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Abstract
In this paper we piresent the results of a study of the definition vocabu

lary o f Svensk ordbok. It is part of our on-going work on the generation of 
a machine-tractable dictionary from this dictionary, in specific, of making 
its definitions exploitable to a parser. Aiming, in particular, at the auto
matic lemmatisation of the definition vocabulary, the study includes an 
automatic morphological analysis of a subset o f it, and an examination 
of its results. Two major issues were addressed, i.e. the coverage of the 
dictionary in relation to the definition vocabulary, eind the feasibility of 
homograph resolution by syntactic analysis.

1 Introduction
T h e  prim ary  lex ica l sou rce o f  the Swedish parser d eveloped  in the p ro ject A  
L ex icon -O rien ted  P a rser  f o r  Swedish, L PS , (Sågvall H ein 1987a), is Svensk Ord
bok ‘ A  D iction a ry  o f  Sw edish ’ (1986 ). It com prises 58,536 head w ords, lem m as, 
representing 65 ,568 lexem es. T h e  lem m a  is defined as a  grou p  o f  w ord  form s 
belon g in g  to  the sam e w ord  class and the sam e in fiectional pattern  (A llén  1970; 
In trod u ction ). T h e  d istin ct senses that can  be  expressed b y  a  lem m a are referred 
to  as lexem es  (A llén  1981: 382).

S vensk Ordbok  is draw n from  a  lex ica l d a ta  base, developed  in the Lexical 
D ata  B ase, L D B , p ro je c t  (A llén  1976). T hu s, the lex ica l m aterial is not on ly  
m ach in e-readable , bu t a lso  system atica lly  organ ized  in a fiexible file handling 
system  (S jögreen  1988). T h e  database  was, how ever, prim arily  com piled  for hu
m an use, thus presu pposin g  lingu istic backgrou nd  know ledge to  be  fu lly exploit
ed . In o th er  w ords, it is n ot readily  m achine-tractable  in the sense o f  the word 
used b y  e.g . W ilk s (1988 ).
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T h e  basic sem antic in form ation  in Svensk Ordbok is p rov ided  b y  the defi
n itions o f  the word sen ses, expressed in a  subset o f  Swedish. In ord er to  m ake 
this in form ation  useful to  the parser, we have to  m ake th e  im plied  lingu istic 
know ledge exp lic it, and  to  form alize it. A  step  tow ards this goa l is t o  parse the 
defin itions, m orph olog ica lly  and syntactica lly . H ere we w ill d iscuss the prob lem s 
in volved  in lem m atizing the (g rap h ic) w ords o f  the defin itions au tom atica lly . T h e  
p rocedu re  involves tw o basic steps, i.e. an au tom a tic  m orph olog ica l analysis, fo l
low ed b y  a  hom ograph  resolu tion  process, op tion a lly  carried  ou t b y  au tom a tic  
syn tactic  analysis. In the carry in g  throu gh  o f  such a  schem e, aspects o f  the im 
plied linguistic background k now ledge w ill b e  brou gh t up and con cretized . In 
specific, the follow ing questions are addressed:

• T o  w hat extent are the w ords o f  the defin itions exp lic itly  defined?

• T o  w hat extent are the hom ograph ies o f  the defin itions solvable  w ith in  the 
con texts in w hich  they  occu r?

T h e  results that we present are based  on  an au tom atic  m orp h olog ica l anal
ysis o f  a  subset o f  the defin ition  vocabulary.^ F irst, how ever, w e give a  short 
description  o f  the defin itions and the underlying princip les beh in d  them .

2 The Definitions of Svensk Ordbok

In the sem antic m odel developed  in the L D B  p ro je c t  and  app lied  in S vensk Ord
bok, every lexem e is supposed  to  have a well identifiable and  relatively  pregnant 
kernel m eaning, around w hich  a  num ber o f  su bord in ate , derived  me^lnings are 
grou ped  ( Jarborg  1988). T h e  kernel senses o f  th e  lexem es are described  by  m eans 
o f  a  definition , and, optionally , a  defin ition  com plem ent, w hereas fo r  the derived 
m eanings their relations to  the kernel m ean ing are sta ted . T h e  defin ition  “ is 
su b ject to  th e  restriction  that it should  b e  ca p a b le  o f  rep lacing  the lexem e in 
question (th e  defin iendum ) in all syn tactic  or  m orp h olog ica l con tex ts  (som etim es 
w ith the help  o f  som e natural tran sform ation ). G iven  this restriction , th e  defini
tion  should  describe  the kernel sense in an an alytic way, i.e. w ith  each sem antic 
fa ctor  bein g  recogn ized  during the analysis b e in g  assigned a  separate w ord  or  
phrase in the defin ition . T h e  w ords o f  the defin ition  shou ld , as far as possib le, 
b e  m ore sem antically  central in the lex icon  than the defin iendum , as a  first step  
tow ards establish ing an inherent defining vocabu lary .” (J a rb org  ib id .: 144).

T h e  corpu s o f  the definitions (d isregarding defin ition  com plem en ts) com prises 
360,144 tokens and 43,184 in flectional types (d istin ct graph ic  w ord s). T h is  is the 
prim ary corpus  o f  ou r study. In the p ilot stu dy  rep orted  on  here, a  subset o f  
the prim ary corpu s has been  analysed com prisin g  the 2 ,500 first (in  a lph abetica l 
order) types, from  abborre ‘p erch ’ to  behovet ‘ the n eed ’ .

^By definition vocabulary, as opposed to defining vocabulary we simply understand the 
inventory of words actually used in the formulation of the definitions.
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3 The Morphological Analysis
A s a  result o f  ou r  previou s w ork  in the L P S  p ro je ct , we d ispose o f  a  m orph olog i
ca l amalyser o f  Sw edish, com prisin g  a  stem  d iction ary  coverin g  the head w ords o f  
S vensk Ordbok, a lon g  w ith  a  corresp on d in g  in flectional gram m ar (Sågvall Hein 
1988; 1989). T h e  parsing engine o f  the L P S  parser is the Uppsala Chart P roces
sor, U C P  (Sågvall H ein 1987b).

