ifested  in  spoken  
language only . T h e  sam e applies to  phenom ena like vow el sho rten ing  o r  th e  rea liza tion  o f  the  m u te  
final "e" in  w ords like  "garage". M orphological system s fo r  u se  in  spoken  lan g u ag e  p rocessing  
therefore  requ ire  a sign ifican tly  larg e r n u m b er o f  parad igm s than  system s w hich  o p era te  so le ly  in  
the  dom ain  o f  w ritten  language such  as th a t o f  H ellberg .

S U L  needs to  opera te  in  bo th  dom ains, i.e. it  needs to  hand le  in flection , d e riva tion  and  com po
und ing  bo th  in  w ritten  and  in  spoken  language, in  o rd er to  be  usefu l in  app lica tions su ch  as 
text-to -speech  synthesis and speech-to -tex t conversion  (i.e. au tom atic  speech  recogn ition ). T h e  
m orphological system  im plem ented  in  o u r d ictionary  therefo re  com prises in  its  p resen t form  a  to tal 
o f  500  parad igm s, as com pared  fo r  instance w ith  H e llb e rg ’s tex t-based  system  o f  235  parad igm s 
(H ellberg  1978). In o rd e r to  facilita te  the rtile-based selec tion  o f  the  co rrec t parad igm  during  
m orphological analysis and generation , these  5(X) parad igm s are grouped  in to  2 4 paradigm fam ilies  
(the parad igm  fam ily  codes used in S U L  are  g iven  in  the  brackets):

• 13 fo r the  nouns (sO. s l . . .s ]  1, s20);
• 6  fo r the  ad jectives ( a l . . .a 6 );
• 5 fo r  the  verbs (v l...v 5 ) .

A  sum m ary  o f  these  23  parad igm  fam ilies, each  exem plified  b y  a  w ord  fo llow ing  th e  m ain  
paradigm  w ith in  the  fam ily , is  lis ted  below  in  tab le  5.

A  com plete  lis t o f  all 500  parad igm s g rouped  in to  the  24  parad igm  fam ilies is  a ttached  to  th is  
p ap er as appendix  A.

O bservant readers w ill no tice  th a t th e  d iv ision  in to  parad igm  fam ilies im p lem en ted  in  SU L  
follow s, to  a certain  degree, the trad itional concep ts o f  declension  ( fo r  nou n s and  ad jec tives) and 
conjugation  (fo r verbs), estab lished  in  standard  tex tbooks o f  S w edish  gram m ar. T h u s , the  p a ra 
digm s included in  the  parad igm  fam ily  s i ,  fo r  instance, em ula te  the  in flec tion  pa tte rns o f  the  
or-declension , s2 the  ar-declension , v l  th e  firs t con jugation , etc. H ow ever, irreg u la r  in flection
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p arad ig m s, w h ich  are  o ften  sim ply  listed  as excep tions in  trad itional descrip tions o f  Sw edish  
m orpho logy , are  here  co llected  and c lassified  in to  separa te  parad igm  fam ilies, in  o rd e r to  perm it 
th e ir  s tric tly  ru le-based  generation  and analysis w ith in  the SU L in flection  and com pounding  system .

$ 0  vädjan v l  bada a l  stark
s l  lampa v 2  väga a l  röd
s 2  burk v 3  blänka a 3  defekt
s3 b ild v 4  tro a 4  död
s 4  fe tt v 5  bedja aS framstående
sS sko 
s 6  dike 
s 7  träd  
s 8  plock  
s 9  tro 
s l O  Jägare 
s l l  bok  
s 2 0  pengar

a 6  bra

Table 5. Paradigm families used in SUL

T ab le  6  be lo w  show s a short, au thentic  excerp t w h ich  illustrates the  m ain  parad igm  o f  paradigm  
fam ily  s i ,  genera ting  all possib le  in flections o f  the Sw edish  noun  "flicka" (Eng: g irl) in  the 
g raphem ic , ph o n em ic  and  phonetic  dom ains:

s i a  1*1

g en itiv :

flicka flOrkaf r f l ik r a ]
flickan fittrkan/ r f l lk :a n ]
flickor /fG kkar/ f f l lk t r a r ]
flickorna /lU kkom a/ rn ik :(a t\.a ]
flickas /lUkkas/ ff lö c ra ]
flickans yiikkans/ f f l lk :a n ]
flickors A likko ;/ [ 'f l Ik :Q 5]
flickornas A fikkorrtas/ P f l lk :o t ia s ]

Table 6. Inflexion paradigm example.

Right hand column giving an allophone translation is included for clarity only.

A  com ple te  lis ting  o f  the fo u r parad igm s belong ing  to  the  parad igm  fam ily  s i  is  show n in appendix  
B .

D uring  op era tio n  in  th e  run-tim e system , th e  parad igm s are  au tom atically  converted  in to  exec
u tab le  ru les fo r  stem  genera tion  and  fo r sufflx  m erge. A  dual se t o f  in flections is  thus generated , 
one  fo r  the  o rthog raph ic  and  one  fo r  the phonetic  dom ain.
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5. Status and Goals
T he Sw edish  pronunciation  d ictionary  (SU L ) described  in  th is p ap er com prises in  its  p resen t form  
a to tal o f  approxim ately  lOO.CXX) headw ords, each  w ith  a  fu ll g raphem e rep resen ta tion  (including  
relevant a lte rnative  spellings), a  h o m o g r^ h  index  ( if  required), a w ord  c lass  specifica tion , the  
paradigm  fam ily  code, and a broad  "p to n em ic"  transcrip tion  (inc lud ing  accen tuation  and  w ord  
level stress) rep resen ting  standard  p ronuncia tion  usage. P ro p e r n am es are  fu rth e r  c lassified  as 
nam es o f  persons, {daces, p roducts, etc . S om e etym olog ica l in fo rm ation  is  in c lu d ed , m ain ly  fo r 
w ords o f  foreign  o rig in  and fo r  "outdated" S w edish  w ords still in u sa  (e.g . in  lite ra ry  language).

T he d ictionary  incorporates an  in flection  eng ine , a  com pound  eng ine  and an  tran scrip tio n  eng ine , 
w hich  together are  capab le  o f  genera ting  all possib le  in flected  form s (i.e. 800 .000) and  a th eo re ti
cally  in fin ite  n u m ber o f  com pounds, in  the  orthograid iical as  w ell as in  the  transcrip tion  dom ain .

E valuation  o f  the  d ictionary  in  prac tica l tex t-to -speech  syn thesis  show ed  that, dep en d in g  o n  the  
m ateria l, o n  the  average b etw een  95 and 99  % o f  th e  o rthog raph ic  w ords com m only  found  in  
Sw edish  new sptqier tex ts  are correc tly  handled . W ord  in p u ts  m issed  b y  S U L  co m p rise  m ain ly  
p ro p er rx)uns and fo reign  nam es and expressions.

T h ese  figures are based  on  th e  evaluation  w ith  tex t in p u t  W e hav e  n o t y e t ev a lu a ted  the 
perform ance o f  SU L  in  the  reverse  task , v iz. fo r  spoken  language inpu t in  spplicaticm s su ch  as 
au tom atic speech  recognition .

O u r goals fo r the  fu ture include  (i) to  ex tend  the  n u m b er o f  headw ords from  the p resen t 100.000 
en tries to  approxim ately  1S0.(X)0 en tries, (ii) to  increase  the n u m b er o f  v a rian t transcrip tions 
represen ting  a lternative pronuncia tions, and (iii) to  incorporate  v arious k inds o f  syn tagm atic  
inform ation  (cf. H u b er 1W 2).

F inally , w e w ould  like to  m en tion  tha t ea rlie r versions o f  S U L  have a lready  been  acqu ired  by 
o ther groups o f  researchers w ork ing  in  the  Held o f  spoken  language p rocessing , bo th  in side  and 
outside academ ia. W e are p resen tly  w oridng  w ith  com piling  a M acin tosh  based  v ers ion  o f  S U L  
w hich  w e hope to  be  ab le  to  m ake availab le  to  o th e r  researchers w ith in  the nearest fu ture . W e have 
also  been a i^ ro a ch e d  w ith  the  suggestion  to  p rov ide  a hard -copy  ed ition  o f  S U L  fo r  th e  genera l 
public , based  on  a selection  from  the larg e r h ie  o f  lex ical d a ta  com piled  a t o u r  d ep artm en t (cf. 
appendix  C).
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Appendix A
E x c e rp t o f  th e  p a ra d ig m  d a ta -b a s e

s i a . / * /

gen itiv :

s i e l . / a l /

gen itiv :

s i s  , / s /

gen itiv :

s i , 1*1

gem tiv :

f l ic k a A ikka/ -
f l ic k a n AikkarV -

f l ic k o r Afikkor/ -

fl ic k o r n a A likkom a/ -

f l ic k a s Alikkas/ -

f l ic k a n s A ikkans/ -

f l ic k o r s Afikkog/ -

f l ic k o r n a s A likkom as/ -

to ffe l A offal/ .

to ffe ln A offaln / -

to fflo r A offla r/ -

to fflo rn a A o fflam a/ -

ta ffe ls A offals/ -

to ffe ln s A offalns/ -
to fflo rs A offlag/ -

to fflo rn a s A o fflo m as/ -

ros / r o : s /
rosen / r a : s a n / -
roso r / r o : s o r / -
ro sorna /ra :sG > m a/ -
ro sen s / r o : s a n s / -
ro so rs / r o : s a § / -
roso rn a s / r Q :s o m a s / -

vdg N o :q/
“

vä g en /v o :g a n / -

vägor /v o :g o r / -

vägorna
vä g s

M > :g a m a / 
/v o :g s /  -

“

vä g en s /v o :g a n s / -

vä g o rs /v o :g o § / -

vä g o rn a s M > :g o m a s / -
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T h e  lis t be low  illustrates all parad igm s by exam ples o f  w ords. E ach  exam ple represents one 
parad igm .

sO Alex, A lice, vädjan  
s i  flicka , taffel, ros, våg
s2  choke, båge, hum m er, läm m el, nagel, öken, dager, serve, sky, gran, m un, sjukdom , gam, 

kam, sommar, caterpillar, lapp
s3  aveny, dekor, professor, doktor, modul, konsul, byrå, balsam , m uskel, kansler, fib er , kollega, 

ven, vän, dam, parallellogram , geranium, akademi, kö, analys, b ild  
s4  bageri, gage, fängelse, sekel, studium, drama, fe t t
s5 ensamble, crem e, apache, dam ejanne,pavane, cape, grace, m anege, champagne, offside, pose, 

bagette, sko
s6  altare, huvud, tabu, knä, spö, bi, dike
s7  garage, bekym m er, fönster, fa n er, kummel, kapitel, album , system , gram , ton, bäcken, vatten, 

träd
s8  natrium, m inim um , beröm, flim m er, bladder, tumm el, babbel, vatten, kaffe 
s9  agio, lappri, sperm a, bagage, college, avantgarde, p lock, insyn, service, grape, massage, 

ampere, chamotte, chartreuse, tro, judendom, rom, gödsel, frä ken , liter, purpur, radar, peppar, 
dollar, terror, forfor, humor, s t o n e d  

slO  kärande, bagare, kritiker, rododendron
s l l  fa ra o , cesar, bok, tång, fo t ,  öra, bekant, fröken , botten , braxen, öga, hinder, fin g er , man, 

m iddag, söndag, m åndag, tisdag, onsdag, torsdag, fredag , lördag, vardag, namnsdag, middag, 
land, and, baryton, m orgon, son, farbror, bror, m or, m orm or, fa r fa r , fa r ,  broder, moder, 

fa d e r , r fto n , o fficer, toker, ham m are, dotter, spektrum , cen ter, tem a, dekanus, eforus, 
am aryllis, em eritus, deputerad, lus, gås, get, gnet, nöt, ledam ot, rot, natt, bokstav, historia, 
stad, verkstad, verkstad, bonde, iävul, jävel, predikan, duo, albino, lexikon, exam en, spann, 
snö, orden, sägen, sjö, pilgrim , altare, genre, himmel, papper, lager, pansar  

s2 0  pengar  
v l  bada, andas
v2  tända, fö d a , skilja, fö lja , skämmas, stämma, kännas, känna, böja, sörja, fo ra , mala, tåla, kräva, 

trivas, blygas, väga
v3 mäta, lyfta, m inna, begynna, synas, blåsa, blänka 
v4 brås, tro
v5 begrava, drita, be, bedja, binda, bita, bjuda, bli, bliva, bringa, brinna, brista, bryta, byta,bära, 

böra, dim pa, dra, draga, dricka, driva, drypa, duga , dväljas, dyka , dö , dölja, fa lla , fa ra , 
fö r fa ra s , fin n a , f isa , fly g a , fly ta , fn ysa , fry sa , f å ,  fö rg ä ta , fö rn im m a , gala, ge, gifta, giva, 
gjuta, glida, gnida, glädja, gripa, gr&a, gå, gås, göra, ha, hava, heta, hinna, hugga, hålla, idas, 
kliva, klyva, knipa, knyta, koka, komma, l ^ p a ,  kunna, kvida, kväda, le, lida, ligga, ljuda, 
ljuga, ljuta, lyda, lysa, lägga, låta, löpa, m inna, m innas, m ysa, m å, rnåste, niga, njuta, nypa, 
nysa, p ipa , pysa , rinna, rysa, rädas, se, sim m a, sitta , sjuda, sjunga , sjunka, skina, skita, 
skjuta, skola, skrida, skrika, sprida, spörja, strida, vrida, rida, skriva, riva, trivas, skryta, tryta, 
ryta, skälva, skära, slinka, slinta, slippa, slita, sluta, slå, slåss, sm ita, sm yga, smälla, smälta, 
smörja, snika, snyta, sova, spinna, spricka, springa, spritta, sticka, stiga, stinka, stjäla, stryka, 
ryka, strypa, stå , stöda, stödja, suga, supa, svida, svika , svälja , välja, svälta, svära, svärja, 
säga, säja, sälja , sätta, taga, tiga, tjuta, töras, tvinga, två, tälja, täm ja, tör, töras, vara, varda, 
veta, vika, vilja, vina, vinna, vänja, växa, äta, ta

a l  vacker, ädel, ljum m en, ilsken, kavat, tunn, fr ig id , brydd, b lond , sakta , tam , dum , ledsam, 
allm än, vig, avig, trygg, svensk, dov, stark 

a l  fr i ,  blöt, rädd, god
a 3  beige, disträ, olovlig , alternativ, komisk, ansedd, hybrid, aktad, anlagd, brunnen, kommen, 

svulten, avlång, fjäderlätt.jättevacker.fem dubbel, halvgammal, perifer 
a 4  arbetsfri, benvit, död, skyhög  
aS framstående
a 6  bra, dålig, gammal, grov, hög, liten, låg, lång, stor, trång, tung, ung

Appendix B
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Appendix C
■ luhu. lA [ 'a:l

II KiCo:<tl pi anl'aml ina[‘a:na|
I alfabeiris försia boksitn'.
• Böjningjr skriva ofud'rC. o n osv.

i  prtp [ ' • ]
• till. for.
(<<\ Fn: A. till, ov Luin: od|

■ npella o>Kcrb (aka'pfl»] 
ah; [aka'p(l:al.
• Ulan ackompanjemang: med endas! sångstUnmor.
«■V lul: o copcOo. noi I kapellet, iv Latin: copeHo, Bien fet. 
dhninuiiv av copra, getl

a  cenio adverb [ a 'k o n ts ]
alt: [ a 'k a n u ] ;  cl [- to ] , • Eller o konio.
• j räkning.
Jodr; MSEOB ta tan io l. (<avlial: o tento) 

a dato adverb [a'dono]
alt: I-o],
• från i dag: frm  utgivningsdagen.
Jmir: SAOB (-'dcEiol. MSEOB la'dttio]. C<>v Latin: date» tv 
dotMm)

k  Jour adjeki. a ob [a'5u7]
• uppdaterad: underrOtusd om: frå i denna dag.
|<Fra:d jour)

k la adverb ['alal
• NäBan alltid obeuinai[,ala|.
• enligl.
• I Brbiadetier aom biff é la lindttrim , ria d lo Malta. (<Fra: d 
lo)

k la carte ubu , t eb [ala'kai:]
• rätt på meny sem lillagas på besiällning.
(<Fra:d lo carte)

a posteriori adverb [a ,p 3 S ta r ro 7 i]
alt: [-.paste r-],
• / tfierhand.
KLaiiaa poateriori, e | Ma det cAcrByaode) 

a priori adverb [apri'OTl]
• på förhand.
Jmfr; SpN lrprgy\l. (<Latina priori, eg Mn det Bregdende)

Aage aihn. lO [ 'o :g e ]
• egennanm: mansnamn.

Aalborg »bu . lO ['oil.barj]
• egennamn: an på Jylland.

Aariitis mbit, r t  ['ov.hirs]
• egennamn: an på Jylland.

Aasa nibst. a  [ 'o sa ]
• egennamn: kvinnonamn.

Aasanim ubu . d> ['asa-v.rem:]
• EUer Ååorvm.
• egennamn: ort i Biekinge lån.

Aase whit. d) [ 'o sa]
• egennamn: kvinnonamn.

Aatosnbu. fO ['anas]
I egennamn: nusnsnamn.

ab Crkonn ['o>>,be:]
• Skrivi oAa oied verialer AB.
• aktiebolag.

ab- Bried [«b-]
• latinskt prefix med betydelse Ifrån. isär.

ABAB Brkonn ['oibab]
• allmåina bevaknings AB.

abakus uiw. s3 ['abakes]
alt: [ ’oibakes], • SkrWi iten obacuj. || abakuteti( 'abakmsnl. pl 
ahakuter 1'abakasarl abakuiernafabiakasaixal
• I. en kulram anväid som rSjiehJälpmedel. 2. arkit: platta

överst på bl a kolonnkapiläl.
JmIr: SAOB ['oibakast SiOB l'o:b-| SAOL" (ab:-|. (<av Latin 
obacuj. av Grek: oboi, iiagoi hoptogai)

ab an d o n  tub>i. i9 [abai]'daQ :l
alt: [ab an -] . || ahamkmenlabaq'doipanl
• ledighet, otvungenhet I uppträdandet: uppsluppenhet.
Jmfr: LAW (1911) (Abag'daipl. SAOB (Abag'da^l. ISvOB labag- 
tda^l. SAOL" [-ag'dacpl el (•an'ds^l. (<av Fra: abandon, oied 
aoituna betydelie, av itrt d bondon)

abasl lubn. i9 [aba'al:]
II abailn [aba*010)1
• medicin: förmåga att gå.
«avCrek: o-. Icke- -f baaii, gdng)

abbd n bn . i3 [a'be:]
II abbcn(a'bEnl pi abbéer[a*bamr| abbeentalataaga]
• titel f ir  tdtbott (också använt för katolsk präst I allm^hei). 
Jfflff: LAW (1911)[a^e]. SAOB(a*be|. DhrTOB(a^as] «ovFra: 
abbé. abbot, tv Ladn: obboa)

ubft, fl; avid [ a b c 'd i s s ]
II abbedluaalabf'dtxanl pl abbeditier[abe'dtsor] abbediooraalabt- 
*dtsoi\sl
• föresthtdarinna fÖr nunnekloster.
Jmir: LAW (1911) [Abt'dtsa], SAOB [Abo'dtaa], SvIOB /-kiV d  
/'Of'-/. (<Fiv;abbadiaja, avetttldalatlaabbofiata)

Abbekks wbn, aO [aba'kos]
alt: ['ab:a^.^kos].
• egennamn: ort i Malmöhus /A.

a b b o rra r t n b n . t3: ug [ 'a b s r» .,a : [ ]
•o b b o m itad  atQ ekt.a3;avid['ab3r^,ci:tad]

•abborre ntb«. i2,ci [ 'a -v .barta]
• zool: en sätvanensfisk (Percafluviatilis).
Jmfr: LAW (1911) ['abt^.banal. SAOB ['abe^.bara] d  ['afasral d  
('a--.h3ns]. (<Fiv; opfiberrc, av oph, tprtsigt BremdI) ^bborrfisk 
Mbit. C-. ag ['abor-vjisk] • zool: en släkte av fiskar. 
•abborrgnuid aibu, i7; tag [ 'absrn -^end] •abbonpinne 
lubfi. C; Bg ['absr-v.pui»] • vard: liten abborre. 

Abborrtrksk lubii. lO ['aboo^trfsk]
< egennamn: ort i Västerbonens Ukt: I Norrbonens län. 

abbot Bibu. C [ 'ab st]
alt: [ 'ab st], || abbown ['aboisn). pl abboiar['aboiar| abbouma 
('abstaiial
• föreståndare för kloster: rmtnk.
Jotfr: LAW (1911) ['afaatl. SAOB ['abotj d  ta*bu:t|. iven(*ahcotl d 
( a te t l .  dDan['ab:'.bo:tl. SiOBt‘ah:-|. SpN /abb/. DMTOBIWbat]. 
(<Ftv: obole, Bver latin, av aramciika obbo, bder) -abboldönie 
itibst. ad: avM [ 'a b s w .,d ø u n e ]  • EUer abboUdSme. • Stondom 
med kon 6-vekal. (-.danual. -abboCsdSoM aubii, a6; avkl
[ 'a b s t s ^ .d a tm a ]  • EUer abbetddmt. • Suntdom ated kon S-vokal, 
(-.damm). -abboSkap lubai. |7; avId [ 'a b s t% s k a :p j
•abbotsstift lubit. i7; Bg [ 'a b s t -v .s t i f t ]  all: tydligt [ 'a b s i s -  
.S tlft], • EUer abbotttift. -abbatsdfil aubit. a7; tag [ 'a b s t 'v -  
,S tlft|>  EUer abbottaift.

abbrev iation  tubn. i j ;  avid [ A b r « v ia '^ :n ]
alt: (över)iydligt [Abre<vl*a-], red [ a .b r fv ja - ] ,  ||
abbreviationen (AbraviaVcnanl. pl nbbrevlaiioncr [A b rfv ia^ n ari 
abbieviatioaernal Abravia V a x tia j 
.förkortat skrivsän.
Jmfr: LAW (1911) (Abra.vi-aS>3)l. SAOB [Afar«.vimV»l d  (a- 
Arr-I. (<av Fra: abbrdviocien, Brkottning. av Latin: ebbreviare. 
Brkorta. av brevla, ken)

•abbreviatur tubit. t3: avid [.abrevia'tu:rl
alt: (Sver)iydligt [,abra.v|-a-]. red [a.brevja-], ||
abbreviaturen (Abr«viBlknran|, pl abbrevlatuter (Abravta*ucrarl 
abbrevlaiurerna (Abrfvia *tu3ai(a)
• förkortad beteckning: symbol som ersåier flera skrivtecken.
Jmfr: LAW (1911) (abre.vha*tu;r|. SAOB [Abra.vl-alurr] el [a-
,bre--| KavTyaka: abbreviatur, av Latin:obbrrviare, firkoru)

•abbreviera verb. vt [Abrevreira]
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On the Coverage of a Morphological Analyser based 
on '^Svensk Ordbok** [A Dictionary of Swedish]

Anna Sågvall Hein
Uppsala University

Introduction
In the p ro ject a  Lexicon-oriented Parser fo r  Swedish  a stem  d ic tionary  (Sågvall H ein  &  S jögreen  
1991; S jögreen , forthcom .) covering  the 58 ,536  en try  lem m as o f  Svensk O rdbok  (1986) a long  w ith  
a com plete  in flectional g ram m ar o f  S w edish  (Sågvall H ein , fo rthcom .) w as genera ted . T h is  
language descrip tion  to g eth er w ith  the  U ppsala Chart Processor, U C P  (Sågvall H ein  1987) 
constitu te a m orpho log ical ana lyzer o f  S w edish , hencefo rth  referred  to  as SM U, sho rt fo r S w edish  
M orphology  in  the  U C P  fram ew ork.

So far, there  are n o  w ord fo rm ation  rules in  the  SM U  gram m ar, and w ords ou tside  the  scope o f  
Svensk  O rdbok d o n ’t get an analysis^. E ven though  closed  in  its p resen t version , the  coverage  o f  
SM U  is w ell-defined; p rio r to  any  p rocessing  w e m ay consu lt Svensk  O rdbok  to  find  ou t fo r any  
w ord form  w hether it will get an analysis o rn o t; the  d ictionary  p rov ides an  in tu itive , fam iliar fo rm at 
through w hich w e m ay  explore  the  (present) com petence o f  the  S M U  an a ly ser w ithou t an y  p rio r 
know ledge o f  its fo rm alism s o r  operation . SM U  is also  w ell-deH ned in the  sense , tha t fo r  an y  o f  its 
lem m as. Svensk  O rdbok p rov ides links to  the correspond ing  lexem es (basic  senses), and  fo r each  
lexem e a definition.

In  o u r ongoing  w ork on a m ach ine-trac tab le  d ictionary  fo r Sw edish , w e are  app roach ing  p rob lem s 
concern ing  the  d istinction  betw een  general and dom ain  specific  vocabu la ry , and  the  p resen t 
coverage o f  SM U  is o u r starting-po in t fo r de lim iting  a  general S w ed ish  vocabu lary . F o r an  
evaluation  o f  the generality  o f  the d ictionary , the an a ly ser has been  app lied  to  d iffe ren t se ts  o f  
Sw edish  text. F o r one o f  them , consisting  o f  the 10,224 m ost frequen t ty p es o f  th e  7 ,3  m illio n  w ord  
new spaper corpus o f  T h e  L anguage B ank (G ellerstam  1989) the w ords ou tside  he  scope o f  the 
analyser have been  exam ined  at som e detail. H ere  w e w ill p resen t the  resu lts  ach ieved  so  far, and 
also  d iscuss th e ir im pact on  o u r  con tinued  w ork  on  the d ictionary .

F irst, how ever, w e w ill b riefly  characterize  the  S M U  an a ly se r w ith  regard  to  m orpho log ica l 
descrip tions, and d ictionary  rep resen ta tion  o f  in flection .

The morphological descriptions of the SMU analyser
T he m orphological descrip tions generated  by the ana lyser a re  expressed  as a ttribu te-va lue  structu 
res (Sågvall H ein &  A hrenberg  1985; cf. d i re a e d  acyclic  g raphs, dags, fo r short, S h ieb er 1986). 
F o r a first illustration , w e presen t the descrip tion  o f  the noun  festernas [of the parties] (see fig. 1 ) .
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It com prises fo u r general aa rib u tes , i.e. L E M  for lem m a, W O R D .C A T  fo r w ord category  (part o f  
speech), D IC .S T E M  for d ictionary  stem , and IN FL  fo r in flection  type), and, fou r attributes specific 
to  the nou n s i.e. G E N D E R , N U M B er, F O R M  (species), and C A SE. T h e  general a ttribu tes are 
p resen t in  the  descrip tions o f  all the  w ords, regard less o f  part o f  speech  (noun, adjective, p ronoun, 
v erb , adverb , n um eral, preposition , con junction , in terjection , article , and infin itive maricer).

FESTERNAS 
(* = ( LEM=FEST.NN

W ORD.CATgNOUN
INFL=PA1TERNPILM
DIC.STEM=FEST
GENDER=UTR
NUMB=PLUR
FORM =DEF
CASE=GEN)

Figure 1. An analysis of the noun festernas [of the parties]

T h e va lue  o f  the  lem m a attribu te  is iden tical to  the basic  form  o f  the lem m a w ith  a (tw o le tter) w ord 
c lass  m ark er fo r  the d istinc tion  b etw een  hom ograph  lem m as, i.e. springa l.nn  [d iin k ; slot] and 
springa2.vb  [run]. In  addition , the hom ographs are  num bered  as they  are  in  Svensk O rdbok (cf. 
^ sp rin g /a  subst. [noun] and ^ sp rin g /a  verb ), w hereby  im m ediate  reference to  th is  background 
m ateria l is facilita ted . I f  there  are tw o  hom ograph  lem m as o f  the sam e w ord  category , the 
hom ograph  n u m b er alone w ill keep  them  apart, e.g . bokL n n  [book] (plur. böcker) and bok2.nn  
[beech  (tree)] (p lur. bokar). T h e  w ell-deflned  lem m a m ark er supports the  d istinction  betw een 
ex ternal and in ternal hom ography , a basis  fo r subsequen t lem m atization . F urther, it  p rovides a  basis 
fo r  the se lec tion  o f  dom ain  tuned lem m a d ictionaries from  a  general d ictionary ; the lem m as specifle 
to  the  d o m ain  are  recognized  b y  the  m orpho log ica l analysis o f  tex ts typical o f  that dom ain . T he 
d ic tionary  stem  attribu te  m ay  serve the sam e function  in  bu ild ing  a dom ain  tuned  stem  d ictionary  
from  a general stem  d ictionary .

T h e  v a lu e  o f  the in flection  attribu te  is  a pattern w ord  w hich  is  a lso  the  nam e o f  an  inflectional 
rule  de flned  in  the  g ram m ar. T h e  inclusion  o f  th is in fo rm ation  in  the  m orpho log ical descrip tions 
p rov ides  a basis fo r  frequency  stud ies o f  inflectional types in  cu rren t text.

In  add ition  to  the  general a ttribu tes, each  p a rt o f  speech  (excep t fo r the  p repositions and the 
in fin itive  m arker) is characterised  b y  its  ow n  se t o f  attribu te  value  pairs. In  fig. 2  w e p resen t the 
m orpho log ica l descrip tions resu lting  from  the analyses o f  an  ad jectival parad igm , the  ad jective 
fe s tlig  [festive; grand] . T h e  descrip tions illustrate , am ong o th er th ings, the  represen tation  o f  internal 
homography. T h e  form  fe stlig a  gets tw o  descrip tions, one  correspond ing  to  an  analysis o f  it  as a 
d e fin ite  s in g u la r positive  form  o f  the  ad jec tive  festlig .nn, the  o th e r one  as a p lural positive form  o f  
the  sam e ad jec tive . In  o th e r  w ords, th is  is  a case o f  internal hom ography . T h e  form s d iffe r w ith  
regard  to  n u m b er (sin g u lar versus p lu ra l) and form  (delin ite  in  the s ingu la r case, unstated  in  plural). 
T h e  descrip tion  is  underspecified  in  the  sense tha t th e  form  value  is le ft o u t in  p lural w ith  the  effect 
th a t it w ill u n ify  w ith  defin ite  as w ell as w ith  indefin ite  con tex ts in  a un ification-based  syntactic  
analysis; it a llow s fo r  a  d efln ite  o r  an indefin ite  read ing  (cf. K arlsson  forthcom . representing  
u n d erspec ifica tion  b y  m ean s o f  com posite  va lues, e .g . D E F /IN D E F ). A  fu lly  specified  rep re
sen ta tion  w ould  hav e  im plied  the estab lishem ent o f  tw o  descrip tions, one  p lu ra l indefin ite  and one 
p lu ra l defin ite . T here  are  m any  such  cases in  the  S w edish  in flectional system , consequently , 
u n d ersp ec ifica tio n  has a substantial im pact on represen tational econom y. In  T ab le  I w e sum m arize 
the  a ttribu tes and values specific  to  the  d ifferen t parts o f  speech.
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FESTUG 
{* = (

FESTUGA 
(* = ( (* = (

LEM=FESTLIG j \V
WORD.CAT=ADJ
INFL=PATrERN.BLEK
DIC.STEM=FESTLIG
GENDER*UTR
NUMB=SING
FORM=INDEF
CX)MP=POS)

LEM =FESTLIGAV
WORD.CAT«ADJ
INFL=PATTERN.BLEK
DIC.STEM =FESTUG
COMP=POS
NUMB=SING
FORM=DEF)

(LEM=FESTLIG.AV
WORD.CAT=ADJ
INFL=PATTERN.BLEK
DIC.STEM=FESTLIG
GENDER=UTR
NUMB=SING
FORM=DEF
SEX=MASC
COMP=POS)

LEM=FESTLIG.AV
WORD.CAT=ADJ
INFL=PATTERN.BLEK
DIC.STEM=FESTLIG
COMP=SUP
FORM=INDEF))

Figure 2. Analyses of the adjective festlig [festive; grand]

FESTUGT 
(* = (

FESTUGE 
(* =

FESTUGARE 
(* = (

LEM=FESTL1Gj \V
W ORD.CAT-ADJ
INFL=PATTERN.BLEK
DIC.STEM=FESTLIG
GENDERs NEUTR
NUM BsSING
FO RM sIN DEF
COMP=POS)

LEM=FESTLIG.AV
W ORD.CAT=ADJ
INFL=PA1TERN.BLEK
D IC.STEM =FESH JG
COMP=POS
NUMB=PLUR)

LEM=FESTLIG.AV
WORD.CAT=ADJ
INFL=PATTERN.BLEK
DIC.STEM=FESTLIG
COMP=COMP

FESTUGAST 
(* = (

FESTUGASTE 
(• = ( LEM =FESTLIG ^V

W ORD.CAT»ADJ
IN FL=PA TTERN 3LEK
DIC.STEM=FESTLIG
COMP=SUP
FORM=DEF))

P a r t  o f  speech A tt r ib u te V a lu es

NN GENDER Neutr Utr
NUMB Sing Plur
FORM Indef Def
CASE Basic Gen
PROPR +
ABBREV +

AV GENDER Neutr U tr
NUMB Sing Plur
FORM Indef Def
COMP Pos Comp Sl^)
FUNC Attr Pred
SEX Masc
(■«■ CASE for the description o f nominalized adjectives)

VB TENSE Pres Sup Pret
INFF Inf PP Ap
VOICE Pass Act Depon

121



AL

PN

NL

IMP +
CONJ +
(+ NUMB. GENDER, FORM. FUNC, SEX. CASE for the description of
the participles)
GENDER N eutrU tr
NUMB Sing Plur
FORM Indef D ef
PRON.TYPE Pers Poss Rel
ATTR.TYPE Select Quant Comp
DET.TYPE Tot Det
GENDER Neutr Utr
NUMB Sing Plur
FORM Indef Def
CASE Basic Gen Obj
SEX Masc
P A R T m V +
DUAL +
NOUN.INDEF +
ATTR.TYPE Select Quant
GENDER Neutr Utr
NUMB Sing Plur
FORM Indef Def
CASE Basic Gen
SEX Masc
COMP Pos Comp Sup
SUBJU +

AB 
KN

P repositions, in te ije a io n s , and the in fin itive m ark er have no  attributes.

Table l .A n  Overview o f the attributes assigned by the SMU analyser

Inflection in Svensk Ordbok and in the SMU dictionary
In  fig. 3 w e p resen t the in flectional v arie ty  o f  the -ar-declination  fo r an  illustration  o f  d ie rela tion  
b etw een  the  in flectional form at o f  SO B  and tha t o f  the SM U  stem  dictionary . In  the  sim plest case, 
th ere  is on ly  o n e  stem , in  SO B  and in  SM U , and, further, the  stem  is  identical to  the basic  Gem m a) 
form  o f  the  w ord  (see 1 and  2). In such  cases, the en try  form  o f  SO B  represen ts a t the  sam e tim e 
the  lem m a and  th e  stem , w hereas in  th e  SM U  form al d ictionary  the tw o  concepts have to  be 
ind iv idually  represen ted . T h e  pattern  ru les o f  the SM U  dictionary  cover th e  in flectional in form ation  
g iven  in  SO B  in  term s o f  w ord  class and sign ifican t end ings, and, also , th e  gram m atical background 
in fo rm atio n  to  w h ich  these  m orpho log ica l k ey s  refer, i.e. m o ip h o tac tic  n ile s  detem nining the 
in flec tio n a l b eh av io u r o f  the nouns. S om etim es. SO B  recogn izes a  stem  identical to  an  in itial 
sub strin g  o f  th e  lem m a fo rm  and delim its it from  th e  succeed ing  end ing  by  a  slash , as  in  3  -  8 , and 
11. T h e  stem  co n cep t thus adopted  is th e  technical stem  (H ellbe ig  1978). T h e  SM U  ana lyser treats 
th ese  cases in  a d iffe ren t w ay , i.e . b y  m eans o f  a  genera l rew riting  ru le  (4  -  8 ) o r  stem  handling  
op era tio n s in  th e  p a tte rn  ru les (as in  3  and 11). In  th e  first case , the  non-vow el stem  alternant is 
regarded  as th e  canon ical form  o f  th e  stem , and  its vow el coun terpart is  reduced  to  th is  form  by  a 
secondary  vow el d e le tion  rule^. T h u s there  is on ly  o n e  stem  in  d ictionary , and, w hat is m ore 
im portan t, w e d o n ’t have to  accep t as endings s trings such  as eln, lor, nen, nart etc. In  the  second 
case , S M U  analyses th e  stem  in tw o steps, i.e. as a  dictionary stem  fo llow ed by  a  stem  build ing 
e lem en t, e .g . pojk-e, drdm-m , Idm-mel. A  w ord  form  su ch  a s pojken  is analysed  pojk-e+n, Idmmeln 
as Idm-mel+n, e tc . w here the  co rrespond ing  pattern  ru les (pattem .gosse  and pattem .liim m e]) are
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responsib le  fo r the recognition  o f  the  stem  bu ild ing  segm ents and th e ir  d istribu tion  in  the parad igm  
(see fu rther Sågvall H ein , forthcom .).

In  a ll. there  are 132 (stem ) pattern  ru les fo r the nouns, 4 0  fo r  the  ad jec tives, 89 fo r th e  verbs , 1 
fo r  the  articles, 30  fo r the p ronouns, 5 fo r  the num erals , 9  fo r  the adverbs, 2  fo r  th e  con junctions, 
and one  each  fo r the  prepositions, the  in te ijec tions, and  the  in fm itive m arker. In  m ost cases  the 
analysis is  based  on  one  stem ^, and  in  these  cases, the  stem  w ith  its  p a tte rn  ru le  is a su ffic ien t 
characterisation  o f  the in flectional beh av io u r o f  the lem m a as such. If, on  the o th e r hand , th e  lem m a 
is  represented  by  m ore  than  one  stem  in the d ictionary  (cf. 17 and  18 in  fig. 3). the  se t o f  stem s 
involved  along w ith  theirpattern words  determ ine the  in flection  o f  the  lem m a, the  lem m a in flection  
as opposed to  the stem  in flection . F requency  da ta  on  the inflectional ty p es o f  th e  SM U  w ords have 
been presen ted  elsew here  (Sågvall H ein  &  S jögreen  1991).

