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Summary 

The phono log ica l  r u l e s  d i s c u s s e d  i n  t h i s  paper  a r e  par t  .of a  system 

which h a s  b e e n u n d e r  development a t  M.I.T.  t o  conver t  u n r e s f r i c t e d  t e x t  t o  

speech.  .- The system u t i l i z e s  a morph l e x i c o n  and a v o c a l  t r a c t  model. 

Although most of t h e  1 i . n g u i s t . i ~  a n a l y s i s  i s  done by decomposing words i n t o  

t h e i r  c o n s t i t u e n t  morphemes, such a system 1 s  no t  s u f f i c i e n t  f o r  u n r e s t r i c t e d  

t e x t .  I n  o r d e r  t o  a t t a i n  t h e  competence of a  comprehensive system, i t  w a s  

n e c e s s a r y  t o  develop a scheme f o r  d e a l i n g  w i t h  unrecognizablq  words. Thfs  

is c a l l e d  t h e  " le t te r - to-sound"  system.  

When a decomposi t ion fails, t h a t  i s ,  when a  word cannot be decomposed 

i n t o  I t s  cons- t i tuent  motphs o r  when i t  is t o o  i n f r e q u e n t  i n  t h e  E n g l i s h  

laneuage  t o  b e  inc luded  i n  t h e  morph l e x i c o n ,  t h e  " le t te r - to-sound"  system 

i s  invoked. The l e t t e r  s t r i n g  which i t  r e c e i v e s  is converted i n t o  a s t r e s s e d  

phoneme g t r i n g  u s i n g  two se ts  of o rde red  phono log ica l  r u l e d .  The f i r s t  set  

t o  be a p p l i e d  convec t s  l e t t e r s  t o  phonemes, f i r s t  s t r i p p i n g  a f f d x e s ,  then  

c o n v e r t i n g  consonants  and f i n a l l y  c o n v e r t i n g  vowels and a f f u e s .  The second 

set  a p p l i e s  an ordered  s e t  of r u l e s  which de termine  t h e  stress con tour  of 

t h e  phoneme s t r i n g .  

These r u l e s  w e r e  developed, by a p r o c e s s  of extensive s t a t i s t i c a l  a n a l y -  

sis of  Eng l i sh  words. The form of  the rtiles rerlects  the  f a c t  that p r o n u n c i a -  

tion of  vowels and vowel d i g r a p h s ,  consonants  and consonant c l u s t e r s ,  and 

p r e f i x e s  and s u f f i x e s  i s  h i k h l y  dependent upon c o n t e x t .  The method of order -  

i n g  r u l e s  a l lows  conver ted  s t r i n g s  which are h i g h l y  dependable t o  be used as 

c o n t e x t  f o r  t h o s e  r e q u i r i n g  a  more complex framework. De ta i l ed  s t u d i e s  

of a l l o w a b l e  s u f f i x  combinat ions and t h e  e f f e c t  of . ;~if f ixat i ,on on stress 

and vowel q u a l i t y  have a l s o  provided f o r  more r e l i a b l e  r c su t l t s .  
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I. The Text-to-Speech System 

A system to convert unregtricted printed text to speech has been under 

development for several years at M.I.T. 1,2,3 The approach has been to model 

the proces-s employed by a nat'ive speaker of English when reading aloud. In 

order to develop correct computational algorithms for the pronunciation of 

English words, it has been necessary to reflect the basic nature of linguis- 

tic processes. Consequently, considerable emphasis has been placed on the 

development of morphological and phon~logical analysis, stress patterns, 

parsing systems and prosodic correlates. 

It i$ possible, using the current system, to convert any English word 

or string df words in a textual representation to intelligible speech. In 

order to effect this conversion, a number of subsystems are utilized 

including mo~phological analysis, letter-to-sound rules, stress rules and 

phonemic speech synthesis. Prosodic studies are now in grogress; experi- 

mental parameters for fo contours and timing patterns will soon be included 

In %he system. 

The letter-string which represents a word is usually converted to a 

phoneme string in preparation for speech synthesis by a process of morpho- 

lop,ical analysis. Amorph lexicon c - o n t n i n i n q  approximately 11,000 entries 

has been d r v ~ l  loped and is  i l sed  i n  r o n  j r i n c t  ion with n rnorph dec*ompos i t  ion  

a l g o r i t h m .  I n c l u d e d  i n  the lexicon are two m a j o r  classes  oE rnorphs. One 

I 1  1 1  I I class is composed of roots such as trust" and snow, i . c .  ; words which cqlr 

occur alone, and bound roots such as -ceive perceive, receive, connive), 

rot- (rotary, rotate, rotor) and -miss- (dismiss, missive, permiqsiveness). 