AGAT :
(* =  (WORD.CAT =  VERB 

LEM =  AGA.VB 
DIC.STEM = AGA 
INFL =  PATTERN.ÄLSKA 
TENSE = SUP))

(* =  (WORD.CAT = VERB 
LEM = AGA.VB 
DIC.STEM = AGA 
INFL = PATTERN.ÄLSKA 
PP = +
GENDER =  NEUTR 
ADJ.INF =  STRONG 
NUMB = SING))

(* = (WORD.CAT =  NOUN 
LEM =  AGAT.NN 
DIC.STEM = AGAT 
INFL =  PATTERN.FILM 
GENDER =  UTR 
FORM = INDEF 
NUMB = SING 
CASE =  BASIC))

Figure 1: A n  exam ple o f  m orphological analysis

T h e  m orp h olog ica l descrip tion s generated  b y  the L P S  parser are represented 
as D irected  A cy c lic  Graphs, D A G s  (see e.g . Sh ieber 1986). In form ation  on  word  
class, lem m a, in flection a l type, and d ictionary sterr?  is a  com pu lsory  part o f  
each  m orp h o log ica l descrip tion . For the rest, the in form ation  provided  differs 
w ith  the different w ord  classes. F or an illustration , we present an exam ple o f  
a  m orp h olog ica l descrip tion  generated  b y  the m orph olog ica l analyser (F ig . 1). 
T h e  w ord  agat (F ig . 1) has been  recogn ized  as a  supine o r  past pairticiple form  
o f  the verb  aga ‘ flo g ’ , in tern a l hom ography, o r  as the noun agat ‘aga te ’ , external 
hom ography. H ow ever, w ith  the a u tom atic  lem m atisation  as the prim ary goa l o f  
the current study, internal hom ograph ies w ill, for  the tim e being, be  disregarded. 
In  o th er  w ords, hom ography  in th e  fo llow in g  presentation  should  b e  understood  
as ex tern a l hom ography. L ikew ise, w hen we present d a ta  on  num ber o f  analyses 
be low  (T a b le  1 ), w e disregard  cases o f  internal hom ography.

A s  show n  in T ab le  1, a  single analysis was given in 73 percent o f  the cases, 
n o  analysis in 23 percent o f  the cases, and, finally, m ore  than on e analysis for a

^The information on dictionary stem is saved to be used as a tool in extreu:ting a subdic
tionary for the syntactic analysis to follow; the information on inflectional type is included to 
provide a basis for subsequent statistical calculations.
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N um ber o f  
analyses

0
1
2
3
4

Absolute
frequency

572
1817

93
16

2

Relative
frequency

23
73

4
1
0

Total 2 ,5 0 0 100%

Table 1: N u m b er o f  analyses resulting from  th e  in flec tional m orphological analysis.

m inority  (5  percent) o f  th e  (graph ic) w ords. B elow  w e w ill exam ine the different 
cases, starting w ith analysis failure.

3.1 Lexical Gaps

T h e  analysis failures are due to  m issing stem s in  the d iction ary , exclu d in g  tw o 
cases o f  insufficient gram m ar coverage, and  on e case o f  an unforeseen use o f  
parentheses (T ab le  2).

Type

no stem ; com p ou n d  
no stem ; derivative 
n o  stem ; p roper noun 
gram m ar coverage 
orth ograph ic con vention

Absolute
frequency

452
80
36

2
2

Relative
frequency

79
14
6

< 1 
< 1

Total 5 7 2 100%

Table 2 : Types o f  analysis failure.

F ocusing for  a  m om ent on  the m issing stem s, we have to  sta te , that som e 23%  
o f  the w ords in the definitions are not them selves head w ords in the d iction ary , 
and, consequently, n ot exp licitly  defined. T h e y  are, basically, o f  tw o k inds, i.e. 
p roper n ouns  and  derived words (com p ou n d s  and derivatives). T h e  very  fact 
that there are derived  w ords m issing in the d iction a ry  should  not surprise us 
(even if the high num ber o f  them  d id ). A  “com p lete”  d iction a ry  is theoretica lly  
im possible, due to , am on g  oth er th ings, the rich poten tia l for  w ord  form ation , 
in specific, acciden tal com pou n d in g .

“ A v  sam m a skäl [utrym m e] ges inte den triv ia la  betydelsen  hos en rad sam 
m ansättningar, avledningar och  partikelverb. D en n a  betydelse  täcks indirekt av 
ordboken  genom  beståndsdelarnas defin ition er.” ‘F or the sam e reason [space] the 
trivial m eaning o f  a  num ber o f  com p ou n d s, derivatives, and particle  verbs is not 
given. T h is m eaning is in d irectly  covered  by  the defin itions o f  the con stituen t 
parts.’ {S vensk  Ordbok 1986; P re fa ce ). W h a t can  b e  o b je c te d  to , how ever, is the
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use o f  such w ords in the defin itions. “ V idare  har en strävan varit att hålla an
talet o rd  som  används i defin itionerna relativt litet o ch  a tt vä lja  så enkla ord  
som  om ständ igheterna  m edger.” ‘Further the aim  has been  to  keep the num ber 
o f  w ords used in  the defin itions relatively sm all and to  ch oose  as sim ple w ords as 
the circu m stances p erm it.’ ( ib id .) . H ere w e w on ’t d iscuss this issue further, but 
rather exam ine the derived  w ords used in the defin itions to  see i f  they  keep up 
w ith  the transparency claim , i.e. i f  their m eaning is derivable from  the definitions 
o f  their con stituen t parts by  m eans o f  a  set o f  general w ord  form ation  rules. T h e 
rules on  w hich  those derivations are based , are part o f  the background knowl
ed ge  im plied  b y  the lex icographers, and  as such o f  prim ary interest to  us. T hus, 
i f  they  fullfil the tran sparen cy  cla im , they  shou ld  b e  form alized  and included in 
the w ord  form ation  com p on en t o f  the L P S  m ach ine d iction ary  as its first piece.