SO B

1 g fird  subsL - e n  -a r
2 subsL - n  - a r
3 p o jk /e  subsu - e n  -a r
4  speg /e l subsL -e ln  - la r
5 sock /en  subsL -n e n  -n a r
6  b o tt/en  subsL -n en  el. = ,

~ nar
7 m y rt/e n  subsL - e n  -n a r
8  f in g /e r  subsL - r e t  el. - e m

- r a r
9 d rö m  subsL -m e n  -m a r

10 läm A nel subst -m e ln  - la r

11 su m A n er subst -m ern  - r a r

1 2  s o m m a r  subsu -(e )n  somrar

13 h a m m a re  subsu hammar(e)n, =
el. hamrar, besu plur.

14 h im m el subsu himmel(e)n  el.
himlen, himlar

15 a f to n  subsu c f  tonen cftnar

16 d jä v u l subsu - e n  djävlar

17 m o d e r  av. ^ m o r subsu
modern m ödrar

18 to k  subsu - e n  - a r  el. 
to k /e r  -e rn  -a r

19 s ta d g a r  subsu plur.

stem
SMU
lemma pattern

gård gård .nn .stol
sjö sjd.rm .fru
po jk -e po jke .nn .gosse
speg(e)l spegel.nn .nyckel
sock(e)n so c k en jin .öken
bott(e)n botten .nn .botten

m yrt(e)n m yrten .nn .frbken
fing (e)r fingernn .finger

dröm drOm .nn .kam
dröm -m
lam -m el låm m el.nn .låm m el
läm -1

sum -m er sum m er.nn .hum m er
su m -r
som som m ar.nn .som m ar
som -m ar
h am -r ham m are .nn .kam m are
ham -m ar
ham -m are
h im -m el h im m eL nn .h im m el
h im -1

aft-on afton.nn .m orgon
aft-n
d jåv -u l d jåvul.im .d jävu l
d jäv -1

m o d er m o d e r J in .m o d er
m ö d ra r m o d e rjin jn ö d ra r
m o r m o d er J in .fa r
tok tok .nn .stol
to k er tok.nn .toker
stadg stad g an n n .vägnar

tn example: the -ar-declination.
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The Scope of Svensk Ordbok and the SMU analyser
F o r  the recognition , and subsequen t exam ination , o f  m issing  en tries in  the d ictionary , w e apply the 
S M U  an a ly se r to  d iffe ren t sets o f  S w edish  te x t  So far, w e have  analysed fou r tex t m ateria ls o f  
substan tia l size , i.e. th e  10,224 m ost frequent types o f  the 7 ,3  m illion  w ord  n ew spaper corpus o f  
th e  Sw edish  L anguage  B ank (G ellerstam  1989), referred  to  as PressFreq, the  {rfiarmacological text 
o f  the  S w edish  d ru g  catalogue FASS  (1985) (660,(XX) curren t w ords), the Professional Prose  corpus 
o f  the  Skrivsyniax  p ro jec t CTeleman 1974), referred  to  as  PrcfProse  (78 ,0366 curren t w ords), and, 
fina lly , th e  co rp u s o f  the  defin itions o f  S vensk  O rdbok, referred  to  as D efVoc  (360 ,144  current 
w ords). P ro fP ro se  consists o f  fou r types o f  tex t o f  equal size  (tex tbooks, new spapers, debate  books, 
and  b rochures).

c o rp u s to k e n s ty p e s ty /to c o v e re d u n c o v e re d

P ress 5 ,091 ,965 10,224 0 , 0 2 8,424  (82% ) 1 ,7 9 0 (1 8 % )
F req
P ro f 78 ,036 13,766 0,18 10,083 (73% ) 3,683  (27% )
P rose
D efV oc 360,144 43 ,934 0 , 1 2 31 ,350  (71% ) 12,584 (29% )
FA S S 664,314 39,884 0 ,06 9 ,767  (25% ) 3 0 ,1 1 7 (7 5 % )

Table 2. Results of the application of the SOB-based SMU analyser to four sets of Swedish text

A s m ig h t be  expected , the  analyser covers best in  re la tion  to  the  h igh  frequent w ords o f  the 
n ew sp ap er tex t and w orst w ith  respect to  the  h igh ly  dom ain-specific  pharm acological text. In 
b e tw een  com es the  m ore  general tex t o f  P ro fP rose  and tha t o f  the defin ition  corpus, covered, 
basica lly , to  th e  sam e e x te n t  In tab les 3 to  6  w e p resen t m ore detailed  data  o n  the results o f  the 
p ro cessin g  o f  each  o f  the tex t m ateria ls. T hey  include  inform ation  on  hom ography  o f  three kinds, 
i.e. G em m a) in ternal. G em m a) ex ternal, and m ixed (internal and external). (F o r each  tex t m aterial, 
w e also  h av e  deta iled  d a ta  on  the d ifferen t subtypes o f  hom ograph ies tha t w ere found , e.g. i n t  AV, 
ex t. A B /A B , ex t. A B /K N , exL A B /N N , and th e ir  frequencies.)

N u m b e r  o f  
p a rs e s

lex ica l c o v e ra g e  
ty p e s %

te x tu a l  c o v e rag e  
to k e n s %

0 1,790 17,5% 299,235 5,9%
1 6 ,142 60,0% 2,270,961 44 ,6%
2 (in t.) 593 5,8% 152,334 3,0%
2  (ex t.) 959 9,4% 1,391,623 27,3%
3 (in t.) 158 1,5% 24,934 0,5%
3 (ex t.) 191 1,9% 4 3 5 ,0 6 6 8,5%
3 (m ix.) 206 2 ,0 % 54,1 7 6 1 , 1 %
4 (ex t.) 33 0 ,3% 43 ,8 1 4 0,9%
4  (m ix .) 69 0 ,7% 24,544 0,5%
5 (exL) 14 0 , 1 % 258,713 5,1%
5 (m ix .) 54 0 ,5% 20,382 0,4%
6  (ex t.) 6 0 , 1 % 83,669 1 ,6 %
6  (m ix .) 7 0 , 1 % 32,118 0 ,6 %
7 (m ix .) 1 0 ,0 % 96 0 ,0 %
8  (m ix .) 1 0 ,0 % 280 0 ,0 %

T otal: 10,224 1 0 0 ,0 % 5,091,965  100,0%

Table 3. Results o f the application o f the SOB-based SMU analyser to PressFreq
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T he lem m a can  be  unam biguously  d e ten n in ed  fo r 6 ,893 types (67 ,4% ) an d  2 ,447 ,956  tokens 
(48,1% ). In  P re s s F re q  w o rd s  o u ts id e  th e  sco p e  o f  S O B  below , w e give an  acco u n t o f  the  k inds 
o f  w ords tha t go t no  parses.

N u m b e r  o f lex ica l c o v e ra g e  ^ te x tu a l  c o v e ra g e
p a rs e s ty p e s % to k e n s %

0 3,683 26,8% 6,806 8,7%
1 7,828 56,9% 38,015 4 8 ,7 %
2  (ini.) 800 5,8% 2,693 3,5%
2  (exL) 829 6 ,0 % 17,638 2 2 ,6 %
3 ( in D 161 1 ,2 % 282 0 ,4%
3 (exL) 149 1 , 1 % 6,068 7,8%
3 (m ix.) 168 1 ,2 % 758 1 ,0 %
4 (cxL) 24 0 ,2 % 455 0 ,6 %
4  (m ix.) 63 0 ,5% 384 0 ,5%
5 (exL) 8 0 , 1 % 3,282 4 ,2 %
5 (m ix.) 44 0 ,3% 266 0 ,3%
6  (ext.) 3 0 ,0 % U O l 1,5%
6  (m ix.) 4 0 ,0 % 186 0 ,2 %
7 (m ix.) 1 0 ,0 % 1 0 ,0 %
8  (m ix.) 1 0 ,0 % 1 0 ,0 %

Total; 13,766 1 0 0 ,0 % 78,036 1 0 0 %

Table 4. Results o f the application of the SOB-based SMU analyser to ProfProse

T h e lem m a can  be  unam biguously  determ ined  fo r 8 ,789 ty p es (63 ,8% ) and 4 0 ,9 9 0  to k en s (52 ,5% ). 
R oughly  13%  (479) o f  the  w ords tha t go t no  analysis are  num erica l e g re s s io n s .

N u m b e r  o f lex ica l cov erag e^
p a rs e s ty p e s %

0 12,584 28,6%
1 26,348 60,0%
2  (int.) 1,654 3,8%
2  (ext.) 2 ,205 5,0%
3 ( in t ) 251 0 ,6 %
3 (ext.) 258 0 ,6 %
3 (m ix.) 372 0 ,8 %
4 ( in t ) 1 0 ,0 %
4  (ext.) 4 0 0 , 1 %
4 (m ix.) 137 0,3%
5 ( e x t) 9 0 ,0 %
5 (m ix.) 63 0 , 1 %
6  ( e x t) 3 0 ,0 %
6  (m ix.) 7 0 ,0 %
7 (m ix.) 1 0 ,0 %
8  (m ix.) 1 0 ,0 %

Total: 43 ,934 1 0 0 ,0 %

Table 5. Results of the application of the SOB-based SMU analyser to DefVoc
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T h e lem m as o f  2 8 ^ 3 4  o f  the types (64% ) can be  determ ined  unam biguously . O nly  4 3 0  (~ 3 ^ % ) 
o f  th e  0 -parses are  num erical expressions.^

N u m b e r  o f  
p a rs e s

lex ica l co v erag e^  
ty p e s %

0 30,117 75,5%
1 7 ,598 19,1%
2 (in t.) 874 0 ,2 %
2 (cxL) 766 0 ,2 %
3 (in L ) 147 0 .0 %
3 (exL) 116 0 ,0 %
3 (m ix .) 142 0 .0 %
4 ( e x t ) 17 0 .0 %
4  (m ix .) 52 0 .0 %
5 (ex t.) 6 0 .0 %
5 (m ix .) 42 0 .0 %
6  (ext.) 3 0 .0 %
6  (m ix .) 3 0 .0 %
8  (m ix .) 1 0 .0 %

T otal: 39 ,884 1 0 0 .0 %

Table 6. Results o f  the application o f the SOB-based SMU analyser to PASS

T h e  le m m a s  o f  8 ,6 1 9  o f  th e  ty p e s  (2 2 % ) c a n  b e  d e te rm in e d  u n a m b ig u o u s ly . 1 1 ,1 4 8  (2 7 % ) 
o f  th e  0 -p a r s e s  a re  n u m e r ic a l  e x p re s s io n s  o r  h y b r id s  o f  n u m b e rs , s p e c ia l  s ig n s , a n d  s in g le  
le t te r s ,  s u c h  a s  7 5 -8 0 ,8 5 % , 4 $ 8 , FlOO , E 2 1 8 , C -t-+ , 0 ,5 -0 ,7 ,2 0 :e  e tc . (A  p h a rm a c o lo g ic a l  
s te m  d ic t io n a ry  c o v e r in g  th e  n o n -n u m e r ic a l  w o rd s  o u ts id e  th e  s c o p e  o f  S O B  h a s  b e e n  b u ilt  
( s e e  S å g v a ll  H e in  e t  a l., f o r th c o m .) )  In  f ig . 4  w e  p re s e n t  a  d ru g  d e s c r ip tio n  f ro m  P A S S  to  
i l lu s tr a te  th e  s p e c ia l  c h a ra c te r  o f  th is  te x t.

Abboticin*
Abbott
Dosgniwlst 200 mg
Antibiotikum Grupp 7B 3005
Deklantlon. I dosgnnulat innehiJIer: Erythromycin, set- 
hylsuccin. respond, erythromycin. 200 mg, mannitol. 1,5 
g, constit. et aroma q. s.
Egenskaper. Dosgranulaten innehiller erytromycinetyl- 
luccinat motsvarande 200 mg erytromycin. Granulatet 
loses i litet vatten (2-3 dessertskedar-20-30 ml). Bered
ningsformen kr speciellt avsedd fOr bam och kr kven 
Ikmplig som jourförpackning. Beredningen kr sockerfri 
och har körsbkrssmaJc.
Erytromycinetylsuccinat kr en ester av erytromycin och 
efter absorption sker hydrolys till friti aktivt erytromy
cin. Se f Ö A bb o tic in  ubletter.
Indikatloiier. Se A bboticin  ubletter. 
Kontraindikationer. Se A bboticin  tabletler.
Försiktighet. Se ABBOTICIN Ubletter.
Graviditet och amning. Se A bboticin  tabletter. 
Biverkningar. Se Abboticin  ubletter.

Dosering. Dosen fOr ban beriknas efter 30-50 mg per kg 
kroppsvikt och dygn fördelat pi 2-4 doseringstillfållen. 1 
dosgranulat■ 200 mg erytromycin. För bam upp till 4 kg 
beräknas dosen i det enskilda fallet. Vid kroppsvikt över
stigande 4 kg kan om dygnsdosen fördelas pä tvä dose- 
ringstillfällen följande schema vanligen tillämpas:

Dygns- Lämplig
Vikt dosering förpackning för 10
kg dosgranulat mg/kg/dygn dagars behandling

4 -  7 'fix2 29-50 1x30
8-14 1x2 29-50 1x30

15-24 2x2 33-53 2x30
25-34 3x2 35-48 2x30

Inträffar gastrointestinala problem rekommenderas upp
delning av dygnsdosen pä 3 eller 4 adminisireringsiillfäl- 
len. För vuxna och bam över 35 kg ges 3 dosgramilat 3 
^nger per dygn. Optimal absorption erhälles om dosen 
intages omedelbart före mältid.
Interaktion. Se A bboticin  tabletter.
Förpackningar och prlMr. Dosgranulat 200 mg 
30 st 55:30

Figure 4. An example c f  a drug description from  PASS 1985
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PressFreq words outside the scope of SOB
P roper nouns 1,433 (80 ,1% )
A bbreviations 137 (7 ,7% )
C om pounds 127 (7 .1% )
N um erical expressions 45 (2 ,5% )
D erivatives 2 0 ( 1 .1 % )
F oreign  w ords 17 (0 .9% )
Syntagm atic w ords 5 (0 ,3% )
Partia l phrases 4 (0 ,2 %)
Inflectional form s 2 (0 .1 % )

T ota l 1,790 ( 1 0 0 %)

Table 7. Kinds o f uncovered types in P re s^ eq

P r o p e r  n o u n s . T h e  dom inating  ca tegory  is tha t o f  the p ro p er n o u n s (inc lud ing  a  sm all n u m b er o f  
p roper noun  abbreviations, e.g. AB F, AIK , D N, D DR, KFUM ). N o  no rm aliza tio n  o f  spelling  
varia tion  has been  carried  ou t, so far, so each  appearance has been  coun ted  as an in d ep en d en t unit, 
e.g. Arvia, anna, and ANNA-, E rik  and Eric; B ernard  and Bernhard, Bengtsson,Bengtson, and  B-son, 
Lidingö  and Lid-0  etc. R oughly , h a lf  the  n um ber o f  the p ro p er n am es refe r to  peo p le  (approx im  a te ly , 
4 4 0  first nam es and 280  second nam es.)

T h e  high  n u m ber o f  p ro p er nouns, in  specific , personal p ro p er nouns, seem s to  be  a  charac te ristic  
feature o f  new spaper text. M ost o f  the p ro p er nouns that w e found w ill be en tered  in to  th e  d ictionary  
w ith  a m ark ing  o f  th e ir  o rig in  (P ressF req) as a c lue  to  fu ture  w ork  o n  dom ain .

A b b re v ia tio n s . T h e  abbrev iation  ca tegory  com prises abbrev iations (excl. those  o f  the p ro p er 
nouns) in  various orthograph ic  shapes, e.g . bl.a  and bl_a, F E B ,feb . and feb r , k r  and kr. e tc . T hey  
w ill all be  included in  the  core o f  o u r  d ictionary  (see Ö stling , th is  vo lum e), and  so m e o f  them  be 
treated  as functional core  phrases (Sågvall H ein  e t al. 1990) and represen ted  in  the d ic tionary  as 
such, e.g. bl a  and bl. a., d. v. s. and d v s  etc . T h e  figures p resen ted  in  tab le  9  a te , ho w ev er, based  
on  individual tex t w ords, fo r instance bl, bl., a, a. etc.

C o m p o u n d s . A s is w ell-know n, the Sw edish  com pounds m ake  u p  an open  ca tego ry , and  in tab le  
10 w e p resen t an  overv iew  o f  the  d ifferen t k inds o f  P ressF req  com pounds tha t w ere  found  to  be 
ou tside the p resen t scope o f  the  SM U  dictionary .

T y p e  o f  c o m p o u n d

N N -N N -» N N  
N L -N N -+ N N  
N N -A V  A V  
A V -N N  N N  
N L -A V  - »  A V  
N L -N N -N N  ->  N N  
A V -V B  ->  VB 
N N -N N  - »  AB 
P -N N -»  AB 
P - N N -> N N  
P - V B -»  VB 
N N -N N -V B  ->  VB 

T otal

N o o f  m e m b e rs

97
10
6
4
3
2
2

E x a m p le s

arbetsuppg ifter, hä lso -
and ra^ la ts , 30 -ta let
m edelsto ra , nordöstra
nypris
50-årig
SO -årsåldem
nybyggda
förhoppn ingsv is
h ä rom åre t
överåk lagare
efterarunäld
tex t-T V -T ex ta t

129

Table 8. PressFreq: Uncovered compounds
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F o llow ing  B lflbeig (1988) w e refer the partic ip les to  the v erb  category . F urther, p repositions, and 
adverbs, a re  trea ted  as m em bers o f  one com m on category  (in  the com pound  contex t), denoted  P.

M an y  o f  th e  p roductive  com pound  types are ind icative o f  dom ain  (econom y, po litics, social 
secu rity , sport, cu ltu re , w eather, T V  and broadcasting). T h e  effect o f  com pounding  on  dom ain  is 
an  im portan t issue  in  o u r  fu ture  w ork on  a dom ain-sensitive ex tension  o f  the dictionary . It is one 
o f  th e  c rite ria  th a t should  be  tak en  in to  account w hen  considering  a  ru le-based  (as opposed to  a 
lex lca lized ) trea tm en t o f  com pounds.

N u m e ric a l  e x p re ss io n s . T h e  m em bers o f  the  num erica l ca tego ry  are  39 expressions consisting  o f  
A rab ian  num era ls , and hybrids o f  num berals, special s igns, and  sing le  letters, such  as 03111 19840, 
1 4 3 0 ,2 5 :E, and  D 0502. (Som e R o m an  num erals  w ere  also  found , e.g . V ll, b u t referred  to  the 
p ro p e r  noun  ca tego ry  as cand idates fo r (parts o f  phrasa l) p ro p er nouns.)

D eriv a tiv e s , M o st o f  the  derived  w ords ou tside the  scope o f  SM U  (14 o f  20) can  be found in  Svensk 
O rdboks as m orphological exam ples (see tab le  11). T h is m eans, tha t th e ir  ex istence is confirm ed, 
and  th a t th e ir  m ean ings (defin itions) should  be derivab le  from  d ie  defin itions o f  the  w ords Gexem es) 
th a t th ey  illustrate . W hen a lem m a has m ore  than  one  lexem e (defin ition), the  m orphological 
exam ple  te lls  u s, on  w hat defin ition  the m ean ing  o f  the  derived  w ord  should  be  based, at least 
p rim arily  (see osäker, in  tab le  11). F ive  derivatives are  no t presen ted  as m orphological exam ples, 
bu t derived  from  one-lexem e lem m as, and so, the  defin ition  o n  w hich to  base th e ir  derived  m eaning 
is u n iquely  determ ined . T h e  rem ain ing  case, how ever, w ill cause  overgeneration , spelm åssigt is 
derivd  from  a noun  w ith  9  defin itions and an adjectival suffix  w ith  2 defin itions; the derivational 
p o w e r o f  the  lexem e is in  n o  w ay  constrained , and w e wiU have to  consider them  all equally  w ell 
f it as bases o f  the  derived  w ords. (In all, there  are  39,831 m orpho log ica l exam ples in  SO B.)

T y p e E n t r y  in  SO B M o rp h , ex.

avveck ling a v v e ck la  verb +
avveck lingen

m obbn ing m o b b a  verb +
u tv isn ing u tv isa  verb

u tv isn in g ar
sänkn ing s ä n k a  verb +  ( 1 st lexem e)
pensionering p e n s io n e ra  verb - (1  lexem e)

p ensioneringen
en ig h e t e n ig  adj. +
osäkerhe t o s ä k e r  adj. +  (3rd lexem e)
sk ick lighe t sk ic k lig  adj. +
trovärd ighe t t ro v ä rd ig  adj. - (1  lexem e)
öpp en h e t ö p p e n  adj. -f (4 th  lexem es]
fö rfa ttarinnan f ö r f a t ta r e  subsL
socia ldem okra tisk s o c ia ld e m o k ra t  subsL +

socia ldem okra tiska
m ittfä lta re m it tf ä l t  subsL - 6 (1  lexem e)

m ittfä lta ren
spe lm ässig t sp e l subst. - (9  lexem es)

-m ä ss ig - ( 2  lexem es)

Table 9. Uncovered derivatives in PressFreq

F o re ig n  w o rd s . T o  the  fo reign  w ord  ca tago ry  w e have  referred  fo re ign  w ords, no t im m ediatly  
recogn ized  as p ro p er nouns. It includes function  w ords (der, des, die, the, til, to, with, you) as well 
as con ten t w ords (chiffres, glasnost, labour,4fttres, new, outs, science, til&visi, week). W e assum e, 
th a t the  function  w ords, and  m ost o f  the con ten t w ords, are parts o f  phrasal p ro p er nouns o r  o ther
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phraseological expressions, and so they  w o n ’t be en tered  as ind iv idual en tries  in to  the  d ictionary . 
glasnost, a lone, w ill be  en tered  in to  the SM U  d ic tionary , and m arked  w ith  resp ec t to  o rig in  
(PressFreq).

S y n ta g m a tic  w o rd s . F o u r m issing  types are exam ples o f  v ary ing  w riting  conven tions, i.e. iväg  (cf. 
i väg), godnatt (cf. god  natt), långtifrån  (cf. långt ifrån), frarnförallt (cf. fra rrfö r  allt). T o  the sam e 
category  w e re fe r  d ie  co lloqu ia l gomiddag  (cf. god  m iddag.) 'The o n e  w ord  v a rian ts  w ill all be 
included in d ie  SM U  d ictionary  (the last one  m arked  as colloquial).

P a r t ia l  p h m se s . F o u r m issing  types a re  o ld  in flectional fo rm s appearing  in  phraseo log ica l 
expressions on ly , i.e. godo  (till godo  [to so m eo n e’s cred it etc .]; i godo  [am icab ly  e tc .]), sjöss  (till 
sjöss [at see]), vintras (i v in tras [last w in ter]), and som ras  (i som ras [last sum m er]).(n7 / godo  and 
tillsjöss  can  b e  found am ong the exam ples o f  lg o d  and  ^ ^ ö .)  T h e  fo u r ex p ressio n s w ill b e  en tered  
in to  the  SM U  d ictionary  as phrases.

In fle c tio n a l fo rm s . T w o  underived  in flectional fo rm s w ere  found to  b e  im accoun ted  for, i.e. m åst 
(supine o f  the verb  m åste  [m ust]) and törs (p resen t tense  o f  the  verb  tör/as o r  tordjas  [dare]), 
even though  törs is  p art o f  an  exam ple  o f  the  verb . F req u en t as th ey  are  found  to  b e  in  n ew sp ap er 
tex t, bo th  form s w ill be included  in  the S M U  dictionary .

Conclusions
T he SM U  analyser, opera ting  o n  S w edish  tex t, w orks w ell as a  too l fo r  d istingu ish ing  b etw een  
general vocabu lary , as defined by  the  lem m a en tries o f  Svensk  O rdbok  (i.e. its ex p lic itly  deflned  
vocabulary), and  w ords ou tside  th a t scope. A s a resu lt o f  the  m orpho log ica l analysis, m em b ers  o f  
the general vocabulary  are  iden tified  and described  in  term s o f  lem m a, p a rt o f  speech , and  form , 
and hom ographies are recognized  in  accordance w ith the lem m a d istinctions m ade  in  SO B .

'The processing  o f  fou r d ifferen t Sw edish  m ateria ls has show n, th a t the SO B  lex ical coverage  (in 
term s o f  types) ranges from  82%  to  25% . T h e  h ighest figures are  va lid  fo r  h ig h freq u en cy  w ords o f  
new spaper text, P ressF req , and the  low est ones fo r  h igh ly  specia lized  pharm aco log ica l tex t. In  
betw een  w e find som e good  70%  relating  to  general L S P  (L anguage fo r  Special P u rp o se) te x t

T he w ords ou tside th e  scope o f  the  ana lyser ind ica te  dom ain  and ty p e  o f  the analysed  t e x t  'The 
b ig  am ount o f  num erica l expressions (and  hybrids o f  num erals , special s igns and sing le  le tte rs), i.e. 
27%  o f  the unanalyzed  w ords, s tand  ou t in  the pharm aco log ica l tex t as does th a t o f  p ro p e r  nouns 
(close to  80%  o f  the unanalyzed  w ords) in  P ressF req .

T he PressF req  zero-parses have been  exam ined  in  som e deta il, and ca tego rized  into: p ro p ern o u n s , 
abbreviations, com pounds, num erical expressions, derivatives, fo re ign  w ords, sy n tag m atic  w ords, 
partial phrases, and sim ple inflectional form s. A bbrev ia tions, syn tagm atic  w ords, partia l ph rases, 
and  in flectional form s form  a , basica lly , c losed  se t o f  a  genera l ch a rac te r (in  a ll, less th an  1 SO item s). 
’They w ill all be included  in  the general p art o f  the SM U  d ictionary  (as one-w ord  un its  o r  as phrases).

M ost o f  the fo re ign  w ords (excep t fo r  glasnost) seem  to  b e  p a rt o f  phraseo log ica l exp ressions 
(p ro pernouns), and so far, they  w ill be d isregarded , b u tg /o rn o srb e  en te red  in  the  d ic tio n ary , m arked  
by  o rig in  (P ressF req), as a first c lue  to  dom ain . T h e  p ro p er no u n s, fo rm ing  a  b ig , b u t, b asica lly , 
closed  and dom ain-related  ca tegory , w ill be  hand led  in  th e  sam e m anner. ’The num erica l ex p res
sions, fo rm ing  an  open  category , w ill be hand led  b y  m eans o f  ru les, deflned  in  the  S M U  g ram m ar 
(see Sågvall H ein  1987).

A m ong  the zero-parse  derivatives, six types w ere  found , i.e. v erb -to -noun  b y  m eans o f  the  suffix  
-ing  (the process; 8  cases), ad j-to -noun by  m eans o f  the su fflx  -het (p resence  o f  the propierty; 5 
cases), noun-to-ad j by  m eans o f  ~isk (the p roperty ; 2  cases), noun-to -noun  by  m ean s  o f  the  sufflx  
•inna (fem inine; 1 case), noun-to -noun  by  m eans o f  -are  (agens; 1 case), and, noun-to -ad j b y  m eans
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o f  -m ässig  (acco rd ing  to  the  noun  etc.; 1 case). T h e  first fou r types w ill be handled  by  m eans o f  
w ord  fo rm ation  ru les in  th e  gram m ar, w hereas the rem ain ing  tw o cases w ill be  en tered  in to  the 
d ic tionary , m aiked  b y  orig in . T h is  trea tm en t is supfiorted by  SO B , presen ting  the first fou r types 
as m orpho log ica l exam ples.

T h e  m o st d ifficu lt ca tegory  to  hand le  is  th a t o f  th e  com pounds, be ing  an  open , productive 
ca tego ry , w ith  a com plex  sem antics, dom inating  the zero -parses o f  general L S P  tex t (see Sågvall 
H ein  1990). F u rth er, com pounding  has a bearing  tm  dom ain . In  o u r  con tinued  w ork an the  d ictionary  
w e  w ill approach  th e  p rob lem s o f  th e  com pounds from  th e  po in t o f  v iew  o f  th e  e ffec t o f  
com p o u n d in g  o n  dom ain . T h e  m ateria l p resen ted  by  the application  o f  the SM U  analyser to  tex t o f  
d iffe ren t type  and  d o m ain  is  a va luab le  source fo r  such  studies.

Notes
1 C F . S W E T W O L  b y  K arlsson  (fo n h co m .) perfo rm ing  ru le-based  structural analysis o f  com 

p o u n d s and  derivatives.

2  T h e  secondary  vow el de le tion  ru le  in  part o f  the  inflectional g ram m ar and invoked  by  the 
d ictionary  search  process.

3 in  d ie  sense  o f  d ictionary  stem

4 T ex tu a l frequency  d a ta  w ere no t at hand  w hen the analysis w as carried  ou t, so  on ly  lexical 
coverage  can  be  accounted  fo r here.

5 In  a p ilo t s tudy  o f  a fragm en t o f  (2 ,500) types) o f  D efV oc th e  (572) types ou tside the scope o f  
SO B  w ere  exam ined  (see Sågvall H ein  1990).

6  E ven though  m ittfä ltare  d o esn ’t  ap p ear as a m orpho log ica l exam ple, the  relative m ittfältsspelare  
does.
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Integrating Syntagmatic Information in a Dictionary 
for Computer Speech Applications

Dieter Huber
Chalmers University of Technology

Abstract
Conventional dictionaries, albeit they often comprise an impressive amount o f  para
digmatic information on various aspects o f linguistic description, usually pay only little 
attention to the representation o f syntagmatic information. Admittedly, apart hrom 
spelling conventions and rules o f inflectional agreement, the co-occurrence o f  indivi
dual lexical items will not normally change the orthographic shape o f a  word when it 
appears in written text. In spoken language, however, the phonetic realization o f words 
is heavily influenced by context and may change dramatically in a  variety o f ways, 
including segmental as well as prosodic features. These changes need to be taken into 
account in both computer speech synthesis and automatic qreech recognition. In this 
paper, dierefore, we argue fa- the inclusion of syntagmatic information in dictionaries 
which are developed for the special purpose o f  spdcen language processing in computer 
speech applications. Two kinds of syntagmatic information will be considered in more 
detail: Case Frames and Collocations.

1. Introduction
Spoken language d iffers  from  w ritten  language in  several im portan t respects. F o r  one, na tu ra l 
hum an speech  does n o t norm ally  p resen t itse lf  in  th e  acoustical m ed ium  as a sim ple  lin e a r  string  
o f  d iscrete, w ell dem arcated  and easily  iden tifiab le  sym bols (i.e. rep resen ting  the le tte rs  and signs 
o f  som e specified  alphabet) and b locks o f  sym bols (i.e. rep resen ting  in d iv idual w ords separa ted  by  
b lanks), b u t constitu tes a  con tinuously  v ary ing  signal w h ich  inco rpo rates v irtu a lly  un lim ited  
a llophonic  varia tions, assim ilations, reductions, e lis ions, repairs, overlap p in g  segm ental rep re 
sen tations, g ram m atical defic iencies, and po ten tia l am bigu ities at all leve ls  o f  lin g u is ticd esc rip tio n . 
T here  a re  no  "blanks" and  "punctuation  m arks" to  define  w ords o r  ind ica te  sen ten tia l boundaries 
in  the  acoustical dom airu Im portan t com ponen ts o f  th e  to tal m essage  are  ty p ica lly  en coded  and  
transm itted  b y  non-verbal and ev en  nonvocal m eans o f  com m unication . S yn tac tic  s truc tu res , a t 
leas t in  spontaneous speech , are  o ften  fragm entary  o r  h ig h ly  irregu lar, and  carm ot b e  described  in  
term s o f  estab lished  gram m atical theory .

G iven  these  d ifferences, c learly , the  com putational m odels, too ls  and techn iques deve loped  fo r 
natural language p rocessing  (N L P ) o f  w ritten  m ateria l are no t im m ed ia te ly  and au tom atica lly  
applicab le  to  spoken  language p rocessing  (SL P) o f  hum an  speech . In p articu la r, S L P  fo r  p rac tica l 
com puter speech  app lica tioas such  as fo r  instance tex t-to -speech  syn thesis  (T T S ) and au tom atic
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speech  recogn ition  (A SR ) requ ires lex ical in fo rm ation  th a t is  no t n o n n a lly  contained  in  conventio
nal (inc lud ing  m ach ine-readab le  and  m achine-tractab le) d ictionaries.

In  an  ea rlie r  pap e r (H u b er 1989) a speech  parsing  algorithm  has been  p resen ted  w hich exploits 
th e  p rosod ica lly  cued  chunk ing  p resen t in  the acoustical speech  signal and  u ses  it to  perform  
speaker-independen t segm entation  and  broad  c lassifica tion  o f  con tinuous speech  in to  functionally  
defined  in fo im a tio n  units. A  fundam ental ob jec tive  associated  w ith  th is  a i^ ro a c h  is to  integrate 
sp eech  signal p rocessing  and natu ral language p rocessing  techn iques (bo th  lingu istic  and stochastic) 
in  o rd e r to  fu lly  ex p lo it th e  com bination  o f  partia l in fo im atio n  ob tained  a t various stages o f  the 
analysis. T h e  con ten ts and structure  o f  the  lex icon  com ponen t to  b e  used  w ith  th is  S L P  parsing 
system  hav e  b een  described  in (H uber 1990). In  th a t p t ^ r ,  the  overall fo rm at o f  the  lex icon  has 
been  defined  as a  m ed ium -sized  S w edish  m onolingual p ronuncia tion  d ictionary  incorporating  four 
k in d s o f  lex ical in fo im ation :

• phonologicalirtform ation, i.e . narrow  phonetic  transcrip tions reflecting  b o th  standard  pronun
c ia tion  usag e  and  p rincip le  variants;

• paradigm atic irtform ation  on  various aspects o f  linguistic  analysis ^ c i a l l y  relevant fo r SLP 
purposes;

• syntagm atic irtform ation  reflec ting  the  use o f  w ords in  context;
• sta tistica l irtform ation, i.e. da ta  on  the fiequency  o f  occurrence in  a large  co rpus o f  language 

m ateria l.

T h e  rep resen ta tion  o f  phono log ica l and parad igm atic  in fo rm ation  is  described  in  m ore detail in 
a  separa te  p ap e r pub lished  in  th is  vo lum e (H edelin  &  H u b er 1992). In  th is  p ap e r I shall focus on 
th e  use o f  syn tagm atic  in fo im atio n  in  spoken  language p rocessing  fo r practical com pu ter speech 
app lications such  as speech  synthesis and  au tom atic  speech  recognition .

2. Syntagmatic Information
W ords are  no rm ally  app lied  in  contex t, i.e. they  co -occu r w ith  o th e r w ords p reced ing  and fo llow ing 
them , w ith  w hich  th ey  com bine  in to  la rg e r struc tu res like  phrases, c lauses, and sen tences to  express 
th e  in trica te  m ean ings o f  language. T h ese  co -occurrence  relations are lingu istica lly  pred ictab le  to  
a  g rea te r  o r  le sse r  ex ten t, and  can  be specified  in  e ith e r gram m atical o r  lex ical term s as tactic  
(con tex t-sensitive) ru les and restric tions. F o r  instance, adverbs co -occu r w ith  verbs (bu t no t 
necessa rily  the  o th e r w ay  round), transitive  verbs require  a  d irec t o b jec t as com plem ent (at least), 
and  k ill co llocates w ith  anim al, po ison , victim , e tc , b u t n o t w ith , say , sky, paper  and  blue.

C onven tional w ord  d ictionaries, a lbe it they  o ften  com prise  an  im pressive  am ount o f paradigm atic 
in fo rm atio n  o n  v a rio u s aspects o f  lingu istic  analysis, p ay  on ly  little  a tten tion  to  ^ s e  k inds o f  
syntagm atic  re la tionsh ips  th a t ex is t b e tw een  ind iv idual lex ical item s. In  as fa r  as co-occurrence 
d a ta  are  inc luded  in  d ictionaries a t all, th ey  are u sua lly  found am ong  th e  "exam ples o f  usage" listed  
u n d e r  o n e  o r  an o th e r o f  the  com ponen t lexem es, i.e . sta ted  im plic itly , random ly , and w ithout any 
c la im s o f  consistency  and com prehensiveness. T h is im balance  betw een  parad igm atic  and  syntag
m atic  in fo im a tio n  in  m o st o f  to d ay ’s d ictionaries reflec ts n o t on ly  th e  "d iv ision  o f  labour" 
co m m o n ly  assum ed  to  ex ist be tw een  lex icog raphers o n  one side  and g ranunarians on  the  other. 
E v en  m o re  so , it  reflec ts  the  trad itional p reoccupation  o f  bo th  lex icographers and  gram m arians w ith 
w ritten  language . A dm itted ly , apart from  spelling  conven tions (e.g . sen tence  in itia l cap italization , 
u se  o f  a hyp h en  in  certa in  com pounds) and ru les o f  in flectional ag reem ent (e.g . he  w orks versus 
th ey  w ork) va lid  in  som e o f  the w orlds languages, co -occurrence  rela tionsh ips w ill no t norm ally  
change  the o r th o g r ^ h ic  shape o f  a w ord  as it appears in  w ritten  tex t. In  spoken  language, how ever, 
the  phonetic  rea liza tion  o f  ind iv idual w ords is heav ily  in fluenced  by  con tex t (bo th  co-textual and
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situational) and m ay  change d ram atically  in  a  varie ty  o f  w ays, inc lu d in g  segm ental (e.g . assim ila 
tion  across w ord  boundaries, reduction , e lis ion , sandh i) as w ell as p rosod ic  (e.g . speech  rate , 
duration , pausing , in tonation , accen tuation , stress) features. F o r exam ple, th e  actual p ronuncia tion  
o f  the Sw edish  w ord:

NATURUGTVIS
(naturally)

w h ich  in  iso lated  O exical) u sage  m ay  b e  transcribed  phonem ically  as:

/no' turligt'vis/

and in  a narrow  phonetic  transcrip tion  as:

[na 'tu :lit‘vi:s ]

m ay  be  realized  phonetically  in  inform al conversa tion  as:

[n 'a te s)

o r as:

[n 'aes ]

o r  even  as:

[hanha:ri,aies'ipor):a ]

w hen it appears in  the  context:

HAN HAR NATURUGTVIS MÄNGA...
(He has naturally many...)

thus involv ing  no t on ly  various k inds o f  assim ilation  across w ord  boundaries, bu t a lso  a  sh ift o f  
accentuation  w ith  concom itan t reductions and elisions o f  th e  unstressed  sy llab les, and an  increase  
o f  duration  in  bo th  the  stressed and in  th e  phrase-fina l sy llables.

