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ABSTRACT 

A c e n t r a l  p r o b l e m  in  s p e e c h  s y n t h e s i s  w i t h  u n r e -  

s t r i c t e d  v o c a b u l a r y  i s  t h e  a u t o m a t i c  d e r i v a t i o n  of  

c o r r e c t  p r o n u n c i a t i o n  f rom t h e  g r a p h e m i c  form of  a 

t ex t .  The  s o f t w a r e  modu le  GRAPHON w a s  d e v e l o p e d  to 

p e r f o r m  t h i s  c o n v e r s i o n  f o r  German  a n d  i s  c u r r e n t l y  

b e i n g  e x t e n d e d  b y  a m o r p h o l o g i c a l  a n a l y s i s  c o m p o -  

n e n t .  T h i s  a n a l y s i s  i s  b a s e d  on  a m o r p h  l ex i con  a n d  

a so t  o f  r u l e ~  a n d  s t r u c t u r a l  d e s c r i p t i o n s  f o r  German  

w o r d - f o r m s .  I t  p r o v i d e s  e a c h  t e x t  i n p u t  i t em w i t h  an  

i n d i v i d u a l  c h a r a c t e r i z a t i o n  s u c h  t h a t  t h e  phonolog ica l~  

s y n t a c t i c ,  a n d  p r o s o d i c  c o m p o n e n t s  may  o p e r a t e  u p o n  

i t .  T h i s  s y s t e m a t i c  a p p r o a c h  tht~s s e r v e s  to  minimize  

t h e  n u m b e r  of  w r o n g  t r a n s c r i p t i o n s  a n d  a t  t h e  same 

t ime l a y s  t h e  f o u n d a t i o n  f o r  t h e  g e n e r a t i o n  of  s t r e s s  

a n d  i n t o n a t i o n  p a t t e r n s ,  y i e l d i n g  more  i n t e l l i g ib l e~  

n a t u r a l - s o u n d i n g ,  a n d  g e n e r a l l y  a c c e p t a b l e  s y n t h e t i c  

speech. 

1. INTRODUCTION 

Many  a p p l i c a t i o n s  of  c o m p u t e r  s p e e c h  r e q u i r e  u n r e -  

s t r i c t e d  v o c a b u l a r y .  In  p a r t i c u l a r ~  vo i ce  o u t p u t  u n i t s  

o f  t h i s  k i n d  p e r m i t  t h e  l i n k a g e  of t h e  common t e l e -  

p h o n e  n e t w o r k  to  a c e n t r a l  c o m p u t e r ,  t h u s  e n a b l i n g  

a c c e s s  f o r  a l a r g e  p u b l i c .  " K a r l c h e n " ,  t h e  F r a n k f u r t  

t a l k i n g  r a i l w a y  t i m e t a b l e ,  a n d  o t h e r  a u t o m a t i c  i n f o r -  

m a t i o n  s e r v i c e s  a r e  b a s e d  on  t h i s  p r i n c i p l e .  

I f  a w r i t t e n  t e x t  s e r v e s  a s  i n p u t  to  a s p e e c h  s y n -  

t h e s i s  s y s t e m  w i t h  u n r e s t r i c t e d  v o c a b u l a r y  ( t e x t - t o -  

s p e e c h  s y n t h e s i s ) p  t h e  d e r i v a t i o n  of a c o r r e c t  a n d  

n a t u r a l - s o u n d i n g  p r o n u n c i a t i o n  a n d  i n t o n a t i o n  m u s t  

be  p r o v i d e d  fo r .  The  s o f t w a r e  modu le  GRAPHON 

(GRAPHemo-PHONome-convers ion)  h a s  boon d e v e l o p e d  

to  c o n v e r t  a n y  g i v e n  German  t e x t  i n t o  i t s  p h o n e t i c  

t r a n s c r i p t i o n  (I.P.A.)~ e n r i c h e d  by  some p r o s o d i c  

m a r k e r s .  

The  t e x t - t o - s p e e c h  s y s t e m  i s  b e i n g  i m p l e m e n t e d  on 

a n  HP 9816 w o r k s t a t i o n  s y s t e m  w i t h  a 68000 CPU a n d  

768 k b y t e  of  RAM. At  p r e s e n t  a SSI  263 p h o n e  s y n -  

t h e s i z e r  s e r v e s  a s  a c o u s t i c a l  o u t p u t  un i t ;  a s i m p l i f i e d  

a r t i c u l a t o r y  model  u s e d  to  c o n t r o l  a r e f i n e d  d i g i t a l  

v o c a l  t r a c t  s y n t h e s i z e r  is  u n d e r  d e v e l o p m e n t .  The 

s o f t w a r e  i s  w r i t t e n  in  PASCAL a n d  o p e r a t i o n  of  t h e  

who le  s y s t e m  i s  e x p e c t e d  to  be a l m o s t  r e a l - t i m e .  (For  

f u r t h e r  i m p l e m e n t a t i o n a l  d e t a i l s  cf.  [1] . )  

While t e x t - t o - s p e e c h  s y s t e m s  fo r  t h e  E n g l i s h  l a n -  

g u a g e  a r e  f a i r l y  a d v a n c e d ,  t h e r e  i s  much  room fo r  

d e v e l o p m e n t  f o r  German  ~ p e a k i n g  s y s t e m s .  I t  i s  p o s -  

s i b l e  o n l y  to  a l imi t ed  e x t e n t  to  p r o f i t  f rom w o r k  in 

t h e  f i e ld  of  E n g l i s h .  O b v i o u s l y j  German  p r o n u n c i a t i o n  

r u l e s  d i f f e r  f rom t h o s e  of  o t h e r  l a n g u a g e s ;  however9  

t h e  mere  r e p l a c e m e n t  of a g i v e n  g r a p h e m e - t o - p h o -  

neme c o n v e r s i o n  r u l e  by  a n o t h e r  i s  i n a d e q u a t e  to  

mee t  t h e  d e m a n d s  of  t h e  v e r y  d i f f e r e n t  p r i n c i p l e s  on  

w h i c h  two  w r i t i n g - s y s t e m s  a r e  f o u n d e d .  Ti l l s  a l s o  

a p p l i e s  to t h e  s t r u c t u r a l  l e v e l s  of m o r p h o l o g y  a n d  

s y n t a x .  