A  subset o f  the im p licitly  defined w ords o f  the definitions are included in the 
d iction a ry  as m orp h olog ica l exam ples. T h e  very  existence o f  the derived w ords is 
con firm ed  b y  the exam ples, bu t still, n oth in g  is said a b ou t their use and m eaning; 
th ey  are fou n d  to  b e  transparent. In all, there are 3 ,934 m orp h olog ica l exam ples. 
O n ce  the w ord  form ation  rules beh ind  the derived w ords o f  the definitions have 
been  form ulated , the to ta l o f  the m orp h olog ica l exam ples m ight be  used as a 
test corpu s fo r  the resu lting w ord  form ation  com pon en t.

T h e  m issing p rop er  n oun s  m ake up  a  m uch sm aller num ber (36 ) than the 
derived  w ords (5 3 2 ). T h irty -th ree  o f  them  nam e geographica l units, and the 
rem aining nam e persons. A s lon g  as the w ords that they define are included in 
th e  d iction ary , w e see n o  o th er  solu tion  than to  enter them  as head w ords and 
thus define them . A  frequent typ e  is m ade up o f  cou n try  nam es (e .g . A lgeriet 
‘ A lgeria ’ ) used in the defin itions o f  p eop le  from  those countries (e .g . algerier  
‘ A lgerian ’ : p erson  frå n  A lg er ie t  ‘person  from  A lgeria ’ ).

T w o  w ords w ere n ot analysed due to  lim itations in the in flectional gram m ar. 
T h e y  represent a  ty p e  that ca n  b e  illustrated  by  the graph ic w ord  ansikts- ‘fa ce ’ 
in coord in a ted  com p ou n d s  such as ansikts- och hårvård  ‘ face  and hair care ’ . T h e 
ph enom enon  is regular and  has to  b e  taken care o f  partly  by  the m orph olog i
ca l, partly  b y  the syn tactic  gram m ar. In the first instance, the L PS inflectional 
gram m ar w ill b e  a ccord in g ly  exten ded .

Short for  befordrats ‘ (has been ) sen t’ o r  befordras ‘ is (be in g ) sent’ we find 
beford ra (t)s  am on g  the defin ition  w ords. T h is  abbrev iated  form  o f  expressing 
alternatives was not foreseen  b y  the L P S  in flectional gram m ar. N or w ill it be, 
bu t th e  short form s o f  this kind w ill b e  spelled  out.

3.1.1 Compounds and Derivatives

T o  keep up w ith  the transparency claim , the w ord  form ation  com peten ce  on  
w hich  th e  u nderstanding o f  (som e parts o f )  the defin itions is based, should be 
m ore  stereotyp ica l than w hat is generally  the case. Further, we m ust require 
that the con stitu en t words are th em selves defined, and, that th ey  cire n ot h om o
graphic o r  polysem ou s. W e  begin  ou r  exam ination  w ith  the m ost dom inant w ord
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T y p e E x a m p le A b s o lu te
fr e q u e n c y

R e la t iv e
fr e q u e n c y

N -N aktieägare ‘s tock h old er ’ 376 83
N -A P abborrliknande ‘ resem bling a  p erch ’ 22 5
N -P P arvsberättigad  ‘entitled  to  an in h eritance ’ 11 2
N -A alkoholfri ‘n on -a lk oh olic ’ 18 4
A b -N bakåtspark ‘kick backw ards’ 8 2
A -N allm ängiltighet ‘universal ap p lica b ility ’ 4 <  1
A b -A b akterifrån  ‘from  the stern ’ 4 <  1
A b -A P baJtomliggande ‘ ly ing b eh in d ’ 3 <  1
A b -P P bakåtriktad  ‘ poin ting back w ards’ 3 <  1
A b -A antidem okratisk  ‘a n tid em ocra tic ’ 2 <  1
A -A allm änkulturella  ‘general cu ltu ra l’ 1 <  1
T o t a l 4 5 2 1 0 0 %

Table 3: Types o f compounds.

form ation  typ e , i.e. the com pounds. In T ab le  3  w e present the d istribu tion  o f  the 
com pou n ds b y  syn tactic  types.®

A m on g  the 11 com p ou n d  types that were fou n d , the qu ite  dom in atin g  on e  is 
the N -N ty p e  m aking up som e 83 percent o f  the tota l num ber o f  com p ou n d s . T h e  
dom inance o f  this typ e  is in a ccord a n ce  w ith  ou r  intu ition  and  w ith  o th er studies 
o f  m odern  Swedish (see e .g . B låberg  1988). O u r figure is, how ever, con siderab ly  
higher than that presented b y  B låberg  (6 8 % ). His figures are baaed on  an inves
tigation  o f  a  corpus o f  3 ,971 com p ou n d s, identified  in n ew spaper tex t from  1985. 
O ur higher p rop ortion  o f  N -N  com pounds  seem s to  su pport the transparency 
claim , in d icatin g  a  restricted  use o f  the variation  offered  b y  th e  w ord  form a
tion  poten tia l. A dd ition a l su pport is g iven b y  the param eter n um ber o f  d ifferent 
types, w h ose  value is m uch low er in ou r  m aterial than  in th at o f  B lå b erg , i.e. 
nine^ versus 22. O u r types con stitu te  a  subset o f  the set identified  b y  B lå b erg , in
cluding, in add ition : V -N , V -A , A -V , A b -V , N u m era l-V , N um eral-N , N u m era l-A , 
N um eral-N um eral, N -P roprium , A -P rop riu m , P rop riu m -N , P ro p r iu m -V , P ro p - 
rium -P roprium . It rem ains to  b e  seen th ou gh , how  stable  ou r  figures rem ain 
through  ou t the m aterial. W e d o n ’t, how ever, ex p ect to  find such a  rich variar 
tion  o f  types in volv in g  p roper nouns as d oes B lå b erg , p rop er nouns in general, 
being ou tside the sco p e  o f  Svensk Ordbok.