C learly , th is  k ind  o f  in form ation  abou t the  phonetic  v ariab ility  o f  w o rd s in  d iffe ren t k in d s o f  
co-textual and situational con tex t is  o f  param oun t im portance  fo r a ll aspects  o r  speech  signal 
p rocessing  (analysis, syn thesis, transm ission , cod ing , com pression , en h ancem en t, e tc ) and  com 
p u ter speech  techno logy  (tex t-to -speech , speech  recogn ition , sp eak er iden tifica tion  and  v erifi
cation , etc). F o r instance, tex t-to -speech  system s using  standard  syn tac tic  parsers  designed  to  find  
"m ajo r syntactic  boundaries" at w h ich  cross-w ord  coartica luation  n eed s to  be  in te rru p ted  and  the  
in tonation  con tou r has to  be  b roken  in to  separa te  un its  th a t h e lp  the  lis ten e r to  decode  the  m essage , 
invariab ly  com e u p  w ith  the sam e tw o  k inds o f  p roblem s: ( 1 )  th ey  tend  to  p ro d u ce  no t o n e  (th e  m o st 
p robab le , sem antica lly  m ost p lausib le) b u t several a lternative parses, and (2 ) th ey  p ro d u ce  to o  m any  
boundaries a t fa lse ly  detec ted  o r  inappropria te  sen tence  locations (e.g . K la tt 1987). P ercep tual 
evaluation  o f  these  synthesized  con tours reveals  th a t lis teners ge t d istrac ted  and  o ften  ev en  p la in ly  
confused  b y  too  m any , p rosod ica lly  an d /o r segm entally  m arked  boundaries, w h ile  to o  few  b reaks 
ju s t  sound as i f  the sp eak er is s im ply  ta lk ing  to o  f a s t  T h is  show s n o t o n ly  th a t the  am o u n t o f  
segm entation  and the correspondence  betw een  syn tac tic  and p rosod ic  un its  a re  d ep en d en t o n  the 
r a te o f  speech , bu t also  tha t lis teners apparen tly  n e ith e r expect, n o rn e e d , n o r  ev en  w an t p ro so d ica lly  
cued inform ation  abou t all the  po ten tia l richness in  syn tac tic  s truc tu re  described  b y  m o d em  
syntactic  theories, in  o rd er to  decode the  in tended  m ean ing  o f  an  u tterance.

In  o rd er to  be ab le  to  hand le  these  k inds o f  phenom ena in  practical co m p u te r  ̂ e c h  app lications, 
w e propose to  include  co-occurrence in fo rm ation  in to  o u r S w edish  p ronuncia tion  d ia io n a ry , w h ich
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h as  been  designed  to  p rov ide  con tinuous lex ical support to  the  language p rocessing  com ponents in  
tex t-to -speech  syn thesis  and  au tom atic  speech  recognition . In  the fo llow ing  tw o  sections, tw o k inds 
o f  co -occu rrence  d a ta  w ill b e  d iscussed  in  m ore  detail: case fra m es  and  collocations.

3, Case Frames
T h e  g ram m ar fo rm alism  adopted  fo r  the  S L P  p arsing  algorithm  presen ted  in H u b er (1989) is based 
o n  F illm o re ’s case  g ram m ar (F illm ore  1968). T h e  fo llow ing  reduced  se t o f  cases fo r v e rb  en tries 
h a s  been  adop ted  from  S tockw ell, S chach ter and  P a itee  (1973):

AGENT
DATIVE
INSTRUMENTAL
LOCATIVE
NEUTRAL

- an im ate instigato r o f  th e  action
- an im ate recip ien t o f  the  ac tion
- inan im ate  ob jec t used  to  perform  th e  action
- lo ca tio n  o r  orien tation  o f  the  ac tion
- th e  th ing  b e ing  acted  upon

A ccord ing  to  th is  approach , a caseftam e is thus defined  as an ordered  a rray  com posed o f  the entire 
se t o f  cases :

caseframe “ array[agent...neutral]

in  w h ich  each  case  can  be e ith e r required  ( r e q )  o r  op tional ( o p t )  o r  d isa llow ed  ( d i s ) ,  and m ust 
be  m arked  accord ingly .

S ince  d iffe ren t verbs o ften  share  the sam e p a rticu la r k ind  o f  casefram e, w e propose  to  store  the 
en tire  se t o f  3^ log ica lly  po ssib le  casefram es as an  indexed  list, u sing  the  ind ices as po inters 
(iden tifie rs) w ith  the  respective  v e rb  en tries in  th e  lex icon . T hus, instead  o f  lis ting  the com plete 
case -ftam e  specifica tion  to g e th e r w ith  the  lex ical en try , as in  the  fo llow ing  exam ple fo r the Sw edish  
v e rb  " h a c k a "  (to  chop):

hacka3 type: verb 
inf1: vl 
freq: 4
tran: [2hak:a] 
case: agent - req 

dative - dis 
instrumental - opt 
locative - opt neutral - opt

w e  p ro p o se  to  u se  th e  indexed  represen ta tion  form at, w hich  resu lts  in  the  m ore  space-econm nic 
and  search -effec tive  structure:

hacka 3 type: verb 
infl: vl 
freq: 4
tran: [2hak:a] 
case: 97

F u rth e r w ork  in  sem atic  case  fram e represen ta tion  is p resen tly  d irec ted  tow ards the  ex tension  o f  
ind iv idual case  sta tes m arked  as w ith  " r e q "  o r  " o p t "  lex ical hypo theses derived  from  K W IC - 
stud ies  o f  coheren t speech.
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4. Collocations
C ollocations constitu te  the  re c u n e n t com binations o f  w ords a s  th ey  ap p ear in  con tex t. T hese  
com binations include  bo th  i^ iraseo log ica lly  re levan t co llocations such  as när d et gä ller a tt (Eng: 
as fa r  a s ... is  concerned) and  phraseo log ica lly  irre levan t co llocations, lik e  och han  (E ng : arwl he). 
W hile  on ly  the  fo rm er, i.e . ph raseo log ica lly  re levan t c lass o f  co llocations h as  so  fa r  a ttrac ted  som e 
in terest in  th e  lingu istic  research  com m unity , bo th  g roups are  in te resting  and  im portan t from  an  
in fo rm ation  theoretical p o in t o f  v iew .

In  a sense, co llocations can  be  seen  as occupy ing  th e  b o rd er a rea  b e tw een  g ram m atica l and lex ical 
descrip tions o f  language. In  m ost o f  to d ay ’s N L P  app lications th ey  are  han d led  b y  the  syn tac tic  
parsing  com ponen t w ith  little  o r  no  support from  the  lex icon . W e argue, on  the  o th e r  h an d , th a t 
co llocations are  p rim arily  a lex ical phenom enon  that can  be  hand led  m ore  e ffec tiv e ly  b y  th e  lex icon  
com ponen t and  thus shou ld  be  included  in  the d ictionary . A fte r  a ll, it m ak es little  sense  and  w ould  
indeed be  ex trem ely  uneconom ical fo r  real-tim e co m p u te r speech  app lications, to  genera te  these  
recurren t constructions o v e r  and  o v er again  from  th e ir  com ponen t w ords. A lso , th e re  is conv incing  
ev idence from  psycho lingu istic  research  ind icating  tha t co llocations are  indeed  p art o f  the  m ental 
lex icon  tha t a speaker has a t h is o r  h e r  d isposal. In  natural hum an  speech , co llocations are  n o rm ally  
processed  as coheren t lex ical b locks equ ivalen t to  p rosod ic  ph rases (cf. S e lk irk  1984), i.e . signaled  
by  a h igh  degree o f  coarticu lation  b etw een  th e ir  com ponen t w ords and an  in teg ral m elo d ic  pattern . 
T h is la tte r  tendency  has been  found to  be  particu la rly  p reva len t in  sen tence  in itia l co llocations, 
sen tence final co llocations, and id iom s (i.e. co llocations w hose  co llec tive  m ean in g  can  n o t be 
derived  on  the basis o f  the  m ean ings o f  its  com ponen t w ords). F ig u re  1 be low  show s exam ples 
from  o u r Sw edish  speech  m ateria l (cf. H edelin  &. H u b er 1990) w h ich  illu strate  the  e ffec ts  o f  
p rosod ic  m ark ing  fo r sen tence in itial co llocations.

Text I; Senicnce 30; Speaker BMH (female) 
Dapen därpå undenecknades i klostret ett fördrag...

1
Text I: Sentence 30: Speaker LR (female) 

Dapen därpå undenecknades i klostret ett fördrag.

Text 2: Sentence 24; Speaker LO (male)
Men i  andra sidan har 40 procent tv  städernas och köpingarnas...

Figure 1. Intonation contours fo r  the sentence initial collocations
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and id iom atic  constructions, e.g .

B a s e d  o n  th e s e  f in d in g s ,  w e  p ro p o s e  to  in c o rp o ra te  th e  m o s t  f re q u e n tly  o c c u rr in g  c o llo c a 
t io n s  in  th e  d ic t io n a ry , in c lu d in g  b o th  th e i r  o r th o g ra p h ic  s h a p e  a n d  n a rro w  p h o n e tic  
t ra n s c r ip t io n (s ) .  S p e c ia l  a tte n tio n  is  d ire c te d  to w a rd s  a  c o m p le te  a n d  c o m p re h e n s iv e  
r e p re s e n ta t io n  o f  s e n te n c e  in it ia l ,  e .g .

TROTS DETTA 

[trDts'd?t:a ]

(despite o f that)

sen ten ce  final, e .g .

Ar SEDAN 

I 'o ig e n ]

(years ago)

IOCHFÖRSIG
lliDfqp'p^j]

or

[iifqp'pej]

(as a matter of fact)

b o th  because  o f  th e ir  recurren t sta tus as p rosod ica lly  cued b locks, and th e ir h igh  potential fo r the 
k ind  o f  expectancy -d riven  island parsing  approach  advocated  in (H u b er 1989). C onsequently , 
co llocations a re  listed  u n d e r  each  com ponen t head w ord , w hich  enab les the  parsing  system  to 
e ffec tive ly  gu ide  the w ord segm entation  and identification  p rocess b y  genera ting  expectations 
resu lting  h o rn  partia l lingu is tic  analyses.

C om plete  lis tin g s o f  the  S w edish  co llocations in  descend ing  o rd e r o f  frequency , based  on 
sta tistical analysis  o f  a  one-m illion-w ords co rpus o f  new s tex ts (cf. A llén  1975), hav e  been  obtained 
from  the  D ep artm en t o f  C om putational L inguistics, U n iversity  o f  G othenburg . T hese  data  are stored 
in  m ach ine-readab le  fo rm at w hich  allow s d irec t tran sfe r and incorporation  o f  the  o rthographic  
rep resen ta tions in to  the  p ronuncia tion  d ictionary .

In  add ition  to  th ese  listings, w e also  p ropose  to  include tw o  statistical m easures; (1) the observed 
frequency  ( F ^ j)  fo r  each  co llocation , i.e . ind icating  the  n u m b er o f  occurrences in  the accum ulated  
co rp u s  m ate ria l, and  (2 ) the constructional tendency (F i^ , i.e. a m easu re  w hich  ind icates fo r  each 
co m p o n en t w ord  its  tendency  to  be  bound  in  co llocational constructions. F 5  thus represen ts the  ratio  
b e tw een  th e  in stan ce  frequency  o f  the  w ord  in  co llocational constructions and the total frequency 
o f  th e  sam e w ord . B o th  m easu res are  included  p rim arily  in  o rd e r to  generate  expecta tions fo r 
n earest-w o rd  n e ighbours  du ring  the S L P  parsing  and  recogn ition  process.

5. Present Status
T h e  syn tagm atic  in fo rm ation  described  in  th is  p ap er is  p resen tly  incorporated  in to  o u r Sw edish  
p ro n u n cia tio n  d ictionary  (cf. H u b er 1990, H edelin  &  H u b er 1S^2). R egard ing  the inclusion  o f  
sta tis tica l d a ta  concern ing  the  frequency  o f  occurrence  o f  co llocations and th e ir  constructional 
tendency , w e a re  o f  course  aw are o f  the  th ree-fo ld  d iscrepancy:
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• th a t the frequency  d a ta  prov ided  by  S pråkdata  reflec t so lely  th e  d istribu tion  o v e r  the  accum u
lated  one-m illion-w ords corpus, thus ignoring  the d ispersion  be tw een  d iffe ren t tex t ty p es and 
genres;

• th a t these frequencies are based  o n  the  evaluation  o f  w ritten  n ew s tex ts , and  do  n o t ideally  
rep resen t the statistical d istribu tion  o f  w ords in  com parab le  new s speech;

• th a t w ord frequencies in  general requ ire  con tinuous u p da ting  bo th  in  a  m acro p ersp ec tiv e  (i.e. 
to  reflec t language changes and  the concom itan t expansion  and  reo rien ta tion  o f  vocabu la ries) 
and  in  a  m ic r t^ r s p e c t iv e  G-e* to  cap tu re  the  p revalence  o f  th em atica lly  d ic ta ted  term irx)logy 
in  app lication  specific  dom ains).
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PC-phonetics: A help or a strain for the philologist?

Anna K. Lysne 
University of Bergen

T h e title  is an  EITHER -  OR question . T h e  p ap e r w ill p robab ly  reveal th a t the  an sw er m u st be  BOTH 
-A N D .

In  th is  p ap er a  report w ill be  g iven  o f  th e  w ork  w ith  the  p ro jec t ‘N orw eg ian  le a rn e rs ’ p rob lem s 
w ith  E ng lish  prosody . N orw eg ian -E ng lish  i n t o n a t i o n T h e  focus w ill b e  o n  h in d ran ces m et w ith , 
w hen  chang ing  from  an auditive to  an  acoustic  analysis o f  in tonation , a t the  sam e tim e  as  there  w ill 
be an  attem pt to  show  how  m o d em  research  can  be  a h e lp  to  overcom e d ifficu lties. F in a lly , resu lts  
arrived at h n m  a de ta iled  study  o f  th e  use o f  p itch  range b y  W estern  N o rw eg ian s w ill be  p resen ted  
and com pared  w ith  o th er studies.

A n  auditive phonetic  e rro r analysis  o f  the  in tona tion  o f  N orw eg ian  studen ts o f  E ng lish  w as started  
som e years ago. T h e  m ateria l used  w as a  selec tion  o f  read ings, consisting  o f  a  3 -m inu tes ’ d iagnostic  
tes t fo r 1st term  students, co llected  at E nge lsk  institu tt, U n iversite te t i B ergen , from  1977 to  1989.

R esu lts from  the aud itive  analysis (o f  160 sam ples, rep resen ting  readers from  all parts  o f  the 
country) have been  pub lished  earlie r (cf. L ysne  1 9 8 5 ,1 9 8 8 ). A s it is  genera lly  ack n o w led g ed  that 
to  rely  on ly  on  auditory  analysis o f  speech  is n o t satisfacto ry , it  w as tem pting  to  tes t the  aud itive  
results instrum entally . H ow ever, in  the  litera tu re , fo r  instance  in  the w orks o f  the  ‘D u tch  School* 
(cf. W illem s 1982; de P ijp e r 1983; C o llie r 1989; and  t ’H art e t al. 1990) it is  em phasized  tha t 
instrum ental analysis o f  in tonation  is far from  sa tisfac to ry , too .^  In  b rief, th e  ‘D u tc h ’ m ethod  o f  
analysing  in tonation  am ounts to  s tarting  w ith  a  detailed  acoustic  analysis  o f  th e  fundam en ta l tone 
(Fo), the physical co rre la te  o f  PITCH, w hich  is w hat w e h e a r as speech  m elody  o r  INTONATION. 
B y  the  aid  o f  aural contro l and sty lized  resyn thesized  curves C o llie r and T erk en  (1 987) arrive  at a 
‘close co p y ’ o f  th e  F o  curve by  e lim inating  excu rsions in  the  orig inal cu rv e  w h ich  can  b e  de le ted  
w ithout affecting  the  aud ito ry  im pression  o f  ‘sam en ess ’̂ a tu ra ln e s s . T h e ir  ‘c lo se  c o p y ’ v a rian t 
‘m ain ly  elim inates the M icro -in tonational m odu la tions from  the F o  cu rv e  (cf. be low ) and respects  
w hatever varia tion  th ere  is  in  the overa ll shape o f  th e  ind ividual p itch  m o v e m e n ts ...’ (ib id . p . 166).

T h is k ind o f  research  reveals  th a t there  is  a  g rea t am oun t o f  irre levan t in fo rm atio n  in  an  acoustic  
represen tation  o f  in tonation , som eth ing  also  underlined  b y  C rystal (1969) and  G ib b o n  (1976) 
am ong o thers. T h u s faced w ith  instrum enta l analysis, th e  inexperienced  p e rfo rm er can  easily  b e  
confused. H ow ever, conso la tion  is  found  in  e.g . C o llie r (1989). C o llie r advocates th e  ‘percep tual 
d e to u r’, underlin ing  strongly  tha t ‘percep tual v e rifica to n ’ is o f  m a jo r im portance  in  the  analysis  o f  
in tonation . It is apparen t tha t som e o f  th e  in fo rm ation  in  the  sound cu rve  th a t m ay  b e  labe lled  
irre levant m ay lie  above the  frequency  threshold  o f  hearing , bu t o u r  p ercep tio n  appara tus seem s to  
w ork  like a filter, ignoring  irre levan t signals. T h e  com puter, on  the  o th e r hand , do es n o t igno re  
anything, and th is is w here the  p rob lem s lie  fo r an  on ly  aud itively  tra ined  ph ilo log is t, w h o  is used  
to  draw ing  sim ple lines to  illustrate  in tonation  pa tte rns (cf. fig . 1). N everthe less , w h a t is  perce ived  
by a trained ear, m ay  p rove to  be ju s t  w hat is  needed  in  a  pedagog ical s ituation . A ctually , very  little
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ex perience  in  s tudy ing  sound  curves on  the P C  is  needed  in  o rd e r to  understand  w arn ings o r 
recom m endations like ‘Y ou m ust rely  on  yo u r ea r and  no t on  w hat you see on  the sc reen ’ (C ollier, 
p e tso n a l com m unication), and T r u s t  y o u r e a r ’ (D ickson , personal com m unication).

TIHE; sec mZ\ 8 [ C l

STATISTICS
LENGTH: 2.943s 
FRAHES; 118 
VOICED! 83
A.nEAN! 221 Hz 
e.NEANi 228 Hz 
nEDIANi 221 Hz 
ST.DEU! 34 Hz

Figure 1: MSLPITCH curve representing "William went to bed very early that evening' (not cleane or 
repaired).

Extralinguistic and practical problems
B efo re  lo ok ing  at w hat is  perce ived  o f  the  speech  signal (o r  h o w  w e perce ive), it m igh t be  useful 
to  look  a t ex tra lingu istic  and  prac tica l h indrances encoun tered  in  d ig itiz ing  speech  (and  in  acoustic  
analysis):

A t th e  w orst, s ignals  d ig itized  and  ^ )p e a rin g  on  th e  screen  m ig h t rep resen t no ise  from  the 
eq u ip m en t used . F u rth er, u n sa tisfac to ry  quality  o f  the orig inal tape  reco rd ing  m igh t be  a  problem  
in  case  th e  m ateria l w as n o t m ean t to  be used  fo r  acoustic  analysis.^  W rong  c lock  ^ )eed  o f  the PC 
in  re la tion  to  speech  tem po  m igh t be  ano ther problem .^  In  th is  las t case cau tious ad justm ent is 
e ssen tia l in  o rd e r  to  secure co rrec t and  iden tica l p rocessing  o f  all the  m ateria l. I t is  the d ig itiz in g - 
p ro c e s s  w h ich  is  sensitive  to  co rrec t clock  speed , th e  p rocess o f  analysis o f  d a ta  is no t affected.

T h e  F o  lim its  o f  th e  norm al h u m an  vo ice  are w ell know n, as are a lso  the  perceptual lim its o f  tcmal 
frequency  (cf. L adefoged  1972). H ow ever, in  re la tion  to  the  percep tion  o f  r u n n in g  sp eech  G a rk  
and  Y allop  (1990) strong ly  underline  th a t percep tion  is relative. T h is  a lso  applies to  ‘the perception  
o f  sound , s tud ied  u n d e r th e  head ing  o f  PSYCHOACOUSTICS’ (ib id . p .208). C oncern ing  this 
p rob lem  t ’H art e t al. (1990 :10 ) m ain ta in  tha t ‘...the psychoacoustica lly  defined  thresholds do  not
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account fo r the selective sensitiv ity  o f  th e  lis ten e r w hen  ex tracting  p itch  in fo rm ation  from  the  speech  
s ig n a l .... the lis ten e r applies se lec tive  a tten tion  in  the  percep tion  o f  p itch  in  sp eech ’.

F rom  w hat has been  said  above one  m igh t conclude  th a t the  co m p u te r w ith  its acoustic  analysis 
b rings forth  and  show s de ta ils  in  an  F o  cu rve  w hich  are  lingu istica lly  irre levan t and  w h ich  w e are 
liab le  to  ignore  as listeners.

W hat w e perce ive  o f  tone  in  speech  depends o n  several facto rs. Q uan tity /tim ing  is  a d ec is iv e  
factor.^ A ccord ing  to  F ay  (1966 :16) ‘T im e... is  ex tensively  invo lved  in  th e  m an y  ph ases  o f  th e  to tal 
auditory  process. ’ G ibbon  (1976:52) says ‘P rosod ic  fea tu re s ... are  genera lly  defiried w ith  reference  
to  the  tim e  d im e n s io n ,... w h ich  leads to  th e  vex ed  question  o f  th e  lin g u is tic  re levance  o f  sta tic  
tra jec to ries o r  po in ts  in  tra jec to ries com pared  w ith  dynam ic  tra jec to rie s '. G ibbon  (ilad . p . 5 5 ) a lso  
says ‘p itch  percep tion  requires at least 20  -  25  m secs ev en  fo r  s ta tic  tra je c to r ie s .... and  th u s  can n o t 
be  abstracted  from  the tim e  d im en sio n ’. G ib b o n ’s ‘vexed  q u estio n ’ refe rs  to  th e  fac t th a t i f  a m o v in g  
tone  ( ‘dynam ic tra jec to ry ’) occu rs  im m edia te ly  befo re  o r  a fte r a level tone  ( ‘s ta tic  tra jec to ry ’)  it  is 
the  relative du ration  o f  the tra jec to ries w hich  determ ines w h e th e r w e h e a r  a  m o v in g  tone  o r  a level 
tone  (cf. B randt 1976). A  sudden  peak  o f  sho rt du ration  is  no t heard  in  a  sm oo th  sequence .

In  the  p resen t study  it  has been  n ecessary  to  tak e  in to  accoun t the tim e  d im ension  espec ia lly  w h en  
clean ing  F o  curves. T h is  is necessary  in  cases w here  th e  shape o f  d ie  cu rv e  d o es  n o t co rrespond  
w ith  w hat w e h e a r o f  TONE w hen  lis ten ing  to  the  signal. F rom  w hat has been  sta ted  so fa r  it  shou ld  
be c lear tha t it m ig h t be necessary  fairly  o ften  to  rep a ir o r  c lean  th e  acoustic  cu rv e , w h ich  can  
con ta in  such  a lo t o f  fau lty  in fo rm ation , in  o rd er to  m ake  it ap p ear m ore  lik e  w h a t it  sounds. O bvious 
no ise  is easily  detected  and  dele ted , and so is  s trong  asp iration  and b rea th  wrcxigly co m p u ted  as 
vo iced  (cf. figs. 1 and 2). F urther, w e find  the so-called  OCTAVE JUMPS: I f  F o  lack s in ten sity  one  
o f  the HARMONICS m igh t show  up  instead^ (cf. end  o f  f ig .l) . T h e  p itch  perce ived  w ill still b e  tha t 
o f  the  fim dam ental, w hich  m eans tha t w e h ea r a  lo w er tone  than  the one  appearing  in  th e  F o  cu rve , 
and reparation  is  necessary  (cf. fig . 1)P T his is  o ften  th e  case in w e a k ly  p ro n o u n c e d  e n d in g s : A  
low  tone is heard  and the signal is  reg istered  to  have  a h ig h er H z-value , (som etim es show ing  a  sharp  
rise w hich  is no t th ere  -  and ‘w hich  w e canno t m ake  o r  h e a r’ (H enn ing  R ee tz , personal com m uni
cation).*

WEAK ENDINGS posed  a g rea t unfo reseen  problem  in  the  p itch -range  analysis. H ere  o n e  h as  to  
find the  h ighest and the  lo w est H z-value in  the  un it, and the  lo w est va lue  w ill o c c u r a t th e  end  o f  a 
long  unit, especially  so in  a s ta tem ent convey ing  new  inform ation . Sørensen  and  C o o p e r (1980 :407) 
affirm  that ‘T h e  general d irec tion  o f  F o  in  a  sen tence  is dow nw ard . ...T h is genera l fall h as  been  
term ed F o  dec lina tion .’ G a rk  and Y allop  (1 9 9 0 :2 8 5 ,2 8 6 ) say  tha t there  ‘^ q ie a rs  to  be  an  a lm ost 
un iversal tendency  in  language, nam ely  a  m odera te  p rogressive  fall in  p itch  from  the  beg in n in g  to  
the  end o f  any  sequence o f  speech  o f  appreciab le  le n g th . . . . T h ere  has b een  co n sid e rab le  deba te  
abou t the  status and  causes o f  d e c lin a tio a  I t  has a lso  been  suggested  th a t dec lina tion  e ffec ts  are  
observed  m ain ly  in  read ing  aloud,... and  th a t they  a re  m uch  less  no ticeab le  in  th e  pa tte rn s  o f  in fo rm al 
sp eech ’.^ A n im portan t p o in t in  th is  d iscussion  w ould  be  th a t the lingu istic  u n its  in  in fo rm al speech  
w ill be sho rte r th an  sen tences (cf. B row n  and  Y ule  1983). T h u s  it  is  reasonab le  th a t w e  w ill g e t 
lo n g er un its in  read ing , w h ich  is  based  o n  w ritten  tex t con ta in ing  co m p le te  sen tences. T h is  w ould  
m ake th e  dow ndrift m ore n o ticeab le  in  reading. A ccord ing  to  L eh iste  (persorud co m m unica tion ) 
’T h e  lo n g er the  u n it the  h ig h er th e  onse t h as  to  b e .’ S ørensen  and C o o p er (1980) v e rify  th a t there  
is  a  tendency  fo r F o  to  start h ig h er a t th e  beg inn ing  o f  a  lo n g er c o n s titu e n t C f. a lso  B ro w n  e t al. 
(1980:132): ’... it does seem  that w hen  the  sp eak er has m o te  g round  to  co v e r sh e  b eg in s  h ig h e r’.

M IG lO  INTONATION (cf. p . 1 above) has to  be tack led  as a  special id ienom enon . T h e  term  refe rs 
to  se g m e n ta l in flu e n ce  o n  th e  F o  c u rv e  o f  w h ich  there  a te  tw o  types: the  in trinsic  p itch  o f  vow els 
and  the  in fluence o f  a cm isonant o n  th e  p itch  o f  a  fo llow ing  vow el (cf. L eh iste  1970, L ad d  and  
S ilverm an 1984, and R einho lt P e tersen  1986). G o s e  vow els w ill have  h ig h er p itch es  than  o pen  
vow els. ‘Inherent F o ’ is ano ther term  fo r th is  (Scheffers, personal com m unication). A ccord ing  to
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L eh iste  (ib id .) in trinsic  p itch  appears to  be  a  physio log ica lly  conditioned  universal. T he p itch  o f  a 
vow el w ill in  add ition  b e  increased  b y  a preced ing  vo iceless consonan t and low ered  by  a voiced 
co nsonan t in  th e  sam e position . T h is  type is referred  to  as ‘contextual F o ‘ (Scheffers, ibid.), and 
‘co a rd cu la to ry  F o  flu c tu a tio n s’ (R einho lt Petersen , ib id .). Q a rk  and  Y allop  (1990:282) sta te  that 
‘T h e  reasons fo r  th is  cond ition ing  o f  p itch  are  no t fu lly  u n d ersto o d .’ A nd t ’H art e t aL (1990:14-15) 
co n ten d  th a t m ic ro  in tona tion  ‘causes  pertu rbations, no t in tended  b y  th e  speaker. E v iden tly , such  
p e r tu rb a tio n s ... c an n o t be  considered  as  constituen ts o f  the p itch  co n to u r as a  lingu istic  en tity ; bu t 
th ey  m ak e  th e  in terp re ta tion  o f  F o  curves in  term s o f  underly ing  in tonation  pa tte rns  all the  m o te  
d ifflcu lL ’

T1HE: 2.98819 sec VALUE: 0 C C ]

S M IIS IIC S

'R8I1E; 104 ( 2.569 - 2.594 sec) PITCH: 0 Hz LEVEL: 34

LEN6TH! 2.943s
FRAHESi 118
WICED; 59
R.HEAN! 213 Hz
6.HEAN: 212 Hz
HEDIAN: 229 Hz
ST.DEU: 33 Hz

Figure 2: MSLPITCH curve representing 'William went to bed very early that evening' after being cleaned 
and repaired.

Inexperienced  in  th e  fie ld  o f  acoustics I  w elcom ed th e  fo llow ing  sta tem ents on  m icro  in tonation  
b y  M  S cheffers (ib id .), ‘T h ese  e ffec ts  are  re la tive ly  sm all in  size  (som e percen t) and d ifficu lt to  
d istin g u ish  in  th e  F o  co n to u r o f  a ph rase  because  th ey  are  o f  th e  sam e o rd e r  o f  m agn itude  as the 
in accu racy  o f  th e  F o  analysis  m e th o d .... n o  analysis m ethod  is p e rfe c t’ and  ‘you have to  learn  to  
d e tec t e n o rs  in  F o  m e a su re m e n ts .... In  teach ing  in tonation  in  a foreign  language , how ever, you 
can  sa fe ly  ig n o re  th ese  m in o r F o  excu rsions since  it is  g enera lly  agreed  th a t they  are involuntary  
an d  p h y sio log ica lly  d riv e n ’. O bv iously , in  a  learn ing  situation  any th ing  physio log ica lly  d riven  w ill 
co m e  natu ra lly . In  m y  analysis  I have  fo llow ed  C o llie r and T erk en  (1987) de le ting  signals w hich 
are  im possib le  to  d e tec t aud itive ly  (cf. fig . 1). (H ow ever, in  one  o f  m y  sentences (m  7) it seem s as 
i f  in trinsic  p itch  and  co -articu la to ry  Fo m ig h t have  an  im pact to  be  counted  w ith (cf. below ).

W e shall n o w  tu rn  to  a m ore  detailed  p resen tation  o f  a  su rvey  o f  the  use o f  p itch  range (PR) o f  
studen ts o f  E n g lish  from  W estern  N orw ay (H ordaland  m o te  p recisely ; 4 7  m ale  and 74 fem ale
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inform ants). A s sta ted  above, find ings from  the  ea rlie r aud itive  analysis  w ere  to  b e  corttro lled  by  
look ing  at the  acoustic  features o f  p rob lem s observed  and listed . T h e  reasons fo r  lo o k in g  in to  PR 
first w ere m ain ly  p ractical. In tonation  stud ies dem and un its  covering  a certa in  stre tch  o f  speech . 
A nd thus the first sen tence o f  the  story  read w as d ig itized , rep resen ting  an  ‘in tona tion  u n it’ in  m ost 
o f  the readings.^  ̂  In tonational ‘e rro rs ’ lis ted  (cf. no te  10) w ere  expected  to  ap p ear w ith in  the u n i t  
(T o  start w ith  d ig itiz ing  th is  sen tence  w as a  p a rt o f  learn ing  to  u se  the  M SL prog ram m e. In  ad d itio n  
it  w as a  w ay  o f  becom ing  fam iliar w ith  th e  un k n o w n  activ ities o f  d ig itiz ing  speech  and  analysing  
acoustic  s o ^  curves).

E v en  a t  a  very  ea rly  stage  I had  a  n o tio n  th a t ana lysing  on ly  the firs t sen tence  w ou ld  be 
unsatisfac to ry  as a  b asis  fo r PR -studies. T h erefo re , fo r  som e in fo rm an ts tw o  s im ila r  sen tences (4 
and  6 ) w ere d ig itized  as w ell. T h ese  have  n o t been  system atica lly  analysed  y e t  P ro fe sso r L eh iste  
(personal com m unication) suggested  th a t look ing  at tw o  m o re  sen tences (7  and 12) m ig h t be  
in teresting . T h e  reasons g iven  w ere  th a t sen tence  7  rq rre sen ts  a yes-no  question , an d  sen tence  12 
w ould  g ive  the  lo w est possib le  F o  value , m ark ing  finality.^^ A ctually , as fo r  sen ten ce  7  an  ex tra  
h igh  onset m ight be expected , caused  by  a  m ax im um  effec t o f  m icro  in tonation : a  v o ice less  fricative 
ill  p receding  the close  vow el M .  B ut, seen  in  re la tion  to  sen tence  1, th e  PR -value o f  sen tence  7 
varies from  in fo rm ant to  in fo rm ant as ‘T h e  effec t o f  vow el in trinsic  p itch  is  n eg lig ib le  in  unaccen ted  
sy llab les’ (Ladd and  S ilverm an  1984:31). A nd som e readers have stressed  she  w hereas o thers have 
noL̂ ^

It is w orth  no ting  th a t the  read ings u sed  fo r  th e  auditive analysis (fiv e  from  each  area) w ere  n o t 
all su itab le  fo r instrum ental analysis. In  sp ite  o f  the  fac t th a t these  had  been  carefu lly  se lec ted  as 
‘good read ings’ and fit fo r auditive analysis, v e ry  few  could  be  used  fo r acoustic  analysis. T h erefo re , 
the  final results reported  here  co v e r qu ite  a  few  o th e r in fo rm ants, and m any  m ore  in fo rm an ts from  
each  area. A ccord ing  to  P ro fesso r V ic to r Z ue, M IT , O ecture, E d in b u rg h , 1988) one  n eed s  a  g reat 
am ount o f  da ta  in  o rd er to  d raw  conclusions from  acoustic  m easurem ents.^^  T h u s  th e  p lan  o f  u sing  
read ings by  native  R P  speakers am ong o u r studen ts fo r  com parison  had  to  be  d ropped  fo r lac k  o f  
enough  data. T h e  U C L  study  (B arry  e t al. 1989; cf. fig . 3) w as w elcom ed  fo r com parison .^^

R esu lts o f  the study reported  he re  com pared  w ith  those  o f  the  U (X -s tu d y  a te  illu strated  in  fig.4. 
T he histograrrunes illustrate  a m arked  d ifference  in  the  use  o f  p itch  range o f  the N o rw eg ian  s tuden ts 
from  H ordaland and R P  speakers.

T ab le  2a. 90%  range in  octaves from  1 st-o rder D x analysis fo r 2  m ale  and 2  fem ale  na tive  speakers 
in  6  languages

S p e a k e rs

F.1 F 2 M.1 M.2
Danish 0.67 0.59 0.51 0.47
Dutch* 0.71 0.67 0.47
English 1.30 1.15 1.03 1.03
French 0.47 0.99 0.55 0.79
Getman 0.71 0.55 0.59 O J l
Italian 0.83 0.67 0.71

Figure 3. Table borrowed from  Barry et al. 1989.
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DISTRIBUTION OF OCTAVES
Western Norwegian female students

number of informants

Western Norwegian male students
number of informants

Figure 4: The lower values given for English (RP) (fig. 3) are indicated here. Both histogrammes show that 
more than 90% o f the Norwegian informants use a pitch rang lower than that indicated for English. (A few  
falsetto voices cause the mean value in the male-student histogramme to appear too high).
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It is also  in teresting  to  see th a t the  octave  values fo r D an ish  in  fig. 3 com e very  c lo se  to  the  m ean  
PR  values o f  the p resen t study  o f  N orw egian  speakers.

T h e  valid ity  and value  o f  the  w ork  referred  to  can  b e  d iscussed . T h e  p rob lem  o f  th e  u se  o f  on ly  
the 1st sen tence (so far) is  one  p o in t in  question  (cf. no tes 1 1  and 13).

P itch  range w ill v a ry  in  th e  use o f  one and the sam e sp eak er at the  sam e tim e  as it is  obv iously  
language specific . H all (1972) sta tes th a t th e  u se  o f  a  w ide  P R  is  o n e  o f  the  m o st charac te ristic  
features o f  B ritish  E nglish . F u rth e r de  P ijp e r  (1983 :91) po in ts  to  the d iffe rence  b e tw een  B ritish  
E ng lish  and D utch  in  the  to tal PR  covered , ind ica ting  a  ra tio  o f  12:6 sem itones, i.e . 1:1/2 octave.

P R  is  recogn ized  as  a p a ra lin g u isU c  fe a tu re ; nevertheless, acco rd ing  to  E slin g  and W ong  (1983) 
it  can  influence in tellig ib ility . A  too  narrow  range g ives an  im pression  o f  w eariness (cf. A be 1980). 
T h u s lack  o f  in terest, w h ich  m ig h t am oun t to  im politeness, could  be  d em onstra ted  un in ten tio n a lly  
by  a N orw egian  speak ing  E ng lish . A ccord ing  to  C rystal (1969) P R  is a  reg u la r and  im p o rtan t m ean s 
o f  em otional expression . In  sp ite  o f  P ro fesso r L eh is te ’s con ten tion  th a t P R  is  is  o f  n o  in te rest 
linguistically  (personal com m unication), it  m u st b e  said  to  be  o f  in terst c o m m u n ic a tiv e ly . In  a 
sym posium  o n  ‘In tonation: m odels and param eters* a t d ie  X II In ternational C ongress  o f  the  
P honetic  Sciences. A ix -en-P rovence , A ugust, 1991, P ro fesso r N ooteboom  cla im ed  that phone tic i
ans still know  to o  little  about the  so-called  para lingu istic  features. T h e  p o in t is  tha t syn the tic  speech  
reveals w hat features are v ital fo r  ‘n a tu ra ln ess’. T h u s know ledge about P R  d iffe ren ces m ust a lso  
be o f  in terest pedagogically .

F inally , a  few  conclud ing  rem arks are in  order.

