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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

viz. the  indented  line

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

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

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

N P  > D E F  : " D E F D ”

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

91

91Proceedings of NODALIDA 1991



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

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

M O R F

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

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

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

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

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

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

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

TEXT NORMAUZER (A TRIVIAL PREPROCESSING PROGRAM) 

Normalized: de spiste altid middag klokken nitten 

SPECIAUZED PARSER (SSPS FORMAUSM INTERPRETER) 

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

PHONOLOGICAL TRANSFORMER (SPL FORMAUSM INTERPRETER) 

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

PHONETIC TRANSFORMER (SPL FORMAUSM INTERPRETER) 

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

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

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

SYNTHESIZER (SOFTWARE SIMULATION) 

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

D/A-CONVERTER 

Electric oscillations:

LOUDSPEAKER 

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

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

O: surface structure ->  some other structure 

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

2. ITS: Semantic structure is often irrelevant
vs

O: Semantic structure is usually essential

Example: semantic structure essential in translation systems

3. ITS: Prosodic features often essential
vs

O: Prosodic features often redundant 

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

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

Noun phrase internal constructions of various 
semantic subtypes:

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

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

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

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

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

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

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

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

vs

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

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

vs

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

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

vs

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

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

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

I gave the book to  John fo r C hristm as

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

YES NO

OBLIGATORY SITES •

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

POTENTIAL SITES

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

TOTAL NUMBER OF PAUSES ‘ 343

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

EN T)

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

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

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

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

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

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

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

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

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

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

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

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

S  : :=  W R D +

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

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

APPENDIX 11: RO BU STN ESS IN  T H E  S S P S -S \’STEM
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