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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 :
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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
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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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