A£ fixes make up the second class and may be attached either to roots or t c  



bound morphemes. Accompanying each l e x i c a l  e n t r y  is  i t s  phonemic representa-  

t i o n ,  i t s  morph class and its p a r t ( s )  of speech. 

Algorithfnic decomposifion of l e t t e r - s t r i n g s  models the p r ~ c e d u r e  used 

by a native speaker when confronted by a word which he does not  immediately 

recognize o r  has previously  no t  encountered. I f  the word i s  not  immediately 

1 I recognizable ,  i , e . ,  i f  ~t is  not  i n  t h e  l e ~ i c o n "  of the  n a t i v e  speaker i n  

i ts  e n t i r e t y ,  an at tempt w i l l  be made t o  break i t  a p a r t  i n t o  i t s  constitu'ent 

morphs. Such a process is  probably used when oAe reads a word s k h  a s  

"ant idises tabl ishmentar ianism,"  e a r t h r i s e "  o r  "cranappley f o r  the T i r s t  t i m e  

The a lgor i thm a l s o  models t h e  a b i l i t y  t o  recognize mutations such 2 s  

t h e  dropping of a fLbal s i l e n t  i e l4  (observe - observance),  t h e  doubling of 

a f i n a l  consonant (red-reddest') and the  s u b s t i t u t i o n  of ti1 f o r  f i n a l  [yl 

preceding v o c a l i c  s u f f i x e s  (glory - g l o r i o u s ) .  Morphophonemic r u l e s  are 

a l s o  included,  modeling the a b i l i t y  t o  g i v e  a c o r r e c t  pronunciat ion f o r  any 

p l u r a l  (horses ,  c a t s ,  dogs) or  pas t  tense ( q u i e t e d ,  hushed, whispered), and 

t o  p a l a t a l i z e  i n  appropr i a t e  contex ts  ( s c u l p t  - s c u l p t u r e ,  confuse - confu- 

s i o n )  . 
Another f e a t u r e  of t h e  a lgor i thm i s  a s e t  of selectional r u l e s  whit\, 

although very simple i n  form, choose the corpect  morphemic analysis from all 

p o s s i b i l i t i e s  i n  a large number of cases. A standard form f o r  sequences of 

morphemes is  compared with  each p o s s i b i i i t y ,  and r u l e s  describing p r e f e r r e d  

composition are used i n  a pa i rwise  comparison leading t o  an acceptable 

r e s u l t .  The word "formally" provides an example i n  which the o n l y  rule 

needed is one s t a t i n g  t h a t  a roo t  followed by a s u f f i x  i s  p r e f e r a b l e  t o  two 

concatenated r o o t s .  Poss ib le  decompositionsof the word "formally" are 



1 t detected as foklows (R represents root1' and $, tlsuf-fix") : 

form (R) + a1 (S) + ly (S) f o m  (R) + ally (R) 

for. (R) ,+ mall (R) + y (S) form (R) + all (R) + y (S) 

It is clear that the correct decomposition is the only candidate having the 

form of a single root followed by suffixes. 

When a complete morphemic analysis fails, that is, when a word encoun- 

tered by a'native speaker cannot be se~arated into its constituent morphemes, 

or when it is so infrequent in the English language that he has previously 

not encountered it, a "letter-to-sound" system is invoked, i . e . ,  an attempt 

is made to sound out the word letter by 'letter. The competence of a native 

speaker which allows him to perform this convemsion is based on correspon- 

dence& between l'etters and sounds in English which have been internalized 

through experience. (A native speaker will also apply the same correspon- 

dences to a foreign-word from any language of which he has nQ knowledge.) 

A scheme; to model this process,musE be made available, sequenced after the 

decomposition algorithm, in,order to be ablk to convert unrestricted text to 

speech. The text-ro-speech system includes a phonological model having a 

two-phase structure: the first phase is 3 set of rules which converts 

letters to phonemes, and the second is an algorithm for placement of stress 

on the converted phonemes. 

This system has been implemented ;In RCPI, on n DEC PDP-9 and on a PDP-10 

inbMAC LISP.  