A m on g  the 376 N -N  com p ou n d s, there are in all 154 different first con stit
uents (sim plex  or  derived ). T h e  m a jority  o f  them  (146 ) are exp lic itly  defined, 
seven o f  them  im plicitly , and  on e o f  them  {A 4  in the com p ou n d  A 4 -fo rm a t  not 
at a ll). A m on g  th ose  that are on ly  im p licitly  defined, there is a  dom in atin g  
type, i.e. process nouns derived from  verbs b y  m eans o f  the - (n )in g  suffix, such 
as avfym ings- ‘ firing ’ (c f. avfym ingsm ekanism  ‘ firing m echan ism ’ ) o f  the verb

^AP is short for active present participle, and PP for passive past participle.
*This is the figure we arrive at if we adapt to Blaberg, who includes the active and the 

passive participles in the verb group.
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avfyra  ‘ fire ’ . It a ccou n ts for  five o f  the seven cases. O ne o f  the rem aining cases is 
in  itse lf an N -N  co m p o u n d , i.e. bastuba ‘bass tu b a ’ (cf. bastubeinstrum ent ‘bass 
tu b a  in stru m en t’ ). T h e  o th er  on e  is an A -N  com p ou n d , i.e. andraklass ‘ second 
c lass ’ as in andraklassutrym m e ‘ secon d  class area ’ . W h en  on e o f  the nouns o f  an 
N -N  com p ou n d  is in itse lf on ly  im p licitly  defined, the derivation  o f  the definition 
w ord  has to  p roceed  in tw o steps. W e th ink  that such a  situation  should be  
avoided , <ind the tw o con stituen ts o f  a  com p ou n d  used in a  defin ition  b o th  be  
explicitly  defined.

A n oth er  p rob lem  w ith  the derivation  o f  m eaning from  the N -N  com pou n ds 
o f  the defin itions con cern s h om ograph y  and polysem y. A m on g  the first constitu 
ents o f  the N -N  com p ou n d s  w e fou n d  fou r cases o f  hom ography, i.e. akter, arm, 
babords, and back. A k ter , babord, and  back are all nouns or  adverbs, and arm  is 
a  noun  or an ad jective . F or in stance, akter  is a  noun ‘stern ’ or  an adverb  ‘a ft ’ , 
and  back, a  n oun  ‘back , reverse ’ o r  an adverb  ‘ b ack ’ . T h e  w ord  akter  occu rs in 
akterdäck, akterm ast, and  aktervägg, and  in d ecid ing  w hether the noun or  the 
ad verb  in terpretation  o f  akter  was the intended one, we were guided b y  the m or
p h olog ica l exam p le  akterdäck  presented under the (n ou n ) head w ord  akter. B y  
analogy, we ch ose  th e  noun  in terpretation  in the oth er tw o cases, too . A s regards 
back it o ccu rs  in backverkan  ‘ reverse e ffect ’ and in backåkning ‘dow nhill g o in g ’ . 
N o  m orp h olog ica l exam ples are given , but intu itively  back in backverkan  should 
b e  u n d erstood  as an adverb  instead o f  as a  noun. T h is  intu ition  is confirm ed 
b y  its co n te x t vända m ed  u tnyttjande av backverkan  ‘ turn  using reverse efi^ect’ . 
T h e  con tex t o f  backåkning, i.e. (typ  av) kälke f ö r  backåkning ‘k ind o f  sledge for 
dow n h ill g o in g ’ con firm s th e  inutition  that back here is an occu rren ce  o f  backe 
‘ h ill’ rather than  o f  back. In a dd ition  to  th e  fou r cases o f  h om ograph y  m entioned 
a b ove , there are 36 cases (9 % ) o f  po lysem y con cern in g  the first constituents o f  
ou r  N -N  m aterial. W ith o u t scrutin izing the in d iv idual cases further, we con lude 
that the derivation  o f  m ean ing from  the con stituen t parts o f  a  com p ou n d  in 
the defin ition  has to  b e  based  on  the identification  o f  their definitions. W hen  
h om ograp h y  is in volved , a  ch o ice  has to  b e  m ade. O n ly  w hen a  m orph olog ica l 
exam ple  is there to  facilita te  th e  ch o ice  can  we m aintain  the transparency claim . 
T h e  co m p o u n d  w ords w ith  an am biguou s first o r  secon d  com pon en t will all have 
to  b e  exp lic itly  defined in o u r  m ach ine d ictionary.

In a dd ition  to  the 376 N -N  com p ou n d s  there are 76 com p ou n d s o f  different 
syn ta ctic  stru ctu re (T a b le  3 ). T h e y  w ill all be  exam ined  w ith  regard to  explicit 
defin ition  and  h om ogra p h y  o f  con stituen t parts.

T h e  to ta l n um ber o f  derivatives (n ot exp lic itly  defined) that were identified 
is 80, w h ich  m eans that their share o f  th e  to ta l num ber o f  im plicitly  defined 
w ords is on ly  rou gh ly  15 percen t as com p ared  to  85 percent for  the com pou n ds. 
In  T ab le  4 w e present the d istribu tion  o f  th e  derivatives by  different types.