2. MOTIVATION FOR A MORPHOIA)GICAL COMPONENT 

The a p p l i c a t i o n  of  a n  E n g l i s h  p r o n u n c i a t i o n  r u l e  is 

lexically determined, that is to say, is restricted to a 

generally arbitrary subset of the lexicon (compare~ 

for example, the values of (eaY in the sets 4bread, 

head,  thread. . .~ a n d  {kneads bead, heat . . ,}  ). I t  i s  fo r  

t h i s  r e a s o n  t h a t  m a n y  E n g l i s h - b a s e d  s y s t e m s  i n c l u d e  

v e r y  e x t e n s i v e  d i c t i o n a r i e s ,  f o r  examp l e  t he  p i o n e e r -  

i n g  w o r k  of  Al len  [2] w i t h  a 12000 m o r p h e m e  lex icon .  

On t h e  o t h e r  h a n d ,  German  r u l e s  h a v e  in g e n e r a l  a 

m u c h  w i d e r  s c o p e  of  a p p l i c a t i o n ,  w h i c h  h a s  led  r e -  

s e a r c h e r s  w o r k i n g  in  t he  f i e ld  of  German  to  c o n s i d e r  

l a r g e  l ex i ca l  i n v e n t o r i e s  u n n e c e s s a r y .  The  i n v e n t o r i e s  

i n  e .g .  SAMT [3] o r  SPRAUS-VS [4] a r e  t h u s  r e -  

s t r i c t e d  to  f u n c t i o n  w o r d s  n e e d e d  f o r  t h e  s y n t a c t i c  

a n a l y s i s  ( p r e p o s i t i o n s ,  p r o n o u n s ,  a r t i c l e s ,  e tc . ) .  

S i m i l a r l y ,  o u r  e a r l i e s t  e f f o r t s  in  t h i s  a r e a  w e r e  b a s e d  
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on a small lexicon a n d  an  e x t e n s i v e  ru le  ca ta logue ;  

howeverp  n u m e r o u s  i n c o r r e c t  t r a n s c r i p t i o n s  a t  mor -  

phologica l  b o u n d a r i e s  a n d  the  f r e q u e n t  r e c u r r e n c e  to 

a d - h o c  r u l e s  (of. [1])  made t h e  lack of  some s o r t  of  

morpholog ica l  i n d i c a t o r  a p p a r e n t .  

However  more  c lose ly  German spe l l ing  may r e f l e c t  

p r o n u n c i a t i o n  t h a n  is t he  case  in Englishp d i f f i cu l t i e s  

a r i s e  in p r o d u c i n g  a c o r r e c t  p r o n u n c i a t i o n  a u t o -  

matical ly if k n o w l e d g e  avai lable  to the  h u m a n  

s p e a k e r ,  s u c h  as  t h e  i n t e r n a l  s t r u c t u r e  of  a g i v e n  

word  o r  i t s  na t ive  a s  o p p o s e d  to f o r e i g n  o r ig in ,  is  

no t  made u s e  of. The fol lowing examples  s h o u l d  

su f f i ce  to d e m o n s t r a t e  the  r e l a t i o n s h i p  b e t w e e n  

m o r p h o l o g y  a n d  the  v a l u e s  of t he  w r i t t e n  symbols :  

- One f u n d a m e n t a l  ru le  is t h a t  vocal ic  q u a n t i t y  is 

de t e rmined  b y  the  n u m b e r  of  fo l lowing c o n s o n a n t s :  

the  f i r s t  ru le  g i v e n  in t he  DUDEN A u s s p r a c h e -  

w S r t e r b u c h  [5] s t a t e s  t h a t  <a) is to be p r o n o u n c e d  

/ a : /  w h e n  followed by  on ly  one c o n s o n a n t  g r a p h e m e  

be fo re  the  s tem b o u n d a r y ,  so t h a t  t he  in f lec t iona l  

form f a s t  of t he  v e r b  r a s e n  ( " r u s h " )  becomes  

/ r a : s t / ~  w h e r e a s  t he  s implex n o u n  Ras t  ( " r e s t " )  

becomes  / f a s t / .  

- C o n s o n a n t  o r  vowel  g r o u p s  m a y  b e  a s s i g n e d  

d i g r a p h  o r  t r i g r a p h  va lue  only  w h e n  t h e y  a p p e a r  

wi th in  morpho log ica l  b o u n d a r i e s ;  compare  fo r  

example the  d i f f e r e n t  v a l u e s  of  <sch> in 15schen 

/ f /  ( " e x t i n g u i s h " )  u n d  HiSschen / s q /  (dim. of  

" p a n t s " ) ,  o r  of <ei> in Geier / a i /  ( " v u l t u r e " )  and  

geir r t  / a l  i /  ( " e r r e d " ) .  

- The f i r s t  s tem sy l lab le  in German (na t ive  s tock)  

r e c e i v e s  t he  p r i m a r y  word  s t r e s s j  a ru le  which  

implies t h i s  s temJs be ing  ident i f iab le ;  compa r e  

geben  / ' g e : b n /  ( "g ive" )  and  Gebein / g a ' b a i n /  

( " b o n e s ' ) .  

Those  p h e n o m e n a  p lay  a role  in t he  domain of  d e r i v -  

a t ion  and  inflection~ which  h a s  been  deal t  wi th  in 

s e v e r a l  s y s t e m s t  e .g.  SYNTEX [6] o r  REDE [7]; t h e s e  

do con ta in  l i s t s  of  common p r e f i x e s  and  su f f i xe s  to 

pe rmi t  a f f i x - s t r i p p i n g ~  a l t h o u g h  t h e y  a r e  p r e -  

dominan t ly  r u l e - b a s e d .  The same p r o b l e m s  a r e  f o u n d  

in t h e  field of  composi t ion;  t he i r  impor t  is  h e i g h t e n e d  

by  the  v e r y  g r e a t  f r e q u e n c y  of  t h i s  p r o c e s s  in t he  

German l a n g u a g e .  Still, Riihl [6] p r o p o s e s  a decom-  

pos i t ion  a lgo r i t hm wh ich  re l i e s  on  d i s t r i b u t i o n a l  

c r i t e r i a  and  on  l i s t s  of  c o n s o n a n t  c l u s t e r s  in ini t ial  
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and  f inal  pos i t ion  ( ba sed  on  K6s tne r  [8]) .  O the r  

a u t h o r s  too p r e f e r  to minimize the  lexical componen t :  

"The a t t e m p t  to i n c o r p o r a t e  t h i s  p r ob l em in to  a 

mainly r u l e - b a s e d  s y s t e m  seemed to u s  to r e q u i r e  a 

r a t h e r  g r e a t  a n d  t h u s  u n d e s i r e d  s t e p  t o w a r d s  a k ind  

of  d i c t i o n a r y  a p p r o a c h "  ([9]~ p.226). 