Onp might ask why, with a set of letter-to-sound rules available, it 

is necessary to have a lexicon. There hre three reasons; all are restrictions 

which must be imposed om any viabl'e letter-to-sound system. -First, it has 



been observed t h a t  high-frequency wotds perhaps because of ex tens ive  use ,  do 

nbt  always fo l low le t te r - to-sound r u l e s .  For example, t h e  on ly  i n s t a n c e  i n  

which a f i n a l  Lf] is pronounced a s  /v/ is  i n  t h e  word "of I f  The l e t t e r  [w] 

9 I fo l lowing a consonant is  g e n e r a l l y  pronounced l i k e  t h e  [w] i n  sweett1 o r  

" t w ~ l l , "  b u t  i n  t h e  word "two" i t  is  not  pronounced a t  a l l .  A study5 of t h e  

200 most f r equen t  words i n  English according t o  t h e  Bl'own corpusb a s  made t o  

determine t h e i r  r e g u l a r i t y  of pronuncia t ion .  It w a s  found t h a t  a l though t h e  

r e g u l a r  case i s  t h a t  a f i n a l  [el preceded by a s i n g l e  consonant (o the r  than  [ rJ)  

lengfhhns t h e  preceding vowel, four  of t h e  200 words, i . e . ,  "haveft (compare 

I t  "behave, " "shave") , one, 11 I1 I I some" and come," (compare "ldne," "ode") a r e  

except ions.  The c a s e  of i n i t i a l  [th] i s  even more i r r e g u l a r  among high- 

I - -  

frequencyword$. I'n most Eng l i sh  words, i n i t i a l  ;th j is unvoiced as i n  

If J f  11 " t h i s t l e ,  fKin,"  " thesis . ,  However, twelve of t h e  200 words began with 

voiced [ t h l .  

Secondly, it must b e  recognized t h a t  t h e  f e t t e r ~ t o - s o u n d  r u l e s  which 

o p e r a t e  w i t h i n  a morpheme, do not ,  ~ e c e s s a r i l y  apply  a c r o s s  morph bounddries.  

In  p a r t i c u l a r ,  t h e  p ronunc ia t i an  of compounds t e q u i r e s  a l ex icon .  Such-words 

as "hc&house" o r  "potherbff  might e therwise  appear t o  c o n t a i n  t h e  consonant 

c l u s t e r  l t h ] ,  and t h e  motph-final s r l e n t  e ]  i n  "houseboatf1 would certain1 y not 

be s i l e n t  i f  t h e  word were n o t  recognized as a compound. The a p p l i c a t i o n  of 

le t te r - to-sound r u l e s  must t h e r e f o r e  be restricted to words conta in ing  no more 

than  a s i n g l e  r o o t .  

Thirdly, f o r e i g n  words which r e t a i n  t h e i r  o r i g i n a l  p r m u n c i a t i o n  must 

be l e x i c a l  e n t r i e s .  The e n t r i e s  may be made i n  t h e  same way a n a t i v e  speaker  

of E n g l i s h  m u l d  add a f o r e i g n  word to h i s  vocabulary,  i.e., by pronouncing i t  



as if 13 were an English word (using English letter-to-sound rules) until 

informed of its correct pronunciation, and then plaCing it in his mental 

lexico?. 

It is apparent, then, that both morphnlogical and phonological 

systems are necessary and that together, in sequence, they can provide a 

phonemic representat ion fo r  any English word presented for conversion t o  

speech. 

Although, at present, there is no ingergction between the decomposition 

and letter-to-phoneme algorithms, a more highly efficient System could be 

developed in the future. The size of the lexicon could be reduced, f6r 

example, by app.l!ication of stress placement rules to the output 8f the 

decomposition algorithm or by omitting unnecessary phonemic representations 



The c ~ n v e r s f o n  of a  l e t t e r  s t r i n g  t o  a phoneme s t r i n g  i n  the l e t t e r - t o -  

sound program prdceeds i n  t h r e e  s-ges. In t h e  f i r s t  s t age ,  p r e f jxes  and 

s u f f i x e s  are de tec ted ,  (cc. Figure I )  Such a f f i x e s  appear' im the l i s t . o f  

phonological r u l e s .  Each i s  c l a s s i f i e d  according t o  :13 i ts  p o ~ s i b l e  p a r t s  

of speech, (2) t h e  poss ib le    arts pf speech b f  a a s u f f i x  preceding i t ,  f%) i t s  

r e s t r i c t i o n  o r  l ack  of r e s t r i c t i o n  t o  word-final pos"i5op and (4) i t s * a b i t l i t y  

t o  change a preceding Ly] t o  [i] or  t o  cause the omission of a preceding [el. 