T h e  to ta l n um ber o f  derivatives g iven in T ab le  4 (9 0 ), is higher than that 
presented in T ab le  3 (8 0 ), for  the fo llow in g  reason. T h e  figures in T able  3, are 
based  on  a  ‘ to p -le v e l’ classification  o f  the w ords. In o th er w ords, a  w ord  such as 
bakningsredskap  ‘ bak ing  t o o l ’ is classified as a com p ou n d  on ly, d isregarding the 
fa ct th at its first con stitu en t is a  derivative n ot exp lic itly  defined. H ow ever, the 
figures presented in T ab le  4, in clude a lso  such indirect derivation , and, in som e
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T y p e E x a m p le A b s o lu te
fr e q u e n c y

R e la t iv e
fr e q u e n c y

N  { - (n ) in g } annonsering  ‘advertis in g ’ 44 49
N  { -h e t } aktsam het ‘ carefu lness’ 9 10
N  { - T i d e } anskaffandet ‘a cqu irem en t’ 7 8
A  {-6 a r } avgränsbar ‘d e lim itab le ’ 3 3
A  {-oris fc} artikulatorisk  ‘a r ticu la tory ’ 1 1
P re f-V avstämpla  ‘ s ta m p ’ 6 7
V  P article hugga av ‘ cu t o f f ’ 20 22
T o t a l 9 0 1 0 0 %

Table 4: Types o f  derivatives incl. partic le  verbs.

cases, a  w ord  contributes to  m ore  than  on e  o f  the derivation  types. F or instance 
a  w ord such as avfjållning w hich  has to  b e  derived  in tw o steps, i.e. fjä lla  ‘p ee l’ 
(exp lic it ly  defined ), fiälla av ‘peel o f f ’ , and  the p rocess avfjållning  is cou n ted  as 
an instance o f  b o th  the V  P article  and the N  { - (n ) in g }  typ e . Cases o f  tw o-step  
derivation , th ou gh , are rare.

T h e  d om in atin g  type (4 9 % ) is that o f  the verbal nouns, form ed  b y  m eans o f  
the -(n )in g  suffix. Its 44 m em bers (in flectional form s) are derived  from  42 differ
ent verbs. 32 o f  these verbs are exp lic itly  defined, w hereas 10 on ly  im p licitly  so. 
Further, six  o f  the 32 exp licitly  defined verbs are polysem ou s, and , consequenlty, 
the nouns derived  from  them  n ot uniquely defined. T h e  ten  im p licitly  defined 
verbs, are e ither particle  verbs form ed  by  m eans o f  the particle  av, o r  prefixed 
verbs form ed  b y  m eans o f  the prefix  av. Intuitively, w e iden tify  them  as derived 
from  the p article  verbs e.g. klippa av. H ow ever, form ally  th ey  m ight as well be 
derived from  the corresponding  prefixed verbs e.g . avklippa. T h e  sam e kind o f  
am biguity  is a  prob lem  in the identification  o f  the verbs o f  prefixed  past partici
ples, e.g . avhuggen. It m ight be  derived  from  avhugga as well as from  hugga av. 
A s regards th e  sem antic d istin ction  betw een  the prefixed verb  and  th e  particle  
verb, the m eaning o f  the prefixed verb  seem s to  b e  m ore  abstract than  that o f  
the particle  verb  (see further H ellberg 1976; E jerhed  1979). I f  w e a llow  the use 
o f  im plicitly  defined particle verbs or  prefixed verbs as a  basis o f  verba l nouns 
o f  the (n )in g  typ e , a  system atic am bigu ity  will b e  created . It shou ld  b e  avoided , 
as should  also th e  use o f  prefixed past particip les in the defin itions, inherently 
am biguous as th ey  are.

C oncern in g  th e  rem aining derivative types, their representatives w ill b e  ex 
am ined fo r  hom ograph ies and im p licitly  defined types in  the sam e m anner as the 
verbal nouns. In d iscussing the derivatives and  their aptness for  b e in g  handled 
by the w ord  form ation  com pon en t rather than  b ein g  registered as lex ica l units, 
the p rod u ctiv ity  o f  the affixes is an add ition a l param eter to  b e  con sidered . A n  
exam ple o f  a  sufiSx sequence w ith  low  p rod u ctiv ity  is -o r -isk  w ith  an absolu te 
(lex ica l) firequency o f  on e  (artiku latorisk  ‘a rticu la tory ’ ) in ou r  m aterial and  o f  
tw o in the N F O  m aterial (A llén  et al. 1980).
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F inally, derived  w ords, w hich  can  b e  segm ented in m ore  than on e way should 
b e  avoided . A n  exam ple  o f  such an instance in ou r m aterial is aUiansfri-het 
‘ n on -a lign m en t’ o r  allians-jrihet.

3.2 Homography

In the a u tom a tic  lem m atization  process, th e  m orph olog ica l analysis has to  be 
fo llow ed  b y  a  h om ograph  resolu tion  procedu re . T h e  need for such a  procedure 
in ou r m aterial is ev ident & om  the figures on  alternative emalyses presented in 
T ab le  1. R ou g h ly  five percen t o f  the defin ition  w ords are hom ograph ic. H ere we 
will g ive a  presentation  o f  the different k inds o f  hom ograph ies that we found, 
and  d iscuss the possib ility  o f  so lv in g  them  by  m eans o f  syn tactic analysis.

T ype Absolute Relative
frequency frequency

A /V 29 30
N /V 25 26
A /N 13 14
N 1 /N 2 10 10
V 1 /V 2 5 5
A /A b 3 3
A b /P p 3 3
N /A b 2 2
N /P n 2 2
N /I 1 <  1
V / I 1 <  1
V /P p 1 <  1
C /I m 1 <  1

T o t a l 96 100%

Table 5: Types o f  hom ographies.

In T ab le  5 w e present a w ord  class based overv iew  o f  the different kinds o f  
h om ograph ies resu lting from  the m orp h olog ica l analysis. F irst we state, that in 
rou gh ly  85 percent o f  th e  cases, th e  h om ograp h  com p on en ts  be lon g  to  different 
w ord  classes, w hereas 15 percen t con cern  h om ograp h y  within  on e w ord  class (the 
nouns o r  th e  verbs). T h e  p recon d ition s for  so lv in g  the hom ograph ies b y  syn tactic 
m eans, shou ld , o f  cou rse, b e  b etter  w ith in  the first ca teg ory  than  w ithin  the 
secon d  on e , w here we m ay co m e  close  to  pu rely  lex ica l d isam biguation . H ow ever, 
fo r  an evaluation  o f  this general assum ption , we need to  know  m ore  a b ou t the 
actu a l form s that co in cide , and  present such d ata  for  the m a jor  types in Tables 
6 to  10.