I t  is  h o w e v e r  c e r t a i n l y  pos s ib l e  to make a ca se  fo r  a 

morpho log ica l  a n a l y s i s  c o n t a i n i n g  a m o r p h - l e x i c o n  of  

some d e p t h .  The c o n v e r s i o n  p r o g r a m  p r e s e n t e d  h e r e  

makes  e x t e n s i v e  u s e  of  s u c h  a n  a n a l y s i s  c o m p o n e n t  

(see  fig.  1) and  t h u s  in o u r  op in ion  p r o f i t s  f rom t h e  

fol lowing a d v a n t a g e s :  

inflection~ der ivat ion~ and  compos i t ion  can  be 

t r e a t e d  s i m u l t a n e o u s l y ,  more economical ly ,  and  wi th  

a r e d u c e d  n u m b e r  of  i n c o r r e c t  s e g m e n t a t i o n s ;  t h i s  

l a t t e r  i s  a c h i e v e d  by  s p e c i f y i n g  t h e  r e s p e c t i v e  

e n v i r o n m e n t s  of  po t en t i a l  e lements ;  

- s imple and  e f f i c ien t  t r e a t m e n t  of except ions~ fo r  

i n s t a n c e  the  p r o n u n c i a t i o n  of  f o r e i g n  wo rd s ;  t h i s  

and  t h e  p r e c e d i n g  r e s u l t  in  a r e d u c e d  t r a n s c r i p -  

t ion e r r o r  r a t e  a n d  in s implif ied a n d  more t r a n s -  

p a r e n t  g r a p h e m e - t o - p h o n e m e  c o n v e r s i o n  ru l e s ;  

c o r r e c t  p lacement  of  w o r d - i n t e r n a l  b o u n d a r i e s j  

l abe l l ing  of  t he  c o n s t i t u e n t s  and  the  lexieal ly 

s t o r e d  in fo rma t ion  c o n c e r n i n g  na t ive  vs .  f o r e i g n  

s t a t u s  f a v o u r  a c c u r a t e  word  s t r e s s  a s s i g n m e n t ;  

the  l e x i c o n - b a s e d  a p p r o a c h  p r e p a r e s  the  g r o u n d  

fo r  word  c l a s s i f i ca t ion  and  e x t r a c t i o n  of  c e r t a i n  

s y n t a c t i c  c o n s t r a i n t s ,  p r o v i d i n g  the  i n p u t  fo r  an  

e l e m e n t a r y  s e n t e n c e  p a r s e r .  

• Text 
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Fig. 1: The role  of  the  morpholog ica l  
c o m p o n e n t  w i th in  GRAPHON 



3. SKETCH OF THE MOHPHOIX)GICAL OOMPONENT 

3.1. Lex i ea l  l : n v e n t o r y  

M o r p h o l o g i c a l  a n a l y s i s  i n  o u r  s y s t e m  r e l i e s  on  a 

s i n g l e  l ex i con  r a t h e r  t h a n  on  s e p a r a t e  l i s t s  of, s a y ,  

p r e f i x e s ,  stems, j u n c t u r e s  e tc .  The  e n t r i e s  in  t h i s  

l ex i con  a r e  m o r p h s  a n d  no t  m o r p h e m e s  in  t h a t  s t em 

v a r i a t i o n ,  i .e.  p r o c e s s e s  s u c h  a s  u m l a u t  (e .g .  A p f e l  - 

~ p f e l  " a p p l e " ) ,  a b l a u t  ( lau£  - l i e?  " r u n " )  a n d  

e - d e l e t i o n  ( t r o c k e n  - t r o c k n -  " d r y " )  a r e  n o t  c o v e r e d  

b y  r u l e  b u t  b y  s t o r a g e  of  a l l o m o r p h s .  As we a r e  no t  

c o n c e r n e d  w i t h  g e n e r a t i o n ,  t h i s  a p p e a r s  to  be t h e  

mos t  p r a c t i c a l  me thod .  Fo rms  t h a t  a r e  in  some way  

i r r e g u l a r  a r e  t h e n  n a t u r a l l y  p r o v i d e d  w i t h  i n d i v i d u a l  

e n t r i e s ,  f o r  e x a m p l e  a n o m a l o u s  v e r b  f o r m s  ( s e i n  - b in  

- w a r  - w~r  - ... "be" )  o r  f o r m s  of t h e  d e f i n i t e  

a r t i c l e  ( d o t ,  die ,  d a s ,  d e m , . . . ) .  We h a v e  c h o s e n  to s e t  

u p  t h e  mos t  b a s i c  f o r m s  w h e r e v e r  p o s s i b l e ,  e .g .  NAM- 

a s  o p p o s e d  to NAME ( n o m i n a t i v e  s i n g u l a r ) ,  w h i c h  

p e r m i t s  a n  economica l  t r e a t m e n t  of  d e r i v a t i o n  a n d  

i n f l e c t i o n .  AE~ a m a t t e r  of  f a c t ,  t h e  o v e r r i d i n g  

p r i n c i p l e  g o w ~ r n i n g  t h e  d e c i s i o n  w h a t  e x a c t l y  s h o u l d  

c o n s t i t u t e  a n  e n t r y  i s  a p r a g m a t i c  one:  f o r  example ,  

r a t h e r  t h a n  t a k i n g  s i d e s  on  l i n g u i s t i c ,  h i s t o r i c a l ,  o r  

p s y c h o l o g i c a l  g r o u n d s  i n  s u c h  c o n t r o v e r s i a l  c a s e s  a s  

a n t w o r t -  v s .  a n t  + w o r L -  ( " a n s w e r " ) ,  h i m b e e r -  vs .  

h i m  + b e e r -  ( " r a s p b e r r y " ) ,  o r  v e r l i e ~  ~ vs .  v e r  + l i e r -  

(" lose")~ we c h o o s e  t h e  s o l u t i o n  f a v o u r i n g  t he  i d e a l  

f u n c t i o n i n g  ot' t h e  s y s t e m  a s  a whole .  