T h e  P C  h as m ade phone tic  research  m ore  accessib le , as such  stud ies can  be  pu rsu ed  w ithou t 
assistance and access to  a laboratory . H ow  dem anding  th is  is w ill depend  o n  th e  background  o f  the  
a n a ly s t I t is d ifficu lt to  be  a m ulti-specia list. I w ould like  to  con tend  th a t th o rough  lingu istic  and  
phonetic  know ledge o f  the language to  be stud ied  is a  m u s t  as th is  tak es  a  lo n g  tim e  to  acqu ire. 
T he acoustics o f  speech  m ust b e  said  to  be a m ore  lim ited  area. I t seem s a  less  tim e-consum ing  task  
to  acquire the know ledge o f  acoustics needed  to  be ab le  to  use  the p ro g ram m es availab le  to d ay  fo r 
th is k ind o f  research . N evertheless, a v isit to  a  phone tic  labo ra to ry  w ould  n o  dou b t be u sefu l. T o  
be acquainted  w ith  stud ies in  speech  percep tion  is a  necessity . H ere  h e lp  is  to  be  found  in  recen t 
literature  on  the subject.

Notes
1. P rosody  com prises suprasegm ental features o f  speech  such  as stress, tone, and  quantity. T he  

term  iruonation  refers to  the  tonal m ovem en t o f  an  u tterance , i.e . varia tio n s in  p itch , o f  w hich  
the  fundam ental to n e  (Fo) is the physical correlate. T h e  F o  curve  p ic tu res  th e  frequency  o f  the 
v ib ra tions o f  the  vocal cords. F o r  th is  p ro jec t sound cu rves hav e  been  p ro d u ced  on  the  P C  screen  
b y  th e  aid o f  the  d ig itiz ing  program m e MSL (cf. D ickson  1985; L y sn e  1989). T h e  sound  signal 
w as transferred  from  a  JVC casse tte  recorder/p layer. D eta iled  F o  analysis  h a s  been  perfo rm ed  
b y  the additional p rogram m e MSLPITCH (cf. D ickson  1987).

S entences d ig itized  fo r analysis:
1. W illiam  w ent to  bed  very  early  th a t evening .
4 . H e h a d n ’t  heard  Irom  Jane  since  he  sen t h e r  th e  w ire.
6 . H e had  said  som eth ing  abou t a  m issing  coat.
7 . C ould  she hav e  found o u t so  soon?
12. A fter all it d id n ’t m atter.

2. Cf. t ’H a it e t al. 1990:24: ‘T h e  sa tisfac tion  w hich  phonetic ians m ay  feel w ith  th e  eno rm ous 
p rogress m ade during  the las t decade in  the  au tom atic  de te rm ina tion  o f  F o  is  overshadow ed  by
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3.

7.

8 .

th e  fact th a t the  fin e r th e  perfo n n an ce  o f  the  techn iques applied , the m ore it becom es appraient 
h o w  irregu larly  the  vocal folds v ib ra te ’.

T h e  record ings used  as m ateria l here  (a by-p roduct o f  a  d iagnostic  test) w ere actually  recorded 
in  a  speech -lab  (class room ) w ith  2 0  b o o th ^ e a d e rs ) . T h e  equ ipm ent w as the  cassette  recorder 
o f  T an d b erg  IS8 , type: TCR 5 5 0 0 ,2  tracks, w ith  attached  headphone.

In  d ie  M SL -program m e th is  is co rrec ted  by  ad justing  the  "configuration  file" as one  listens in 
w h ile  chang ingA ecdfy ing  the appropriate  values. In  o u r case  th is w as n ecessary  w hen changing 
to  a co m p u te r w ith  g rea te r capacity  th an  the one  first applied .

C f. co m m en t h eard  in  a  N orw egian  rad io  (NRK) p rogram m e o n  m usic: ‘T ld  e r  m usikkens 
v e rk tø y ’ (=  tim e  is  th e  tool o f  m usic). T h is  m ig h t also  app ly  to  ^ le e c h  and hearing.

V ery  o ften  th is  w ill be  the  second  harm onic  (w ith  a frequency  like  F o  m ultip lied  by  2 , w hich  
w ill be  th e  sam e as the  OCTAVE VALUE o f  the  fim dam ental (cf. Q a ik  and  Y allop  1990:210: 
’(jo m p lex  sounds p o se  a  cu rious p roblem . ...It does no t m atte r w h a t th e  am plitude o f  tha t 
fundam en ta l is  in  re la tion  to  the  o th e r harm onic  com ponen ts o f  the  sound. ... ev en  if  the 
fundam enta l is  rem oved  b y  som e form  o f  e lec tron ic  p rocessing ..., a p itch  correspond ing  to  the 
fundam en ta l, k n o w n  as the  ’phantom  fu n dam en ta l,’ w ill still be p e rc e iv e d . . . .

W h at is  o rig ina lly  d ig itized  by  th e  M SL program m e w ill still be in the  file. G ean in g /tep a irin g  
an  F o  curve  in  MSLPITCH affects on ly  the  v isual cu rve , and the  sta tistics conform s to  this. (The 
orig inal s ignal can  a lw ays be  reloaded  and analyse again  e.g . w ith  changed  param eters).

A t an  early  stage  in  m y  w ork  I b lam ed  th is  ’en d -p ro b lem ’ on  p o o r record ings. H ow ever, the 
fac t seem s to  be  tha t th is  is a general problem  in  accoustic  research  o f  speech , as endings, 
e sp ec ia lly  in  lo n g er un its , are  very  o ften  w eak because  o f  lack  o f  intensity .

9 . A cco rd in g  to  C o llie r (1989) th is  dow ndrift w as nam ed DECLINATION by  C ohen  and t ’H art 
(1965): cf. a lso  T h o rsen  (1980); C ohen, C ollier, and t ’H art (1982); de  P ijp e r (1983); t ’H art, 
C o llier, and  C ohen  (1990).

10. T h e  m o st frequen t p rob lem s detec ted  and listed  as in teresting  w ere:

1. T h e  un -E ng lish  fin ish ing  olT o f  an  in tonation  un it. W hat can  be  w rong  w ith  the fall/rise o f  a 
N o rw eg ian  speak ing  E nglish?

2. T h e  s ta rtin g -p o in t/’o n se t’ is  n o t h igh  enough  (as verified  by  teach ing  experience).
3. Is there  a lack  o f  u se  o f  ’p itch  ran g e ’ in  ’N orw egian  E n g lish ’? (a phenom enon  closely  related 

to  po in t 2 ; a lso  verified  b y  teach ing  experience).
4 . T h e  overall to n e  pattern  in  a un it is  no t particu larly  E nglish ; d o  w e m ove abou t/jum p u p  on 

unstressed  sy llab les w here native  speakers keep  a steady  course?
5. W hat a re  the  reasons fo r un-E ng lish  rythm  in  ’N orw eg ian  E n g lish ’? Gs th is  a question  o f  

tim ing /Iack  o f  deaccen ting?)

11. T h e  cho ice  o f  th e  first sen tence  fo r  PR -studies has been  questioned  b y  experts , as the  first 
sen tence  w ill n o rm ally  b e  pronounced  o n  a  h ig h er p itch  than  w hat fo llow s (N oven , S lethei, and 
L eh iste ) (personal com m im ication). B u t in  the  record ing-situa tion  the  in fo rm ants had  to  read 
a  sen ten ce  in  N orw eg ian  in troducing  them selves as a  start. (Ex.: "D ette  e r  s tudent n r  B 18 V  
79 ."  (10 -12  sy lls, s ta tem ent, new  inform ation ; as fo r  th e  code see below ). H ow  far th is  
in tro d u c tio n  in  N orw eg ian  in fluenced  the im m edia te ly  fo llow ing  perfo rm ance in  E ng lish  w ill 
b e  le f t he re  as an  open  question).

H ow ever, co n sid erin g  the  fac t o f  the h ig h er p itch  o f  the  first un it, th is  cannot b e  said  to  be 
n eg a tiv e , o r  m ake the  w ork  p resen ted  here  particu la rly  unreliab le , as it does no t support, bu t 
ra th e r  refu te  the  u n derly ing  hypo thesis  and find ings o f  th is  study: th a t N orw eg ians, w esterners 
in  particu lar, do  no t u se  enough  PR  w hen  s jo a k in g  E ng lish  as th e ir  onset is no t h igh  errøugh.

T h e  o rig inal code o f  the studen t/reader is used  as filenam e in  the P C  d irectory : B  refers to  
lab -n u m b er, 18 to  th e  boo th , V79 refers to  term  (S pring  1979). T h e  n u m b er o f  the sentence is
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added to  th is: B 18V 791 w ill be  d ie fUenam e o f  the  sen tence  ‘W illiam  w en t to  bed  very  early  
th a t ev en in g ’ o f  a  reading tha t can  be  traced  back  to  th e  tape.

12. S im ilarity  he re  refers to  k ind o f  in fo rm ation , leng th , and gram m atica l structure .

13. I t  w ould  be  enorm ously  tim e  consum ing  and dem anding  as  fo r  P C -capacity  to  g o  in to  all these 
sen tences in  detail. T h erefo r, on ly  a  few  spo t checks have been  m ade , revea ling  P R -va lues 
sligh tly  d ifferen t from  th o se  o f  sen tence  1 as expected ; b u t so  fa r  the h y p o th esis  beh ind  th is  
w ork  has n o t been  d isp roved . O ctave  v a lu es  o f  o th e r  un its  (sen tences 4 , 6 , 7 ,  and  12) analysed  
so  fa r  (abou t 2 0  in  num ber) hav e  been  be low  those  reported  fo r  R P  (cf. fig . 4 .)

14. ‘A s fo r  vow el-in trin sic  p itch , th e  d ifference  in  F o  b e tw een  d o s e  and o p en  vo w els  m ay  am ount 
to  th ree sem itones (0 .25 octave). T h u s, it is  p lausib le  tha t such  a d iffe rence  can  b e  p erce iv ed , 
ev en  in  the  dynam ic  situa tion  o f  speech  m elody , and  ev en  though  i t  h as  b een  re p o r te d ... th a t 
lis teners tend  to  a t least partia lly  com pensate  fo r  the  e ffec t’ ( t ’H a it e t  al. 1990).

15. P ro fesso r F ry  (UCL, 1976, persona l com m unication) suggested  th ree  in fo rm an ts  p e r  a rea  fo r 
aural analysis o f  speech. H ere  one  need n o t d istingu ish  b etw een  m ale  and  fem ale  speakers. In 
an  acoustic  analysis, on  the  o th e r hand , these  hav e  to  be  k ep t apart, becau se  o f  physio log ica l 
d ifferences. In  th is  study  I a im ed  at liv e  m ale  and  five  fem ale v o ices  from  each  area. F o r  som e 
areas the n um ber is  lo w er because  o f  the lack  o f  accep tab le  record ings.

16. T h is  study  w as approved  o f  b y  P ro fesso r L eh iste  as  va lid  fo r  com parison  (personal com m uni
cation). V ery  little  is  to  b e  found  about P R  in  th e  literatu re . T h e  reason  fo r  th is  is  e a sy  to  see, 
as th is  k ind  w ork  w ould  be  d ifficu lt to  do w ithou t the com puter. E x p erts  o n ly  w ould  be  ab le  to  
appreciate  the  am ount o f  w ork  beh ind  such  a  study. It is  [>articulariy in te restin g  th a t a t the 
E uropean  C onference on  Speech  T echno logy , E d inburgh , S ep tem b er 1987, m y  inqu iries abou t 
P R  stud ies in  E ng lish  y ielded no  results. T w o  years la te r  a t the E u ro p ean  C onference  on  S peech  
C om m unication  and T echno logy , P aris, S ep tem ber 1989, th e  U C L  s tu d y  w as reported .
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Determinisme og syntaktiskflertydighet

Torbjørn Nordgård
Universitetet i Bergen

i .  Innledning
M an  fo rs tår g jem e  en  determ inistisk  innretn ing  som  e t redskap  som  fin n er raskeste  ve i til en , og  
bare  en , løsn ing  av en  oppgave, eksem pelv is  analysen  av en  setn ing . Syn takdskflertyd ighet, p å  d en  
arm en side, behand les o ftest ved  at g ram m atikken  p red ise re r e t se tt av syn tak tiske  rep resen tasjoner 
til en  ordsekvens. I de t som  fø lger ^ a l  je g  v ise  hvordan  dete rm in ism ebegrepet k an  m o d ifise res  på  
en  m åte som  b ev arer de term in ism ens fo rdelak tige  sider, sam tid ig  som  sytU aktiske flertyd ighete r 
k an  analyseres korrekt.

2. Syntaktisk flertydighet
D en lingvistiske lineratu ren  irm eholder u tallige ek sem p ler p å  syn tak tiske  flertyd igheter. T y p isk  e r  
analysen  av den  syntak tiske rekkev idden  til p reposisjonsfraser, som  i ( 1 ), m en  også  v a rian te r  som  
i (2) og (3):

(1) Jens v il se  m arm en m ed k ikkerten  (2  lesn inger)

a . Jens v il [VP se  [NP m arm en [pp  m ed k ikkerten]]]
“J e n s  v il se  m annen, og m annen har kikkerten”

b. Jens  v il [VP se [NP m arm en] [pp  m ed  k ikkerten]]
“Jen s v il se  m annen, og Jens v il bruke kikkerten”

(2) H vem  e lsker M arit?  (2  lesn inger)

a. H v o n  [VP e lsk e r [NP M arit ]]
“F or hvilke individer z  fo rh o ld er d e t seg  s lik  a t x  er elsker av M arit”

b. [CP H vem  i [C’ d s k e r  j  [S M arit [ VP ej ej ]]]]^
“F or hvilke individer z  fo rh o ld er d et seg  s lik  a t M a rit er elsker a v  x "

(3 ) Jen s  så  m arm en m ed  k ikkerten  (4  lesn inger)

a. [S Jens [VP så  [NP m arm en] [pp  m ed  k ikkerten]]]
“M annen b le se tt av Jens, og  Jens brukte kikkerten”

b. [S Jens [VP så [NP m arm en [p p  m ed  kikkerten]]]]
“M annen som  hadde kikkerten b le se tt av Jen s”

c. [CP Jensi [C’såj [S [NP m arm en [pp  m ed kikkerten]] [VP ej ei ]]]]
“Jens b le se tt av m annen som  hadde kikkerten"
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d. [CP Jensi [C ’säj [S [NP m annen] [VP ej ci [pp  m ed k ikkerten]]]]] 
“Jen s b le se tt av m annen, og m annen brukte kikkerten"

3. Syntaktisk flertydighet og automatisk setningsanalyse
E n  m ask in  som  fo re ta r  se tn ingsanalyse, dvs. en  parser, b ø r  finne  fiem  til a lle  syntak tiske lesningene 
av  e t g itt i i^ u L  M eric d en  noe besk jedne m odalite ten ; den  k o m m er av  at de t k an  gis argum enter 
som  m o tiv ere r parsere  som  bare  finner en  syn taksrepresentasjon  fo r  h v ert input. Jeg  ten k er h e r  på 
parse re  fo r  fo n n e lle  sp råk , f.eks. p rogram m eringsspråk , d e r  m an  aldri tilla ter noen  fo n n  fo r 
f le rty d ig h e te r (en  datam ask in  m å h a  en tyd ige  instruksjoner). D et kan  også argum enteres fo r  at 
parse re  fo r  n a tu rlig e  sp råk  ikke  skal returnere  m er  enn  en  strukturel! analyse. D ette  g je lder parsere 
som  bare  skal firm e d en  m est p lausib le  lesn ingen , g itt at den  også  h a r  tilgang  til in tonasjonsm essig  
re levan t in fo rm asjon , d iskursin fo rm asjon , osv . D e sistnevnte  fo ru tsetn ingene e rp ro b lem atisk e  når 
m an  s tille r seg  o ppgaven  å  im plem entere  en  p a rse r idag. In tonasjonsin fo rm asjon  fo ru tsetter enten  
a t taleg jenk jenn ingsp rob lem et i v id  forstand e r  løst, hv ilke t de t ikke er, e lle r  a t in tonasjonsinfor
m asjo n  på  en  e lle r  arm en m åte  kodes sam m en m ed parserens in p u t  D ertil tren g er vi en  troverdig  
og  generell teori om  d iskursrepresen tasjon , o g  til tross fo r lovende an sa tse r fum es ikke en  slik  teori 
idag. E t siste  a rgum en t fo r parsere  som  bare  k om m er u t m ed e tt resu ltat, k an  væ re an tagelser om  
a t d e r  firm es e t ren t syn tak tisk  defm ert hierarki m ellom  syntak tisk  flertyd ige lesn in g er som  gir 
k o rrek te  p referanser. A bney  (1987) e r  e t re levan t arbeid  i denne sam m enheng, m en  je g  m å 
irm røm m e at je g  synes de t e r  vanskelig  å se a t m an  kan  sk ille  m ellom  lesn ingene av setn ing  (2 ) på 
e t rent syn tak tisk  grurm lag.

F o r  å sum m ere  opp; dersom  m an  ø n sk er å  lag e  en  p a rse r fo r  na tu rlige  språk  k om m er m an ikke 
u tenom  at d en  av  o g  til m å kuim e retu rnere  m er  erm  ett resultat. D erm ed d istansere r vi oss fra  en  
“ n a iv ” determ in istisk  p arser som  bare fin n er en  analyse av e t input.

4. Determinisme og setningsgjenkjenning
L a  oss først k larg jø re  h v a  m an  no rm alt fo rs tår m ed term en  “de term in ism e” . V i g å r da til au tom at
teo ri og  sk ille t m ellom  determ in istiske  og  ikke-determ in istiske  au tom ater (en  au tom at e r  en  slags 
“ abstrak t”  m ask in  som  kan  u tføre  næ rm ere  definerte  oppgaver). L a  o ss  fo r  enkelhets  skyld  se 
n æ rm ere  på  en  de term in istisk  og  en  ikke-determ in istisk  autom at som  gjenkjerm er språket 
fo r  n ,m  >  0 ; a ltså  e t (kunstig) språk  d e r setn ingene alltid  b e s tå r  av et v ilkårlig  antall a ’e r  etterfu lg t 
av  e t v ilk årlig  antall b 'e r  sam t en  c til slutt. A u tom at A  e r  ikke-determ in istisk  og  au tom at B e r 
de term in istisk ;

(4 ) A u to n u t  A: In itia le  tils tan d en  
F in a le  tilstander: 
In struksjonen

a b

{1 }
{4}
F ra  1 til 1 ved sym bol a  
F ra  1 til 2  ved  sym bol a  
F ra  2  til 2  ved sym bol b  
F ra  2  til 3 ved sym bol b  
F ra  3 til 4  ved sym bol c

ø ^ ø ^ ø .
Automaten frem stilt som transisjonsdiagram:
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A u to m a t B: In itia le  tilstander: 
F ina le  tilstander: 
In struksjonen

© - ^ 0 -

{ ! )
{4)
F ra  1 til 2 ved  sym bol a 
F ra  2 til 2  ved  sym bol a 
F ra  2 til 3 ved  sym bol b  
F ra  3 til 3 ved  sym bol b  
F ra  3 til 4  ved  sym bol c

b

©
Automaten frem stilt som diagram:

D en  determ in istiske  au tom aten  tren g e r en  enkel a lgoritm e til å  fo rto lke  o g  b eny tte  d en  i en
analyse:

1. F in n  en  instruksjon  d e r  fø rste  sym bol i inpu tstrengen  e r  lik  d e t sym bo l som  e r  n ev n t i 
instruksjonen , og  d e r  instruksjonens “ fra"-tils tand  e r  en  in itia l tils tand  (en  tils tan d  som  e r  
e lem en t i m engden  av in itia le  tilstander).

2 . Nflr en  d ik  instruksjon  i  e r  funnet, les  iiqrutstrengens neste  sym bol. L e t e tte r  en  instruksjon  ii 
som  e r  slik  a t de tte  sym bolet e r  lik  sym bole t som  e r  nevn t i in struksjon  ii, o g  is *‘til”-tils tand  e r 
d en  sam m e som  iis “ fra”-tilstand. G jen ta  denne prosessen  inntil he le  i ip u ts tren g e n  e r  les t e lle r  
d e t ikke finnes m atchende instruksjoner.

3. N å rs te p lo g 2 e r fe rd ig ,a v g jø ro m fø lg e n d e k r i te r ie re r s a n n e :( i) in s tru k s jo n iis “t i r ’-tils tanden  
e r  e lem en t i m engden  av finale tils tander, og  (ii) a lle  sym bolene  i inpu tstrengen  e r  lest. H v is 
begge kriteriene e r  oppfy lte , e r  se tn ingen  a k sep te rt H v is ikke  e r  den  ikke en  se tn ing  i sp råket 
slik  de t e r  definert av  au tom aten.

5. Ikke-determinisme og setningsgjenkjenning
D tn  ikke-determ inistiske au tom aten  (A utom at A ), d e r im o t k rev e r en  noe  m e r  so fis tik ert fo rto l
kn ingsalgoritm e fordi den  m å  u tsty res m ed en  hukom m else  som  g jø r d e t m u lig  å g å  tilbake  og  prøve 
alternative m u lighete r fra  en  g itt analysesituasjon . D et finnes flere ve lk jen te  tek n ik k er fo r  å oppnå  
dette; den  kansk je  m est k jen te  og  konsep tue lt enk leste  å fo rstå  erbacktraddng . D en  dete rm in istiske  
algoritm en m odifiseres p å  fø lgende m åte  n å r  den  g jø ies  til en  (noe  fo renk let) b ack tracker.

1. F in n  alle  instruksjoner d e r  første  sym bol i inpu tstrengen  e r  l ik  d e t sym bol som  e r  n ev n t i 
in struksjonen , o g  d e r  instruksjonens *‘fra” -tilstand  e r  en  in itia l tilstaiid  (en  tils tan d  som  e r  
e lem en t i m engden  av in itia le  tilstander).

2 . N å r  de  e r  funnet, vdg en  av dem . K ali den  i. D e andre  tas vare  p å  sam m en  m ed  in fo rm asjon  
om  hv ilke t sym bol som  v a r  i ferd  m ed  å  bli lesL L es inpu tstrengens neste  sym boL Firm  alle  
in struksjoner ii som  e r  slik  a t dette  sym bo le t e r  lik  sym bole t som  e r  n ev n t i in struksjon  ii, o g  is 
**til**-tilstand e r  d en  sam m e som  iis  “ fra”-tilstand . G jen ta  den n e  p rosessen  inn til inpu tstrengen  
e r  tom  e lle r de t ikke finnes m atchende instruksjoner.

3. a. N å r step  1 og  2  e r  ferd ig , av g jø r om  fø lgende k rite rie r e r  saim e: 0 )  d e t finnes m in st en
instruksjon  ii hv is *1 i r ’-tilstand e r  e lem en t i m engden  av  finale  tils tander, o g  0 0  a lle  
sym bolene  i ii^ u ts tren g e n  e r  lesL H vis (i) o g  (ii) e r  oppfy lte , e r  se tn ingen  a k se p te r t  

b . U ndersøk om  d e t firm es noen  a lternativer som  ikke e r  forsøkt e n n l  H v is a lte rn a tiv er finnes, 
v e lg  det som  sist b le  ta tt vare  på, o g  fo rtsett analysen  fra punk t 2 .
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c . H vis k rite riene  (i) og  (ii) un d er 3.a. aldri e r  b litt tilfiedsstilt u n d er analysen , sam t at de t ikke 
fin n es n o en  u p røvede  a lternativer, e r  s trengen  ikke en  setn ing  i sprflket slik  del e r  deflnert av 
au tom aten .

M erk  at den n e  a lgo ritm en  fin n er frem  til cdle m ulige v e ie r frem  til korrek te  a n a ly se rav  en  streng. 
D e t e r  p resis  en  slik  eg en sk ap  vi e r  u te  e tte r  fo r  å  kunne  g ripe  syntak tisk  flertyd ighet i parsing  av 
se tn in g er i na tu rlige  sprflk. F o rsk je llen  m ellom  en  g jenk jenner o g  en  p arser e r  a t g jenk jenneren  kun 
sv a re r  benek tende d i e r  bekreftende p å  om  en  fo reslå tt streng  e r  g ram m atisk  e lle r ikke, m ens 
p a ise ren  p ro d u se re r struk tu re lle  rep resen tasjoner av  velfo rm ede setn inger. D ersom  m engden  av 
rep resen tasjo n er e tte r  parsingen  e r  to m , e r  setn ingen  ugram m atisk . D ersom  den  h a r  e tt elem ent, e r 
se tn in g en  en ty d ig , to  e lem en te r v ise r  tvetyd ighet, osv .

D en  ' ‘de te rm in is tiske”  algoritm en  b ø r  iHc»» s ^ l i s e r e s  på  ikke-determ in istiske  au tom ater fordi den  
ik k e  e r  istand  til å  ta  v a re  p å  alternative  in struksjoner i e n  gift situasjon . D erfo r k la re r d en  ikke  å 
fo rto lke  A u tom at A  p å  en  m åte  som  g jø r  a t sp råket g jenkjennes. D en  fo rto lker A utom at B 
som  v i ø n sk e r n e tto p p  ford i au tom aten  e r  de term in istisk  og  det aldri e r  m er  en n  en  m u lighet v idere  
fra  e t pun k t i analysen.

B ack trackeren  o p p v ise r altså  den  egenskap  å kunne hånd tere  ikke-determ in istiske  autom ater. D en 
k an  og så  beny ttes  i fo rto lkn ingen  av m er velk jen te  P S -g ram m atikker fo r na tu rlige  språk. A lterna
tiv e r  til back trackere  finnes; i data lingv istikken  e r  sæ rlig  datastruk tu rer som  rep resen te re r e t chart 
e tte rh v ert b litt po pu læ re , sæ rlig  fordi charte t o rgan ise re r in form asjon  p å  en  m er efiek tiv  m åte  enn  
e n  standard  b ack track er g jø r, sam t at de t g ir  bedre  m u lighete r til å studere se lve  analyseprosessen.

L ik ev e l, ikke-determ in istiske  p a rse ie  h a r  enkelte  negative  egenskaper. E n  h a r  å gjøre m ed 
e ffek tiv ite t; n å r  m engden  av  P S -reg le r b iir  s to r o g  setn ingene som  skal analyseres e r  lange, kan  
s lik e  parsere  b li trege , selv  om  eksponensia lite t urm gås, jf . det kom pleksite tsteo re tiske  u ttrykket 
IGl^-n^ d e r  IGI e r  g ram m atikkstø rre lsen  (m engden  av sym bo ler i g ranuna tikken ) o g  n e r  setnings- 
lengden . D et b ø r  innskytes a t å verifisere  om  en  fo reslått analyse er ko rrek t o ftest e r  fort g jort, m ens 
d e t å fin n e  den /de  korrek te  analysene e r  et adsk illig  hardere  problem . D ersom  m an  g å r u to v er det 
rene  P S -rege lfo rm ate t o g  in troduserer m etareg ler, ID -reg ler, L P -restriksjoner, trekkperkolering , 
un ifikasjon , K asusm aricering osv ., k an  m an  få  parsere  m ed  uk jen te  kom pleksite tsegenskaper. De 
k an  bli n o e  raskere , m en  de  kan  også  b li m arkan t tregere . E n  slik  kom pleksite tsd iskusjon  e r  ikke 
em ne fo r  d enne  artikkelen  og  je g  la r  den  d e rfo r ligge , m en  den  grum ileggende årsaken  til 
kom pleksite ten  m å  påpekes, o g  den  h a r  å gjøre m ed  m engden av hypoteser som  m å konsulteres, 
eller rettere, kom bineres, under analysen; de rfo r d en  tre flen d e  term en  “b lind  com binatorial 
search ”. D ersom  en  fo rm alism e e lle r e t a n a ly s e re d s k ^  (en  parser) ikke  se tte r noen  grense fo r 
m en g d en  av slike hypo teser, e r  den  po tensie lt ineffek tiv , selv  om  d en  ikke tren g er å  væ re de t i 
p rak tisk e  app likasjoner.

6. Determinisme-egenskaper og deterministiske parsere
M ed  de tte  u tgangspunk te t synes det rim elig  å hevde at dersom  m u ligheten  til kom binato risk  søking 
b eg renses, v il å rsakene  til kom putasjonell ineffek tiv ite t lan g t p å  vei elim ineres, kansk je  e lim ineres 
helL  D eterm in ism e e r  en  næ rliggende m ulighet, m en  som  vi h u sk e r av  d iskusjonen  ovenfor, h ar 
de te rm in ism en  den  uhe ld ige  egenskap  at d en  g jø r  de t um ulig  å frem bringe m e r  en n  en  analyse av 
e t in p u t  M an  k an  da  spørre  om  de t e r  m ulig  å  operere  m ed en  alternativ  defin isjon  av determ inism e 
som  både iv are ta r ønske t lingv istisk  dekn ingsgrad  o g  som  u n n g år po tensie lle  kom pleksite tsproble
m er. L a  oss fo rsøke  å kom m e ftem  til e t s lik t determ inism ebegrep .
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E n  d e ten n in is tisk  m ask in  h a r  fø lgende essensielle  eg en sk ap en

A : D en  kan  ikke “g lem m e” e lle r “ødelegge”  h y p o teser p ä  v e ien  m ot en  løsn ing  av en  oppgave  e lle r 
e tp ro b lem .

B: B are  6 n  regel (e ller instruksjon) kan  slå til n å r p a ise ren  (e lle r au tom aten) e r  i en  g itt tilstand .

A lle  va lg  d en  fo re tar i løpet av analysen  e r  ug jenkalle lige . I au tom atteo ri e r  d en n e  egenskapen  
ivare ta tt ved  tra n s is jo n s fu n ^ jo n en , dvs. beskrivelsen  av hvordan  in s t iu k s jo n e n e s e ru t  F o re n  fin itl 
au tom at (fa) g år d en  fra  m engden  av tils tan d er o g  inpu ta lfabete t til m en g d en  av  tils tan d e r (fra  S  X 
A  til S d e r5  e r  en  fin itt m engde tils tander o g  A  e r  a lfabetet). S iden  m an  h e r  sn ak k er om  en  fu n ksjo n  
v il d e t fo r  e thvert p a r  av  tils tan d er o g  sym bol fra  a lfabete t lin n es  e n  u n ik  tils tand . E n h v er 
de tenn in is tisk  fa  m å  tilfredsstille  dette  k r a v e t  D eterm in ism ekravet til en  push d o w n -au to m at (pda) 
m å  og så  ta  pushdow n-stacken  i be trak tn ing . E n  p d a  e r  d e ten n in is tisk  dersom  d e t fo r  en h v er 
kom binasjon  av tils tand , inpu tsym bol o g  s tackelem ent kun  finnes e tt p a r  av  tils ta n d e r o g  stack- 
sym boler, dvs. en  m app ing  fra  S X A  X F  til S X F  d e r  5  e r  en  lin itt m engde  tils tander, A  e t fin itt 
se tt sym boler som  u tg jø r a lfabete t og  F  e t fin itt se tt av stack-sym boler. (F o r enke lhe ts  skyld  se r  vi 
b o rt fra  e-transisjoner).

D e au tom atene vi k jen n er fra  au tom atteori h a r  i tillegg  e t p a r  andre u n derfo rstå tte  o g  v ik tige  
egenskaper som  sk ille r dem  fra  d e ten n in is tisk e  T u rin g m ask in er (dvs. v an lige  “se iie lle ”  d a tam as
kiner). F o r d e t fø rste  kan  d e  ikke beny tte  en  v ilkårlig  m engde  “k lad d e tap e r '’ til å  beregne 
h jelpehypo teser underveis. B are p d a ’er, lineæ rt avgrensede au tom ater o g  s tack -au to m ate r tilla tes 
å  benytte  slike ekstra taper, m en de  b ru k er kun  én . V idere  kan  au tom atene  ikke  sk rive  ny e  sym bo ler 
p å  e lle r v ilkårlig  fjerne sym bo ler fra  in p u tta p e a  F o r det tred je  k an  de  ikke  bevege  sk rivehode t 
v ilkårlig  frem  o g  tilbake på  tapen; de k an  bare  se de t sym bol som  til e n h v e r tid  s tå r len g st til venstre  
på  tapen. E t fjerde poeng  e r  at de ikke tilla tes å scarm e gjennom  h e le  stren g en  først, ta  va re  p å  det 
de ser, og dere tter starte  analysen  fra begynnelsen .

D ersom  vi beveger oss o v e r til pars ingslitte ra tu ren  finner vi a t de  fleste  av  d isse  egenskapene 
etterleves, m en  o fte  m ed  v isse  m odifikasjoner. Såkalte  L R (k) parsere  k an  “ se”  k  sy m b o le r v idere  
in n  i i r ^ t s t r e n g e n .  E n  L R (k ,t) p a rse r  kan  også  se k  sym bo ler inn  i inpu tstrengen , m en  d en  k an  i 
tillegg  u tsette  tilo rdningen  av  r ferd ig  analyserte  de lkonstim en ter (f.eks, n o m in a lfrase r og  ad jek tiv 
fraser). Parseren  til M arcus (1980) e r  påstå tt å væ re  L R (2 ,2)^ . L R (k ) o g  L R (k ,t) parse re  g jen k jen n er 
determ inistisk  k o n tek stfn e  språk. I tillegg  k o m m er L R * pa rsem e  som  k an  se u beg rense t lan g t 
frem over i inputstrengen.

A lle  d isse  pa rsem e  e r  determ in istiske, m en  ingen  av dem  e r  istand  til å  h ån d te re  syn tak tisk  
flertyd ighet av den  art som  ble beskrevet inn ledningsvis.

7. Determinisme og syntaktiske flertydigheter
7 .1 . T o  ty p e r  d e te rm im sm e

L a  oss  an ta  to  ty p er de term in istiske  innre tn inger, “lø se”  (“sloppy”) o g  “strenge”  de te rm in is tiske  
m askiner. E n  streng  determ in istisk  m ask in  fo rstår v i he re tte r som  en  “k lassisk ”  de te rm in is tisk  
m ask in  som  aldri re tu rn erer m e r  enn  e tt an a ly se re su lta t E n  lø s  de term in istisk  m ask in  k an  derim o t 
returnere  m er  enn  e t  re s u l ta t  m en  d en  e r  underlag t res trik sjo n er som  vi skal p resisere  i d e t som  
følger.

V i trenger e t term  fo r å  om ta le  m engden  av korrek te  analyser fo r  e t g itt i rp u t . D e rfo r skal vi 
snakke om  m engden  av gyld ige analyser fo r  streng  s i henho ld  til g ram m atikk  G , fo rko rte t som  
M G A (s,G ). E t eksem pel; M G  A (s,G ) fo r s lik  J e n s  så  m a n n e n  m ed  k ik k e r te n  og G  lik  g ram m atikk  
(S) skal væ re  m engden  av frasem arkører i ( 6 ):
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(5 ) S - > N P V P  
N P - » N I N P P
V P - »  V I V N P I V N P P P  
P P - > P N P

(6 ) {[S [NP In  Jens] (VP [V så  [NP [N m annen]] [pp [p  [NP [N kikkerten]]]]]]
[S [NP IN Jens] [VP [V så  [NP [Nm annen] [pp [p [NP [N k ikkerten ]]]]]]])

L a  oss  se tte  te rm en  M G A  i re lasjon  til standard  au tom atteori fø r  d en  apfd iseres på  parsing . V i er 
in te ressert i en  besk rive lse  av hvordan  autcxnaten fo rto lkes  slik  a t den  k o m m er frem  til M G A . F o r 
en k e lh e ts  sky ld  h o ld e rv i o ss  i fø rste  om gang  til fin itte  tilstandsautom ater. V i besk river egenskapene 
til en  back track er-fo rto lk er av en  fa: F ø r analysen  starter, sk rives e t sett av se tt av o rdnede p a r  av 
Initial tils tand  o g  ukonsum ert input, f.eks.

[ [ ( l .a a a b b c ) ) }

K ali d e tte  se tte t fo r m engden av anatysestier, fo i to r te t  til £ . A nalysestiene  b estå r av  en  m engde 
o rdnede  p a r  av  tils tan d er o g  ukonsum ert input. D enne m engden  e r  i s in  tu r  o rdnet e tte r lengden  på 
u konsum ert in p u t

B ack trackeren  p rø v er sdene  i tu r  o g  o rden . E tte r  h v e r  u tfø rt instruksjon  legger den  til e t ny tt ordnet 
p a r  bestående av ny  tilstand  og  ukonsum ert inpu t m inus sym bolet lengst til venstre  i inpu tstrengeri 
D ersom  instruksjonen  g ir  opphav  til m e r  erm  en  ny  tils tand , lages d e t k o p ie r  av  stien  frem  til 
“nåvæ rende  s itu asjo n "  slik  at to  e lle r  fle re  d istink te  stie r oppstår. E t dcsem pel:

[ ( ( 1 , aaabbc) ( 1 , a a b b c))

( [ f  l .a a a b b c )  (2 . a a b b c ) ) )

I de tte  tilfe lle t e r  d e t understrekede pare t i den  siste  stien  en  kopi fra  d en  første stien.

E tte rh v ert som  £  ø k er, konsu lteres og  analyseres h v e r sti p å  sam m e m åte. E n h v er sti h a r  en  
endestasjon , dvs. e t p a r  som  k an  e lle r  ikke  kan  ekspanderes v idere . D ersom  endestasjonen  i en  sti 
e r  e t p a r  beståen d e  av en  fm al tilstand  o g  0 ,  ka lie r vi den  en  term inert endestasjon . E n h v er sti m ed 
en  term inert en d estasjo n  e r  e t e lem ent i M G A , o g  M G A  in n eh o ld er kun  slike term inerte  endesta
sjoner. D ersom  Z  ikke  in n eh o ld er s tie r  m ed  term inerte  endestasjoner, e r  ikke  inputstrengen  
v e lfo rm e t In neho lder den  m er enn  én  sti m ed term inert endestasjon , e r  den  flertydig .