T h e  overw h elm in g num ber o f  cases o f  A / V  h om ograp h y  (9 0 % ) are due to  
co in cid en ce  betw een  the a d jective  and  a particip ia l form  o f  the verb. T h e  dif
feren tia tion  betw een  them  is n otoriou sly  d ifficu lt, to  a  great extent due to  their 
p artly  overlapp in g  d istribu tion . H ow ever, on e o f  the principles that was adhered
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A /V
T y p e E x a m p le  N u m b e r  o f

m e m b e rs
1. A /V (p p ) ansedd  ‘ re sp e cte d /co n s id e re d ’ 9
2. A (w e a k ) /V (p p /s u p ) ansedda  ‘ re sp e cte d /co n s id e re d ’ 3
3. A (n e u t r ) /V (p p /s u p ) avancerat ‘ad van ced ’ 6
4. A (w e a k ) /V (p p /p r e t ) ) allierade ‘a llied ’ 6
5. A /V (a p ) anslående  ‘ im p ressive /im pressin g ’ 2
6. A (w e a k ) /V ( in f ) anrika  ‘h ig h -b o rn /co n ce n tra te ’ 3

T o t a l 2 9

Table 6: Types o f  A/V homographies.

to  in the form ulation  o f  the defin itions, i.e. the rep lacem en t restr ic tion  (see 2 ) , 
m akes the task m ore realistic than w ou ld  b e  the case w ith  unrestricted  text.

T h e  nine m em bers o f  the first ty p e  o f  T ab le  6 are in the basic form , and  thus 
m ay occu p y  b o th  an attribu tive  and a pred icative  position . In all, th ey  o ccu r  73 
tim es, and in 67 o f  these cases the ad jectiva l in terpretation  sh ou ld  b e  preferred. 
O ur ch oice  was based on  the fo llow in g  heuristics:

1. I f  the current w ord  is in the a ttribu tive  p osition , and  n ot negated  by  an 
adverb , ch oose  the ad jective.

2. I f  the current w ord  is the head o f  the defin ition  o f  an a d jective , an d  not 
negated by  an adverb, ch oose  the ad jective.

3. I f  the current w ord  is nom inalized , ch oose  the ad jective.

4. I f  the current w ord  occu rs in the con tex t egenskapen att vara . . .  th e  p rop 
erty  o f  bein g  ch oose  the ad jective.

5. Else, ch oose  the particip le.

E xam ples:

1. [nn absess]: begränsad ansam ling var  ‘ lim ited  am ount o f  p u s ’

2. [av krystad]: påfallande ansträngd och  onaturlig  ‘ strik ingly  forced  and  un
natural’

3. [nn arv Ij: övergång av egendom  av (v isst) värde frå n  avliden till efterlevan 
de ‘ transition  o f  p rop erty  o f  (certa in ) value from  deceased  to  su rv iv in g ’

4. [nn b e g å v n in g /lj :  egenskapen att vara begåvd ‘ the p rop erty  o f  be in g  ta l
ented ’

5. [vb gälla  1 /3 ] : vara ansedd (so m )  ‘b e  con sidered  (a s ) ’ ,
[nn brick a /1 ]: bärbar skiva begränsad av låg kant ‘p orta b le  p la te  surround
ed b y  a  low  ed ge ’ .
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[av o a v g jo rd /1 ]: in te avgjord till någons förd el ‘n ot decided  to  anyone’s 
advan tage ’ ,
[nn ödesbygdsväg]: väg g en om  e j bebodda trakter  ‘ road through not inhab
ited  reg ion s ’ .

T h e  heuristic rule 2 is based on  the replacem ent restriction ; on ly  if  the defi
n ition  belon gs to  the sam e syn tactic  ca tegory  as the definiendum  is it capab le  o f  
su bstitu tin g  it. Further w e require sam e syn ta ctic  ca tegory  to  m ean sam e word  
class, (o r  sam e w ord  class w ith  respect to  the head w ord  o f  the defin ition ). If, 
how ever, the h om ograph  is preceded  by  a  negating adverb , being a  stron g  verb 
signal, the p artic ip le  in terpretation  is chosen.

C on cern in g  T y p e  2 (in  T ab le  6 ) we have the sam e situation  as w ith  T y p e  1 
w ith  an add ition a l supine form  alternative. T h e  supine form  has a  qu ite different 
d istribu tion  as com p ared  to  the a d jective  and the particip le, and thus is easily 
d istinguished  in the syn tactic  analysis. (N o  supine form s, how ever, were found 
am on g  the 31 occu rren ces o f  this ty p e ). In distinguish ing betw een the adjectival 
and  the particip ia l form s, the heuristics listed a b ove  shou ld  be  applied. It should 
a lso  w ork  ou t fo r  T y p e  3, 4, and  5. T h e  fin ite (past tense) form  o f  T y p e  4 should 
b e  easily  identified  in the syn tactic  analysis. F inally, T y p e  6 should  cause no 
p rob lem .

A /N
T ype Example Num ber o f

members
1. A /N  alternativ  ‘a lternative ’ 8
2. A (n e u t r ) /N  basalt ‘b a sa l/b a sa lt ’ 1
3. A (w e a k )/N  am erikanska  ‘A m erican  (w om a n )’ 4

Total 13

Table 7: Types o f  A / N  hom ographies.