Pref ixes  aye given no f u r t h e r  spec i f i ca t i on .  

D e t e c t i o ~  of suffixes proceeds i n  a xight - to- lef t ,  longest-match-first  

fashion. When no add i t i ona l  ~ f f i x r a s  c-an be d'etected, or; FJhe~ a poss ib le  

s u f f i x  is  judged as syn tacSica l ly  incompatible with i t s  r ight-adjacent  suTfix 

by a parts-of-speech tes t  using c l a s s i f i c a t i o n s  ( I )  and (2) above, the  pa- 

cees is terminated. F ina l ly ,  p r e f ixes  are detec ted  2eft- to-sight ,  a 1 s o . b ~  

longes t  match first. I f  at  any t i m e  the removal of an a f f i x  would leave  no 

consonant o r  no vowel i n  t h e  remainder of t h e  word, the  a f f i x  i s  not removed. 

Example : 

d k t  ;+ ate + or + s h i p  

ship: (a) nominal s u f f i x  

(b)  fol lows nominal 
s u f f i x  

or :  (a)  nominal s u f f i x  

(b) fo$lows verba l  
s u f f i x  

ate: (a) ve rba l ,  nominal 
and a d j e c t i v a l  

(b) f o l ~ o w s  ve rba l ,  
nominal and ad j ect- 
i v a l  s u f f i x e s  

d i c t  + ate + o r  + sh ip  

poss ib le  suffix ana lys i s  

p a r t s  of speech a r e  compatible; 
ana lys i s  accepted. 



Example : passing 

pa 4- s + s + i n g  p o s s i b l e  s u f f i x  ana&y.qis 

ing: (a) nominal and 
vefba l  s u f f i x  

(b) follows nominal 
or verbal s u f f i x -  

s: (a') nominal and 
verbal s u f f i x  

( b )  follows nominal and 
verbal suffixes 

(c) appears on ly  in unacceptable ana3ysis 
in word-final posi t ior r  

pass 4- ing correct analysis 

Example; finishing 

f i n  + ish 4- ing 

ing: (a) nomingl and verbal 
su f f ix  

(b) follows nominal or 
verbal su5f ix 

ish: (a) adject iva l  

( b )  f o l l o w s  n o m i n a l  c>Y 
ad j PC t i v x l  su Ef ix 

f i n i s h  + i n g  

poss ib le  suffix analyslg 

parts of speech not 
compatible 

correct analysis: root 
functions. as verb with 
verbal endxng, is11 



The domain of a p p l i c a t i o n  of t h e  second s t a g e  r u l e s  excludes any 

previously  recognized a f f i x e s  and i s  assumed t o  be a s i n g l e  morpheme. This  

s t a g e  i s  intended pr imar i ly  f o r  consanant r u l e s  and proceeds from t h e  l e f t  of 

t h e  s t r i n g  t o  t h e  r i g h t .  Extsnding the  domain t o  t h e  whole l e t t e r  s t r i n g  

once aga in  f o r  t he  t h i r d  s t a g e ,  a phonemic r ep re sen ta t i on  is given t o  a f f i x e s  

and t o  vowel6 and vowel d igraphs ,  ( c f .  F igure  1). 

Phonemic repr 'esenta t ions  are produced by a s e t  of ordered r u l e s  which 

convert  a letfer string t o  a phoneme sGri&g i n  a given con tex t .  Bgth l e f t  

and right contex t s  are permitted i n  t h e  expression of a r u l e ,  and may conta in ,  

v a r i a b l e s  a s  w e l l  as  let ters  o r  phopemes Any one context  may be composed of 

e i t h e r  l e t t e r s  and letter v a r i a b l e s  o r  of phonemes and phoneme v p r i a b l e s -  

Combination of these p o s s i b i l i t i e s  f o r  both  l e f t  and r i g h t  con tex t s  al lows 

fog four p o s s i b l e  c o ~ t e x t  types .  One cype Q £  r u l e ,  f o r  exapple,  makes i t  

poss ib l e  t o  convert  a p a r t i c u l a r  le t ter  s t r i n g  t o  a phoneme s t r i n g  only i f  t h e  

l e f t  context  i s  a s p e c i f i e d  phoneme s t r i n g  and t he  r i g h t  context  is  a spec i f i ed  

l e t te r  string. 