V i h a r  n å  b esk rev e t egenskapene til en  back tracker, o g  vi illu strere r m ed fø lgende eksem pel 
(vellykkede  s tie r e r  m a rk e n  m ed fete  typer):

L a A u to m a t4 £  gjenkjenne strengen aaabbc. A utom aten er determ inistisk og produserer bare en  
s ti. a ltså  kun e tt m edlem  av £ :

I = [ {(løuiabbc)(2.aabbc)(2,abbc)(24>bcK3,bc)(3^K4.0)} )

D enne stien  er også elem ent i  M G A(aaabbc, A utom at B ). La A utom at 4 A  gjenkjenne sam m e 
streng. R esu lta tet b iir

1 = 1 (1 .aaabbc) (1 .aabbc) (1 .abbc) (1 , b b c ) ) Feil
(M.aaahhcU1.aahhcU1.ahhc^ (2 ,bbc) (2 ,bc) (2 ,c)) Feil
f f l  j a a b h c )  M a a b b c )  (L a b b e )  f2 .b b c) f2 A c) (3 x )  (4 ,0 )}  S u k sess  
f n  .aaabbc^ M .aabbe^ ( \ .ahbc^ f2.bbc^ f3.bc^} Feil
[n  .aaabhet ( \ .aabbc) (2.abbc)) Feil
((L aaabbcX (2 .aabbc)) Feil

}
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I dette  tilfe lle t e r  bare  stien  f f l j a a b b c )  t l - a a b b c )  f l ^ b b c )  f2.bbc> f2.bc^ f3 x )  (4 ,0 )}  e lem en t 
i M G A (aaab b c , A utom at A). A lle  de  øvrige stiene e r  b lindveier. D ette  resu lta te t e r  ty p isk  fo r 
ikke-detenn in istiske  au tom ater (og parsere), dvs. at M G A  bare  e r  e t lite  subsett av £ .

S å lang t h a r  vi ikke sag t noe  n y tt, m en  la  oss nå  se p å  en  løs de te rm in istisk  au tom at, som  vi k a lie r 
A utom at C:

(7) A utom at C: In itia le  tils ta n d e r  
F ina le  tilstander: 
In s tru k sjo n e r 

1.
2.
3.
4 .
5.
6.
7.
8.
9.

O )
{4}

F ra  1 til 2  v ed  a . 
F ra  2  til 3 v ed  a . 
F ia  3 til S v ed  b. 
F ra  3 til 4  v ed  c. 
F ra  3 til 6  v ed  b. 
F ra  S til S v ed  b . 
F ra  S til 4  v ed  c. 
F ra  6  til 6  ved  b. 
F ra  6  til 4  ved  c.

© - ©

b

Automaten frem stilt som transisjonsdiagram:

D enne au tom aten  g jenk jenner sp råket a a lf'c  fo r  b  ^  0 , o g  d en  g ir  to  ana lyser av  en h v er s tren g  i 
a a lf^  fo r  b  >  0 , som  e r  e t subsett av sp råket aaiy*c fo r  b  ^  0 . S trengen  a a c , d erim o t, få r  k u n  en  
analyse. V i la r  au tom aten  analysere  aabbc. R esu lta te t b iir

{ (l,aab b c)(2 ,ab b c)(3 4 > b cK 5 ,b c )(5 ,cK 4 ,0 )}  
f f l jia b b c} f2 jib b c } (3 .b b c} (6 .b c} (6 x } f4 .0 1 1 }

I dette  tilfe lle t inneho lder £  to  stier, m en  m eik  a t begge  e r  e lem en te r i M G A (aaabbc, A u tom at 
C). A ltså, £  =  M G A (a a a b b c , A u tom at C).

V i e rn å  istand til åd e fin e re  e t d e ten n in ism e-h ie ra rid : F o re n  van lig  de term in istisk  autcm iat g je ld e r 
a t £  aldri h a r  ka id iiud ite t >  1 , m en s en  løs de term in istisk  au tom at tilla te r  at £  h a r  k a rd in a lite t >  1 . 
F o r  begge d e te im in ism etyper g je lder a t au tom aten  aksep te re r inpu t ba re  n å r  h v ert e lem en t av  £  
også  e r  e lem ent i M G A . F o r  van lige  ikke-determ inistiske au to m ater e r  d isse  restriksjonene 
irrelevante.
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D ette  b e ty r  a t en  lø s  de term in istisk  m ask in  alltid  m å  væ re  s ik k er på  a t en h v er instruksjon som 
anvendes p ro d u se re r e t tils tand /inpu t p a r  som  e r m edlem  av en  en  sti som  e r  e lem ent i M G A . D et 
e r  presis  denne in tu isjonen  som  e r  u ttry k t i N ordgård  (1991) d e r  d e t k reves at p arse ien  m å  væ re 
s ik k er p å  at ir^m tstiengen  e r  struk turelt flertyd ig  fø r  tilstandskop iering  flnner sted.

E t p a r  kom m en ta re r e r  på  sin  p lass. Illustrasjonene ov en fo r v ise r  a t løs determ in ism e ikke e r  det 
sam m e som  b lind  kom binato risk  søk ing  siden  alle  e lem en ter i £  e r  korrek te  analyser. B lind 
kom binato risk  søk ing  vil typ isk  føre til haugev is av  m islykkede s tie r  i £ ,  o g  desto  flere m id y k k ed e  
stie r, desto  tregere  analyse. E t annet poeng  e r  at lø s  determ in ism e slik  den  e r  frem stilt h e r  beny tter 
sam m e prosesseringsm ask ineri som  b lind  kom biruitorisk søking , selv  om  m ask inerie ts  m uligheter 
b are  u tny ttes i b eg ren se t om fang . Ideelt se tt  ̂ k e r  v i e t  m askineri som  hånd te rer løs determ inism e, 
m en  som  ikke  k an  b rukes til b lind  kom binato risk  søking.

7J. Parseren beskrevet i Nordgård (1991)
I  N ordgård  (1991) d isku teres en  p a rse r som  h a r  d e  essensielle  de term inism e-egenskapene nevnt 
oven fo r, dvs. a t d en  ikke kan  Q em e e lle r g lem m e struk tu rer den  h a r bygget underveis, o g  bare  en  
regel s lå r  til i en  g itt tilstand . M en  u lik t L R -parsem e kan  den  også analysere  struk tu relle  flertydig- 
heter. D en  h a r  lik h e te r m ed  andre determ in istiske  analyseredskaper:

(a) D en  kan  ikke g å  frem  og  tilbake  i inputstrengen , fly tte  e lle r  legge  til sym bo ler i inputstrengen.

(b ) D en  m in n e r om  en  L R * p a rse r siden  den  til en h v er tid kan  se  hele  inputstrengen  som  e t regulæ rt 
u ttrykk , a ltså  en  stø rre  u ttrykkskraft en n  L R (k), L R (k ,t) og  M arcus-parsem e.

(c) I lik h e t m ed en  stack -au tom at k an  den  se hele  “s tack ’e n "  den h a r  bygd  (dvs. de konstituentene 
i trestruk tu ren  som  d o m in erer den  konstituen ten  som  e r  i ferd m ed å bygges), a ltså  m er  enn  en  
p d a  og  M arcus-parseien .

T il fo rskjell fra  en  s tack-au tom at kan  parseren  m odifisere  innho ldet på  s ta c k ’en  (her forstått som  
n ode  i tres tru k tu ren  som  dom inerer den  noden  som  e r  i ferd m ed å bygges), f.eks, ved  å legge til 
b ind ingsrelevan t in fo rm asjon  0 ‘node x b in d er node y”).

I tillegg  h a r  den  et p a r  andre  eg en sk ap er som  g jø r den  spesiell. F o r  de t første kan  den  bygge et 
“ tem pla t”  som  d en  kan  e tterfy lle  tom m e p lasse r i. D en  kan  således bevege  seg  inne i s ta ck ’en  og 
m o d ifise re  den s innhold  u ten  hele  tid en  å  m åtte  forholde seg  til “øverste”  stackelem ent, jf . 
M arcus-parseren  og  p d a ’er. H elle r ikke dette  affek te rer de term inism en, m en  d e t kan  angå generativ  
k raft (dvs. hv ilke  form elle  språk  den  e r  istand til å gjenkjerm e), noe  som  kan  væ re verd t å d iskutere 
y tterligere . D en  andre  sæ regenheten  e r  at den  kan  søke op p o v er o g  n edover i tree t vha. determ inis
tisk e  fa-tekn ikker. H e lle r ikke dette  angår de term inism en, m en  d e t fo rtjener å  settes i relasjon  til 
e ffek tiv ite t. In g en  av d isse  egenskapene rø re r ved  den  essensielle  determ in ism e-egenskapen , m en 
de  e r  re levan te  fo r  p arserens even tuelle  psyko log isk  p lausib ilite t o g  effektiv itet.^

73 En Ids deterministisk analyse av syntaktiske flertydigheter
L a  se hvo rdan  parseren  besk reve t i N ordgård  (1991) hån d te re r syn tak tiske  fle rtyd igheter vha. løs 
de term in ism e.

V i se r  n æ rm ere  p å  se tn ing  (2 ) igjen:

(2 ) H vem  e lsk e r M arit?  (2  lesn inger)

P arseren  v il, n å r  d en  e r  i fø lgende tilstand , konsu ltere  en  heuristisk  regel, kall d en  regel #1
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(8)

CP

V
I

V
I

‘ i Input: #  M a r i t  #

(9) H euristisk  regel #1: 

Tree Condition:

S tring  Condition:

Action:

T : [H ead C P], (T ransitive) =  yes.
A (Spec (category  C )], (ca tegory) =  N , (barlevel) =  2 , 

(b in d e r-o f)=  {}.
F rom  !1 to  !1 by  A dv 
F rom  !1 toO ! b y N  
From  !1 toO ! by  D et 
F rom  !1 to  0! b y  A  
C opyS tate  (PopQ W P)
E C  ( a  [Spec (category  C)]

( v  [Spec, (category  I)]

R egelen  k rever a t parse rens oppm erksom het e r  re tte t m o t p osisjonen  [H ead, C P ] o g  a t d en  
inneho lder e t transitiv t v e rb  C 'oppm erksom het” e r  sym bolisert ved  **?”)• D essu ten  skal [Spec,C P] 
inneholde en  N P  som  ikke  lan d e r noe.^ V idere  skal inpu tstrengen  inn eh o ld e  e t nornen  e lle r  en  
determ inativ  e lle r e t ad jek tiv  e lle r  e t adverb  e tte rfu lg t av N , D et e lle r  A .^ D ersom  d isse  k ravene 
ho lder, skal tils tanden  kop ieres sam m en m ed  en  instrtiksjon  om  at o p pm erksom hen  skal fly ttes  til 
neste  ventende posisjon  ([Spec,IP ]). I d en  o rig inale  struk tu ren  skal d e t p lasse res  e t sp o r i [Spec,IP] 
bundet fra  [Spec,C P]. R esu lta te t av d en  fø rste  parsingen  b iir  som  i (10), m en s k o p ien  som  sta rte r 
opp  ffa  tilstand  ( 1 1 )  re tu rn ere r ( 1 2 ):
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(10)

C P

V PI
V

( 11)

C P

N P C

h v e m  C :
I

e l s k e r

IP

V  N P
I 1

M a r i t

V
I

t :

162



(12)

CP

N P :
I ^

h v e m  C :
I

e l s k e r

C ’

IP

N P
1

r
1 ____

M a r i t  i
1

V P
1

t i

V
1

V

N P

t- 1

t j1

D etaljene i parsingen  g å r  vi ikke inn  p å  her, lese ren  henv ises til N ordgård  (1991 , 1992). D et 
sen trale  poeng  e r  im id lertid  at parse ren  ikke h a r laget m e r  s tru k tu r u n d e r p a is in g en  en n  n e tto p p  de 
to  ønskede analysene. D erfo r e r  de term in ism ekravet tilfredsstilt, og  parseren  h a r  by g g e t to  rep re 
sen tasjoner vha. løs de tenn in ism e.

8, Løs determinisme og ikke~deterministiske språk
I form ell språkteori rela teres g jem e d istinksjonen  d e te rm in ism e/ikke-de tenn in ism e til d istinksjo 
n en  deteim inistiske/ikke-deteT m inistiske språk. E t ikke-determ in istisk  sp råk  synes å k rev e  ikke- 
de te im in istiske  analysealgoritm er. Språket karak terisert som  m engden  av sp e ilb ild estren g er o v er 
(a , b )  kan ikke g jenk jennes av en  determ in istisk  pda , m ens en  ikke-de te im in is tisk  p d a  k an  g jø re  
d en  jobben . M en  de t e r  e t ve lk jen t problem  at de t e r  vanskelig  å avg jø re  om  e t sp råk  g e n e re n  av  en  
ikke-determ in istisk  p d a  kan  genereres av  en  determ in istisk  pda. S ituasjonen  e r  d en  san u n e  fo r 
determ inistiske o g  ikke-determ in istiske  l in e æ n  avgrensede au tom ater.

E t na tu rlig  spørsm ål fo r  v å r  d iskusjon  e r  om  alle  ik k e -d e te rm in is ti^ e  k o n tekstfrie  sp råk  k an  k an  
genereres vha. løs determ inism e. S varet e r  n ega tiv t s iden  d e t e r  van sk elig  å se  hv o rd an  speilb ilde- 
sp råket o v e r (a ,b )  * k an  g jenk jennes vha. en  lø s  de term in istisk  pda.^

L øs determ inism e synes ikke  å v æ re  spesie lt re levan t fo r  d isk u sjo n er av  genera tiv  kraft. B eg repet 
e r  derim o t egnet til å  karak terisere  e t subsett av ikke-determ in istiske  m ask in e r e lle r  g ram m atikker 
som  som  ikke  u tn y tte r ikke-determ in ism ens m u lig h ete r til å  forfø lge feilak tige  hypo teser. D enne 
k lassen  av g rarrunatikker e r  in teressan te  både  i e t kom putasjonelt og  psyko lingv istisk  perspek tiv . 
D en  kom putasjonelle  fordelen  lig g e r i a t de t ikke  b lir  u tfø rt m er  a rbeid  erm  n ø d v en d ig  u n d e r 
prosesseringen . H va psyko lingv istikken  an g år bu rde  m an  vha. løs de te rm in ism e kunne lag e  m er 
troverd ige m o d elle r d er og så  syn tak tiske  flertyd igheter g is adekvate  analyser.
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9, Oppsummering
Jeg  h a r  i d e t foregflende d isku tert u like s id e r ved determ in ism e, o g  je g  h a r in trodusert begrepet løs 
de term in ism e. D e t e r  v is t hvordan  løs determ inism e forstås i relasjon  til fin itte  au tom ater og  hvordan 
b eg rep e t kan  beny ttes  i parsing . E t g jenvæ rende spørsm ål e r  hvo rv id t po tensiell ineffek tiv itet lu rer 
i b akg runnen  i p ro sesserin g en  av  lø st determ in istiske  gram m atikker. S varet e r  både j a  o g  nei. 
N eg a tiv t fordi parseren  aldri kan  p lukke o p p  alle  kom patib le  u tv e ie r fra en  g itt tilstand , a ltså  a t flere 
reg le r  m a tch er en  parsingstils tand . P ositiv t fordi p rosesseringen  k an  fø re  d l m islykkede resultat, 
en ten  ved  k o p ien  e lle r  den  “orig ina le”  strukturen. M en  uansett e r  e tt vikUg aspekt ved blind 
kom binato risk  søk ing  e lim in e r t  D et andre  kan  ba re  ivaretas ved  a t g ram m atikkreg lene e r  e tte rlever 
d e te rm in ism e k ra v e t a ltså  e t spørsm ål om  gram m atikkskriverens d y k tig h e t

Noter
1 D ette  e r  en  G B -ana lyse  d e r  hv-frasen  h v e m  h a r fly tte t fra  ob jek tsposisjonen  ei o g  verbet har 

fly tte t fra  hodeposisjonen  ej i verbfrasen .

2  S e  B erw ick  (1985).

3 F o r  en  d iskusjon  av genera tiv  k raft og  e ffek tiv ite t til pa rse ren  beskrevet i N ordgård  (1991), se 
N ordgård  (1992b).

4  P lassen  tilla te r  ikke en  frem stilling  av hvordan  sm ik tu r (8 ) e r  p ro d u se r t L eseren  henvises til 
N ordgård  (1991) e lle r N ordgård  (1992).

5  O pera to ren  “ a ”  b e ty r at de t skal søkes op p o v er i tre e t fra “oppm erksom hetsposisjonen” . “v ” 
fo rto lkes som  søk ing  n ed o v er i t r e e t

6  E n  fo rk laring  av no tasjonskonvensjonene til strengau tom aten  e r  påkrevet: !n b e ty r  initial 
tils tand  og  n! b e ty r final tilstand . !n! e r  både in itia l o g  final tilstand.

7 E t arm et spørsm ål e r  om  speilb ildespråket o v e r (a ,b )  kan  g jenk jennes av en  løs determ inistisk  
p d a  m ed u b eg ren se t lookahead . Se N ordgård  (1992b) fo r  en  d iskusjon  av dette  og  enkelte  andre 
em n e r re la te rt til lø s  determ inism e.
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Anaphora and IntensionalUy  ̂in Classical Logic

Jørgen ViUadsen
Technical University of Danmark

Abstract
The dynamic per^)ective on natural language suggests that texts change the value o f 
contextual parameteis in much the way computer programs change the value o f 
program variables. One phenomenon where dynamic aspects emerge is that o f  anaphora 
(introduction o f referents for later a n ^ h o ric  links), but intensionality and tense are 
other candidate phenomena. However, most logics used in computer science for the 
study o f the semantics o f  program are often rather complicated and d iffoen t from 
classical logic. W e describe a  rqnesentation directly in classical logic using a categorial 
grammar. In the logic a theory is defined (via axioms) to describe how in a text a 
pronoun manages to pick up a referent that was introduced by a determiner. Besides 
(nominal) anaphora we discuss how to handle intensionality presem in (belief and 
knowledge) attitude reports.

Introduction
W e present a theoretical study o f  cen tral sem antical p rob lem s o f  anaphora  and in tensiona lity  in  
natu ral language tex ts  (E nglish). A  basic  know ledge o f  anaphora , in tensiona lity  and lo g ic  is 
assum ed.

A s tex ts  w e take  sequences o f  declara tive  and d isam biguous sen tences; hence  each  tex t has a 
un ique m ean ing  and  the ob jec tive  is  to  define  a  sem antical theo ry  specify ing , in  som e w ay  and  to  
som e ex tent, ttie m ean ing  o f  each  te x t

W e th ink  tha t in  o rd er to  use  th e  tex ts to  com m unicate  o u r  in fo rm ation  abou t fac ts  (o r  assum p
tio n s) concern ing  “ the  un iverse  around u s” the th eo ry  m u st han d le  anaphora  and  in tensiona lity  as 
am ply  p resen t in  na tu ra l language. F o r  instance, co n sid e r the fo llow ing  Love S tory  tex t:

A  m a n  k isse s  a  w o n u in .

S h e  be lieves  th a t  h e  ioves h e r .

T h e  p ronouns (h e , she ,...)  im ply  anaphoric  links across sen tences and  a ttitude  repo rts  (b e liev e  
th a t,.. .)  im ply  in tensional p roperties fo r em bedded  sentences.^

W e requ ire  tha t the theo ry  m ust be  a so-called  correspondence th eo ry  o f  m ean in g  -  that a re la tion  
betw een  the  language and certain  “th ings”  independen t o f  the language m u st be  specified . W e also
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requ ire  tha t the theo ry  is  com putational -  th a t a  “ ca lcu lus"  fo r  m an ipu la tions o f  m ean ings o f  texts 
m u st be  specified  ^ B oth  requ irem ents can  be d irec tly  satisfied  using  the m odel theory  and the p ro o f 
theo ry , respec tive ly , o f  a form al log ical system . F o r  instance, retu rn ing  to  the first sen tence o f  the 
L ove S tory  w e m ig h t ten ta tive ly  rep resen t it as the  fo llow ing  fo rm ula  in  classical p red icate  logic:

3 x ( m a n x  a  3  y (w o m a n y  /\.k is s x y ))

T h e  m odel th eo ry  says tha t m an  and w om an  deno te  sets o f  ob jects, th a t k iss  is  a rela tion  betw een  
tw o  ob jec ts  and  th a t the  variab les x and  y can  be  instan tia ted  to  certa in  ob jec ts  satisfy ing  the  given 
constra in ts . T h e  p ro o f  theo ry , on  the  o th e r hand , lis ts  ax iom s and in ference  ru les fo r deriv ing  o r  
rew ritin g  th e  fo rm ula  as such.

T h e  rep resen ta tio n  o f  d ie  second  sen tence is  less stra igh tforw ard . E v en  ignoring  the p roper 
rep resen ta tion  o f  the  em bedded  sen tence  o m stru c tio n  (sym bolised  b y  E D )  it seem s necessary  to  
redo  th e  a lready  com pleted  rep resen ta tion  o f  the  first sen tence to  accom odate  the  second  sentence:

3 x (m a n x A < 3 y (y v o m a n y  a  k i s s x y / ^  b e l ir fy  [ l o v e x y ] ) )

T h is  seem s to  ren d er im possib le  a  system atical and  com positional analysis w here  the m ean ing  o f  
an  exp ression  is system atica lly  com posed  from  the  m ean ings o f  its  parts.

A lso , a  seem ing ly  innocen t change (conjo in ing  the  tw o  p rev ious sen tences to  a single conditional 
sen tence) im p lies a d rastic  change  fo r the rep resen tation  (w here the  prev ious rep resen tations cannot 
be  reused  in  an y  s tra igh t-fo rw ard  m anner):

I f  a  m a n  k isse s  a  w o m a n  th e n  sh e  b e liev es  th a t  h e  loves h e r .

V X (n u m x —* V y  (w om any  —> . . . ) )

O f  course , th e  rep resen ta tion  in  the log ica l system  above is  ra th e r ad hoc. D iscourse representation  
th eo ry  (see  [2 ,3 ,4] fo r  references) deals  w ith  transla tions o f  tex ts  in  a  system atical w ay , bu t, as the 
nam e suggests, u ses  a separa te  rep resen tadon  level and does n o t y ield  a d irec t com positional 
analysis  in  a log ica l system .

O u r claim  is  th a t a  com posidonal analysis in  a  log ical system  is possib le , bu t tha t tex ts are 
com plica ted  and  are  b est understood  i f  one  m oves from  s tad c  sem antics (as above) to  dynam ic 
sem antics (to  b e  fu lly  exp la ined  later).

It m u st be  em phasized  th a t w e can do  dynam ic  sem antics fo r  natural language in  a logical system  
w h ere  th e  log ica l language itse lf  has a  sta tic  sem antics! T h is can  b e  d one  by choosing  suitable 
rep resen ta tions and  ax iom s in  the log ica l system . W e b riefly  illustrate  th is  p o in t by  considering  a 
recen t non -c lassica l log ica l system , n am ely  dynam ic  p red icate  log ic  [3], w h ich  is  based  on  the sam e 
lan g u ag e  as c lassica l p red ica te  log ic , b u t w here  the fo llow ing  en ta ilm en t ho lds (p  and ^  any 
form ulas):

( 3  xp[x]) ->  [X] N  V  xi0[x] ->  i|> [x])

N o tice  th a t the q u an tifie r b inds th e  variab le  ou tside  the scope o f  the  quantifier. T h e  quan tifiers  and 
o p era to rs  hav e  d iffe ren t b e h a v io r  ex isten tial quantification  is ex ternally  dynam ic, universal 
q uan tifica tion  is ex ternally  sta tic , and  im plication  is in ternally  dynam ic  (betw een  operands) but 
ex te rn ally  sta tic .

T h e  en ta ilm en t above a llow s fo r a com pact and e legan t trea tm en t o f  m any  anaphora problem s using  
dynam ic  p red ica te  log ic , bu t com pared  to  classical p red icate  log ic  it  is less flex ib le  and transparent.
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F o r instance the fo llow ing  s im ile  en ta ilm en t do es no t hold:

H ow ever, a  restric ted  version  ho lds (w hen  no  overlap  b etw een  ac tive  q u an tifie r v ariab les  and  free 
variab les in  the form ula). See [3] fo r  details about dynam ic  p red icate  lo g ic  as  w ell as refe rences to  
th e  extended  log ica l system  called  dynam ic  M ontague gram m ar.

Overview
F irs t d ie  genera l id ea  o f  log ica l sem antics is  described , subsum ing  b o th  s ta tic  and  dynam ic  
sem antics. T h en  sta tic  sem antics is  defined  (based  o n  d ie  no tion  o f  tru th  v a lu es) an d  h e rea fte r 
dynam ic  sem antics (based  o n  the no tio n  o f  in fo rm ation  state changes).

In fo rm ation  sta tes can  be  structu red  in  m any  w ays -  w e propose  to  le t an  in fo rm ation  sta te  b e  a 
se t o f  a lternatives.^  E ven  w ithout say ing  m ore  abou t w hat an  a lternative  is  w e o b ta in  in te resting  
defin itions o f  vacuous, absurd  and defin ite  in fo n n a tio n  states. M oreover, reduc tions are  possib le  
i f  the inform ation  sta te  changes are  d istribu tive  and  elim inative.

W e argue th a t b y  a p ro p er construction  o f  th e  se t o f  a lte rnatives aruqihora can  be  han d led  in  an  
e legan t w ay. W e p ropose  a rep resen ta tion  in  log ica l type theo ry  u sin g  a ca tego ria l gram m ar. A  tin y  
exam ple is  provided . F inally  w e d iscuss how  to  incorporate  in tensionality  in  th is  fram ew ork .

A  few  w ords on  notation . In  schem as w e take  <=> to  m ean; i f  and  on ly  i f  ( fo r  a ll a f^ ro p ria te  
instan tia tions w ith  expressions o f  the  show n schem a variab les). W e hav e  tw o  eq u a lity  sym bols: =  
m eans equality  by  defin ition  and =  m eans equality  b y  ca lcu la tion  (hence  =  im plies =).

Logical Semantics for Natural Language
T he m ain  purpose o f  log ical sem antics fo r natu ral language is , w e th ink , to  p ro v id e  a  prec ise  
descrip tion  o f  the  in tu itive  no tio n  o f  a  valid  argum ent.^

A rgum ents can  be bu ilt in  several w ays. W e tak e  an  a rgum ent to  co n sis t o f  a  sequence  o f  texts
t ] , ..... . tn (the p rem ises) and a sing le  tex t U (the  conclusion). W e arrange the a rgum en t as in  the
fo llow ing  schem a w ith  the sym bol in  fron t o f  the conclusion :

W e transla te  each  tex t t  in  natural language to  a fo rm ula  in  a  su itab le  log ica l lan g u ag e  -  a  logic.^  
B y  a  log ic  w e m ean  a  form al language endow ed  w ith  a  no tion  o f  en ta ilm en t K  w h ich  w e require  
m u st m atch  tiie no tion  o f  a va lid  a rgum ent in  th e  fo llow ing  sense:

in
*•1 > • • • * •'n
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A  fo im al language  is  a  language w ith  a  p rec ise  syntax  and se m a n tic s^  T h e  syn tax  defines the  set 
o f  fo rm ulas ( fo r  in stance  v ia  form ation  rules). T h e  sem antics defines fo r  each  fo rm ula its  m eaning 
(fo r  in stance  a  m athem atica l o b je a ) .  In general w e w rite  the  m ean ing  o f  the  fo rm ula  i* as [r]. T h is 
h id es  th e  transla tion , b u t no  con fusion  can  arise. W e shall a lso  refe r to  [r] as the m ean ing  o f  the text 
t.

W e requ ire  th a t a lthough  en ta ilm en t is  in troduced  as re la tion  ^  betw een  form ulas (syntactical 
o b jec ts) i t  m u st oo tiespond  to  a  re la tion  Ti b e tw een  th e  m ean ings o f  th e  fo rm ulas (sem antical 
ob jec ts):

N  ^ • • • > [^n]> [f*])

S ince  w e  aim  a t u sin g  m athem atica l ob jec ts  as th e  m ean ings, o u r  goal is  to  find  ob jec ts  w ith  
en o u g h  struc tu re  to  m ake  th e  defin ition  o f  such  a  re la tion  71 possib le . In  th e  s ta tic  sem antics the 
ob jec ts  a re  ra th e r coarse-g ra ined , b u t in  th e  dynam ic  sem antics to  b e  described  la ter, the  objects 
are  m o re  fine-g ra ined .

Static Semantics
In  s ta tic  sem an tics th e  m ean ing  o f  a  tex t is a  tru th  va lue  (0/1 fo r false  and true) w ith  respect to  a 
so -ca lled  m odel. I t w ou ld  ac tually  be  m o te  appropriate  to  say  d ia t th e  m ean ing  then  is  a  function  
from  m o d els  to  tru th  values, b u t since  it  turns o u t tha t the m odel p aram eter is com m on to all m eaning 
com positions (based on  the  form ation  ru les) it m akes sense to  u se  the  “ w ith  resprect to ”  phrase.

W e w rite  [r]M fo r  the  m ean ing  o f  the tex t r w ith  respect to  the  m odel Af =  (D , d ), w here D  is the 
d o m ain  (a  se t o f  ob jects) and  d  is the  deno ta tion  (a  function  from  constan ts to  m athem atical 
s truc tu res o f  ob jec ts). T h ere  can be m any  k inds o f  constan ts: ind iv idual constan ts (denoting 
o b jec ts), f irs t o rd e r p red icate  constan ts (deno ting  rela tions overob jects), second  o rd e r  in d ic a te  
constan ts  (deno ting  re la tions o v e r ob jec ts  as w ell as o v er re la tions o v e r ob jec ts), etc . T he denotation  
o f  a  p red ica te  constan t is  o ften  ca lled  its  extensitm . T h e  so-called  o rd e r o f  a  lo g ic  is  no t determ ined 
b y  th e  o rders  o f  the  constan ts  p resen t, bu t by  th e  o rders o f  the variab les o f  quantification .

W e assum e th a t the fo rm ula  /* is  closed  (no  occurrences o f  free  variables).*  T o  account fo r free 
variab les  in  sub-fo rm ulas the m ean ing  m ust be g iven  w ith  respect to  an  assignm ent a  (a  ftm ction 
from  variab les to  m athem atica l s tructures o f  ob jects) besides the m odel M ,  bu t th is  com plication  
can  b e  ignored  here . A s fo r constan ts there  can be  m any  k inds o f  variables. In  first o rd er log ic , 
q u an d fica tio n  is  a llow ed  o v e r ind iv idual variab les only , w hereas in  h ig h ero rd e rlo g icq u an d ficad o n  
is  a llow ed  o v e r  p red ica te  v ariab les too .

E n ta ilm en t is  defined  as:

<1

tn
F o r  a ll  M :  i f  [fijjif  =  • • • =  =  1 t h e n  a ls o  [ t , ] ^  =  1
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Dynamic Semantics
D ynam ics im ply  the  (o m tin u o u s  o r  d iscre te) change o f  som eth ing  -  in  case o f  na tu ra l lan g u ag e  
sem antics w e suggest to  co n sid er the  change from  one in fo n n a tio n  sta te  to  an o th e r in fo n n a tio n  
sta te  o f  an  agent (tuunan  o r  p rogram ) p rocessing  the  tex ts  W e first p resen t the general idea  leav ing  
the  details o f  in fo rm ation  sta tes unspecified . W e th en  c tm sider d iffe ren t sp ecific  struc tu res  as 
in fo rm ation  states.

W e in tu itively  have  the fo llow ing  distingu ished  in fo rm ation  states:

V a c u o u s  in fo rm a tio n  s ta te
T h e  agen t has no  in fo rm ation  a t all.

A b s u rd  in fo rm a tio n  s ta te  
T h e  agem  has con trad ic to ry  inform ation .

D efin ite  in fo rm a tio n  s ta te
T h e  agent has m axim al inform ation.

O ften  there  is on ly  one vacuous and one absurd  in fo rm ation  sta te , w ritten  / q and  loo, w hereas there  
are  num erous defin ite  in form ation  s ta tes.f^  W e o ften  have a partia l o rd erin g  o f  in fo rm ation  sta tes 
correspond ing  to  getting  *‘better*’ inform ed.

In  dynam ic  sem antics w e le t [r] be  a  function  from  in fo rm ation  sta tes to  in fo rm atio n  states. 
O bserve tha t th ere  is  n o  need  to  see the m ean ing  relative to  a  m odel as in  th e  s ta tic  sem an tics 
(although it is  possib le  to  do  so). I f  the  in itia l in fo rm ation  sta te  is / q w e  h av e  the  fo llow ing  
inform ation  sta te  changes:

r  [ ^ l ] ,  J  1^*1 T  [^>1 [^ « 1  T  [ * • )  T
Jo -----* Jl -----* J2 -----* • • • -----* Jfi -----* J*

W e define the  relevan t resu lting  in fo rm ation  sta tes as follow s:^ ^

/ „  =  [ < „ ] ( . . .  [< i](/o ))  /*  =  [ M ( / „ )

T here  are several d ifferen t defin itions o f  en ta ilm en t possib le . W e here  fo llow  the  slogan: en ta ilm en t 
m akes exp lic it im p lic it in form ation . M ore  precisely : T h e  conclusion  u  is  im p lic it in  the p rem isses
t i .......i f  no (im portan t) change in  in fo rm ation  state occurs w hen  r , is  p rocessed  a fte r t],
have been processed:

<n

H ere -> is a su itable equivalence relation  tha t com pares in form ation  sta tes fo r  (im portan t) changes; 
i f  all changes are  im portan t th en  w e can  use  =  fo r  « .

Information States as Sets of Alternatives
O ne w ay to  specify  in form ation  sta tes is  to  le t  each  in fo rm ation  sta te  b e  a  se t o f  a lte rna tives  tha t 
has to  be taken  in to  account. G row th  o f  in fo rm ation  then  com es dow n to e lim ination  o f  a lternatives, 
u p  to  the  level o f  defin ite  inform aticm  w here  all bu t on e  o f  the a lternatives have  been  e lim inated .

169



L e t i4 s  ( a ] , <22» <<3 > —) b e  a set o f  no t fu rth er specified  alternatives and le t  an  inform ation  state I 
be a  se t o f  a lte rna tives ( /  c  ̂ 4). T h e  defin itions o f  the  vacuous and  absurd  inform ation  states are:

/ q k A I o o m 0

T h e  defin ite  in fo rm ation  sta tes are I =  [a], a e  A.

T h e  in fo rm ation  sta tes have  a partia l o rdering  v ia  the  subset rela tion  c -  F o r  exam ple:

{® i}  Q  ^

{01,02} 2  {02,03}

F o r  a p a rticu la r in fo rm ation  sta te  change [r] there  are  som e in teresting  properties it m ay have:

D is tr ib u tiv e  in fo rm a tio n  s ta te  c h a n g e s  =  U  W ( {® } )  ^
« € /

E lim in a tiv e  in fo rm a tio n  s ta te  c h a n g e s  [f](7 )  C  /  fo r  a l l  /

D istribu tive  in fo rm ation  sta te  changes m ean  tha t the  agen t w orks “po in t-w ise” , i.e. based  on the 
d efin ite  in fo rm ation  sta tes. T h is p roperty  does n o t ho ld  fo r agen ts dealing  w ith  defau lts etc. A n 
illu strative  exam ple:

t  E  J o h n  m ig h t  lie .

W ( / )
\  loo Ol

t h e r e  is  a n  o  €  /  s u c h  t h a t  “ J o h n  l ie s ” , 
o th e r w is e .

N o te  tha t i f  one  has th e  in fo rm ation  tha t “John  does no t lie” it is  absurd  to  p rocess r. It is  easily  seen 
from  th e  above defm ition  that the in fo rm ation  sta te  change is no t d istribu tive , since the  test a c  /  
does  n o t w ork  po in t-w ise. H ow ever, th e  in fo rm ation  sta te  change is e lim inative , since / »  c  /  Tor 
a l l / .

E lim ina tive  in fo rm ation  sta te  changes m eans th a t the agen t ge ts  “ b e tte r in fo rm ed ”  tow ards the 
defin ite  in fo rm ation  sta tes (w ith  the excep tion  tha t the on ly  change from  a defin ite  in form ation  state 
is to  th e  absu rd  in fo rm ation  state). T h is  property  does no t ho ld  fo r agents dealing  w ith  rev ision  etc.

W hen  these  tw o  p roperties are “un iversa l” -  th a t is fulfiUed fo r  all tex ts t  considered  -  
op tim isa tions a re  possib le:
•  D istribu tive  in fo rm ation  sta te  changes:

In stead  o f  m ean in g  [t] as  a function  from  in fo rm ation  sta tes to  in fo rm ation  sta tes, tha t is a 
function  from  sets o f  a lternatives to  sets o f  alternatives, w e ju s t  specify  a re la tion  —* t  betw een  
alternatives:

>t a e [f]({a})
T h e  m ean ing  [r] is then  ob tained  as: 

0 6 /
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T h e cond ition  a - *  t a ’ oo iresponds to  the fo llow ing  idea  in  co m p u te r sc ien ce:i2

N on-determ inistic execution c f  program  t  w hen in  program  sta te  a  y ie ld s program  sta te  a ’.

•  D istribu tive and e lim inative in fo n n ad o n  sta te  changes:
T h e  rela tion  |  now  only  h o ld s  be tw een  iden tica l alternatives; hen ce  w e ju s t  specify  a  se t S, 
o f  a lternatives.

W e d ien  sim ply  have:

►t a a =  a ' A a €  S t

O bserve  tha t i f  the in fo rm ation  sta te  changes are  e lim inative , b u t no t d istribu tive , o p tim isa tio n s o f  
the  abovem entioned  k inds are n o t possib le  (a lthough  th ese  in fo rm ation  s ta te  ch an g es are  co n cep 
tually  sim plified).

S om e final observations: C lassical log ic , w h ich  has a  s ta tic  sem antics, c an  b e  v iew ed  a s  hav ing  
an  optim ised  dynam ic  sem antics, w here sets o f  m odels p lay  the  ro le  as in fo rm ation  sta tes and  all 
in form ation  sta te  changes are  bo th  d istribu tive  and e lim inative. A lso , and  th is  is  th e  line  w e  shall 
fo llow  here, i f  the structure  o f  the alternatives is  no t too  com plica ted , it ough t to  b e  possib le  to  m ake 
denotations o f  classical log ic  fim ction as in fo rm ation  states. S ince  in fo rm atio n  s ta te s  are  se ts  o f  
alternatives w e need  a  log ical system  th a t m akes se ts  (fo r instance  as charac te ristic  functions) 
availab le  as first class citizens. L og ical type  theo ry  is  such  a  log ic .

Logical Type Theory
A  type theory  asserts certa in  term s to  be  o f  ce rta in  types. A  type  theo ry  can  m ak e  o th e r assertions 
too; fo r  instance about the  equality  o f  term s o r  types. T erm s and types be long  to  form al languages. 
T hese  language w ill be  d istinct here  (bu t are  o ften  the sam e in  advanced  ty p e  theories).