3.1.1. S t r u c t u r e  of  a D i c t i o n a r y  E n t r y  

A d i c t i o n a r y  e n t r y  c o n s i s t s  of  t h e  lemma, i.e. 

g r a p h e m i c  r e p r e s e n t a t i o n  of  t h e  m o r p h ,  on  t he  one  

h a n d  a n d  a n  i n f o r m a t i o n - t r e e ,  s e r v i n g  to  c h a r a c t e r i z e  

i t s  p h o n o l o g i c a l ,  m o r p h o l o g i c a l  a n d  s y n t a c t i c  v a l u e  on 

t h e  o t h e r .  

A n u m b e r  of  p r a c t i c a l  c o n v e n t i o n s  h a s  b e e n  s e t  up  

fo r  t h e  fo rm of  t h e  lemma: a g i v e n  m o r p h  i s  r e p r e -  

s e n t e d  b y  a maximum of  t e n  l o w e r - c a s e  l e t t e r s  ; t h e  

d i a c r i t i c  s i g n  " ( u m l a u t )  i s  made  u s e  of  (cf. o t h e r  

s y s t e m s  w h i c h  d e c o m p o s e  t h e  v o w e l s  in  q u e s t i o n  a s  

<ae) ,<oe>,<ue>);  l i k e w i s e ,  t h e  s i g n  <D> i s  no t  r e p l a c e d  

b y  <ss> e i t h e r  i n  t h e  i n p u t  t e x t  o r  in  t he  l ex icon .  An 

o r t h o g r a p h i c  ~ule  of Ge rman  s t a t e s  t h a t  <ss> be comes  

</]> b e f o r e  a c o n s o n a n t  o r  a w o r d - b o u n d a r y ,  so t h a t  

t h e  l a t t e r  s i g n ' s  u s u a l  f u n c t i o n  a s  a n  i n d i c a t o r  of  

v o w e l  l e n g t h  i s  n e u t r a l i z e d  in  t h e s e  p o s i t i o n s  

( c o m p a r e  Fl f iaae  " r i v e r s "  v s .  F/,De " f e e t "  w i t h  FluI3 

( / t r / )  v s .  F u B  ( / u : / ) ) ;  t h i s  " d e f e c t "  (cf. [10])  p.108) 

c a n  be g o t  r o u n d  b y  m a i n t a i n i n g  t h e  o p p o s i t i o n  b e -  

t w e e n  <ss> a n d  <~> in  t h e  lemma. 

The information-tree contains classificatory d a t a  

p e r t a i n i n g  to  t h e  m o r p h  i t s e l f  a n d  to t h o s e  i t  may 

i m m e d i a t e l y  s e l e c t ;  t h e y  c o n c e r n  m o r p h o l o g i c a l  s t a t u s  

( l ex i ca l  s t e m  - p a r t i c l e  - d e r i v a t i o n a l  m o r p h  

i n f l e c t i o n a l  m o r p h  - j u n c t u r e  - . . . ) ,  n a t i v e  o r  f o r e i g n  

s t a t u s ,  a n d  c o m b i n a t o r i a l  r e s t r i c t i o n s .  I n  a d d i t i o n ,  t h e  

l ex i con  a l l ows  t h e  i n t r o d u c t i o n  of i n f o r m a t i o n  fo r  t he  

a s s i g n m e n t  to  p a r t s  of  s p e e c h  a n d ,  w h e r e v e r  n e c e s -  

s a r y ,  i n d i c a t i o n s  a s  to  e x c e p t i o n a l  p r o n u n c i a t i o n  o r  

s t r e s s  p a t t e r n .  

3.1.2. E x t e n t  of  t h e  Lex ica l  I n v e n t o r y  

At p r e s e n t  t h e  l ex i ca l  i n v e n t o r y  c o m p r i s e s  some 2000 

e n t r i e s ,  t h e  c h o i c e  of w h i c h  was  b a s e d  on 

O r t m a n n  [11] ,  i t s e l f  c o m p i l e d  f rom f o u r  f r e q u e n c y  

l i s t s .  As fo r  t h e  c o n t e n t s  of t he  e n t r i e s ,  we r e l i e d  on 

A u g s t  [12] ,  Mate r  [13],  a n d  W a h r i g  [14] .  For  t he  

o n g o i n g  t e s t i n g ,  revie~ion~ a n d  s u p p l e m e n t i n g  of  t h i s  

p r i m a r y  l i s t  we d e p e n d  on  t h e  f r e q u e n c y  l i s t  in  

Meier  [15] a s  wel l  a s  on  s a m p l e  t e x t s  f rom v a r i o u s  

r a n d o m  s o u r c e s .  I n a s m u c h  a s  a f f i x e s ,  p a r t i c l e s ,  a n d  

j u n c t u r e s  (a t  l e a s t  n a t i v e  o n e s )  c o n s t i t u t e  c l o s e d  

c l a s s e s ,  t h e y  s h o u l d  be r e p r e s e n t e d  e x h a u s t i v e l y  in  

t h e  i n v e n t o r y .  Th i s  i s  u n f o r t u n a t e l y  no t  t h e  c a s e  a s  

soon  a s  one  t u r n s  to f o r e i g n  e l e m e n t s ,  to  w h o s e  

n u m b e r  a r e  a l w a y s  b e i n g  a d d e d  new c a n d i d a t e s .  