The method of o rder ing  r u l e s  a l lows converted s t r i n g s  which a r e  h ighly  

dependable t o  be used a s  con tex t  f o r  those  r e q u i r i n g  a more complex frame- 

work. Because t h e  pronuncia t ioh  of consonants is least dependent uDon con tex t ,  

phonological r u l e s  f o r  consonants are app l ied  f i r s t ,  i . e . ,  i n  the  second s t a g e .  

Rules f o r  vowels and a f f i x e s ,  r equ i r ing  more s p e c i f i c a t i o n  of environment, 

are appl ied  i n  t h e  t h i d d a n d  f i n a l  s t age .  With the  b e n e f i t  of a previously 

converted consonant framework and t h e  op t ion  of inc luding as context  any 

phoneme t o  t h e  l e f t  o f  a s t r i n g  under cons idera t ion ,  t h e  t a s k  of conve r t i ng ,  

voweks and a f f i x e s  is s imp l i f i ed .  



DENOMINAT IONS Input 

DENOMIN + ATE + I O N  f S 

DE = NOMIN + ATE + I O N  +S 

-- = n-m-n 4 --- +. --- + - 

S t a g e  1: (a) r e c o g n i t i o n  and i s o l a t i o n  
of  s u f f i x e s  

(b )  rep-ogni t ion  and i s o l a t i o n  
of  p r e f i x e s  

Stage 2: conve r s ion  of consonants  in 
r o o t  

dx = n-m-n + --- + --- + - Stage 3 :  (a) convers ion  of p r e f i x  

dr = namrn + --- + --- + - (b) . convers ion  df vowel s i n l  
r o o t  

d z  = namzn + e l  + a n  + z (c) conversion of s u 1 f i x e s  

R e s u l t  of Stress Placement Rules  

A l l  phonemes are  given i n  IPA symbols. A dash ) serves as a 

place-ho lder  f o r  a letter which has not yet bpen converted; an e q u a l s  

sign (=) fo l l ows  each  prefix; a p l u s  (+) precedes  each suffix The result, 

of stress placement r u l e v  i s  also given. 

F i g u r e  1 

Application of Letrer-to-Solin-d Rules 



within the two sets of rules for conversion of consonants and vowels, 

ordering proceeds from longer strings to shester strings and, for each 

string,,from specific context to general context. The rule for pronuncia- 

tion uf [cch] , then, appears before rhe rules for [cc] and ich], each of 

which is ordered before rules for LC] and [h]. Procedures for the recog- 

nition of prefixes and suffixes also require an ordering: t'le pfefixes 

lcomj and [con] must be ordered before [co]; any suffSx ending with the 

letter Ls] must be recognizpd before the suffix consisting of 'that letter 

only. 

As an example of ordering rules for a particular string, consider 

the vowel [a] and .assume that it is followed by the Letter Cr]. This [a f 

1 I may be pr,onounced like the [ a? in "warp, " "lariat" or carp" depending 

upon spebif ication of further context. It is pronounced like the [ a] in 

I I carp" if it is followed by [r] and another consonant (other than Lr]) 

and if it is preceded by any consonant phoneme except /w/ (n,ote "quarter, 11 

"wharf") Consequentlv, a rule for [a1 in the context of being preceded 

7 by the phoneme /w/ ~d.followed by the sequence [ r ~ ]  is placed in the set- 

of rules. ~~rcif'ication of a left context in the rule for the [a] in 

11 carp" is subsequentl! Unnecessary. If the [a] is preceded by a /w/ ,  t h i s  

rule will never be reached; if preceded by a vowel, a rule for vowel 

digraph9 will already have- applied. Using this method. rules may be stated 

simply and without redundancy. 

Development of the set of phonological rules was begun by informal 

8 inspection and reference to published works, e.g. ,  Venezky. By ,a process 

of extensive statistical analysis, other rules were added and ordered 



a p p r o p r i a t e l y .  The. p r i n c i p a l  source  of words was t h e  Merriam Websteb .Pockef 

9 Dic t iona ry .  A computer p r in t -ou t  was generafed i n  which a l l  words con ta in -  

ing each let ter and each s p e c i f i e d  c l u s t e r  of let ters were i s o l a t e d .  Within 

each ca t ego ry ,  words w e r e  s o r t e d  alphabetically accord ing  t o  t h e  riglit-hand 

con tex t  of the l e t t e r ( s )  under c o n s i d a r a t i o n .  In  a d d i t i o n ,  walker's rhyming 

d i c t i o n a r y  lo w a s  used t o  determine  p ronunc ia t i on  of s u f f i x e s  and t h e  e f  f e c t  

of s u f f i x a t i o n  on preceding phonemes. Words from L b  Brown Corpus, t h e  

I1 12  
Her i t age  Eng l l sh  D ic t iona ry  ahd Stedman's Medical Dic t ionary  have heed 

used i n  testing procedures .  