In  the sim ple type theo ry  a type  x is  e ith er basic  (in terpreted  as a se t o f  ob jec ts) o r  o f  the  form  x 
—»X" (in terpreted  as the se t o ffu n ctio n s fro m  type  x ' to  type  x").l3  T h e  term s are  so -ca lled  X-term s 
from  the X-calculus.*^

In  (sim ple) log ical type theo ry  the  types are  sim ple types w ith  r as th e  basic  type  o f  p ropositional 
form ulas. T he se t o f  o b je c to f ty p e ra re  the set o f(c la ss ica l)tru th  va lues (0,1 ( .A x io m s  and  in ference  
ru les m ust be  g iven  to  ensure  th a t the  X -calculus can  b e  seen  as a h ig h er-o rd e r lo g ic  based  o n  
functions and p red icates. T h e  la tte r  are  characteristic  functions (functions re tu rn ing  tru th  values). 
F o r  o u r purposes it su ffices to  regard  the term s as fo rm ulas in  c lassica l firs t-o rd e r pred icate  log ic  
augm ented  w ith  X-term s. W e w rite  0 : x w hen  the fo rm ula  0 h as  type x. S ee  [5] fo r  fu rth er details 
abou t logical type  theory .

Anaphora
T h e stra tegy  fo r anaphora  hand ling  is  to  le t each  alternative  be a  p a i r  w orld  and  env ironm en t, 
resem bling  the m odel and the assignm ent in  case  o f  sta tic  sem antics. H ence  a  w orld  is  a  function  
from  constan ts to  m athem atica l s truc tu res o f  ob jec ts  and  an  env iro runen t is  a  fim ction  from  sto res 
to  ob jccts.f^

W e have  a  separa te  store  fo r  each  (anaphoric) d iscourse  m ark e ts  ind icated  by  a  natural n u m b er 
index:

A} m a n  k isses  8 2  w o m a n .

S h e 2 loves h im j.
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T h is  g iv es  d istribu tive  in fo rm ation  sta te  changes, since the  d ifferen t environm ents can be  seen 
po in t-w ise. I f  w e app ly  the  abovem entioned  optim isation  fo r d istribu tive in form ation  state changes 
th en  w e get non -elim inative  in fo rm ation  state changes, since the defin ite  inform ation  states m ust 
a lso  be  u sed  and no t on ly  the in form ation  states resu lting  from  processing  the  texts.

N o te : T h e  chain  o f  in fo rm ation  sta tes / q, ^  e lim inative in form ation  sta te  changes w ith
resp ec t to  r j ,.../« ; hence  fo r  1 ^  i <  n w e have:

Representation in Logical Type Theory
B esides the  b asic  type t  o f  tru th  values w e in troduce the  fo llow ing  basic  types:

e  E n tities 

i  Ind ices

T h e  v ariab les and  v.w  are  o f  types e and  i  respectively .

T h e  w orlds are rep resen ted  v ia  m odels fo r  logical type  theo ry  and  tiie type  o f  entities.^^ T he 
env ironm en ts a te  rep resen ted  v ia  the  ty p e  o f  ind ices using  a special constan ts fo r  each store, that 
is fo r  each  (anaphoric) d iscourse  m ark e ri '^

mi,...,m4: r —» e

T h e  fo llow ing  defin ition  (fo r  expresses the equality  o f  tw o  env ironm ents on the values
o f  all sto res excep t sto re  j:

~ i  =  X v w {  / \  TUjV =  TTlj w )

i< i< *

T h e  fo llo w in g  a x io m s  ( fo r  l ^ i ^ k )  e x p re s s e s  th a t  w e  c a n  c h a n g e  e a c h  v a lu e  o f  e a c h  s to re  
in  a ll  e n v iro n m e n ts  in d e p e n d e n tly :

V vV x 3w  (v w  A rriiW  =  x  )

Example using a Categorial Grammar
W e use th e  fo llow ing  categorial g ram m ar (here  w ritten  as a phrase  structure  gram m ar, b u t see [1 ] 
fo r  de ta ils  and  a  m ore  substan tia l fragm ent):

s NP VP Sentence
VP —» walk 1 whistle | . . . Verb Phrase
NP DET CN 1 hex 1 . . .  1 he* Noun Phrase
DET -» ai 1 . . . |  a* Determiner
CN iTidn 1 • • • Common Noun
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C onsider the  fo llow ing  tin y  exam ple  (m o ipho logy  ignored):

I ■ A| man walks.

T ransla tion  o f  lex ical en tries  (variab les X .Y  o f  type  e  —» i —> i —» r):

(a ,)*  =  X X Y X v w 3 v ' v " { v  v '  A X  ( m i  v ')  v 'v ” A Y  ( m i  v ')  v " w )
(h c i)*  =  AA^Av u 7(X  ( m i v ) r « ; )
(/>)• =  AxAvu»(t> =  w  A p ^  x )

w h e r e  p* =  w a lk  | w h is t le  | m a n  | . . .  a r e  c o n s t a n t s  o f  t y p e  e  t  c o r r e s p o n d in g  to  
p  =  w alk  I w h is tle  | m a n  | . . .

B ased  o n  d ie  gram m ar, w here  string  concatenation  co rresponds to  fim ction  ap p lica tio n  (show n 
as ju x ta p o a tio n  as usual), w e o b ta in  the  fo llow ing  m ean ing  a fte r X -conversions:

—»j =  (a i)*  (m a n )*  (w alk )*  =  A v u '(v  tn  A m a n  ( m i  w )  A w a lk  ( m i  w ) )

A nalogously:

I’ ■ Hei whistles. = Xvm<v=wa whistle(m] .w))

Sen tence  con junction  uses the  o pera to r 0  k  )^qXv^^Bv'(pv^^AqV'w) (variab les p ,q  o f  type 
and using  the above-m entioned  ax iom s w e have the  desired  result:

— =  ©  t* t'* =  A v iu (v  ~ i  tn  A m a n  ( m i  tn )  A w a lk  ( m i  w )  A w h i s t l e  ( m i  tn ) )

A ll there  rem ains is to  spell ou t th e  deta ils  o f  a su itab le  re la tion  > and  w e hav e  o u r  en ta ilm en t ^  
u sing  a system atical and  com positional analysis in  a  classical log ic .

Intensionality
A  com m on ^ jp ro a c h  to  in tensionality  rests  o n  the  no tio n  o f  “possib le  w o rld s’* (see  1), u su a lly  
m anipulated  by  new  opera to rs lik e  □  and 0  D iam ond. Such  a  “possib le  w o rld "  co rresponds to  
the w orld com ponen t o f  o u r a lternatives in  an in fo rm ation  state. H ow ever, in  o u r  rep resen ta tion  in  
log ical type theory  w e have  kep t a  fixed  w orld  v ia  m odels fo r  the log ical type  th eo ry  and the  type 
o f  en tities (the type o f  ind ices is used  fo r  the  env ironm ents to g e th e r w ith  the  d iscou rse  m arkers), 
bu t th is  se tup  w ill n o t w ork any  longer. O ne w ay  ou t is to  in troduce  a  new  basic  type  w  o f  w orlds 
and  le t p^ from  above be  constan ts o f  type  w  ->  e - » r instead  o f  type  e - * t  j u s t  A  special m ark er 
mworid o f  type  i - » w  w ould  then  se lec t the cu rren t w orld . W e in tend  to  ^ 1 1  o u t th e  de ta ils  in  a 
fu ture  paper.

Notes
1) N otice  th a t “in ten tio n "  m eans pu rpose , a im , e tc . w hereas “ in ten sio n "  h e re  (as  w ell as in  lo g ic  

and the  ph ilosophy  o f  language) is the d irec t opposite  o f  “ex ten sio n "  (cf. the  d istin c tio n  b e tw een  
sense  and reference)!

2) N eith er the anaphora  reso lu tion  n o r  the in tensionality  characterisa tion  a te  to o  im p o rtan t here . 
F o r  the  la tte r  th e  fo llow ing  exam ple m igh t help : E ven  th o u g h  the p ro p erties  o f  b e ing  an  
unm arried  m an  and being  a bachelo r are  ex tensional equ iva len t (fu lfilled  by  the  sam e indivi-
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d u als) th ey  are no t (alw ays) in tensional equivalen t; be liev ing  tha t a p a iticu la r  ind ividual is an 
unm arried  m an  w ithou t be liev ing  tha t the  sam e individual is  a b ach elo r is en tire ly  p lausible.

H ow ever, i f  m ean ings are  specified  as m athem atical ob jec ts  and structures then  in  princ ip le  it 
is  a lw ays possib le  to  use. say , an  ob ject-language ax iom atisation  o f  the n um ber and set theory 
o f  the  m eta-language.

I t  is  m o st co n v en ien t to  th ink  o f  an  alternative as a so-called  (possib le) w orld  -  tha t is, a com plete  
d escrip tion  o f  a  “ sta te  o f  a ffa irs” -  bu t o th er cho ices can  be  m ade  as to  be  show n.

W e d o  n o t requ ire  th a t such  a  descrip tion  m u st p rovide an  exp lanation  o f  how  hum ans perform  
th e  ju d g e m e n t

R em em b er th a t w e  assum e th e  tex t to  be  d isam biguous. I f  the  tex t w as am biguous the p roper 
tran s la tio n  w ou ld  depend  on , b u t n o t necessarily  be  determ ined  by , the c o n te x t 

A fo rm a l ca lcu lus has ju s t  a  p rec ise  sy n ta x -p o s s ib ly  w ith  som e syntactical opera tions defined. 
O ccasiona lly  th e  syntactical opera tions are  regarded  a  hav ing  sem antical co n ten t th o n se lv es . 

A n ap h o ra  in  tex ts  is  n o t to  be  handled  b y  free variab les in  form ulas.

A n  in fo rm ation  sta te  is  a lso  called  a know ledge sta te  o r  a  b e lie f  state.

10) O ne  su re  w ay  to  o b ta in  con trad ic to ry  in form ation  is to  g a th e r all possib le  and im possib le  p ieces 
o f  in fo rm ation  -  th is  exp la in s the  «> sign.

11) B ette r n o ta tio n  i f  a rgum ent befo re  function , nam ely  /n  - [ y  etc.

12) P rogram  sta tes and in fo rm ation  sta tes are d iffe ren t no tions. A lso  in  com pu ter science w e have 
a  fixed  in te rp re ta tion  in  m ind. See [S] fo r the application  o f  dynam ic  log ics to  co m pu ter science.

13) T h ere  a re  o th e r  in terp re ta tions fo r the  sim ple type  theory  than  th e  e lem en t/se t one  g iven  here, 
fo r  exam ple  proof^proposition  and program /specifica tion  (due  to  th e  sim ilarity  in  the exp lana
tio n  o f  these  pa irs  o f  no tions).

14) T h e  X -calculus com es in  m any  guises -  also w ithou t types.

15) M ore  p rec ise ly  from  store  nam es to  ob jec ts  G ikew ise w ith  constan t and variab le  it sym bols).

16) T h e  type o f  en tities p lays m uch  the sam e ro le  in  dynam ic  sem antics as the  (sing le) dom ain  for 
s ta tic  sem antics. T h is changes w hen  in tensionality  is  added.

17) T h e  env iro runen t/sto re  m atrix  is transposed  -  instead  o f  env ironm ents tak ing  a  store  w e have 
sto res  tak ing  an  env ironm en t (o r ra ther an  index).

3)

4)

5)

6)

7)

8) 
9)
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Ubersetzungstheorie und maschinelle Ubersetzung

Eva Wikholm
Uppsala University

1. Einleitung
O bersetzen  1st e ine  T ätigke it, d ie  zum  V erständnis zw ischen  S p rachgeb ieten  beitrSgt und  jah ita u -  
sendelang  beigetragen  hat. So lange S p rach b an ie ren  h aben  Uberbrtickt w erden  m Ossen, sind  U ber- 
se tzungen  gem ach t w orden. O bw ohl d ie  K u n st des U bersetzens e ine  lan g e  und  le ich e  T rad itio n  
aufw eist, ha t die sy s tem atisd i w issenschaftliche B eschäftigung  m it d e rT h eo rie  e is t  in  d en  fU n lu g er 
Jah ien  d ieses Jah rtiundeits  begonnen . U n te r den  P ion ie ren  ist h ie r  E . A . N id a  m it se in e r  B ibelliber- 
setzungsaibeit zu  erw ähnen.

A us den  e is ten  theo ie tischen  A nsätzen  a u f  B asis v o n  E ifah n m g en  p rak tisch erU b e ise tzu n g sa ib e it 
is t a llm äh lich  e in  e igenes F orschungsfe ld  en tw icke lt w orden , und  z w ar d ie  O bersetzungsw issen- 
sc fu ø . In  d e r  N a tu r d e r  O bersetzungsw issenschaft lieg t es. daB sie  E lem en te  an d ere r W issen -sd ia f- 
te n  b e in h a l te t ,  z .B . d e r  S p r a c h w is s e n s c h a f t ,  L i te r a tu r w is s e n s c h a f t ,  P h i lo s o p h ie  u n d  
K om m unikationsforschung. E iem entsprechend w eist sie auch e in  v ielfS ltiges S pek trum  von  T eil- 
geb ie ten  au f, u n te r  denen  U bersetzungstheorie  und  linguistisch-sprachenpaargebundene bzw . 
textbezogene O bersetzungsw issenschaft zu  lin d en  sind  (K o lle r 1983; Ingo  1991).

E ine  d e r  w ich tigsten  A ufgaben  d e r  U bersetzungstheorie  ist es , d en  U bersetzungsprozeB  zu  
beschreiben . AuBerdem  beschU ltigt sie sich  dam it, C berse tzu n g sp io b lem e zu  system atisieren  und  
M ethoden  fUr d e te n  L ösung  zu e ra ibeiten . Im  R ahm en  eines lin g u is tisch -sp rachenpaa igebundenen  
A nsatzes w erden  kon trastive  Sprachbeschre ibungen  aufgestellt und d ie  th eo re tisd ie n  G ru n d lag en  
d a ltir gegeben. D ie tex tbezogene U bersetzungsw issenschaft be trach te t das U b erse tzen  aus d e r  S ich t 
d e r  T ex tlingu istik  und  berticksich tig t dabei auch  d ie  T ex tgattung  sow ie  d ie  S te llung  des T ex tes  
in n eih a lb  e in e r  T ex ttypo log ie . A ndere  T eilgeb ie te  d e r  O bersetzungsw issenschaft s ind  w issen
schaftliche O bersetzungskritik , angew andte  O bersetzungsw issenschaft, th eo rie-, B bersetzungs- 
und  rezep tionsgesch ich tliche O bersetzungsw issenschaft und  D idak tik  des  O berse tzens (ebd.).

In  d e r  fo lgenden  D arste llung  w erden  in  e rs te r L in ie  Q bersetzungstheoretische und  lingu is tische  
A spek te  d e r  O bersetzungsw issenschaft im  M itte lpunk t stehen , indem  fo lgende  F rag en  e rö rte tt 
w erden: w ie sich  d e r O bersetzungsprozeB  e in te ilen  UlBt, a u f  w e ld ie r  sp rach lichen  E b en e  s ich  d ie  
O bersetzung  v o llz ieh t und  w as e in e  O bersetzungseinheit keruizeichneL D ie  E tg eb n isse  d e r  trad i
tionellen  O bersetzungsw issenschaft a u f  d iesen  G eb ie ten  w erden  in  e ine  U m gebung  m asch in e lle r 
O bersetzung  e in g e g lie d e rt D agegen  karm  h ie r  n ich t a u f  sp ez if isd ie  M ethoden  filr d ie  A useinarv  
derse tzung  m it O betsetzungsprob lem en  in fo lge  von  S p rachversch iedenheiten  e in g eg an g en  w er
den . S o lch e  P ro b lem e  und  M e th o d en  w erd en  an  a n d e re r  S te lle  b e h a n d e lt (W ik h o lm , in  
V orbereitung  II).
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2. Der Vbersetzungsprozefi
D as W ort U bersetzen  w eist v iele  V erw endungsw eisen  auf, w esw egen  es flir (Ibersetzungsw issen- 
schafl-liche  Z w ecke  e ine  e in d eu d g e  A bgrenzung nd tig  hat. F lir d iese  Z w ecke m öch ten  w ir 
w e ite ih in  m it dem  BegrifT O bersetzen  den  Vorgang  bezeichnen , bei w elchem  ein  T ex t d er 
A u sgangssp rache  (A S ) in  sch riftlicher Form  in  einen  iiquivalenten T ex t d e r  Z ie l^ ra c h e  (ZS) von 
e inem  M enschen  u m g ese tz t w ird  (vgl. K o lier 1983. S . 106). N atllilich  bezieh t sich  d e r BegrifT dabei 
auch  a u f  sp rach liche  u n d  tex tbezogene A spek te  des U bersetzens.

D e r  O bersetzungsvorgang  m it se inen  B estand te ilen  w ird  in  d e r  Q bersetzungsw issenschafdichen 
L ite ra tu r  besch rieb en  und  m odellie rt (u .a. Ingo  1991; K o ller 1983; N id a  1969; W ilss 1977). D ie 
B esch re ibungen  un terscheiden  sich  darin , w ie  sie  d en  V organg  g lied em  und w elche Fak to ren  sie 
dabei hervoiiieberL

W . W ilss (1977) g liedert den  V organg  aus d e r  S ich t d es  U bersetzers in  zw ei H a u p ^ h a sen , eine 
V erstehensphase  und  e ine  R ekonstruktionsphase, indem  e r  das U bersetzen  als e inen  T extverarbei- 
tungs- und  T extreverbalisierungsprozeB  auffaBt. In  d e r  V erstehensphase  an a ly sie it d e r  O bersetzer 
d en  A S -T ex t a u f  Inhalt und  S til h in . In  d e r  R ekonstruk tionsphase  rep roduziert d e r  O bersetzer den 
A S -T ex t in  d e r  Z ie lsp rache  "un te r o p d m ale r  B erlicksich tigung  kom m unikativer Ä quivalenzge- 
sich tspunk te" (ebd. S .72; K o ile r 1983, S .l  11). O . K åde (1968) und  G . Jäg er (1975), d ie  auch den  
V organg  in  zw ei T e ile  g lied em , versuchen  k larzu legen , w ie d ie  be iden  Phasen  m iteinander 
verbunden  sind . D ie  R ekonstruk tionsphase  kann  demgem SB a u f  zw ei versch iedene W eisen  voll- 
zogen  w erden , n äm lich  du rch  N eukodierung  o d e r U m kodierung. B ei N eukodierung  sind d er 
gem ein te  S achverha lt und  d e r B ew uB tseinsinhalt A usgangspunk t flir d ie  R ekonstruk tion . Bei 
U m kod ierung  lieg t p rim är e in e  sp rach liche  A nalyse d e r  Z uordnung  von  A S- und  ZS-A usdrlicken 
zug runde  (vgl. K oU er 1983, S .l  13). B ei e in e r zw eiphasigen  G liederung  um faBt d ie  R ekonstruk- 
tions-phase  sow ohl d ie  Z uordnung  von  Ä quivalen ten  als auch  d ie  H erste llung  und B earbeitung  des 
Z S -T ex tes, w obei d ie  be iden  M om ente so eng  m ite inander verbunden  sind, daB sie  n ich t getrennt 
w erden  können .

E ine  andere  B etrach tungsw eise  des U bersetzungsprozesses, d ie  ih ren  U rsp rung  in  d e r  T rad ition  
d e r  genera tiven  T ransfo rm ationsg ram m atik  hat, g liedert dagegen  den  ProzeB in  drei Phasen . In 
e in e r  so lehen  d reig lied rigen  B eschre ibung  w erden  (1) A nalyse des A S -T ex tes, (2) U m setzung  eines 
A S -T ex tes in e inen  äqu ivalen ten  Z S -T ex t und  (3) B earbeitung  des Z S -T ex tes als d rei selbständige 
S ch ritteb e trach ie t.

D ie  drei P h asen  hab en  in  versch iedenen  D arste llungen  un tersch ied liche  B enennungen . Zu 
V e rtre te m e in e sd re ig lied rig en M o d e llsw o lle n  w ir h ie r d ie  U bersetzungsw issenschafU erE .A .N ida  
und  R . Ingo  m achen . N id a  (1969) nenn t d ie  drei P hasen  analysis, tra n c e r  und restructuring, w oflir 
Ingo  (1991) d ie  B enennungen  analys (A nalyse), överföring  (U m setzung) und  bearbetning  (B ear
b e itung ) v e rw e n d e t

Z u  d ie se r  G lied e ru n g  m ach t N id a  (1969, S .484) fo lgende B em erkung : "H ow ever, a  careful 
analysis  o f  ex ac tly  w h a t go es on  in  the p rocess o f  transla ting , especially  in  the  case o f  source  and 
recep to r languages h av in g  q u ite  d iffe ren t g ram m atica l and  sem antic  struc tu res, h as  show n that, 
in stead  o f  go in g  d irec tly  from  one se t o f  su rface structu res to  ano ther, th e  com peten t transla to r 
ac tua lly  go es th ro u g h  a  seem ing ly  roundabou t p rocess o f  analysis, transfer, and  restructuring. T h a t 
is  to  say , th e  tran s la to r firs t analyses th e  m essage  o f  d ie  source language in to  its  sim^dest and 
s truc tu ra lly  c lea rest fo rm s, transfers it  at th is level, and then  restructu res it  to  the leve l in  the  recep to r 
lan g u ag e  w h ich  is  m o st appropriate  fo r  the  audience w h ich  he in tends to  reach."

L a u t N id a  (ebd .) und  Ingo  (1991) ist åie A nalyse  a ls e in  kom plexes V orgehen  zu  veistehen . D abei 
m tlssen  versch iedene  A spek te  berilcksich tig t w erden , w ie z.B . g ram m atische , sem antische, stilis- 
tische  und p rag m atisch e  (vg l. Ingo  1991, S .39 ff). In  å c i A nalyse  w itd  d e r  A S -T ex t a u f  einfachere
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o d e r  genere llere  S truk turen  in  d e r  A S h in  analysiert, d ie  m ög lichst w en ige  e inze lsp rachspez ifische  
ZUge aufw eisen  und  e in e  A n  T ie fen s tn ik tu r im  generativen  S iiuie a u sm a c h e a

A u f  d ie  A nalyse fo lg t d ie  U m setzungsphasc  In  d iese r  F hase  w ild  d e r  an a ly sie ite  A S -T ex t zu  
e in e r Iq u iv a len ten  S tru k tu r in  d e r  Z S  UberfO hrt D ie  V orteile  d e r  Z uordnung  v o n  e lem en tåren  
S trukturen  b estehen  darin , d a£  d ie  V erhSltn isse zw ischen  den  K onstituen ten  a u f  e in e r  tie feren  
E bene  e in fach e re ru n d  k la re r  s in d , und  dafi s ich  d ie  S pracben  a u f  d ie se r  E b en e  Shnlicher seh en  als 
in  d e r  O betfU chenstruk tu r (vg l. N id a  1969, S .487). D as E rgelm is d e r  U m setzung  so li e ine  
sem andsch  exak te  W iedergabe d e r  en tsp rech o id en  A S -S tru k tu r se in  (Ingo  1991, S .16S). D ie  
U m setzung  UBt s ich  a llerd ings n ich t vo llstiind ig  b escb re iben , weU d e r  U m setzungsprozeB  n ich t 
genau  beobach tbar ist, d a  e r  sich  im  G e h im  d es C b erse tzers  voU zieht (ebd .). In g o  h eb t d o ch  d ie  
U nen tbehrlichkeit d e r  U m setzungsphasc  h e rv o r (Ire ie  O bersetzung  nach  In g o  1991, S .9 2 ,165): 
"D ie grofie B edeu tung  d e r  U m setzungsphase  be i a llen  A rten  v o n  U berse tzungen  sp rich t Jedoch  ftlr 
ih re  SelbstU ndigkeit a ls F hase  im  O berse tzungsp rozeB ,..., obw ohl sie  te ilw eise  v o n  d e r  B earbei- 
tungsphase  des Z S -T ex tes sch w er zu  tre im en  isL"

N ach  d e r  U m setzung  feh it no ch  die  endgtiltige F o n n  des Z S -T ex tes, d ie  ih re  V o llendung  e rs t in  
d e r  Bearbeitungsphase  erhälL  In  d iese r d ritten  P hase  des U bersetzungsp rozesses w erd en  d ie  
e lem entåren  Z S -S truk tu ren  s tilis tisch  zu  einem  Z S -T ex t b earbeite t, d e r  d en  N o rm en  d e r  Z S  
id io m atisd i, s tilis tisch  und em pfängeibezogen  angem essen  ist (vgl. Ingo  1991, S 2 16; K o lle r  1983, 
S .119).

D ie oben  erO rteiten G liederungsvorsch lS ge fUr e inen  zw eif^iasigen  bzw . d re iphasigen  O berset- 
zungsvorgang  stim m en  in  ih ren  G rundziigen  m it den  M odellen  d e r  m aschinellen  O bersetzungsan- 
så tze  tlberein. D ie  ganze  prozeB bezogene B etrach tungsw eise  d es  O bersetzens ru ft e ig en tlich  d en  
G edanken  e iner A utom atisierung  d ieses P rozesses hervor. E in e  zw eiphasige  E in te ilu n g  karm  m it 
einem  Interlinguam odell (vgl. z .B . S locum  1985) v e rg lid ie n  w erden , w Shrend e ine  d re if^ ia åg e  
G liederung  g rundsätz lich  einem  T ran^erm odell (ebd .) g le id ik o m m t

In  einem  In terlinguam odell sind  d ie  zw ei P h asen  beim  C b erse tzungsvorgang  A nalyse  d es  
A S -T extes und  Synthese  des Z S -T ex tes. S yn these  w ird o ft bei In terlingua G enerierung  g en a rm t 
D er A S -T ext w ird  zuerst zu  e in e r  w eitm öglichst in terlingual konstan ten  R epræ sentation a n a ly s ie r t  
D ie sprachneutrale  R epræ sentation so li den  Inhalt invarian t behalten . V o n  d iese r  R epræ sentation 
ausgehend  w ird  darm  d e r  Z S -T ex t generiert. H ie r lieg t d e r  V erg le ich  m it d e r  G lied e ru n g  v o n  W ilss 
(1977) nahe , d a  zw ischen  A nalyse und  Verstehensphase  ebenso  w ie  zw ischen  G en erie ru n g  und  
Rekonstrukäonsphase  gew isse  A hnlichkeiten  b estehen  (siehe oben). B ei K åd e  (1 968) und  Jæger 
(1975) kom m t d e r  In terlinguaansatz  am  ehesten  dem  G edanken  der N eukodierung  g le ic h ^

In  e in o n  transferbasierten  O bersetzungssystem  können  dagegen  d rei P h asen  un tersch ieden  
w erden, und zv/ar A nalyse, T ra n cer und Synthese. D ieser A nsatz  en tsp rich t w eitgehend  den  o b en  
angefiihrten  E in te ilungen  v o n  N ida  (1969) und Ingo  (1991). A nalyse wQrde analysis  bei N ida  und  
analys (A nalyse) bei Ingo  o itsp rech en , w ie  T ran sfe r transfer  bzw . överföring  (U m setzu n g ) und  
S yn these  restructuring  od e r bearbetning  (B earbeitung).

D ie A hnlichkeiten , d ie  zw ischen  den  beiden  F b rschungsfe ldem  C b erse tzu n g sd ieo rie  und  m aschi- 
ne lle  O bersetzung  vorliegen , deu ten  d a ra u f h in , daB in te ressan te  Beitræge ftlr d ie  G esta ltung  
in terlingua- bzw . transfe rbasie rte r m asch inelle r O bersetzungssystem e in  d e r  O bersetzungstheo rie  
zu  finden  sind.

3, Auf welcher Ebene voUzieht sich eigentlich die Obersetzung?
D er Punk t, in  w elchem  im  O bersetzungsprozeB  d e r  W echsel von  d e r  A S zu  d e r  Z S  s ta itftn d e t und  
d ie  A rt, w ie  d ieser W echsel vo llzogen  w ird , un terscheiden , w ie  w ir  schon  geseh en  haben , d ie  be id en  
Ansætze T ran sfe r und  In terlingua g rundsätz lich  voneinander.
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W ie sich  a llerd ings T ran sfe r und  In terlingua in  d iese r H insich t zue inander verhalten , beschreib t 
T u ck e r (1987) w ie fo lgend: "A inheren t featu re  o f  a transfer-based  M T  system  as opposed  to  an  
in te rlingua  system  is  tha t the  structures to  be transferred  com prise  e lem ents typical o f  the source 
language. T h e  d eep er th e  analysis, d ie  few er the language specific  e lem ents, and v ice  ve isa , to  the 
p o in t w here  th ere  are  no  m ore  language specific  features, and the structures represen ting  the 
m ean in g  o f  th e  sou rce  language tex t are  in terlingual, and , no  tran sfe r step  (or. as  it w ere, no  
transla tion ) h as  to  be carried  o u t  W hat rem ains is a  genera tion  phase."

D ie  A b g ren zb aik e it d e r  U m setzungsphase ist a lso  n u r  bei T ransferm odellen  vo ihanden , d a  bei 
e in em  vollsU bidig durchgefilh rten  In te ilinguaansatz  ke in e  eigen tliche  U m setzung  vo ikom m t, w ie 
au ch  T u ck e r betonL B ei tian sfe ib as ie rte r t)b e rse tzu n g  ste llt sich  daim  unve im eid lich  d ie  F tag e , a u f 
w elcher sprachlichen E bene  sich  d iese  U m setzung  vollziehL  W ir h aben  schon  m it N ida  (1969) 
festgeste llt, daB bei e inem  d reiphasigen  A nsatz  in  d e r  trad itionellen  C bersetzungstheorie  d ie 
Z u ordnung  v o n  flquivalenten  A S- und  ZS-A usdrO cken n ich t d irek t in  d e r  O beifU ichenstruktur d er 
S p rachen  s ta ttfindet, son d em  a u f  e in e r w enig  sprachspezifischen  E bene. D ie  d a rau f fo lgenden  
F rag en  s ind , w ie  sp rachneutral d iese S truk tu r sein  mOsste, d .h . w ie  t ie f  sich  d iese  E bene befinden  
wtinde, und  w ie e ine  so lche  S tru k tu r tatsSchlich aussehen  kdnnte.

In g o  (1991, S .16S) erkenn t h ie r  e ine  besondere  A rt von  S tru k tu r a ls A usgangspunk t fd r d ie  
U m setzung , d ie  e r  zw ischenliegende S truktur (m ellanstruktur) nenn t. D iese Z w ischenstruk tur 
en tsp rich t e tw a  d e r  T ie fen s tn ik tu r in  d e r generativen  G ram m atik , d ie  von  d e r B asiskom ponente 
e in e r  so lchen  G ram m atik  generiert w ird. Ingos zw ischenliegende S truk tu r lieg t in  d e r  Form  von  
so lchen  p rim itiven  SStzen, sogenann ten  K ernsåtzen, vo r. D er K em satz  g en era lis ien  also  die 
struk tu re lle  V aria tion  und  ze ig t das vo rhandene Satzm uster. D e r S inn  des o b en fl^ h en stru k tu re llen  
S atzes w ird  aber d u rch  ihn  bew ahrt, indem  e r  e ine  A rt P araphrase von  dessen  Inhalt ausm acht^. 
D ie zw ischen liegende S truk tu r en tsteh t, indem  d ie  A S-SStze a u f  K em sStze h in  in  d e r  A S an a ly sien  
(o d er rtick transform iert) w erden . D ie K em sStze w erden  defln iert, nachdem  d ie  K onstituen ten  des 
S atzes iden tifiz ie rt s ind , und  sie w erden  d ann  angem essen  g rupp iert, d am it ih re  V erb indungen  
zu e in an d er ex p liz it w erden . Ingo  m ein t, daB d ie K em sStze dem  U bergang  zw ischen  Sprachen 
en tsp rechen , w o  es m dg lichst w enig  sprachspezifische  Z iige g ib t, oder, w ie  e r  e s  a u f  Seite  166 
ausdrO ckt, "w o m an  d ie  G renze zw ischen  den  Sprachen  an de r engsten  S telle  Oberschreitet" (eigene 
U bersetzung)3 .

N id a  und  T ab e r (1974) un terscheiden  sieben  H aup ttypen  von  K em sS tzen  im  E ng lischen  Gngo 
1991, S .97):

1. John ran quickly. 2. John hit Bill. 3. John gave Bill a  ball. 4. John is in the house. S. John is sick.
6. John is a boy. 7. John is my father.

D ie  A nzahl d e r  K em sS tze is t von  Sprache zu  S prache versch ieden , im  aU gem einen sind  sie  aber 
a u f  n ich t m eh r a ls zehn  T y p en  (ebd.). In  d e r  U m setzungsphase  w erden  d ie  analysierten  A S-Struk- 
tu ren  Kquiv a len ten  Z w ischenstruk tu ren  d e r  Z S  a u f  K em satzebene zugeordnet^. A us einem  K em satz  
so li es  m Oglich se in , d ie versch iedenen  Satztypen  m it H ilfe  von  T ransfo rm ationen  zu  b ilden.

E in  V erg le ich  m it transfe rbasie rten  m asch inellen  U bersetzungssystem en  lieg t h ie r  nahe, d a  sich 
d ie se r  A nsa tz  a u f  d ie  U m setzung  von  abstrak ten  S truk tu ren  g r iin d e t E s g ib t in  den  T ransfersyste- 
m en  e in  M odu l, das d ie  ak tuellen  S truk tu ren  um setzL D ieses T ransferm odul m ach t e ine  sprachen- 
p aa ib ezo g en e  K om ponen te  aus. E s g ib t ab e r ke ine  un iversa le  T ransferstruk tu r, son d em  diese  sieht 
in  versch ied en en  S ystem en  un tersch ied lich  aus. D ie  T ransferstruk tu ren  liegen  gew O hnlicherw eise 
in  d e r  F o rm  v o n  syn tak tisch-sem antischen  R e p r ^ n ta t io n e n  vor. D ie  V erm ittlung  zw ischen  
T ran sfe rs tru k tu ren  e rfo lg t m it H ilfe  von  T ran sfen eg e ln . B eim  U bergang  von  d e r  e inen  S prache zu r 
anderen  a u f  e in e r  genere lle ren  E bene kann  d ie  A nzahl d e r  T ransferregeln  g eringer sein , als w enn 
d e r  U bergang  a u f  e in e r sp rachspezifischeren  E bene stattfindet.
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4. Was fUrEinheiten werden Ubersetzt?
W ir haben fes tg e s td lt, daB im  O bersetzungsprozeB  eine Z uordnung  v o n  A S - u n d  2 £ -A u sd rtick en  
a u f  e ine  A rt g en ere lle rE b en e  sta ttfindet und  d iese  Z uordnung  n u r  in  einem  tran sfe rb asien en  A nsatz  
relevant isL A b e r w as flir AusdrUcke w erden  e ig o itlich  Obersetzt?

D ie  h isto risch  gesehen  erste  M ethode ftlr m asch inelle  O bersetzung , d ie  d irek te  M ethode , g rilndet 
s ich  a u f  e in e  W ort-fU r-W oit-O bersetzung  zw ischen  zw ei Sprachen . U n to i  w ird  e in  B eisp iel 
angefllh it, das d ie  P rob lem atik  e ines so lchen  A nsatzes beleuchtet:

Schw. LOnefMiBiniiig fk  mi arbetana avctl frin Dl AufLohnahahuncmOBacnnimdieArfaeilerveniGhten

N a d i  e in e r m o ipho log ischen  A nalyse d e r  e inzelnen  W ö ite r  des schw ed ischen  S a tzes  sind  ohne 
B erQ cksichtigung d es  K ontex tes u.a. fo lgende  po ten tie lle  A qu ivalen te  v o ih an d en :

lOnefQrhOjning: LohnerhOhung.GehaltsohOhung
fS r [nn]^ Schaf

[vb] dOrfen, mOssen, mOgen, bringen, bekommen, erhalten 
nu; [ab] nun, jetzt;

[nn] Augenblick, Nu 
aibetarna: die Arbeiter
avstfl: veizichten
frftn: [pp] von, aus, von...her, von..,aus, von.„an/ab, ab, seit;

[abjaus

W ie  aus d iesem  B eisp iel hervorgeh t, b ring t d ie  Z uordnung  a u f  W oitebene  v ie le  W ahlm dglich - 
ke iten  m it sich. D ie  einzelnen  W ö ite r  sind  erst in  ih ren  T ex tzusam m enh^ngen , K on tex ten , d isam - 
b igu ierbar, und  e in e  w ortbasierte  U beisetzungsm ethode ste llt s ich  natO rlich a ls  u n zu län g lich  
heraus.

M it H ilfe  e in e r syn tak tischen  A nalyse kön n en  d ie  W ö ite r in  gew issem  M aBe d isam bigu ie rt 
w erden. D ies is t d e r  Fall m it få r , nu m u lfrd n  in  unseiem  B eisp ie lsa tz . D ie  syn tak tische  A nalyse  
e ik en n t få r  a ls fin ites M o d alv e ib , das zusam m en m it dem  In fm itiv  avstå  d a s  P räd ika t d e s  S atzes 
ausm acht. D am it k ann  d ie  F unk tion  von  få r  a ls N ornen  sow ie d ie  n ich t m odalen  B edeu tungen  des 
V erbs, d ie  d ie  deu tschen  A quivalen te  bringen, bekom m en  o d e r  erhalten  trag en , n ich t in  F rage  
kom m en. N u  ha t d ie  Funk tion  als A dverb , und  seine unbe ton te  S te llung  d eu te t d a ra u f  h in , daB nun  
lieb e r a ls je r n  gew ählt w erden  soli. D ie W ahl des Ä quivalen ts fiir frå n  u n te r  d en  P räpositionen  
erfo lg t du rch  V alenzin fonnation .

U m  die richtige W ahl e ines deutschen  Ä quivalen ts liir  löneförhöjning  und  få r , u n te r  d en  drei 
M odalveiben  durfen, m ässen  o d e r m ögen, zu  trefTen, s ind  dagegen  zu sätz lich e  sem antische  
Inform ationen  no tw end ig . D as V erb  få r  muB im  Z usam m enhang  m it avstå , w as negativ  zu  
v e is tehen  ist. gesehen  w erden . D ie  W ahl des Ä quivalen ts flir lön  in  lö n ^ r h ö jn in g  is t d av o n  
aNiUngig, o b  h ie r  e in  A rbe ite r o d e r  e in  B eam ter gem ein t isL S yn tak tische  u n d  sem an tische  A nalyse 
des A usgangssatzes als G anzes, d ie  e in  u num gäng licher S chritt flir d ie  U m setzung  ist, is t  im  
T ransferansatz  zentral.