M o r e o v e r ,  i t  i s  v e r y  d i f f i c u l t  if  no t  i m p o s s i b l e  to  

e s t a b l i s h  g e n e r a l  p r i n c i p l e s  a c c o r d i n g  to w h i c h  

f o r e i g n  s u f f i x e s  in  p a r t i c u l a r  may  be i s o l a t e d  a n d  t h e  

d i v i d i n g  l ine  f o u n d  b e t w e e n  s t em a n d  su f f ix .  

P r o p e r  n o u n s  a r e  r e p r e s e n t e d  o n l y  to  a v e r y  l imi t ed  

e x t e n t ;  t h e i r  r a n g e  s h o u l d  be a d a p t e d  to t h e  r e q u i r e -  

m e n t s  of  t h e  t a s k  a t  h a n d .  In  f ac t ,  t h e  c o m p i l a t i o n  of  

t h e  i n v e n t o r y  h a s  b e e n  c a r r i e d  o u t  w i t h  t h e  a ims of  

e x p a n d a b i l i t y  a n d  maximum f l e x i b i l i t y .  

I t  ts  o f  c o u r s e  no t  to be e x p e c t e d  t h a t  t h e  l ex i con  

wou ld  e v e r  c o v e r  t h e  e n t i r e  v o c a b u l a r y  of  a n a t i v e  

s p e a k e r ,  n o r  is  t h a t  o u r  i n t e n t i o n ;  c o n s e q u e n t l y ,  we 

f o r e s e e  a " j o k e r  r ao rph"  w h i c h  can  s t a n d  fo r  a n y  

s t em t h a t  may h a p p e n  to o c c u r .  T h i s  i s  made  p o s s i b l e  
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b y  t h e  g e n e r a l i z a t i o n  t h a t  a German  s t e m  c o n f o r m s  to  

a n u m b e r  of  s t r u c t u r a l  p r i n c i p l e s :  f o r  example ,  e v e r y  

s t e m  m u s t  c o n t a i n  a v o w e l  a n d  t h e  v a r i e t y  of  c o n -  

s o n a n t  c l u s t e r s  in  i n i t i a l ,  media l ,  a n d  f i n a l  p o s i t i o n  i s  

r e s t r i c t e d  (of. [8] ) .  An o v e n  more  g e n e r a l  c a n o n i c a l  

d e s c r i p t i o n  c a n  be e x p l e i t e d  in  t h e  c a s e  of  f o r e i g n  

e l e m e n t s .  Such a d e v i c e  h a s  no t  y e t  b e e n  

i m p l e m e n t e d .  

For  t h e  t ime b e i n g ,  64 k b y t e  h a v e  b e e n  r e s e r v e d  to  

a c c o m o d a t e  t h e  lox iea l  i n v e n t o r y .  Note t h a t  a l l  l ox ica l  

d a t a  a s  d e s c r i b e d  a b o v e  a r e  c o d e d  so a s  to  a c h i e v e  

maximum s t o r a g e  e f f i c i e n c y .  

3.2. Word P a r s e r  

The  s e g m e n t a t i o n  of a g i v e n  (complex)  w o r d  i s  

c a r r i e d  c u t  a u t o m a t i c a l l y  in  a s e r i e s  of  s t e p s ;  t h e  

p r o c e s s  i s  b o u n d  f rom t h e  v e r y  f i r s t  of  t h e s e  to  t h e  

d i c t i o n a r y ,  a s  s t a t e d  a b o v e .  J u s t  a s  t h e  h u m a n  

s p e a k e r  s e e k s  f a m i l i a r  u n i t s  in  h i s  i d e n t i f i c a t i o n  of  a 

w e r d ,  t h e  a u t o m a t i c  a n a l y s i s  c o n s i d e r s  f o r  f u r t h e r  

a t t e n t i o n  o n l y  t h o s e  s e g m e n t ~  w h i c h  c o r r e s p o n d  to  

f o r m s  a v a i l a b l e  in  t h e  lex icon ,  s u c h  t h a t  t h e  s e g m e n t s  

a r e  c o n t i g u o u s  a n d  no l e t t e r s  a r e  l e f t  u n a c c o u n t e d  

for .  T h u s  a s e g m e n t a t i o n  s u c h  a s  m e i n  + u n  + g fo r  

M e i n u n g  ( " o p i n i o n " )  c o u l d  no t  be p r o d u c e d  in  t h e  

f i r s t  p l ace ,  a s  +g+ h a s  no r e p r e s e n t a t i o n  in  t h e  

l ex icon .  The  n u m b e r  of  p e t e n t l a l  a n a l y s e s  i s  f u r t h e r  

r e d u c e d  b y  t h e  f a c t  t h a t  no b o u n d a r i e s  a r e  s e a r c h e d  

fo r  in  a w o r d  c o r r e s p o n d i n g  i d e n t i c a l l y  to  a s i n g l e  

u n i t  in  t h e  l ex icon ,  fo r  example  d e r  would  no t  be  

a n a l y z e d  a s  d + o r  o r  d + o + r . For  r e a s o n s  of  

r u n - t i m e  e f f i c i e n c y ,  a s t r a t e g y  i s  u s e d  w h i c h  

" p r e f e r s "  t h e  l o n g e s t  s e g m e n t s ,  s t a r t i n g  f rom t h e  

b e g i n n i n g  of  a g i v e n  word ;  t h u s  d e c k  + o n  ( " c o v e r " )  

wou ld  be t h e  f i r s t  s e g m e n t a t i o n  p r o p o s e d  b e f o r e  

d + e c k  + on .  The u s e f u l n e s s  of t h i s  p r i n c i p l e  c a n  be  

s e e n  f rom an  e xa m ple  l i ke  E i n t r i t t  ( " e n t r a n c e " ) ,  

w h e r e  t he  o r d e r  of  s e g m e n t a t i o n s  wou ld  be:  s i n  + 

t r i t t ,  s i n  + t + r i f t ,  e i  + n + t r i t t ,  e i  + n + t + f l i t ,  

e + i n  + t r i t t ,  e + i n  + t + r i f t ,  e + i + n + t r i t t ,  

e + i + n + t + r i f t .  The  f i r s t  d e c i s i o n  p r o p o s e d  b y  

t h e  p a r s e r  c a n  be p r o v e d  to be  t h e  c o r r e c t  one  in  

t h e  o v e r w h e l m i n g  m a j o r i t y  of c a s e s ,  w h i c h  a l l o w s  u s  

to d e l a y  r e q u i r i n g  a s e c o n d  p r o p o s a l  u n t i l  t h e  f i r s t  

h a s  b e e n  r e j e c t e d  on  s t r u c t u r a l  g r o u n d s  in  t h e  fo l l o -  

w i n g  s t e p  of  t h e  a n a l y s i s  p r o c e d u r e .  
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In  t h i s  s e c o n d  s t e p  t h e  p r o p o s e d  s e g m e n t a t i o n s  a r e  

e x a m i n e d  a s  to  t h e i r  c o n f o r m i t y  to t h e  p r i n c i p l e s  of 

