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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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