W ie  d ie  lex ikalische  Ä quivalenz  in  d e r  T ransfe ikom ponen te  besch rieb en  w erd en  so li, läBt sich  
n ich t generell beantw orten . Sow ohl E in -W ort-L exem e als auch  M eh r-W o it-L ex em e (zJB. avstå  
frå n )  mOssen ausgedriick t w erden  können . D ie  F rage  ist, w elche  sp rach liche  GröBe d ie  angem es- 
sene  E inheit flir d ie  Ä qui valenzbeziehungen  zw ischen  lex ika lischen  E in h e iten  ausm ach t, w enn  n u n  
das e inzelne W ort sich  generell als n ich t ausreichend  erw iesen  h a t  D ie  trad itionelle  U bersetzungs- 
w issenschaft ha t sich  a u f  G rund  p rak tischer U bersetzungsarbeit m it d e r  P rob lem atik  d e r  A m bigu ite t 
und Ä quivalenz auseinandeigesetz t. D urch  solche kon trastiven  S tud ien  ist do rt e ine  b eso n d ere  A rt 
von  sp rachenpaarbezogener, p rim är sem antischer, E inheit erkaim t w orden , d ie  g rund legend  flir d ie  
U m setzung  s c h e in t D iese E inhe it w ird  O bersetzungseinheit (U E ) g en an n t (z.B . K oU er 1983,
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5.1 16). B esondere nUtzlich ha t sie sich  bei d e r  H erstellung  von A quivalenzbeziehungen  zw ischen 
lex ika lischen  E in h e iten  infolge vo n  Sprachversch iedenheiten  e rw ie se a  L au t K o ller (ebd .) ha t m an 
sich  a b e r " theoretisch  w en ig  m it dem  Problem  d e r  U beisetzungseinheit b e sch M ig t, obw ohl sie  bei 
sp rachenpaaibezogenen  B eschreibungen  e ine  w ichtige RoUe spielt".

A . M alb lanc  (1968) und  J.-P . V inay/J. D aihe lne t (1971) verw enden  fUr d ie  O E  den  T en n in u s 
u n iti de p en sie . D am it m einen  sie  "le p lus p e tit segm ent de  l ’6nonc6 d o n t la  cohesion  d es  signes 
e s t te lle  q u ’ils  n e  d o iv en t pas fitre tradu its  s6par6m ent" (ebd.). GemSB d ieser D efm ition  behauptet 
m an , d a£  d ie  t )E  als S inneinheit in  d e r  A S unabhSngig von  d e r Z S  festgeleg t w erden  kann  (K oller 
1983, S . l  16). E s  g eh t jed o c h  h ie r  um  e ine  E inheit, e ine  Fb lge v o n  Z eichen , d ie  dadurch  gekenn- 
ze ich n e t ist, daB sie  be i U beisetzung  als ein G am es  aufgefaBt w erden  so li, und  ist dem zufo lge n ich t 
sprachenpaarunaU iflng ig . E s  schein t unm dglich , d iese  E in h e it festzu legen , ohne eine  spezifische 
Oder h ypo thetische  Z S  v o r A ugen  zu  haben.

O . K ade (1968, S .90) defin iert d ie  U E  gerade  u n te r  B erticksich tigung  so w d il d e r  A S als auch 
d e r  ZS: "D ie C b erse tzungseinhe it is t das jew e ils  k leinste  S egm ent des A S -T extes, fUr das dank  der 
po ten tie llen  A qu ivalenzbeziehungen  e in  S egm en t im  Z S -T ex t gesetz t w erden  kann , d as  d ie  Be- 
d ingungen  d e r Invarianz  a u f  d e r  Inhaltsebene erftlllL"

D a  d ie  E in te ilung  d e r S inneinheiten  von  S prache zu S prache un te isch ied lich  is t (K oller 1983,
5.1 16), m Ussen w ir  uns darU ber im  k laren  sein , daB Oe  sp rachpaa ibezogen  sind , und daB es filr 
je d e s  S p rachenpaar e inen  B estand  an  U E  gibt^.

E in e  D E  k ann  aus einem  W ort, partie llen  Oder v o U s t^ d ig e n  Syn tagm a, Satz  Oder T ex tabschn itt 
b esteh en  (vgl. K o lle r  1983, S .l  16), w ie fo lgende schw edisch-deu tsche B eisp iele  zeigen:

Wort:
arbetare
hydiaulmatare

Partielles Syntagma: 
avstå hän

Syntagma:
slangarnas sträckning 
i enlighet med 
be en bön
ta under övervägande 

Satz:
Förbjudet aU luta sig ut. 
Nu gäller det!
Tro det eller inte.
Allt tar sin tid.

Textabschnitt:
Ober allen Gipfeln 
IsiR uh
In alien Wipfeln 
Sparest du 
Kaum einen Hauch;
Die Vöglein achweigen 
im Walde.
W arte nur, balde 
Ruhest du auch.
(Goethe: W anderers 
Nacht lied)

Arbeiter
hydiaulische Vorschubeiniichtung 

verzichten auf

Schlauchstreckung
laut
ein Gebet sprechen 
in Erwägung ziehen

Nicht hinauslehnen.
Es geht um die W urst
Sage und schreibe. /  Ob du’s glaubst oder n ich t 
Rom ist auch nicht an einem Tag eibaut wcxxlen.

ö v e r  alla toppar ro.
Knappt ett sus.
Alla vatten spegla klart 
stillnat ljus.

Skogens fåglar i sitt bo tystna nu.

Vänta, snart 
vilar också du.
(von Heidenstam)

Alla höjder vilar 
i ljus -
i ^ o g e n  silar 
knappt ett sus 
bland träden fram. 
Var fågel är tyst när 
det svalkas.
Vänta - snart luilkas 
den to  du fömam. 
(Nils Johansson)
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D ie N otw end igkeit d es  BegrifTes O E  beschrank t sich  n ich t a u f  trad itionelle  n ich tau tom atisie rte  
O beisetzung , son d em  die  O E  ist e ine  E ische inung , d ie  auch  bei com puteigestO tzter und  m aschi- 
n e lle rO b erse tzu n g  von  h d ch ste rR e lev an z  zu  se in  s c h e in t  E ine e indeu tige  D efln itio n  is t g erad e  fUr 
d iesen  B ereich  so g a rn o c h  w ich tiger, w eil d ie  W ahl und  A b g ienzung  v o n  U E  R Q ckw iikungen au f 
d ie  kon trastive  S p rachbeschre ibung  h a t  D ie Å qu ivalenzbeziehungen  m Ossen im  O beise tzungssys- 
tem  8 0  genau  besch rieben  w erden , daB sie  m it fo rm alen  T ran sfen eg e ln  ausgedrilck t w e id en  kdnnen . 
Im  fo lgenden  A bschn itt w ird  e in  B e is p e l  aus ak tue lle r F o rschung  geg eb en . d ie  sich  m it so lehen  
F rageste llungen  auseinandeisetzL

5. Ein Beispiel
D ie A rbeit an  dem  P ro jek t M ultilingual Support fo r  T ranslation and  W riting  an  d e r  U n iversita t in  
U ppsala  k ann  als B eisp iel d ienen . um  d ie  Form alisierung  d e r  lex ika lischen  W ah l in  e inem  System  
flir m aschineU e O bersetzung  zu  beleuch ten . D ieses P ro jek t w ird  v o n  d e r  P ro fesso rin  in  C om puter- 
linguistik  Arm a Sågvall H ein  am  Institu t flir L ingu istik  geleite t. D as P ro jek t h a t zum  Z ie l. e in  
W eikzeug  fUr com pute igestd tz te  t)b e rse tzu n g  zu  en tw ickeln . E s soli d ie  M O ^ich k e it schaffen , e ine  
au tom atische O bersetzung  d e r  vom  m ensch lichen  U berse tzer angegebenen  A bschn itte  e ines T ex tes  
zu  e ihalten . D ie A usgangssprache  ist Schw edisch . A ls Z S  sind  in  e is te r  L in ie  D eu tsch , E ng lisch , 
F ranzdsisch  und  RussiscÄ v o rg e se h e a  D as System , w elches das m asch in elle  U b e ise tzen  besorg t, 
ist tra n s fe ib as ie rt D ie  schw edische  T ransfe rs truk tu r lieg t a ls e ine  A nalyse  des syn tak tischen  und  
m oipho log ischen  Parsers, U ppsala C hart P rocessor (Sågvall H ein  1 9 8 '^ , m it e inem  L ex ik o n  und  
e in e r G ram m atik  Itlr S chw edisch  (Sågvall H ein  &  S jögreen  1991), vor. D urch  T ra n sfe n e g e ln  w ird  
e in e  åquivalen te  S tru k tu rd e rZ S  erm ittelt. T ran sfe r erfo lg t durch  U nifierung  von  T ran sfe rs tru k tu ren  
(B eskow , im  D ruck).

D ie  A lbe it, U E  zu iden tifiz ieren . ist schon  e ingeleite t w o rd e a  B ish e r sind  n ich t flck tie rba ie  
fiinktionale Ph rasen  (w ie in  U bereinstim m ung m it, in  le tzter M inute, zum  B eisp iel) (S ågvall H e ia  
ö s tl in g  &  W ikholm  1990) und  Z usam m ensetzungen  (W ikholm , in  V orbere itung  I) in  ko n trastiv e r 
H insich t stud iert w orden . D iese  A rbeit w ird  w eite rgeftihn  w erden . N achdem  d ie  U E  d efin iert sind , 
w erden  sie und ihre Å quivalenzbeziehungen  zu  d en  Z S -E n tsp rechungen  m it H ilfe  von  T ran sfe rre 
geln  ausgedrfickt. D e r T ransferfo rm alism us m ach t ke inen  U n tersch ied  zw ischen  lex ika lischen  und  
struk turellen  R egelit. D ie  B eschre ibung  de r U E  ist dem zufo lge  in  d iesem  F o rm alism u s struk tu rell, 
w åhrend  ihre  D efin ition  aber lex ikal/sem an tisch  basie rt ist. U n ten  w erd en  e in ig e  B e isp ie le  ftir 
R egeln  g e g e b e a  D ie  R egeln  sind  von  A nna  Sågvall H ein  defin iert w orden.

B eispiel 1 b is 3 u n ten  zeigen  d ie  N ota tion  von  drei lex ika lischen  T ran sfen eg e ln . L A B E L  nenn t 
d en N am en  d e r  R e g e l  Im  A S -T eil (SO U R C E ) w ird d ie  lex ikalische  E inhe it, d as  Lexem , angegeben , 
sow ie W ortk lassenangabe (Sågvall H ein  1987). U n ter T A R G E T  w ird  das en tsp rech en d eZ S -L ex em  
genann t, m it no tw end igen  Z S -bezogenen  A usktinften  versehen . FUr e in e  ausfU hiiichere B esch re i
bung  des F orm ats d e r  T ransfe rregeln  siehe (B eskow , im  D ruck).

D ie  R egeln  besch re iben  d ie  schw edischen  O e  hydraulm atare  und  i en lighet m ed  und  d ie  
deu tschen  Å quivalen te  hydraulische Vorschubeinrichtungen  bzw . laut.

H ydraulm atare  ist e in e  zw eite ilige  Z usam m ensetzung  und  en tsp rich t im  D eu tsch en  d e r  rxrm ina- 
len  W ortgruppe hydraulische Vorschubeinrichtungen, w o  dem  N ornen  e in  a ttribu tives A djek tiv  
v o ra n g e h t D ie  p lu ra le  B edeu tung  is t h ie r  b eab sic h tig t W ir  k ö nnen  au ch  festste llen , daB d as  
A djek tiv  starke, o d e rp ro n o m in e lle  (Freund &  S undqvist 1988), D ek lina tion  aufw eist.
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Beispiel 1. Lexikalische Transferregel: Zusammensetzung
LABEL
HYDRAULMATARE
SOURCE

< • LEX> «  HYDRAULMATAREJJN.X 
< • W ORD.CAT > «  NOUN 

TARGET
<*PH R.CA T> » N G  
< * P H R A S E > »  +
< •  A T IR  LEX> »  H Y D RA U U SCH A V  A  
< •  ATTR WORD.CAT > -  ADJ 
< •  HEAD LEX > -  VORSCHUBEINRICHTUNGJW JC 
<* HEAD FEAT GENDER> « F E M  
< •  HEAD W ORD.CAT > = NOUN 

TRANSFER

I  en lighet m ed  is t e ine  n ich t flek tierbare  funk tionale  P h rase  m it p iäp o sitio n a le r Funktion. E in  
po ten tie lles  Ä qu iva len t im  D eu tschen  is t d ie  Präpositic»! lam , d ie  d en  D ativ  reg ieit.

Beispiel 2. Lexikalische Transferregel: funktionale Phrase
LABEL

I+ENLIGHET+MED
SOURCE

<* LEX > = I+EN LIGHET+M EDPP.l 
TARGET

< • L E X >  = LAUT.PPJC 
<* WORD.CAT > = PREP 
< •  CASE > = DAT 

TRANSFER

A vstä frä n , deu tsch  verzichten airf, is t als partielles S yntagm a zu betrach ten . In  dem  vollsUindigen 
S yn tagm a so llte  auch  das P räpositionsob jek t (F ieund  &  S undqv ist 1988) exp liz it ausgedriickt 
w e id en , z .B . avstå  frå n  något. D a das O b jek t austauschbar ist, k ann  es n ich t in  e ine  generelle  
T ransfe rregel m it e inbezogen  w eiden .

Beispiel 3. Lexikalische Transferregel: partielles Syntagma
LABEL

a v s t A+f r An

SOURCE
<* LEX > = a v s t A+f r An .v b .1
<* WORD.CAT> = VERB 

TARGET
<* LEX > «  VERZICHTEN+AUF.VB.X 
< • W ORD.CAT^ = VERB 
<* CASE > *  ACC 

TRANSFER

6, Zusammenfassung der Ergebnisse
V erg le iche  von  E rgebn issen  d e r be iden  F o rsch u n g sfe ld e rtrad itio n e lle r U bersetzungsw issenschah , 
d ie  v o n  M en sch en  g em ach te  U berse tzungen  stud iert, und  m asch in elle r U bersetzung  haben

184



Å hnlichkeiten  bei d e r  B eschreibung des U bersetzungsprozesses als e in  z w e ite ilig e rb zw . dreitcili- 
g e r  V o igang  au fg e z e ig t

A usgehend von  einem  dreig lied rigen  M odeli h a t m an  sich  in n e ih a lb  d e r  be iden  F c id e r m it d e r  
F rage  von  E bene und  Form  d e r  T tansfeneprK sen tation  auseinandeigesetz t. D ie  N o tw end igke it 
e in e r  genauen  B eschre ibung  e in e r so lehen  R epræ sentation in  m asch inellen  U bersetzungssystem cn  
sp iegelt s ich  auch  in  d e r  giOBeren A nzahl und  A usfU hilichkeit so leh e r V orschlSge in  d iese r 
F orschungstrad ition  w ider.

A ls  e ine  besonders groBe S ch w ie iig k e it bei m asch in elle r tJb erse tzu n g  h a t s ich  d ie  F o im alis ieru n g  
d e r  lex ik a lisd ien  W ahl h e ia u sg e s te llt  In  d e r  tiad itio n ellen  O bersetzungsw issenschaft is t e ine  
sem an d sch  d efin ie ib are  E inheit, O beise tzungseinhe it (U E ) genam it, id en tifiz ie it w orden , d ie  
g rundlegend  flir d ie  H eis te llung  von  Å quivalenzbeziehungen  s c h e in t  D ie se r  B egiifT  dtirfte  auch  
v o n  In teresse in  e in e r kon trastiven  S p rad ib esch re ib u n g  fUr m asch inelle  U berse tzungszw ecke  sein .

Im  R ahm en  des P ro jek tes M U L T R A  in  U ppsa la  w ird  d aran  gearbeite t, d en  F o rm alism u s fOr 
m asch inelle  O bersetzung  zu  gesta lten  und  T ransfe rregeln  in  d iesem  F o rm alism u s auszuprob ieren  
anhand  konkre te r U bersetzungsarbeiL  D ie  H andhabung  v o n  t )E  w ird  in  d iese r U m gebung  stud iert. 
B ish er sind  Z usam m ensetzungen  und  n ich t flek tierbare  fiinktionale P h rasen  als C E  un tersuch t 
w orden, und  d e r  B eg riff  h a t sich  als n iitz lid i erw iesen. W eitere  A rbeit m it so lehen  F rageste llungen  
z ie lt d a rau f h in , den  B eg riff  genauer zu  defu iieren  utmI, v o n  p rak tischen  O bersetzungsfS llcn  
ausgehend , versch iedene A rten  von  U E  abzugrenzen  und  so  sorgflQtig zu  besch re iben , daB es 
m Oglich w ird, d ie Å quivalenzbeziehungen  m it T ransferregeln  auszudrticken.

Anmerkungen
1) U m kodierung  kdnnte  m it d e r sogenann ten  d irek ten  M ethode  Itir m asch inelle  O bersetzung  

verg lichen  w erden

2) Ingo  (1991) verz ich te t darauf, e tw as da rd b er zu  sagen , w ie z .B . s tilis tische  und  them atische  
F ak to ren  in  d e r  Z w ischenstruk tu r gehandhab t w erden.

3) E ine tie fgehendere  A nalyse b is zu  e in er sogenann ten  sprachunabhSngigen  R epræ sentation, w ie 
bei In terlingua, schein t aber n ich t no tw end ig . E in e  so lche  A nalyse karm  s tan d essen  lau t N ida  
(1969, S .487) zu  abw eichenden  E rgebn issen  kom m en: "In rea lity  th e  tran sfe r a t the kernel level 
can  genera lly  b e  m ade  w ith  fa r  less d an g er o f  skew ing  than  i f  one  fo llow s the  h ig h ly  involved  
p rocesses o f  go in g  to  th e  level o f  sem antic  un iversa ls  and retu rn ing  aga in  to  th e  kernel lev e l.”

4 ) D a  die S truk turen  d e r  K em sætze d e r  versch iedenen  S prachen  æhnlich sind , so ilte  dem zufo lge  
d e r  Inhalt bei U m setzung  a u f  K em satzebene m dg lichst invarian t b le ib en  (N ida  1969, S .489). 
N atd rlich  sind  ab er inhaltliche  V eræ nderungen, d ie  m it einem  M angel an  sem an tisch er Å qui- 
v a len z  zusam m enhæ ngen, n ich t auszuschlieB en (vgl. ebd.). H ie r kdnn te  m an  auch  behaup ten , 
daB lez ikalische  A m biguitæt e in  G rund  z u r  inhaltlichen  D isk repanz bei d e r  U m setzu n g  sein  
kOnnte.

5 ) D ie  N ota tion  d e r  W ortk lassenbezeichnungen  fo lg t (A llén  e t aL 1970): [ab] =  A dverb , [rm] = 
N ornen, [k >] =  Præposition, [vb] =  V erb.

6) H ie r  karm e in  V erg le ich  m it dem  U m gang  d iese r P rob lem atik  in n e ib a lb  des In terlinguaansatzes 
gem ach t w erden. D ort versu ch t m an , e ine  E in te ilung  in  sprachunabhæ ngige S inne inhe iten  
vorzunehm en . E in e  un iversa le  E in te ilung  in  S inneinheiten  o hne  B erdcksich tigung  ex istierren - 
d e r  Sprachen  ist jed o ch  sch w er vorstellbar.
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A Swedish Core Vocabulary for Machine 
Translation

Annette Ostling
Uppsala University

A bstract

The reasons for establishing a new Swedish core vocabulary are presented, and the 
steps taken in its establishment are described. Some conclusions are drawn as for the 
usefulness o f frequency lists in this respect The impact on the frequency lists o f  the 
nature of the corpus is illustrated. The necessity o f introducing phrases in the core 
vocabulary is pointed o u t The information to be associated with the entries to m eet the 
requirements of the translation process is looked upon in the light o f the definitions in 
a  monolingual dictionary.

Introduction
T h e p ro jec t M ultilingual Support fo r  Translation and  W riting  carried  ou t a t th e  D epartm en t o f  
L ingu istics/C om puta tional L ingu istics at U ppsala  U n iversity  a im s a t a co m p u te r tool fo r  the 
processes o f  transla tion  and w riting , w ith  pro fessional transla to rs as the  m ain  u se r  g ro u p  in  v iew . 
T h e  translation  process is to  be m onodirectional w ith  S w edish  as the source language and E ng lish , 
G erm an and  F rench  as the targets. A part from  p rov id ing  possib ilities  fo r  m echan ica l transla tion  o f  
parts  o f  a docum ent specified  b y  the  user, the  purpose  o f  the supfM tt is  a lso  to  p rov ide  functions 
fo r  selective d ictionary  look-up , a llow ing  the  u se r  to  specify  th e  k ind  o f  in fo rm ation  w an ted  about 
a  requested  w ord o r  phrase. T h e  d ictionary  is  to  b e  o rganized  as a lex ical d a tabase , m ad e  u p  o f  
m onolingual da tabases fo r  Sw edish , E ng lish , G erm an  and  F rench . T h e  lin k s be tw een  the S w e ^ s h  
da tabase  and the ta rg e t language ones w ill be  the  equ ivalence  re la tions b e tw een  th e  tran sla tio n  un its  
in  a  language pair. A  transla tion  un it is  defined  as the sm allest po ssib le  u n it in  th e  sou rce  language 
th a t can  be  substitu ted  by  an  equ iva len t in  the  target language, on  the  sem an tic  leve l as w ell a s  on  
the  sty listic  level. I t  can  be  a w ord , a  phrase  o r  a la rg e r segm en t o f  the  tex t. It is  a w ell-know n  fact 
th a t one-to-one co rrespondences b etw een  the  lex ical un its, w ords o r  ph rases o f  tw o  lan g u ag es are 
rare. C ontrastive lex ical stud ies, investiga ting  the equ ivalen ts and th e ir  re la tions a re  cen tral in  
transla tion  theory , and  hence  are  im portan t a lso  fo r  m ach ine  translation . In  W ikholm  (1991) an  
account is g iven  o f  the types o f  lex ical d ifferences tha t ex is t b e tw een  languages and  d iffe ren t types 
o f  equ ivalence  rela tions are  d iscussed , a long  w ith  the im plica tions fo r  m ach in e  transla tion .

W ith in  the  m onolingual d a tabases o f  the L D B , there  wiU be  a  d istin c tio n  b e tw een  a  general, 
perm anen tly  stored  vocabu la ry  and dom ain-specific  parts. T h e  general part, th e  co re  d ic tionary , 
w ill cover h igh-frequency , com m on language w ords and ph rases, w hereas the  u se rs  w ill inco rpo ra te  
the dom ain- o r  tex t-specific  vocabu laries in  the L D B  in accordance w ith  th e ir  needs.
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I t  is  im p o itan t to  h av e  in  m ind  tha t the  L D B  is to  be  consulted  by  a hum an  tiansla to r/w rite r as 
w ell as by  the  m ach ine  transla tion  com ponen t o f  the  support and m ust fulfill the  dem ands o f  both  
k inds o f  users.

S ince  the  p rim ary  un its  o f  the database  are the transla tion  units, the  Sw edish  core d ictionary  m ust 
b e  structu red  in  su ch  a  w ay  th a t the estab lishm ent o f  transla tion  rela tions to  the  target languages is 
possib le . H igh-frequency  w ords are o ften  m anyfo ld  am biguous, m orpho log ica lly  and sem antically . 
F o r  exam ple, th e  E ng lish  w ord  *in’ can  be  e ith er a  preposition , an  adverb  o r  a noun , and there  are 
obv io u sly  n o  one-to -one  correspondences betw een  ‘in ’, ‘d o ’ and  ‘m ak e ’ and  th e ir  Sw edish  
equ iva len ts. In  ph rases  the am bigu ity  can  be  resolved: ‘in ’ is  d isam biguated  as a prepositicm  w hen 
used  in  th e  [dirase ‘in  accordance  w ith ’. T h is  fac t w ill b e  tak en  advan tage  o f  b y  in n o d u cin g  phrases 
as  an  im portan t p a rt o f  the  co re  vocabu lary , and  is  one  step  in  th e  developm en t o f  a  core  vocabulary  
o f  transla tion  units.

In  th is  p ro jec t, S w ed ish  is the  source  language. T herefo re , in  a  first phase , the  S w edish  co te  
vocab u la ry  w ill be  estab lished . T hen  transla tion  links to  the  equ ivalen ts in  E ng lish , G erm an  and 
F ren ch  w ill be  determ ined .

Is there a need for a new Swedish core vocabulary?
A  first S w ed ish  b asic  vocabu lary  w as identified  w ith in  the  pTojtciN usvenskfrekvensordbok (NFO),  
'F requency D ictionary o f  P resent-D ay Sw edish’ (A llén  e t al. 1970). T h e  N F O  basic  vocabulary  
w as derived  from  a  co rpus o f  S w ed ish  n ew spaper tex t from  196S, consisting  o f  one m illion  rurm ing 
w ords. T h e  b asic  vocabu la ry  com prises 10,000 lem m atized  g raphic  w o rd s^  T h u s no  com pound 
ex p ressio n s such  as phrases o r  phrasal verbs are  recognized  as un its  in  the N F O  basic  vocabu lary , 
the  basic  reason  fo r  the  decision  to  determ ine  a  new  core vocabu lary  w ith in  th is  p ro je c t  T h e  size 
is  an o th er im portan t issue: is 10,000 g raph ic  w ords a  reasonable  size  fo r a  co re  vocabu lary  o f  the 
k in d  needed  fo r  a  tool fo r transla tion  and w riting? S ince the  basic  vocabu lary  o f  N F O  is qu ite  big, 
it com prises a h igh  p roportion  o f  con ten t w ords. It is in  the natu re  o f  con ten t w ords to  reflect the 
to p ics  trea ted  in  a tex t, and som e o f  the  cu rren t issues o f  1965 n ew spaper articles are n o  lo n g er o f  
th e  sam e im portance  (the V ietnam  w ar, fo r  instance), and m any  n ew  top ics  and phenom ena have 
a risen  since  then , such  as the  concern  fo r  the environm ent, the  m ed ia  exp losion  w ith  v ideo  and 
sa te llite  te lev is ion , etc. A s show n  below , ev en  w ords in  the frequency  to p  can  be  qu ite  dom ain-de
p e n d e n t T h u s p a rt o f  the N F O  basic  vocabu lary  m ay be, in  th is  respect, som ew hat outdated .

T h e  N F O  basic  vocabu lary  w as determ ined  as a general frequency  to p  list, w ithou t any  special 
u se  in  m ind . T h e  co re  vocabu la ry  aim ed a t in  th is  p ro jec t is to  be  a tool fo r all the  users in  view , 
regard less o f  th e ir  v arious fie lds o f  application . H ence  o n e  o f  the  m ain  crite ria  fo r  the  choice o f  
w h ich  co n ten t w ords to  be  inco rpo rated  m u st be  th e ir  neu tra lity  w ith  respect to  dom ain , o r, pu t in  
an o th e r w ay , the  like lihood  fo r  them  b e ing  used  in  d iffe ren t dom ains. I t  fo llow s tha t it is  natu ral to  
lo o k  n o t o n ly  at frequency  lis ts  o f  n ew spaper vocabu lary , bu t a lso  to  com pare  w ith  frequency  lists 
o f  o th e r  ty p es o f  texts. L eh m an n  (1991) describes the  com parison  o f  five w ord lis ts  from  very  
d iffe ren t do m ain s, and  show s th a t the  com m on  vocabu lary  is  v ery  sm all indeed. H e also  po in ts ou t 
th a t the  defin ition  o f  a rep resen ta tive  corpus, and hence  a  rep resen ta tive  vocabu lary , m u st be  m ade 
w ith  the  research  go a ls  pursued  in  m ind. It is  qu ite  c lea r tha t a  core  vocabu lary  fo r  the purpose  o f  
b e ing  used  as a  transla tion  tool as the  one  described  here  is  no t the sam e th ing  as a basic  vocbulary  
fo r  language  lea rn in g , fo r  instance. A  d ictionary  fo r th is  la tte r  purpose  m ust co v e r the  vocabulary  
and  language  functions fo r every -day  life , since it a im s at gu id ing  the language studen t to  w hat is 
the  "threshold  leve l"  o f  an o th er language, som eth ing  w hich  is no t the sam e th in g  as dom ain-neu
tra lity .
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How can a core vocabulary be determined?
T h e need fo r co re  vocabu laries fo r  the  purpose  o f  natural language p rocessing  is  p o in ted  o u t in  
L ehm ann  (1991), w ho also  describes the  estab lishm en t o f  a  G erm an  core d ictionary .

T h e  new  S w ed ish  core d ictionary  fo r  the transla tion  and  w riting  too l b e in g  woticed o u t w ith in  
th is  p ro jec t is  based  o n  th e  to tal o f  th e  n e w s p ^ r  m ateria l availab le  v ia  Sprflkbanken ( ‘T h e  
L anguage B an k ’)  a t Språkdata , U n iversity  o f  G iathenburg (G ellerstam  1989). In  a ll, th is  m ateria l 
com prises approx im ately  seven  m illion  curren t w ords from  1 9 6 5 ,1 9 7 6  an d  1987, th e  w o rd s from  
1987 constitu ting  the  largest part: five  m illion  w ords. C om parisons have  b een  m ad e  w ith  the  novel 
co rpus from  S p rik b an k en . T h is  co rpus consists  o f  tw o  parts , to ta llin g  9 .6  m illion  w ords^: nove ls 
pub lished  in  1976 and 1977, com prising  5 .6  m illion  runn ing  w ords, and  n o v e ls  pub lished  in  1980 
and  1981, fo u r m illion  runn ing  w ords.

T h e  first step  in  estab lish ing  th e  co re  vocabu la ry  w as to  m ak e  a m orpho log ica l analysis  o f  all the  
w ord  form s from  the  Sprdkbanken  n ew sp ap er co rpus, hencefo rth  N W P , w ith  a freq u en cy  o f  160 
o r  m ore  (the  2 ,926  m ost com m on w ord  form s). T h e  m orpho log ica l analysis w as perfo rm ed  w ith  
the  h e lp  o f  U ppsala  C hart P ro cesso r (U C P) (Sågvall H ein  1987), an  inflectio iial g ram m ar o f  
Sw edish  in  the U C P  form alism  (Sågvall H ein , forthcom ing) and a stem  d ic tionary  o f  abou t 60 ,000  
en tries (Sågvall H ein  &  S jögreen  1991). T h e  stem  d ictionary  is genera ted  from  Svensk O rdbok. 'A  
D ictionary o f  Sw edish ' (1986) and thus covers the  sam e vocabu lary . I t fo llow s th a t th e  m o rp h o lo 
g ical analysis resu lts in  the  sam e lem m a d istinctions as th e  ones m ade  in  Svensk O rdbok.

H om ography is  a  v e ry  com m on  phenom enon  in  Sw edish , n o t o n ly  am o n g  h igh -frequency  
fim ction w ords, and therefo re  the  n u m b er o f  possib le  lem m as assigned  to  a w ord  form  b y  the 
m orphological ana lyzer is o ften  > 1. T h e  frequency  160 w as chosen  ad h o c  as a  sta rting  po in t, b u t 
p roved  to  be  a  good  guess (see  below ). T he resu lt o f  th is parsing  w as a lis t o f  all the  possib le  lem m as 
fo r  each  w ord form  accord ing  to  Svensk O rdbok, as show n by  the  fo llow ing  exam ple. H ere , the 
g raph ic  w ord p erfek t is g iven  one  no u n  analysis (the gram m atical term  ‘p e rfe c t’) and o n e  ad jective 
analysis ( ‘p e rfec t’):

perfekt: (freq: 311)
2  parses, 9  vertices.

P E R F E K T :
( • =  (L E M  =  P E R F E K T 2.N N  

IN F L  =  PA T T E R N .G R Y N  
D 1C .STEM  =  PE R F E K T  
W O R D .C A T  =  N O U N  
G E N D E R  =  N E U T R  
F O R M  =  IN D E F  
C A S E  =  B A S IO )

(* =  (L E M  =  P E R F E K T 1.A V  
IN F L  =  P A T T E R N .B L E K  
D IC .S T E M  =  P E R F E K T  
W O R D .C A T  =  A D J 
C O M P = P O S  
N U M B  =  S IN G  
F O R M  =  IN D E F ))

S ince th is  is  a p u rsu it o f  a  core  vocabu lary , all lem m as m arked  fo r  a  ce rta in  level o f  s ty le  o r  a 
specific  dom ain  w ere excluded  from  the  lisL F u rtherm ore , the  lem m as th a t on ly  o c c u r in  com pounds 
w ere g iven  a  ^ c i a l  code.

T h e  nex t step  w as to  com pare  th is  lis t o f  g raph ic  w ords tagged  w ith  th e ir  po ssib le  lem m as w ith  
a  lem m atized  frequency  lis t in  o rd e r to  exclude  un like ly  lem m a attribu tions. T h u s  a  com parison , 
m uch like a m anual p robab ilis tic  tagg ing , w as m ade vnihN usvenskfrekvensordbok, and the  lem m as 
hav ing  a N F O  frequency  o f  10 o r  less (i.e. the  letrunas in  question  are n o t am ong  th e  7 ,1 5 0  m o st 
cotrunon ones) w ere  excluded  from  the  l i s t  F o r instance, th e  n o u n  analysis o f  p erfek t w as  am ong  
the ones sorted o u t  Setting  the  lim it as low  as f  ̂  10 m ay  seem  an  unnecessary  p recau tion , bu t in  
th is  early  so rting  ou t p recau tion  is necessary  in  o rd er no t to  ru le  ou t lem m as t h ^  are rare  on ly  in
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N F O . O f  cou rse  lem m as tha t should  no t have been  excluded  m ay  still have been sorted ou t by 
m istake . T es tin g  against the  tex ts  o f  the  po ten tia l tisers w ill be  necessary  in  o rd er to  And 
inconsistenc ies and  to  refine th e  vocabu lary  so  fa r  defined.

In  o rd e r  to  s tu d y  the  frequency  o f  the  d ifferen t parts  o f  speech  m ore  in  deta il, the  list o f  g raphic  
w o rd s tagged  w ith  th e ir  possitde  lem m as w as d iv ided  in to  14 segm ents o f  2 0 0  w ord form s e a d i. 
S egm en t 1 co n sis ts  o f  the  2 0 0  m o st co m m on  w ord  form s, segm en t 2  com prises the  nex t 2 0 0  and 
so  forth . T h e  las t 126 g r^ rh ic  w ords w ere  thereby  le ft ou t, som eth ing  w hich  does n o t seem  to  be 
o f  m u ch  im p o rtan ce  (see below ). T h e  fo llow ing  tab le  show s th e  frequency  span  fo r  the  g raphic  
w o rd s inc luded  in  each  segm en t (the  co rpus size  is  sev en  m illion  curren t w ords):

G ra p h ic  w o rd  f re q u e n c y

S egm em  1 2 0 1 6 7 0-2510 S egm ent 8 352-306
S e g rn e m 2 2497-1194 S egm ent 9 306-269
S egm en t 3 1192-820 S egm ent 10 269-243
S egm en t 4 818-617 S egm ent 11 243-215
S egm en t S 616-497 S egm ent 12 215-196
S egm en t 6 497-412 S egm en t 13 196-182
S eg m en t 7 4 12-352 S egm en t 14 182-167

T h e  tab le  b e lo w  g ives an  accoun t o f  the n u m b er o f  possib le  lem m as o f  every  w ord  class found in  
e a ch  se g m e n t T h e  lem m as w ith  a N F O  frequency  o f  10 o r  less have been  excluded  from  the  table. 
S I  e tc . refers to  segm en t num ber^.

N o u n V e rb A(U A d v P ro n P re p C o n S u b j

S I 26 55 30 67 39 29 19 1
S2 61 48 48 51 15 9 3 1
S3 9 0 50 35 32 9 3 1 1
S4 106 62 41 11 2 4 1 3
S5 89 60 54 20 1 2 0 1
S6 100 58 4 6 11 2 3 3 0
S7 9 9 52 45 10 1 0 0 1
S8 109 66 33 12 2 2 0 0
S9 108 66 39 11 1 2 0 0
SIO 112 54 43 10 0 1 1 2
S l l 91 76 38 6 1 2 0 0
S12 117 64 35 4 1 1 0 0
S13 108 55 36 10 1 1 0 0
S14 103 71 32 8 3 1 0 0

£ 1406 837 555 263 78 60 28 10

N B  that the  n u m b er o f  possib le  lerrunas in  each  segm ent is  o v e r 200 . T h is  is  due  to  the fact d iat 
m an y  g raph ic  w ords hav e  m o re  th an  one  lem m a attribu tion . F o r  instance, m an y  g raph ic  w ords in  
seg m en t 1 have  been  analyzed  as be ing  bo th  possib le  p repositions and  adverbs (i.e. in  th is  case  verb  
p a r tic le s ) ./d r , on  the  o th e r hand , an  ex trem ely  com m on verb  form  m ean ing , am ong  o th e r th ings, 
‘m a y ’, ‘sh o u ld ’ o r  ‘h a s ’, is  hom ograph  w ith  th e  rx>un m ean ing  ‘sh eep ’. S ince  the  frequency  o f  the 
n o u n  le m m a /d r  in  th e  N F O  frequency  lis t is less than  10, th is  lem m a attribu tion  has b e ra  d iscarded.

T h e  segm en tation  p rocedure  proved  fru itfu l fo r  m any  decisions, especially  concern ing  the 
function  w ords, s ince  it m ade  it possib le  to  see in  w hich  segm ents they  start d isappearing . It also 
perm itted  a  c lo se  s tu d y  o f  w here  on  the frequency  scale  the  dom ain-specific  con ten t w ords begin  
o u tn um bering  the  m o re  genera l ones, although th is  study  still cou ld  no t be  decisive  fo r w hich
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con ten t w ords to  inco ipo ra te  in  the  core  vocabu lary . T h e  se g m e n ta tio i m ade  it ev id en t, though , 
tha t the d istribu tion  o f  the con ten t w ord  lem m as is  fairly  even  th roughou t the  segm en ts (apart from  
the  first tw o  fo r  the  nouns). I t  is  thereby  d e a r  th a t the  con ten t w ords g ive  th e ir  co lo r  even  to  the 
frequency  top , som eth ing  to  have in  m ind  w hen  d iscussing  th e  rep resen ta tiv ity  o f  a  co rp u s fo r  the  
goals in  v iew . B elow  fo llow s a  b r ie f  d iscussion  o f  each  w ord  class. F o r  a  lis t  o f  all the  en tries  
proposed  fo r  th e  co re  vocabu lary , see  ö s tl in g  (forthcom ing).