T h e  d om in atin g  ty p e  o f  the a d je c t iv e /n o u n  h om ograph y  is that betw een 
their basic form s (T y p e  1 in  T ab le  7). A m o n g  the 70 occu rren ces o f  this type, 
46  are ad jectives, and , on ly  24 nouns. In the attribu tive  position , there are 
h ard ly  any prob lem s in recog nizing  the ad jectives on  a  purely  syn tactic basis. 
M ak in g  the h om ograph  resolu tion  th ou gh  in the position  after the finite verb 
requires a d d ition a l know ledge. T h is  is the case, for  instance, for  a  w ord  such 
as bankrutt ‘ b a n k ru p cy ’ in the defin ition  göra bankrutt ‘b ecom e  ban k rupt’ [vb 
bankruttera]. F urther, T y p e  2 (T a b le  7) is an exam ple o f  a  causal coin ciden ce 
betw een  a  neuter ad jectiva l form  and a  noun . M ore  system atic, however, is the 
h om ograp h y  betw een  the w eakly in flected  a d jective  and  the noun in T y p e  3. 
T h e  rules fo r  n om in alizin g  the ad jectives m ust be  very  restricted  in the analysis 
gram m ar, i f  w e are to  solve these hom ograph ies syntactically , the reason being 
that the w eak ly  in flected  ad jectives due to  their inherent definitenesse constitute 
a  p rod u ctiv e  basis for  n om inalization .
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N /V
T y p e E xam ple N u m ber o f  

m em bers
1. N /V aga ‘flog(ging)’ 6
2. N /V(im p) begär ‘desire/require’ 3
3. N /V(ap) anseende ‘reputation/considering’ 4
4. N /V (sup/Pp) agat ‘agate/flogged’ 2
5. N /V(pret) bad ‘bath/asked’ 3
6. N (+gen)/V (sup pass) ansats ‘approach(+gen)/(been) cultivated’ 1
7. N(gen)/V(pres pass) begärs ‘desire(gen)/(is) required’ 1
8. N(gen)/V(pret pass) bars ‘baj(gen)/(was) carried’ 1
9. N(gen)/V(dep) andas *spirit(gen)/breathe’ 1
10. N(pl)/V(pres) bakar ‘backs/bake(s)’ 7

Total 29

Table 8: Types o f  N / V  hom ographies.

In T able  8 we present the n o u n /v e rb  h om ograph ies. A ll the different types 
seem  to  b e  solvable in their loca l con tex ts  in com bin ation  w ith  the syn tactic  
pred iction  m ade b y  the w ord  class m arker o f  the deiin iendum , the su bstitu tion  
criterion .

N1/N2
Type E xam ple N u m ber o f  

m em bers
1. N l(u tr )/N 2 (n e u tr ) as ‘a s /ca rca ss ’ 5
2. N l (p l ) /N 2 (p l ) backar ‘b a ck s /h ills ’ 2
3. N 1 /N 2 bar ‘ b a r l /b a r 2 ’ 1
4. N l (d e f  s g ) /N 2 (d e f  sg) anden  ‘ the w ild  d u ck /th e  sp irit ’ 1
5. N l /N 2 (p l ) basar ‘b a za a r /b a ss  v o ice s ’ 2
6. N l /N 2 (d e f ) banan ‘b å n a n a /th e  p a th ’ 1
7. N l /N 2 (g e n ) askes ‘a scetis ism /ash  w o o d (g e n ) ’ 1
8. N l( in d e f  g e n )/N 2 (d e f  gen) banans ‘b a n a n a (g e n )/th e  p a th (g e n )’ 1
9. N l(g e n )/N 2 (g e n ) bars ‘ b a r l(g e n ) /b a x 2 (g e n ) ’ 1

Total 15

Table 9: Types o f  N 1 /N 2  hom ographies.

In T able  9 and  T ab le  10 we present the inherently m ost d ifficult h om ograp h y  
cases, i.e. those in w hich  the h om ograph  com p on en ts  be lon g  to  the sam e w ord  
class, the noun class in T able  9 and  the verb  class in T ab le  10. A m o n g  the nouns 
there are fou r types (2 , 3 ,4 ,  and 9 ) w ith  n o  form al criteria  t o  d istinguish  betw een 
them . C onsequently, in these cases the h om ograph  resolu tion  am ounts to  purely  
lexical d isam biguation , and the h om ograph y  w ill b e  indifferent to  the syn tactic  
analysis. In T y p e  1 the hom ograph  com pon en ts differ w ith  regard to  gender only.
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Its five m em bers have, in all, 35 occu rren ces, bu t on ly  in 9 o f  these cases is gender 
decisive fo r  the ch oice . In T y p e  5, num ber is the distinguishing feature. It has 
tw o m em bers w ith  10 occu rren ces. T h ree  o f  these cases can be  readily solved by 
syn ta ctic  m eans. T h ree  o f  them  can  b e  solved , i f  num ber agreem ent is considered 
to  b e  a p recon d ition  for  coord in a tin g  nouns. For instance, hög överbyggnad i fö r  
e ller  ak ter  på  m edeltida fa rtyg  [nn k astell/2 ] ‘ h igh superstructure at the prow  or 
at the stern  o f  m edieval vessels’ . T w o  cases, finally, czm b e  solved i f  phraseology 
is taken in to  a ccou n t, e .g . akter  ut ‘a stern ’ . In T y p e  6 and T y p e  8 definiteness 
is the distinguish ing feature. It readily  solves on e o f  the three cases, i.e. våg 
(till n g t) som  e j fö l je r  den naturliga banan  ‘ road  (t o  som ething) w hich  d oesn ’t 
fo llow  the natural p a th ’ [nn bakväg]. A s regards definiteness in the head w ord 
o f  p reposition a l phrases (th e  rem aining tw o cases), the individual prepositions 
m ake their ow n  dem ands, and  the situation  is m ore com plica ted . Finally, in 
T y p e  7, the h om ograph  com p on en ts  difier w ith  regard to  case. It solves the 
h om ograph y, i f  the gram m ar d o e sn ’ t adm it e lliptic N P  heads.