Examples Of Rule App l i ca t ion  

I n  t h i s  s e c t i o n ,  a number of words  w i l l  be analyzed accord ing  t o  t h e  

phonological  r u l e  program. I 'ntermediate ou tpu t ,  i .e . , . th'e  r e s u l t s  of the 

f i r s t  and second s t a g e s ,  w i l l  be  provided for each word, and the r u l e s  which 

have been a p p l i e d  t o  produce t h i s  ou tpu t  w i l l  be d i s cus sed .  G e n e r a l k a t i o n s  

of t h e s e  r u l e s  and r u l e s . w h i c h  are b e l i e v e d  t o  he r e l a t e d  w i l l  b% inc luded  

i n  the  d i s c u s s i o n  whenever possible. A l l  phonemes axe given i n  IPA Symbols; 

a dash ( -  i s  a place-holder  fo r  a l e t t e r  which i s  t o  be converted i n  a later 

s t a g e .  The r e s u l t  o f  a p p l i c a t i o n  of stress r u l e s  ( t o  be discussed l a t e r )  

is given without  comment fo l lowing  each  d e r i v a t i o n .  

A. PTOLEMAIC Input  

PT~LEMA + IC R e s u l t  of Stage 1 

t - l -m- + - R e s u l t  of Stage  2 

t a l ~ m e  + xk R e s u l t  of S tage  3. 

F i n a l  result after stress --primary stress 
appea r s  wer t h e  /el and secondarj: stress , 

ove r  t h e  /a/  



In the first stage, [icl is recognized as a suffix and a plus (+) is 

inserted to its left. Since no \other affixes are recognized, Stage 1 is 

terminated. 

Morph-initial Cpt) is pronouhced It/, and [ 1) and [m] are given the 

pronunciation= /1/ and /m/ respettively, according to the most general rule 

in the rule sequence for each. (The most general rule is the final rule in 

the rule sequence and contains no specified context.) 

In Stage 3, the contexts of the vowels lo ]  and [el are not among 

those contexts specified in the sequence of rules and are pronounced accord- 

ing to the final, context-independent rule. The vowel lal, on the other 

hand,, precedes anokher vowel and, for this reason is lengthened (tensed). 

The suffix [+ic] is word-final and receives the pronunciation /TIC/, In the 

final result, stress rules have beeg applied and unstressed non-tense vowels 

have been reduced. 

Generalizations and Relhted Rules 

) Morph-initial Lpm] and [ps] are given the pronunciations /n/ and 

/s/ respectively, the [ p] remaining silent as in morph-initial Lptl. 

2.) Vowels in pre-vocalic position are usually lengthened (tensed). 

3 4  There is only one context in which [ ic] is pronounted /IS/ rather 

than /zk/, i.e., preceding the variable representing the vowels 

Cif, l e 3  and CYI. 
B. TABLE Lnput 

TABLE Result of Stage 1 

t-b -1 Result of Stage 2 

teE 1 Result of Stage 3 
- ---------------------------------------------------------*-------------------- 



1 
t e b  .1 

-16- 

Final  r e s u l t  a f t e r  stress 

The , reSu l t  of Stage 1, i n  t h i s  case ,  i s  t h e  same a s  t h e  input  since 

no a f f i x e s  are de tec ted .  

T h e  le t ter  Lt7 is  pronounced by t h e  most genera l  r u l e  i n  i t s  r u l e  

sequence, ahd Lb] has  oniy one given pronunciat ion.  However, [I] precedes  

morph-final [el and i s  i t s e l f  preceded by another  consonant, [b]. & t h i s  

contex t ,  [I] is s y l l a b i c .  

The sequence [ b l e l  now forms a very  s p e c i f i c  context  f o r  t h e  t h i r d  

s t a g e .  .The  le t ter  l a ]  when followed by L C l e ]  i s  lengthened i f  t h e  conso- 

nant ,  C, is n e i t h e r  i r l  nor  111. The vowel [ e l  i s  morph-final and the re -  

fore s i l e n t .  

General izagions and Related Rules 

1 .) The r u l e s  f o r  [ bt] and [mb] d I which the Cb'J is s i l e n t  are 

sequenced preceding t h e  s i n g l e  r u l e  for. Cb]. 