Ge rman  m o r p h o l o g i c a l  s t r u c t u r e .  The  f o l l o w i n g  s t r u c -  

t u r a l  f o r m u l a  d e s c r i b e s  e v e r y  German w o r d ,  w h e t h e r  

of  n a t i v e  o r  f o r e i g n  e r i g i n :  

[P:  + S + Ds o + J ] :  

whereby:  

l lb . .  
a 

+,#  

# pa + S + DS + I t  
o o o 

. t h e r e  may be be tween  a and b s egmen t s  o f  t h i s  
t y p e  i n  a g i v e n  s t r u c t u r e  

r e p r e s e n t  m o r p h o l o g i c a l  b o u n d a r i e s  o f  d i f -  
f e r e n t  s t r e n g t h s  ( d i f f e r e n t i a t l o n  r e l e v a n t  f o r  
t h e  c o n t e x t  o f  c e r t a i n  p h o n o l e g i c a l  r u l e s )  

P . . .  P a r t i c l e  ( i n  g e n e r a l  e q u i v a l e n t  t o  i n s e p a r a b l e  
p r e f i x e s ,  e . g .  +e~zt+, +prfi+) 

S . ° .  Stem 

D . . .  d o r i v a t i o n a l  morph, a lways  a s u r f  i×  
( e . g .  + iS+, + m~g~) 

I . . .  i n f l e c t i o n a l  morph, a lways  a s u f f i x  
( e . g .  +em-,+e~) 

J . . .  j u n c t u r e  morph 
(e .  g. +ese  i n  B m ~ d e s b E d m  " n a t i o n a l  r a i l w a y " )  

The  s e g m e n t a t i o n  i s  a s s i g n e d  a s t r u c t u r a l  d e s c r i p t i o n  

b y  m a t c h i n g  t h e  c o m b i n a t o r i a l  f e a t u r e s  of  e a c h  u n i t  

w i t h  t he  m o r p h  s t a t u s  i n f o r m a t i o n  of  i t s  n e i g h b o u r  a s  

g i v e n  in  t h e  r e s p e c t i v e  l ex i con  e n t r i e s .  A m o r p h  may  

be s p e c i f i e d  a c c o r d i n g  to  t h e  f o l l o w i n g  p r o p e r t i e s  

a n d  in  t u r n  s e l e c t  c e r t a i n  v a l u e s  f o r  t h e s e  p r o p e r t i e s  

in  i t s  n e i g h b o u r :  

- n a t i v e  o r  f o r e i g n  s t a t u s ,  

- l ex i ca l  f u n c t i o n a l i t y  { th i s  p r o p e r t y  i s  m a n i f e s t e d  b y  

t h e  c a p a c i t y  to  r e c e i v e  i n f l e c t i o n ) ,  

-- m o r p h o l o g i c a l  s t a t u s  (as  in  t h e  a b o v e  s t r u c t u r e  

d e f i n i t i o n  w i t h  a d d i t i o n a l  d e t a i l e d  c l a s s i f i c a t i o n ) ,  

a n d  

- l ex i ca l  c l a s s ,  i .e.  p a r t  of s p e e c h  a s  r e f l e c t e d  in  t h e  

i n f l e c t i o n a l  e n d i n g .  

S p e c i f i c a t i o n  of  t h e s e  p r o p e r t i e s  is  o p t i o n a l ;  however~  

t he  more  i n f o r m a t i o n  p r o v i d e d ,  t h e  more  r e s t r i c t i o n s  

w i t h  r e s p e c t  to  t h e  g e n e r a l  s t r u c t u r e  f o r m u l a  a r e  

a c h i e v e d ,  so t h a t  t h e  n u m b e r  of p o t e n t i a l  l a b e l l i n g s  

i s  r e d u c e d  a n d  t h e  l a b e l l i n g s  t h e m s e l v e s  b e a r  more  

i n f o r m a t i o n .  T h u s ,  i t  i s  p o s s i b l e  to  p r e v i d e  a t  l e a s t  a 

p a r t i a l  t r e a t m e n t  f o r  w o r d s  w h o s e  s t e m s  a r e  n o t  roD-  

r e s e n t e d  in  t h e  2000 e n t r y  l ex icon .  

S h o u l d  no m a t c h  be o b t a i n e d  in  t h i s  s t o p ,  t h e  

p r o c e s s  i s  r e p e a t e d  w i t h  a new s e g m e n t a t i o n  u n t i l  

c o m p a t i b l e  s e t s  of  f e a t u r e s  a r e  f o u n d .  
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TXF'X 'FLSX 'FXJX FI....SX 'FXDX ' F X I V  
'FXF'X " fLSX "FXJX "FLSX ~XDX "FXZX f X I A  

Fig .  2: Sample  s e g m e n t a t i o n s  a n d  
s t r u c t u r a l  s p e c i f i c a t i o n s  

f / F . . . n a t i v e / f o r e i g n  
l / L . . . l e x i c a l / n o n - l o x i c a l  
X ... u n s p e c i f i e d  
P .,. p a r t i c l e  
S ... s t e m  
J ... j u n c t i o n  
D ,.. d e r i v a t i o n a l  m o r p h  
I ... i n f l e c t i o n a l  m o r p h  
Z .,. p a r t i c i p l e  m o r p h  
N ... n o u n  
A .,. a d j e c t i v e  
V ... v e r b  