Function words
P re p o s itio n s

A ll p repositions found  in  tfiis 2 ,8 0 0  w ord  form  to p  lis t seem  to  qua lify  fo r  inc lusion  in  th e  co re  
vocabulary . It is  ev id en t tha t a fte r f  2,000, i.e. segm en t 10, the  n u m b er o f  "new " p rep o sitio n s is 
v e ry  lo w , som eth ing  w h ich  perm its  the  p relim inary  conclusion  tha t d ie  ( re p o s itio n s  found  here  
rea lly  are  the co re  on es in  S w edish  -  it  seem s un like ly  tha t som e im portan t p rep o sitio n s ap p ear 
below  th is frequency . T estin g  against u se r  texts and o th e r co rpora  w ould  o f  cou rse  co rroborate  o r  
fa lsify  th is  hypothesis.

C o n ju n c tio n s

It is  in teresting  to  see d ia t th e  p a tte rn  fo r  the  p repositions is  repeated , and  is  even  c lea re r, fo r  the  
conjunctions. B elow  f2,(X)0 n o  con junctions appear, w h ich  supports  th e  h ypo thesis  tha t n e ith e r  fo r 
th is  p art o f  speech  w ill it  be  necessary  to  go  fu rth er dow n th e  frequency  l i s t  T h e  con junctions 
am ong the to p  2,000  can  thus ten ta tive ly  be  claim ed to  b e  the  con junctions o f  th e  core  vocabu la ry .

S u b ju n c tio n s

T h e subjunctions are v ery  few , b u t the p a tte rn  rem ains the sam e as fo r the tw o  p a rts  o f  speech  
above: there are  n o  sub junctions be low  f  2 ,000 , and  the  lis t o f  sub junctions estab lished  from  the  
frequency  to p  h ere  is p relim inarily  estab lished  as the  lis t o f  the co re  vocabu lary .

P ro n o u n s

B elow  segm ent 3 , i.e. be low  f  600, on ly  a handfu l o f  p ronouns a re  to  be  found . A  c lo se r  s tudy , 
how ever, show s tha t som e personal and possessive  p ronouns are  m issing . T h e  use  o f  these  p ronouns 
is  h igh ly  dependen t on  the  com m unicative  function  o f  the  tex t (Lehm arm  1991), and  h as  no th ing  
to  d o  w ith  Ä e  top ics trea ted . It is  ev iden t tha t in  a core  vocabu lary  o f  the k ind  n eed ed  he re  the  
p ronouns o f  all s ix  gram m atical persons should  be  included . In  o rd e r  to  find  them  all in  th is  
frequency  lis t, i t  w ou ld  b e  necessary  to  go  beyond  the  to p  2,8(X), b u t th is  w ould  be  a  superfluous 
task , since it is easy  to  check  th is  consistency  m anually  in  the ex is tin g  lis t o f  p ronouns. (O f  course  
it  is  n o t un in teresting  to  see w here  o n  th e  frequency  lis t th e  m issing  on es ap p ear -  th is  cou ld  b e  o f  
im portance fo r co re  vocabu laries proposed  fo r  o th e r  types o f  use, as fo r  instance  language  learn ing).

A d v e rb s

M any  S w edish  adverbs are  form ed on  an  ad jective stem , th e  end ing  -t s ig n a llin g  the adverlxal 
function . T h is  end ing , how ever, is  a lso  the  neutral g en d er en d in g  o f  S w ed ish  ad jec tives, and  th is  
la tte r  use  is the  on ly  o n e  recognized  b y  th e  U C P  parser. T h ereb y  no  adverbs o f  th is  op en -c lass  k ind  
a re  included  am tm g th e  core vocabu la ry  adverbs so far, som eth ing  w h ich  o f  co u rse  h as  to  be  
rem edied  in  d u e  course  o f  tim e.

T h e  m ajo rity  o f  the adverbs am ong the  to p  200  are  com m only  used  as v e rb  partic les. T h is  is  true, 
fo r  instance, fo r  in  {kom m a in  -  ‘com e in ’) and över {ta ö v e r -  ‘tak e  o v e r’). T h e  n u m b er o f  "new " 
adverbs is  d im in ish ing  th roughou t th e  segm ents, bu t the  segm entation  g ives no  ev idence  fo r  the  
conclusion  tha t basic  adverbs w ill no t be  found below  f  2,8(X). T h u s the frequency  lis t has to  be
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exp lo red  beyond  th is  lim it, and  the p rocedure  described  fo r  the  con ten t w ords (see below ) w ill have 
to  be  used.

Content words
A  q u ick  g lance  a t the  fieq u en cy  lis t reveals  the  fact tha t su rp rising ly  m an y  con ten t w ords w ith  a 
h ig h  frequency  a re  som ehow  specia lized  and dom ain-specific . S om e noun  exam ples:

regeringen  ( ‘the g o v ern m en t’) 
m atchen  ( ‘th e  m a tc h ’) 
kom m unen  ( ‘the  lo ca l au th o rities’) 
VM  ( ‘w orld  ch am p io n sh ip ’)

F r e q

2 ,813
1,371
1,284

9 3 0

S eg m en t

1
2
2
3

A  n ew sp ap er co rp u s consists  o f  articles o f  varied  to incs, bu t it  is  c lea r  th a t som e ttqrics are m ore  
frequen t than  o thers , th a t the cu rren t top ics  v ary  w ith  tim e, and  th a t som e top ics  hard ly  ever are 
trea ted  in  new spapers. In  sp ite  o f  th is, n ew sp ap er co rpora  are  o ften  ju d g ed  to  give a  reliable 
c ross-sec tion  o f  con tem porary  language. A s a  som ew hat p rovocative  con tribu tion  to  th is debate, 
th e  nou n s am ong  th e  to p  2 ,800  in  the  N W P  that are n o t to  be found in  the  sam e segm ent o f  the 
n o v e l co rpus a re  m o st illu strative. H ere  fo llow s a lis t o f  som e o f  them , random ly  chosen:

aids bolag fin a l m otståndare
■ids oompmy (mal advenaiy

aktie budget fö rsva r personal
(hate budget defence ■uff

argum ent daghem kongress resurs
upm aA day.mneiy congress reaouree

befolkning deba tt kostnad satsning
porulition debate expense venture

bidrag expert läsare syfte
•UowBice expert reader puipou

It is, in  o u r  op in ion , qu ite  c lea r tha t these  w ords are  typical o f  n ew sp ap er tex ts. T h e  p resence  o f  
a ids  in  th e  lis t a lso  show s th a t th is corpus m ust be a fairly  recen t one. In tu itive ly  it is  easy  to  conclude 
th a t the  w ords are  n o t like ly  to  be  used  to  the sam e ex ten t in  fic tion , and canno t be  labelled  
dom ain -neu tra l. If, on  the o th e r hand , w e take  a  c lo se r lo o k  at som e o f  the novel nouns that are no t 
to  b e  found  am ong  the  to p  2,8(X) in  the  N W P , w e find  an o th er type  o f  nouns, in tu itive ly  felt to
b e lo n g  to  th e  w orld  o f  fic tion  and a lm ost fo rm ing  a poem  ju s t  b y  them selves:

b lick fru k o st id io t m örker
look breakfaiti diot datkneu

d isk gryning klänning skra tt
diihei dawn dreii laughter

dröm grå t köksbord sm ärta
dream teui kitchen table pain

fa m n hem lighet längtan suck
tnm lecrct longing tigh

fe s t hud m åne säng
party ålan moon bed

T h is  la tte r  lis t cou ld  have  been  m ade even  m ore 
bo d y  and  em otions, fo r  instance.

"fic tion  b iased". com prising  on ly  parts  o f  the
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T h is  c learly  show s the im portance  o f  study ing  co rpo ra  o f  d iffe ren t n a tu re , i f  so m e  d eg ree  o f  
dom ain-neu tra lity  is to  be  achieved. "D om ain-neutrality" m ay  be  a no tion  w h ich  d o es  n o t ex is t in  
rea lity  -  no  w ord  is neu tral w hen  it is  used , bu t o n  the con trary  g e ts  so m e o f  its  s ign ificance  from  
the  c o n te x t  D om ain-neu tra lity  is  thus som eth ing  w hich  can  o n ly  be  a im ed  a t and p ro b ab ly  n ev e r 
achieved. In  o rd e r to  approach  th is goal, th e  com m on ix ticedu re  fo r  the  n o u n s , ad jec tives and  ve rb s  
w as to  determ ine  th e  in tersec tion  se t be tw een  d ie  tw o  co rpo ra  o f  the to p  2 ,8 0 0  o f  th e  p a rts  o f  speech  
o f  th e  con tem  w ords. T h ereb y  th e  w ords d io se n  fo r  th e  co re  vocab u la ry  a re  u sed  f re q u e r^ y  in  
n e w s p q x r  tex ts  as w ell as in  ficdon , a  c lea r  ind ica tion  d ia t th ey  are  com m only  used  in  dom ains o f  
d iffe ren t types.

Nouns
It resu lted  from  the  study  o f  the  N W P  that the  raw  frequency  figu res  w ere  o f  n o  g rea t h e lp  w h en  it 
cam e to  dec id ing  w here  to  d raw  th e  lim it fo r  th e  nouns to  b e  inc luded  in  th e  co re  vocabu lary ; 
dom ain-specific  nouns a s  w ell as m o re  genera l o n es  o c c u r in  each  s e g m e n t O n e  im portan t 
conclusion  from  th is  study  w as tha t it  is  n o t possib le  ju s t  to  d raw  a  lim it in  a  freq u en cy  l i s t  b u t th a t 
frequency  s tud ies can  m erely  be  o n e  p a rt o f  the  m ateria l needed  fo r  conclusions co ncern ing  the 
co n ten t w ords. S em antic  c lassifica tion  and "com m on sense” also  have  to  p lay  im p o rtan t ro les.

T h e  in tersection  w ith  th e  novel co rpus resu lted  in  a  lis t w ith  472  no u n  lem m as (m any  lem m as 
w ere represented  by  m ore  than  o n e  g raph ic  w ord). T h is  lis t w as th en  checked  aga inst th e  lem m atized  
N F O  list, and  som e un like ly  lem m a attribu tions could  be  deleted . T h e  n ouns w ere  th en  g rouped  
sem antically : fam ily , p ro fessions, tim e  &  season , n a tu re  &  w eather, com m unica tions, body , 
institu tions &. com m unity , food &  drink , house  &  hom e, d irec tions, d a ily  th ings, a ttitu d es,m a teria ls , 
m easurem ents, arts. T h ese  g roups cap tu red  a good  deal o f  the  nouns, and perm itted  the spo tting  o f  
inconsistencies in  the  frequency  lists. It w as found , fo r  instance, th a t all the  w eekdays ex cep t lördag  
and  söndag  ( ‘S a tu rd ay ’ and ‘S u n d ay ’) w ere  m issing . T h is g roup ing  w as m o st usefu l in  o rd e r to  
find m issing  hyperonym s and m issing  and  superfluous hyponym s, and  w as th ereb y  o f  g rea t h e lp  
in  the  creation  o f  m o te  hom ogeneous groups. Q uite  a  few  h yperonym s w ere  am ong  the nou n s added  
to  the lis t on  its w ay  tow ards a  h ig h er degree  o f  generality . In  sp ite  o f  th e  u sefu lness  o f  the  
in tersection  w ith  the  novel co rpus and  the sem antic  grouping , it  h as  to  b e  po in ted  o u t th a t com m on  
sense  still m ust p lay  an  im portan t ro le  fo r  m any  decisions.

T h e  "final" lis t consists  o f  4(X) noun  lem m as, bu t it is  very  like ly  tha t it has to  be  fu rth er restra ined  
w hen  tested  against u se r  tex ts and o th er corpora.

Adjectives
T h e  sam e p rocedure as fo r  the  nouns w as carried  ou t fo r the  ad jectives. T h e  in te rsec tio n  w ith  the 
possib le  ad jective lem m as in  the  novel co rpus w as estab lished , g iv in g  a lis t  o f 243  ad jec tive  letiunas. 
T h e  lis t w as checked  aga inst th e  lem m atized  N F O  m ateria l to  fu rth e r ex c lu d e  rare  and  u n lik e ly  
ad jective lem m as. A  rough sem antic  g roup ing  w as th en  m ade  to  check  th a t n o  e lem en ta ry  ad jec tives 
o r  basic  co lo rs w ere m issing . In  th is  w ay  som e inconsistencies w ere  found , and  a fte r these  
p rocedures, p lu s  tiie im portan t u se  o f  com m on  sense , the am elio ra ted  lis t  to d ay  con ta in s  172 
lem m as.

Verbs
T h e  verbs have been  less tiio roughly  studied  than  the  o th e r parts  o f  speech . T h is  is  due  to  the  fact 
tha t no  study  yet has been  m ade tak ing  in to  account the  v e ry  com m on  ph rasa l ve rb s  (kom m a in, 
ta  över). T h e  p rocedure fo llow ed so fa r  is equ ivalen t w ith  the one used  fo r  the ad jectives and the 
nouns. T he in tersec tion  g roup  w ith  the  novel co rpus com prises 271 v e rb  lem m as, bu t th ese  hav e  
n o t yet been checked  aga inst the  N F O  m ateria l, n e ith e r has a  sem antic  c lassifica tion  been  
perform ed, and  the  lis t is a lso  in  these respects  less w orked  ou t com pared  to  th e  o thers. T h e  v ery  
p relim inary  v e rb  lis t estab lished  so fa r  com prises 265 sim ple  v e rb  lem m as.

193



Phrases in the core vocabulary
A s a lready  po in ted  out, am bigu ity  is  a v ery  com m on phenom enon  am ong  h ig h - f i^ u e n c y  function  
w ords. A  s tep  to w ard s th e  estab lishm ent o f  transla tion  un its  b e tw een  S w edish  and the target 
languages is th e  in troduction  o f  {rfirases in  th e  co re  vocabu lary . T h ere  are  lex icalized  phrases o f  
m an y  types: invariab le , con tinuous phrases, an  exam ple  o f  w hich  is  i enU ghet m ed, ‘in  accordance 
w ith ’, in flec titde  {Aliases in d u d in g  {dirasal verbs such  as stänga av, ‘tu rn  o f f  and  discontinuous 
o n es , as fo r  ex am p le  a n tin g en ... eller, ‘e i th e r ... or*. T h e  {dirases focussed  o n  so  fa r  in  the  p ro ject 
a re  th e  invariab le  con tinuous ones, the  Junctional core phrases. C rite ria  fo r  the  determ ination  o f  
th is  ty p e  o f  p h rases  have  been  w orked  o u t (Sågvall H ein , ö s tl in g  &  W ikholm  1990) and include 
th e  fo llow ing  points:

-  a  functional co re  i^ irase  shou ld  fo rm  a  syn tactically  m otivated  u n i t  A  phrase  can  no t include 
a n  e lem en t w h ich  is  p a rt o f  a  p rev ious o r  fo llow ing  co n s titu e n t It fo llow s th a t the  frfirase m ust 
b e  con tinuous.

-  i t  m u st have  a  specific  g ram m atica l function : p repositional, adverb ial, adnom inal o r  con junc
tional.

-  i t  shou ld  be  sem an tica lly  neu tra l. I f  th e  ph rase  con ta in s a  nom inal e lem ent, th is has to  be 
non -re ferring .

-  i t  shou ld  d isam bigua te  one  o r  m ore  e lem ents o f  the  phrase  w ith  regard  to  m ean ing  o r  part o f  
speech  (see  the  exam ple  m en tioned  above concern ing  ‘in ’).

A  p ilo t study  show ed  th a t the  structures w hich  are  po ten tia l functional core  phrase candidates are 
lim ited  in  num ber, and fo r  S w edish  the  fo llow ing  fo u r struc tu res are the  on ly  possib le  ones:

p rep o sitio n  -i- n o u n  +  p reposition  
i  en lighet m ed, ‘in  acco rdance  w ith ’ 
inom  ram en fö r , ‘w ith in  the  fram ew ork  o f  

p rep o sitio n  -i- a d je c tiv e ^ ro n o u n  + noun  
p d  goda grunder, ‘fo r  exceU ent reaso n s’
1 fö rs ta  hand, ‘in  th e  first p lac e ’ 

p rep o sitio n  + no u n  
m e d flit, ‘o n  p u rp o se ’
I dr, ‘th is  y e a r’ 

ad v erb  + adverb
snarast m öjlig t, ‘as soon  as p o ss ib le ’ 
in te  m inst, ‘n o t le a s t’

A n  im portan t sou rce  fo r  the  estab lishm en t o f  the  S w ed ish  functional co re  p h rases  is the  Frequency 
D ictionary o f  P resent-D ay Sw edish, Volum e 3 , C ollocations (A llén  et al. 1975). It p roved  th a t less 
th an  h a lf  the  n u m b er o f  th e  co llocations o f  th e  struc tu res above cou ld  be included  in  th e  core 
vocabu la ry . T h e  n o n-fu lfillm en t o f  the  c rite ria  w as o ften  due  e ith e r  to  specific  reference  o f  the  noun  
o r  th e  ad jec tive , o r  to  th e  p reposition  be in g  dependen t on  a p reced ing  v erb , th u s  invalidating  the 
c rite rio n  o f  a  sy n tac tica lly  m o tivated  un it ( ‘learn  from  I th is  d ev e lo p m en t’, fo r  exam ple, in  w hich  
th e  p reposition  is  d ep en d en t on  ‘lea rn ’. In  th is  p a rticu la r exam ple, the  noun  also  has specific  
reference). T h e  lis t o f  fim ctional co re  phrases is  be ing  w orked  ou t, and w ill include  som e 1,000 
en tries  (ö s t l in g  &  W ikho lm , forthcom ing).

In  a  la te r  p h ase  o f  the  pro jec t, in flec ting  ph rases, such  as phrasa l verbs and tem poral expressions 
w ill be  inc luded  in  the co re  vocabu lary , a long  w ith  som e com m on  abbreviations.

194



What information is to be associated with the entries in the 
Swedish database?
T h e  in fo im ation  associated  w ith  each  en try  is  o f  c rucial im portance  fo r  th e  functionality  o f  the 
database, fo r  the  hum an  u se r  as w ell as fo r th e  m ach ine  tran sla tio n  c o m p o n e n t T h e  ideas presen ted  
below  are  pa rt o f  o u r  w ork ing  c o n c e p t and  have  n o t y e t been  im plem ented .

In  general term s, it  is  a  qu ite  s im ple  task  to  determ ine  w h ich  function  w ords th a t a re  to  be  included  
in  the  core  vocabu lary , b u t i t  is  m ost d ifficu lt to  de term ine  w liat in fo rm atio n  is  to  b e  assoc ia ted  w ith  
th em  fo r a n ice ly  fu tK tion ing  transla tion  and  w riting  support. F o r  the co n ten t w ords, th e  opposite  
is  true: i t  is  m o st d ifficu lt to  dec ide  o n  w hich  ones fu lfill the  crite rion  o f  b e in g  su ffic ien tly  
dom ain-neu tra l to  b e  inc luded  in  the  co re  vocabu la ry , b u t it  is  an  ea s ie r  task , a lthough  fa r  from  
triv ia l, to  decide  o n  w h a t in fo rm ation  is  to  b e  associated  w ith  them .

M orjd io logical in fo rm ation  is to  b e  an  essen tia l p a rt o f  each  en try , an d  sho u ld  b e  consis ten t w ith  
th e  o u q w t o f  th e  U C P  p a rse r  (Sågvall H ein  1987), as exem plified  above fo r perfek t. T h e  m o rp h o 
log ical analysis p rov ides  th e  lerruna, L£M, in  accordance w ith  th e  c lassifica tion  in  Svensk O rdbok. 
T h e part o f  speech  o f  th e  lerruna is  g iven  a fte r the  punctuation  m ark , in  th e  ex am p le  rm, ‘n o u n ’, 
and  av, ‘ad jec tiv e ’. INFL g ives in form atitm  abou t w hich  in flectional p a tte rn  th e  lem m a be lo n g s to. 
DIC.STEM specifies th e  stem , since  there  is  som etim es a  d ifference  in  S w ed ish  b e tw een  th e  lem m a 
and  its  stem . T h e  analysis a lso  p rov ides m orpho log ica l in fo rm ation  sp ecific  to  each  p art o f  speech , 
in  the case o f  nouns gender, num ber, form  and  case.

E ach  lem m a is associated  w ith  a  lis t o f  lexem es, c lassified  accord ing  to  Svensk O rdbok  (Sågvall 
H ein  1988). T h u s the  lem m a glas.rui (‘g la ss ’) is linked  to  its  lex em es in  the  fo llow ing  w ay:

(G L A SJW (LEX GLAS J4N.1) 
(LEX 2G L A SJW .2) 
(LEX3 G LA SJW .3))

O ne type  o f  sem antic  in fo rm ation  in  the  da tabase  is  thereby  th e  defin itions o f  th e  lexem es.

T h e  en try  fo r  g las is  a  good  starting  po in t fo r  a d iscussion  o f  th e  in fo rm ation  to  b e  associa ted  w ith  
the  noun  en tries:

glas uibit. —et -  1 eti hin, gUnsan- 
de, genomskinligt iinne ton u v . 
•ink. i dryckciUrl. rfio M cT T u to r etc. (jfr 
poritln); glasburk; glasädrr; glos- 
gjutning; glaskupa; glasprism a; 
glasruta; glasskiva; glasskål; glas
veranda; buleUglas; kristallglas; 
rubinglas; sodaglas; spegelglas: 
trädglas; blåsa grönt en lam 
pa i slipat en fu turis tisk  lägen
het i stål och — 0 Iv. 001 (vine) (Breinil 
tvdcniimnc (j/rgka*k); förstorings
glas; koppglas; lampglas; retur
glas; timglas; tom glas; spräcka e tt

a v  ~ e n  i glasögonen; så tta  bilden 
inom  — och ram ; några ansikten  
rörde sig  bakom  —et; odla under — 
□ iv. ulvid^i om ■Itslikn. Imnc d . (Sre- 
ml): vattenglas 2  dryckeskirl av 
glas utan ltandit|. men iU. med fot: vna). 
■nv. n>r kallt drycker (jfr kO|ia. tiHigg 1,
bågara): glasservis; dricksglas; 
kristallglas; nubbeglas; spetsglas; 
vattenglas; vinglas; fy lla  —e t till 
brädden; ta fra m  en tillbringare 
o c h fy ra  — □ Iv. med tonvikt p l inadUl- 
let: bjuda p å  e tt — likör; dricka ur 
—et i e tt svep  □ epec. i M gt om alko
hol: ta  sig e tt — o Iv. om likn. fdrcnill: 
plastg las  3  halvtim m a miii med lim- 
glai och markerad med iU | pt klocka; pl 
firtyi (hiei.): åtta  — u tgör en 
skeppsvakt

T h e  first tw o lexem es o f  glas  a re  to  b e  included  in  the core  d ic tionary , w hereas th e  th ird  o n e  has 
th e  com m ent < h ist.> , ‘historical ’, and hence m ust be  d iscarded , s ince  its u sage  is lim ited  to  a  certa in  
dom ain . T h e  d istinction  betw een  the  tw o  first lexem es is crucial from  a  translational p o in t o f  v iew : 
g las.ru il is  the  substance, w hereas g las.tu i2  is the  vesse l used  fo r  beverages. T h is  in fo rm ation  can
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be ex tracted  from  d ie  defin itions in  the  fo llow ing  w ay: g las .n n l is defined  as an Omne, ‘substance’, 
and  w ith  a sem antic  pa is in g , an  IS A -link  can  be  estab lished  (V ossen  e t al. 1989, H agm an 1991) to  
th e  hyperonym , w h ich  is thereby  m ade e v id e n t  F o r g las.nn2  the  ISA -link  is  estab lished  to  
dryckeskärl, ‘vesse l used  fo r  b ev erag es’, the  hyperonym  in  q u e s tio a  E specia lly  usefu l fo r  the 
w riting-p rocess is  in fo n n a tio n  concern ing  hyponym s. T hese  are  enum erated  a fte r the  m ean ing  
descrip tions in  th e  defin itions in  Svensk O rdbot. fo r  g las.nn2  ”dricksglas; kristallglas;” ( ‘drink ing  
g la ss ’, ‘crystal g la s s ’) etc. S ynonym s can  also  b e  o f  use, fo r  the  transla tion  as w ell as the  w riting  
p rocess , and  th is  re la tio n  can  be  ex tracted  from  the m ean ing  descrip tion  in  the  fo llow ing  w ay: i f  
th e  IS A -attribu te  h a s  a  n u m en is  v a lue  m atch ing  the  lem m a and h as  n o  m od ifiers , i t  is considered  
a  synonym  o f  th e  lem m a (H agm an  1991). Som etim es synonym s are  a lso  exp lic ite ly  listed  in  Svensk  
O rdbok  a fte r  the  m ean in g  descrip tion , and are  thus easily  retrieved.

S yn tagm atic  in fo n n a tio n , such  as th e  u se  o f  th e  lexem e in  expressions, id iom s and {rfirases, is 
m o st im portan t in  o rd e r  to  ach ieve  id iom atic  translations. SvenskO rdbok  g ives qu ite  a  few  exam ples 
o f  the  lexem es in  u se , and  som e in fo rm ation  o f  th is  k ind  can  th ereb y  be accessed  from  the  
defin itions. I t is  c rucial fo r  the  function ing  o f  the  LD B  that the syn tagm atic  in form ation  be  looked 
u p o n  and determ ined  in  the  lig h t o f  w hat the transla tion  un its  be tw een  the  languages are. S ince the 
tran sla tio n  un its  a re  n o t a lw ays the  sam e betw een  the  language pairs, the  syn tagm atic  in form ation 
h as  to  be  specified  w ith  regard  to  the  d ifferem  targ e t languages.

A s fo r  th e  con trastive  in fo rm ation , th e  reference from  the  S w edish  lexem e to  its equivalen t(s) in  
the  target lan g u ag es is the on ly  lin k  b etw een  them , g las .n n l has one  equ ivalen t in  B ig lish , ‘g lass 
(m ass n o u n )’, and  the  equ ivalen t o f  g las.nn2  is  ‘g lass (coun tab le )’. T h e  lexem e d istinction  reflects 
th e  d iffe ren t tran sla tio n  equ ivalen ts in  th is  case. O ften  the use o f  a  w ord  in  a phrase affects the 
transla tion , and  equ iva len ts  hav e  to  estab lished  betw een  these  larg e r un ities in  the defin itions, 
th ereb y  overrid ing  th e  transla tion  equ ivalen t o f  the sim ple lexem e.

T h e  en try  fo r  th e  p reposition  ov illustrates the  situation  fo r th e  f tm a io n  w ords:

'•V  prcp. 1 med utgingspunki eller ur
sprung i; därav: ärva — sin fa r;  
resultatet — undersökningen; fra m 
t i  ~  en artikel s  tpee. fOr tu  ut-uye-kt 
onak c. d.: sjuk — sorg; lida — hu
vudvärk c iv. nwd u fiv u d e  t* ouichal 
c. d.: en ring ~  gu ld  c iv. uo i marte- 
n n | R>r dal tv  ngn helhci; nio film stjä r
nor — tio *  (rädd) -  sig  (riidd) (ill 
sin läggning: nog — iv. cii ord hur 
som  helst; rent — iv. cii ord till och 
med 2 urvk. i pa». koouruklioner ge
nom direkt inverkan fiin  i^i d. 1«  
aecrandc; dom en överklagades  ~  en  
släkting; boken å r skriven  — en

engelsm an; sta tyn  ka r  skänkts — 
en arm enisk oljem agnat; hon stop
pades — en bastant bakdörr; trä f
fa s  — blixten  c iv. rortll uttrycka upp- 
hoviiMA C. d.; en d ikt — Fröding 3  i 
riktning bort fr in  U att nuiiiatet Wir 
ett avikibttidc: konkret d . abitrakt (jfr 
•av 3 ): dra huden  — ojrert; båten  
löpte — stapeln  4  vui. efter vrrtal- 
wbtt. med inriktning p l  rdrcmli 
for den angivna verktamiieten etc. (jfr 
•ov 2): den fo rtsa tta  utbyggnaden  
— kärnkraften; de allierades eröv- 
ting  — Tunis; vården  — m issbruka

re i i  ngt som kan anges med anv. 
för tpeciricchni: en kostnad  — två 
miljarder; ett spann — 1600 meter; 
en sås bestående  — gräddfil och 
gräslök; publiken utgjordes — kvin
nor i 35-årsåldern *  ~  vikt viktig; 
~  värde värdefull 4 i hinseende till 
angivande relativt lösa unibnad. anv. tom 
d t  Ilagt genitiv; vid slu tet *- året; de 
trafiksvaga delarna — nätet

T h e  lo n m a  av  1 .p p  h as  six  lexem es. It is  no t a lw ays ev iden t tha t th e  d iv ision  in  lexem es co incides 
w ith  th e  d iffe ren t tran sla tio n  equivalen ts. T h e  lexem e a v l .p p l  has at least tw o  equ ivalen ts in  
E n g lish , o ften  dep en d en t o n  d ie  preced ing  n o u n  o r  v e ib : ärva av -  ‘inherit fro m ’, resu lta tet av -  
‘the  resu lt o f ,  ren t a v -  ‘e v e n ’. 'These few  exam ples d e a r iy  show  th e  need  fo r  the estab lishm ent 
o f  tran sla tio n  eq u iv a len ts  b e tw een  (dirases. a v l.p p 2  refers to  a  g ram m atical construction , the  
p assiv e , and  h o ic e  th is  lexem e should  b e  m o re  un iform  in  its  b eh av io u r in  th e  targ e t languages. 
a v l.p p S  ex em p lifies  d ie  d ifficu lties in  estab lish ing  th e  transla tion  equ ivalen ts w ith  a  R om ance 
language  like  F ren ch , w hose  constructions are  o ften  qu ite  d ifferen t from  those  o f  the  tw o  G erm anic 
ta rg e t languages: e t tspann av 1600 m eter C i span o f 1,600  m etres’) -  ‘une arche longue de  1600 
m é tre s ’. In  cases lik e  th is , the  tran sla tio n  un it w ould  be  the w hole phrase , im possib le  to  translate  
w ithou t know ledge o f  th e  natu re  o f  the  head noun  -  is  the  p ro p er ad jec tive  h igh , tall, long? T o 
conc lude , the lexem e d istinction  o f  the function  w ords is n o t a lw ays o f  h e lp  w hen  it  com es to
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estab lish ing  transla tion  equ ivalen ts. T h e  syn tagm adc  in fo n n a d o n  is  o ften  d ec is iv e  fo r  the  e s tab 
lishm en t o f  the  transla tion  equ ivalen ts to  th e  targ e t languages, and has to  be  dete rm ined  contrasti- 
vely . T h e  in troduction  o f  i^ irases as transla tion  equ ivalen ts is  necessary  fo r  th e  d a tab ase  to  be  o f  
h e lp  fo r the hum an  tran sla to r and  fo r  the  function ing  o f  the m ach in e  tran sla tio n  c o m p o n e n t

Conclusion
I t  proved  tha t th e  m ere  u se  o f  a frequency  lis t  based  o n  n ew sp ap er m ateria l w as n o t su ffic ien t fo r 
dec id ing  w hich  con ten t w ords to  iiiclude in  th e  S w edish  core vocabu la ry . S ince  a  m o re  d om ain - 
neu tra l se t o f  con ten t w o rd s w as d esirab le  fo r  th e  p u rpose  in  v iew , a  co m p ariso n  w ith  nove l co rpus 
frequency  lis ts  w as undertaken , and  sem an tic  c lassifica tions also  p ro v ed  necessary . F o r  the  function  
w ords, o n  d ie  o th e r  hand , th e  segm en tation  o f  the  fteq u en cy  to p  o f  the  n ew sp ap e r m ateria l seem s 
to  be  a  su ffic ien t p rocedure  to  es tab lish  w hich  o n es  to  be  inco rpo ra ted  in  th e  co re  vocabu la ry . T h e  
am U g u ity , especially  p revalen t am ong  the h igh -frequency  function  w ords, ca lls  fo r  the in troduction  
o f  phrases in to  the co te  vocabu lary , thus m ak ing  possitde  the  estab lish m en t o f  eq u iv a len ce  links 
betw een  the  transla tion  u n its  in  S w edish  and  the  targ e t languages. A s fo r  the  in fo rm ation  to  be  
associated  w ith  the  en tries in  th e  database, m u ch  can  be  ex tracted  from  th e  d e fin itio n s in  Svensk  
O rdbok th rough  a  sem antic  parsing , especially  as regards th e  con ten t w ords.

Notes
1. A  graphic  w ord  is defined  as a segm em  delim ited  by  b lanks, pu n c tu a tio n  m ark s o r  a  line feed.

2 . T h e  novel is thus b ig g er th an  the  n ew sp ap er co rpus, som eth ing  w h ich  m ak es a  d irec t co m p a
rison  b etw een  the figures im possib le . S ince the  novel co rpus is  u sed  on ly  to  b a lan ce , o r  
neu tralize, the  m ateria l, m athem atica l accuracy  is  n o t o f  p rim ary  im portance , and  n o  exact 
ca lcu la tions have been  m ade.

3. N um erals, in terjec tions, p ro p er nouns and  the  in fin itive  m ark e r hav e  been  exc luded  from  the  
ftequetK y study  o f  the  fo llow ing  reasons: there  is  on ly  one in fin itiv e  m arker, and  it is  obv ious 
th a t is should  be  included  in  d ie  co re  vocabu lary . P ro p e r nou n s a re  d o m ain -spec ific , an d  are 
th u s  genera lly  d isqualified  fo r inclusion , possib ly  w ith  the  excep tion  o f  the  co u n try  n am es and  
na tionality  ad jec tives referring  to  the  coun tries in  w h ich  the  da tabase  languages a re  th e  m o th er 
tongues. A s fo r th e  in terjec tions, y<r, n e j and tack  ( ‘y e s ’, ‘n o ’ an d  ‘thank  y o u ’) are  ev iden t 
cand idates fo r incorporations in  d ie  co te  vocabulary . T h e  basic  nu m era ls  m u st o f  cou rse  also  
b e  included.
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NORDISKE DATALINGVISTIKKDAGER
ved Universitetet i Bergen 28-30.11.1991

P R O G R A M

Torsdag 28. novem ber

F n  kL 10.00 Registrering i Studentsenteret. Nyglidshøyden 
1L45 -1 2 .4 5  Lur^J i "Grillen", Studentsenteret

13.00 -  13.15 Korrferansen åpnes (i Auditorium A, Sydneshaugen skole) 
13.15 -1 3 .5 5  Bente Maegaaid: Sprogteknologi

A u d ito riu m  A

14 .00 -14 .40
Lars Ahrenberg [og Stefan Svedberg]: 
Koncepmell textrepresentaxion for 
flerspråkig generering och översättning

A u d ito riu m  D

14 .00 -14 .40
Benny Brodda: Generaliserad boolsk sökning i 
dokumentsökningesystem

Kqffepause 

15.15 -1 5 .5 5
Bjørn Beskow: Un^eringsbaserad transfer

16.00 -1 6 .4 0
Gudrun M agnusdotdr Problems in the 
Perception o f what a Machine Translation 
System is

1 5 .1 5 -1 5  J 5
[Yvonne Cederholm, Martin Gellerstam, Rudolf 
Rydstedt,] Christian Sjögreen: Spräkbankens 
lexikaliska databas
16 .00 -16 .40
Gaus Huitfelde Meriting, presentasjon og analyse av 
komplekse tekstlige prim akilder

18.15-20.00 Joseph Pentheroudakis: What are the Limitations for Development o f Machine 
Translation Systems? (Auditorium A)

F redag  29. n ovem ber

09.00 -  09.40 Helge J Dyvik; Linguistics and Machine Translation (i Auditorium A)
09 .4 5 -1 0 .2 5
Benny Brodda og Gunnar Eriksson: Olika vägar til förbättrad träffmängd vid dokumentsökrung 
10 .30 -11 .10
Gregers Koch: Discourse Representation Theory and Data Flow

1130  -1 2 .4 5  Lunsj i "Grillen", Studentsenteret
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A u d ito riu m  A  

U . 0 0 - 13.40
Jan Tore Lønning: Compuiational Semantics 
-  Lambda Terms or Feature Structures
1 3 .4 5 -1 4
Margrethe R  Møller og Ellen 
ChristofTeTsen: Oversættelse o f NP'er fra  
tysk til dansk

A u d ito riu m  D

13 .00 -13 .40
Dieter Huber og Ra' Hedelin: Ea svenskt uttalslexikon

13 .45-14 .25
Gunnar Eriksson: En homogrt^separator baserad på 
sannolikhet

Kaffepause

15 .00-15 .40
Jørgen Viiladsen: Anaphora and 
Intentionality in Classical Logic
15.45 -  162S
Annette Ostling: A Swedish Core 
Vocabulary for Machine Translation

Demonstra^oner

1 5 .00 -15 .40
Anna Sågvall Hein: The Coverage of a 
Morphological Analyzer based on “Svensk ordbok“
1 5 .45 -16 .25
I^ter Molbiric Hansen og Ebbe Spang-Hanssen: 
Syntaks og prosodi i et dansk telai-iil-talesystem

19.45 Bankett i Schptstuene -  se eget program

Lørdag 30. novem ber

09.00 -  09.40
Magnar Brekke og Roald Skarsten: 
Operational Machine Translation: Where 
DoW e Meet the Wall?
09.45- 1 0 J 5
Eva Wikholm: översättningsteori och 
maskinöversättning

09.00-09.40
Dieter Huber Integrating Syntagmadc Irfbrmadon in 
a Dictionary for Computer Speedi Applications

0 9 .4 5 -1 0 .2 5
Anna Kalve Lysne: Fonedkk på PC; lyelp eller 
belastning for filologen?

Kaffepause

11.00-11 .40
Torbjørn Nordglrd: On Determinism and 
Ambiguity
1 1 .4 5 -1 2  J 5
Adams Bodomo: A Unification Grammar of 
Serial Verb Constructions

11 .00 -11 .40
Christian-Emil Ore: En felles leksikogrtfisk database 
for norsk
11 .45 -12 .25
0ystdn Reigem; RUTH -  et konkordandtasert 
program for tekstkoding

12 JO  -  13.00 Avslutning (Auditorium A)
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