2.) A l l  vowels except  [e l ,  i f  l oca ted  i n t h e  f i r s t  s y l l a b l e  of a 

morph, a r e  long i f  followed by C ~ l e # ]  where C is  n e i t h e r  [r] 

nor [I]. Examples a r e  "maple, "bible  , I 1  "ogle" and "bugle. 11 

I I An exception is  triple." The letter [el apears  t o  be long 

In this contex t  only i f  i t  i s  p a r t  of s vowel digraph,  e-g., 

t h e  vowel i n  " t reb le"  is short, but  t h e  vowel digraphs i n  

"eagle," "people" and ' 'beetle' ' a r e  long. Vowels i n  this 

context  which do not  appear i n  t h e  f irs t  s y l l a b l e  must be con- 

ve r t ed  t o  s h o r t  pronunciat ions  so t h a t  they w i l l  not  be given 

primary stress by t h e  stress rules,  e . g . ,  "monocle," " 'barnacle.  11 



C. CARIBOU 

CARIBOU 

k-r-b-- 

k grrbu 

Input 

Result of Stage 1 

Result  of Stage 2 

Result  of Stage 3 

-----------------k---------------------r------------------------ 

1 
k-derzbu Final  r e s u l t  a f t e r  stress 

During Stage 1, no a f f i x e s  a r e  de tec ted .  Converting consonants i n  

Stage 2 ,  we f ind t h a t  Lr'J i s  pronortnced according t o  t he  most genera l  r u l e  

i n  i t s  r u l e  sequence and t h a t  [b] has only one given pronunciation.  The 

letter LC], because i t  precedes la], is pronounced /k/. 

When [a] precedes tr] which, i n  t u r n ,  precedes e i t h e r  a vowel o r  

another  Lr] d t h i n  the same morph, i t  usually has t he  pronunciation /=/. 

The let ter  (11, following i t s  most general  pronunciation,  i s  assigned the  

phoneme /r/. Morph-final Lou) i s  given t he  pronunciation /u/. 

Genera l iza t ions  and Related R u l e s  
- -- - - 

1.) The letter Lr'J is  s y l l a b i c  i f  preceded by a consonant o ther  

than [r] and followed by a morph-fi-1 [el, (e .g? ,  "acre"), 

or the in£  l d c t i o n a l  s u f f i x e s  [+s] o r  \+ed). 

11 2.) The let ter  [dis pa la t a l i zed  i n  some cases ,  e.g., s p e c i a l ,  I I 

11 (context:  [v-i~]) "ancient,  (context:  n V  It is  

assigned the phoneme / d /  l a t g r  in its r u l e  sequence i'f i t  i s  

followed re], LiI o r  [y] .  It may be noted t h a t  this? i s  the  

same context which ass inns  t he  pronunciation /rs/ t o  t h e  s u f f i x  

[+ic] . If [ c] is  followed by [a], [o] or [u) , it is usually 

pronounced /k/, 'as i n  t h i s  example.. 



3 . )  -hen [a) precedes [rl and [rl is - not 4ollbred by either a vowel 

or another [r] within the same morph, [a1 is pronounced /a/, (e .g . , 
"far, " "cartoon") unless preceded by the phoneme /w/ , e .  g. , 

'11 11 "warble, I' "warp, war, " "wharf ," "quarter") . 
11 4 .  ) In a word such as macaroon," the [a] preceding [ ~ v J  is assigned 

prpnunciation /x/ in the phonological rules and is reduced to 

schwa in the stress rules because it is unstressed. 

D. S C E N 4 I O  Input 

SCENARIO Result of Stage 1 

ss-n-r-- Re'sult of Stage 2 

ssXnario Result of Stage 3 

s-rn b~rio Final ~ s u l t  af;ter stress 

In Stage 2 -we find that the consonant cluster [sc], like the let.ter 

[ c ] ,  usually has the sound of /s /  preceding [el, ti] or Cy]. The letter [r] 

does not occur in any cohtext given in its rule sequence and is therefore 

given h s  mosg general pronunciation. Thereis only one rule for the pronun- 

ciation of Cn] . 
Moving on to Stage 3, the vowel [el receives the pronunciatian /t/ 

given by its most geperal rule. The vowel [a] follows the rule given in the 

previous example. The yowel [o] is morph-final and has the feature 

[-constricted pharynx], and is lengthened acco~dingly. Because the vovel [i] 

precedes another vowel,, it is lengthened also. 
13 

Generalizations and Related RuleG 

1.) The consonant cluater [ s c ]  is given the representation of a 



double phoneve because t h e  informatton that it is orthographi- 

cally a double consonant i s  needed both i n  t h e  vowel r u l e s  and 

i n  t h e  rules for) stress; I t  i s  l a t e r  reduwd t o  a s i n g l e  phoneme. 