V1/V2
T ype

1. V 1 /V 2
2. V l (+ p r e s ) /V 2 ( + p r e s )
3. V l (p p /p r e t ) /V 2 (p r e t )

Example Num ber o f  
members

avsluta  ‘fin ish /co n c lu d e ’ 2
avslutas ‘ f in ish (p a ss )/con c lu d e (p a ss )’ 2 
avlade ‘b e g e tte d /la y e d  aside ’ 1

Total

Tsbie 10: Types o f  V 1 /V 2  hom ographies.

In T ab le  10 w e present three types o f  verb  h om ograph ies. T h e  first tw o have 
n o  distinguish ing form al feature, and  thus can n ot b e  solved  by  syn tactic m eans. 
In the th ird  typ e , how ever, there is a  con tex t in w hich  they  differ, i.e. in past 
particip le  con stru ction s. In ou r  m aterial, this d istin ction  d oesn ’ t em erge, and 
the h om ograp h y  c^lnnot b e  solved  syntactically .

Exam ple Num ber o f  
members

T ype

N 1/N 2/V  backar ‘backs/hills/back(s)’ 5
A /N /V (a p ) avgörande ‘decisive/declsion/deciding’ 4
A /A b /P p  bakom ‘stupid/at the back/behind’ 1
A /A b /C  bara ‘bare/only/(as) long as’ 1
N l/N 2 /A b  akter ‘stern/acts/aft’ 1
N /A b /P n  allt ‘ (the) universe/gradually/everything’ 1
A /N /A b  akut ‘acute/casualty department/urgently’ 1
V /N l/P n  andra‘state/second/other’ 1
N1/N2/N3 bas ‘bass voice/base/thrashing’ 1
Total 16

Table 11: Three hom ograph com ponents
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Type

N l/N 2 /A b /P p
N 1/N 2 /A /V

Example N um ber o f  
members

bak ‘behind/baking/at the beick/behind’ 1
bar ‘bar/bar/bare/carried’ 1

T oted

Table 12: Four hom ograph com ponents.

In th ose  cases w here three o r  fou r analyses w ere generated  (cf. T ab le  1) co m 
b inations o f  the hom ograph y types presented a b ove  (cf. T ab le  5 ) were involved . 
T h e  actu al com binations are presented in  T ab le  11, and T ab le  12.

4 Conclusions
In this paper we have presented the results that we ach ieved  in a  p ilot stu dy  o f  
the definition  vocabu lary  o f  Svensk ordhok. It is part o f  ou r o n -g o in g  w ork  on  
the generation  o f  a  m ach in e-tractab le  d iction ary  from  the lex ica l database  from  
which the d iction ary  was draw n, in specific, o f  m aking its defin itions exp lo ita b le  
to  the L PS parser. P arsing them  is a  step  tow ards this goa l. T h e  present study, 
aim ing in particular at the a u tom atic  lem m atisation  o f  the defin ition  vocabu lary , 
has included  an au tom atic m orph olog ica l (in flectiona l) analysis o f  a  subset (2 ,500  
graphic w ords) o f  it, and a, largely m anual, analysis o f  the results. T w o  m a jor  
issues were treated, i.e. the coverage o f  the d iction a ry  in relation  to  the defin ition  
voaculary, and  the feasibility  o f  h om ograph  resolu tion  b y  syn tactic  analysis in 
the loca l (defin ition ) contexts.

T h e  m orph olog ica l analysis was carried  ou t b y  m eans o f  the L P S  m orp h o 
log ica l analyser, d isposing o f  a  stem  d iction ary  coverin g  the head w ords o f  the 
d ictionary. A s  a  result o f  this analysis, we fou n d  th at, roughly, 23 percent o f  the 
defin ition  w ords were not exp lic itly  defined. T h e  lex ica l gaps w ere m ain ly  due to  
the use o f  p rop er nouns (6 % ), and  derived  w ords (9 3 % ). A s regards the m issing 
proper nouns, th ey  will be registered in ou r  m achine d ictionary. T h e  dom in atin g  
type  o f  the derived  w ords are the com p ou n d s  (7 9 % ), w hile the derivatives (inch  
particle verbs and prefixed verbs) a ccou n t for  14 percent o f  the gaps. T h e  trans
parency cla im  w ith  regard to  the im p licitly  defined w ords Ctinnot b e  m aintained 
w ithout certain  m odifica tion s o f  the defin ition  vocabu lary . T w o  m easures w ill be  
taken in the generation  o f  the m achine d iction ary . F irst, derived w ords in clud ing  
hom ograph ic o r  po lysem ous constituents w ill b e  exchanged  b y  exp lic itly  defined 
w ords, or  b y  derived w ords o f  unam biguous elem ents. Secondly , the use o f  dever
bal nouns based on  im plicitly  defined particle  verbs or  prefixed verbs, im p ly in g  a  
system atic am biguity, will be  avoided , as w ill the use o f  prefixed past particip les, 
inherently am biguous as they  are. In general, derivations o f  m ore  than  on e  step  
will be  avoided. In o th er w ords, we require that the top level con stituen ts o f  a  
com p ou n d  or  a  derivative are them selves exp lic itly  defined. T h ese  m od ifica tion s, 
w hen applied  to  w hole definition  vocabu lary , will bring it on e  step  closer to  a 
defining  vocabulary.
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H om ograph y  turned ou t to  b e  a  sm aller p rob lem  than the lexical gaps. In 
all, external h om ograph s con stitu te  less than five percent o f  the lexical m aterial 
that was exam ined . D a ta  on  the d istribu tion  o f  different types o f  hom ographies 
are presented. W ith  a  m anual stu dy  o f  their con texts (defin itions) as a  basis, 
w e con clu d e , that they  can , to  a  large exten t, b e  resolved by  syn tactic m eans, 
p rov ided  that the syn tactic  p red iction  m ade by  the w ord  class m arker o f  the 
defin iendum  is taken in to  a ccou n t. T h is  in form ation  is o f  vital im portance. A  
heuristics for  d istinguish ing betw een ad jectives and particip les was proposed . It 
w ill b e  further evaluated in the cou rse o f  the p ro ject.
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