Fig .  2 p r e s e n t s  e x a m p l e s  of  t h e  r e s u l t i n g  s e g m e n -  

t a t i o n s  a n d  l a b e l l i n g s .  We s e e  t h a t  t h e  f i r s t  

s e g m e n t a t i o n  of A n t e i l  ( " p o r t i o n " )  is  r e j e c t e d ,  a s  in  

t h i s  c a s e  t h e  s t em w o u l d  be p r e c e d e d  b y  a s u f f i x  

(+ant+ b e i n g  a l o n g e r  s e g m e n t  t h a n  +an+, i t  h a s  

r e c e i v e d  " p r i o r i t y "  u p  to  t h i s  po in t ) .  I n  t h e  s e c o n d  

s e g m e n t a t i o n ,  +an+ i s  c o r r e c t l y  r e c o g n i z e d  a s  a 

n o n - l e x i c a l  E~tem, u p o n  w h i c h  a l ex ica l  s t e m  may 

follow. I t  i s  no t  p o s s i b l e  to s p e c i f y  t h e  l ex i ca l  c l a s s  

s e l e c t e d  b y  +an+, a s  i t  c o m b i n e s  w i t h  a l l  p a r t s  of 

s p e e c h ;  a n d  a s  +toil+ c a n  f u n c t i o n  a s  a n o u n  o r  a 

v e r b  s t em,  t h e r e  r e s u l t  two  p o t e n t i a l  l a b e l l i n g s .  The  

a m b i g u i t y  c a n n o t  be r e s o l v e d  a t  t h i s  s t a g e .  

The f o l l o w i n g  exam ple  is  s o m e w h a t  more  c o m p l i c a t e d .  

C r u c i a l  h e r e  is  t h e  b o u n d a r y  b e t w e e n  t h e  two s t e m s  

of  t h e  c o m p o u n d  E r w e r b s t ~ t i K e n  ( " e m p l o y e e s " ) :  t h e  

p h o n o l o g i c a l  c o n s e q u e n c e s  of  a n  e r r o r  ( / I t /  i n s t e a d  

of  / s t / )  a r e  q u i t e  s e r i o u s .  A f t e r  t h e  c o r r e c t  s e g -  

m e n t a t i o n  h a s  f i n a l l y  b e e n  f o u n d ,  t h r e e  p o s s i b l e  

i n t e r p r e t a t i o n s  a r e  p r o p o s e d .  Note t h a t  +on+ c a n  

s e r v e  a s  a p a r t i c i p l e  m o r p h  (Z), so t h a t  t h e  w o r d  

w o u l d  s y n t a c t i c a l l y  f u n c t i o n  a s  a n  a d j e c t i v e .  

The  t h i r d  s t e p  c o n s i s t s  of a d d i t i o n a l  c h e c k s  a n d  

f i n e r  s p e c i f i c a t i o n s  in  o r d e r  to  i s o l a t e  t h e  c o r r e c t  

s t r u c t u r e  a n d  p a r t - o f - s p e e c h  a s s i g n m e n t  fo r  t he  

who le  word .  For  i n s t a n c e ,  i f  a s u f f i x  h a s  b e e n  

i d e n t i f i e d  a s  a p o s s i b l e  p a s t  p a r t i c i p l e  m o r p h ,  t h i s  

c o u l d  be  v e r i f i e d  b y  s e a r c h i n g  fo r  a c o r r e s p o n d i n g  

p r e f i x  (of. toil  + t " s h a r e s "  v s .  g e  + te l l  + t 

"shared"). A n o t h e r  c h e c k  c o u l d  e x p l o i t  c e r t a i n  r e -  

s t r i c t i o n s  on  t h e  s e q u e n c e  of  l ex i ca l  a n d  n o n - l e x i c a l  

s t e m s  in  a complex  word,, S u c h  t e s t s  h a v e  no t  a s  y e t  

b e e n  i m p l e m e n t e d .  

The  l ex i ca l  c l a s s  of  a Ge rman  w o r d  is, g e n e r a l l y  

s p e a k i n g ,  d e t e r m i n e d  b y  i t s  l a s t  e l e m e n t ,  so t h a t  t h e  

c l a s s i f i c a t i o n  a l g o r i t h m  m a k e s  u s e  of t h e  r e s u l t s  of 

t h e  m a t c h i n g  p r o c e s s  a t  t h e  e n d  of  t he  word .  Some 

d e r i v a t i o n a l  m o r p h s ,  e .g .  +un~'h  +keit+, +iech+,  p e r m i t  

u n a m b i g u o u s  c l a s s i f i c a t i o n .  U n f o r t u n a t e l y  t h e  same  

c a n n o t  be  s a i d  of  i n f l e c t i o n a l  e n d i n g s  in  p a r t i c u l a r  

a n d  m a n y  o t h e r  e l e m e n t s  a s  well ,  t a k e n  a lone .  By e x -  

p l o i t i n g  t h e  c o m b i n a t o r i a l  i n f o r m a t i o n ,  h o w e v e r ,  m a n y  

a m b i g u i t i e s  a r e  e l i m i n a t e d ;  m o r e o v e r ,  c a p i t a l i z a t i o n  

c a n  be t r e a t e d  a s  a s i g n a l  f o r  t h e  l ex i ca l  c l a s s  noun .  

Each  t e x t  u n i t  is  now p r o v i d e d  w i t h  a s t r u c t u r a l  

s p e c i f i c a t i o n  i~uch t h a t  t h e  p h o n o l o g i c a l ,  s y n t a c t i c  

a n d  p r o s o d i c  c o m p o n e n t ~  may o p e r a t e  on  it .  F ig .  3 

s h o w s  s e g m e n t a t i o n s  a n d  l ex i ca l  c l a s s  a s s i g n m e n t  f o r  

a s a m p l e  s e n t e n c e ;  b a s e d  on  t h e s e ,  t h e  p h o n o l o g i c a l  

c o m p o n e n t  a l r e a d y  in  p l a c e  d e t e r m i n e s  t h e  c o r r e c t  

p r o n u n c i a t i o n  a n d  g e n e r a t e s  t h e  I.P.A. t r a n s c r i p t i o n ,  

a l s o  g i v e n  in  f ig .  3. 

( R ) .i.. d i e + [ d i: ] 
( A ,  V) + r " i  c h t + i  g + e +  [ r  I g t  i g a  ] 
( N ) -~.z ~.~!r + 1 e g + L t n g +  [tsE ~ 1 e:g ~r~ ] 
(R)  + M e n +  [ v 3 ~  ] 
(N, A ) + w O r t  +er'r~-I. [v~r-'[ '; ~,~ ] 
(V) +:i. s t +  l i s t ]  
(A ~ V) + w i c h t + i g +  I - v z ~ t  i ( ;  ] 
( R ) + f  Lir + [T y:# ] 
(R) + d i e +  [ d i :  ] 

(N)  + b e + s t  i mm..~.un g-~ [ b e S t  z in~r~ 3 ] 
( A , N ,  V ,  A) + i  h r + e r +  [ i : r~2 ] 
( N,  V ) + a u s + s p r  a c h + e +  [ a s . [  p r  a::.: a ] 
( R ) + u n d + [ v ~.l t ] 
(N)  + b e + t o n + u n g +  [ba to :mr~3  ] 
( R ) + u n d + [ ~ n t ] 
( R ) +-f ( ) r  + [~ y:~ ] 

(R)  + d i e +  [di: ] 
(N) + e r ' + z  e u g + u r l g +  [~: ~ts0ig~rr] ] 
(R)  . I d e r  + [de :~  ] 

(N)  . . I . s a t z + m e l  o d + i  e+  [ z a % m e  1 od i :  i) 

Fig .  3: Sample  s e g m e n t a t i o n s ,  l ex i ca l  c l a s s  
a s s i g n m e n t  a n d  r e s u l t i n g  I.P.A. t r a n s c r i p t i o n  

N. . .noun;  A . . . a d j e c t i v e ;  V . . . ve rb ;  R° . ,o ther  
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4 .  C O N C L U S I O N  

A l t h o u g h  e x t e n s i v e  t e s t s  on  l a rge  c o r p o r a  have  no t  

a s  y e t  b e e n  c a r r i e d  ou t ,  e x p e r i m e n t s  wi th  o u r  c u r -  

r e n t  s y s t e m  pe rm i t  e v a l u a t i o n  of  fol lowing a s p e c t s  of  

t h e  morpho log ica l  a n a l y s i s  c o m p o n e n t  in  GRAPHON: 

- The d e v e l o p m e n t  of  t he  phonolog ica l  c o m p o n e n t  h a s  

s h o w n  t h a t  t h e  s e t t i n g  u p  of a c a t a l o g u e  of  

p r o n u n c i a t i o n  r u l e s  became s imple r  and  more 

s y s t e m a t i c ,  a n d  a t  t h e  same time, t he  r a t e  of  

t r a n s c r i p t i o n  e r r o r s  could be g r e a t l y  r e d u c e d .  

- A r e l a t i v e l y  limited n u m b e r  of  lexical e n t r i e s  is 

c apab l e  of  h a n d l i n g  a c o n s i d e r a b l e  q u a n t i t y  of  

r u n n i n g  text .  The morpho log ica l  i n fo rma t ion  s t o r e d  

in each  e n t r y  h a s  p r o v e d  to be r e l e v a n t  and  in 

g e n e r a l  s u f f i c i e n t  f o r  c o r r e c t  s e g m e n t a t i o n .  

However ,  in o r d e r  to i n c r e a s e  a c c u r a c y  in d e t e r -  

min ing  lexical c l a s s ,  a s  r e q u i r e d  b y  t h e  s y n t a c t i c  

a n a l y s i s ,  it would be a d v a n t a g e o u s  to e x p a n d  the  

n u m b e r  of  c a t e g o r i e s  r e p r e s e n t e d  in t he  lexicon 

e n t r i e s .  As it was  no t  c lea r  be fo re  t he  p r e s e n t  

t e s t s  exac t ly  which  addi t iona l  c l a s s i f i ca t ion  would  

be u se fu l ,  we c h o s e  to s t a r t  f rom a minimum and  

p r o v i d e  fo r  e a s y  f u t u r e  e x p a n s i o n .  For  example,  t he  

experiments confirm our assumptionthat it would be 

desirable to specify the potential junctures for a 

given stem and to differentiate several inflectional 

paradigms within a lexical class, in particular 

strong and weak verbs. These data would have 

resolved the ambiguities encountered for the 

sample words in Fig. 2. 

- As the aims of our system do not include any 

attempt to incorporate semantics and as moreover 

there is no feedback from the syntactic component 

planned, a unique structural specification cannot 

be expected in the case of ambiguities requiring 

reference to these structural levels. Since such 

ambiguities do not necessarily lead to incorrect 

grammat ica l  spec i f i ca t ion  and  on ly  r a r e l y  to 

i n c o r r e c t  p r o n u n c i a t i o n ,  t h i s  is  on ly  a r e l a t i ve  

l imitation.  

C o r r e c t n e s s  of  t he  phonemic  t r a n s c r i p t i o n  c e r t a i n l y  

a c c o u n t s  fo r  a g r e a t  p a r t  of  t he  qua l i t y  a n d  a c c e p t a -  

bi l i ty  of  a t e x t - t o - s p e e c h  sys t em.  N e v e r t h e l e s s  it is 

o f t e n  claimed {e.g. [6])  t h a t  s y n t h e t i c  s p e e c h  s h o u l d  

be e v a l u a t e d  a long  f u r t h e r  d imens ions ,  s u c h  a s  in te [ -  
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l ig ibi l i ty ,  l i s t e n i n g  c o m p r e h e n s i o n  and n a t u r a l n e s s .  

One goal  Of the  a p p r o a c h  p r e s e n t e d  h e r e  is to lay  

the  g r o u n d  fo r  t he  i n c o r p o r a t i o n  of  r u l e s  fo r  t he  

a s s i g n m e n t  and  rea l iza t ion  of  s t r e s s  and  i n t o n a t i o n  

p a t t e r n s  not  on ly  on  the  word  b u t  a lso  on  the  s e n -  

t ence  level.  T h u s  the  bas i c  phone t i c  t r a n s c r i p t i o n  will 

be e x t e n d e d  a n d  modified so a s  to give  a r e p r e s e n -  

ta t ion  c lose r  to n a t u r a l  s p e e c h .  
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