2 . )  Two o t h e r  con tex t s  or [sc] must b e  ordered before  the  r u l e  which 

I 1  app l ied  t o  scena r io  . I t  I f  [sc] precedes [i) followed b y  anorrler 

vowel, and c e r t a i n  l e t t e r s  precede [ s c j  , a p a l a t a l i z a t i o n  

e f f e c t  i s  nbserved. When preceded by a vowel i n  t h i s  contex t ,  

I t  
[ s c ]  becomes /I/, e .g . ,  prescience" ; when preceded by an [ n l ,  

t t  i t  becbmes /;I o r  /t$/, e.g., ~ o n s c i o u s .  I I  

3 .  ) The pronunciat ion Lsc] r ece ives  i n  "scenario" i s  a l s o  found 

preceding s y l l a b i c  [l] i n  ewmple B. 

4 . )  I f  none of the con tex t s  mentioned i n  2 . )  o r  3.) are found, the 

phonemic r e p r e s e n t a t i o n  of [ s c l  becomes /sk/ . 
5.) The reduct ion  of / € /  t o  /T/  occurs  i n  t h e  s t r e s s  r u l e s .  

E. SUBVERSION Znpu t 

SUB = VERS + I O N  Result  of Stage 1 

sab = vtjrg + an 

Resul t  of Stage 2 

R e s y l t  of Stage 3 

-------------------------------------------------------------- 
2 1 

ssb=v 5 ;+an Final result a f t e r  s t r e s s *  

I n  t h i s  example, t h e  w f f i x . l + i o n ]  and the pre f ix  csub=] a r e  yecog- 

nized i n  Stage 1 .  

There i s  only one pronunciat ion provided for the consonant [v], and 

[rJ, because i t  does not f i t  a s p e c i f i e d  context  f o r  s y l l a b i c t r ]  is given 

t h e  s tandard pronunciat ion.  The l e t t e r  [s] i s  followed by t h e  sequence L-kLv], 



making it a candidate for palatalization. The palatalization rule whfch 

9 
applies assigns the phoneme / z /  

In the final stage of letter-to-phoneme conversion, the affixes and 

vowels are considered. The prefix [sub=) has only one possible pronuncia- 

tion. The letter [el, because it precedes the sequence [r~] where the 

consonant, C, is not an [I;], is given the pronunciation / A / .  The palatal 

phoneme /;/ now forms a left context for -the suffix [$ion], which, being 

word-final, is pronounced /an/. 

Generalizations and Related Rules 

1 .) Because (+s] is marked as occurring in word-f inal position orly, 

ihe \s] preceding [+ion] is not recognized as a suffix*. This  

step also prevents the [eK] preceding the is] from considera- 

tion as a possible suffix. 

2.) When an [s] pre~~ding the sequence [+i~] or [i~] is preceded by 

either a vowel o r  an [r], it is usually pronounced /;/. Some 

11 11 I1 examples are revision, artesion, " "Persian" and "dispersion" ; 

two exceptions are "controv~rsial" and "torsion. " When [ s ]  2s 

preceded by [I], and when it occurs as part of the consonant 

cluster [ s s ]  , the phoneme preceding the  \ v o w e l  sequence is /f/ , 
I t  e . g . ,  emulsion," "Russian." A third pronunciation i s  observed 

11 11 It when [s] is preceded by [n], e .  g., transient, comprehensi~a. 1 I 

3. ) The sequence /A r /  is la tef changed to / r / .  
4 .  ) The sequence [ion1 following a non-palatal i z e d  consonant is 

I1 11 pronounced / i a n /  , e .  g. , "oblivion, criterion, " "champion. I I 



5. ) The suffix [f ion] may be given other prolluhciations i f  not- morph- 

f i n a l .  For example, i t  is  pronounced /+idn/ i n  ganglidnic" and 

" h i s t r i o n i c .  1 I 

F. SCIENCE Input 

S C I  + ENCE Resul t  of Stage 1 

ss- + ---- Resul t  Stage 2 

s sa  + 'ms Resu l t  of  Stage 3 

,------&---------------------------------------------------. ------- 
1 

s iu + r n s  Final result a f t e r  stress 

In  Stage 1, L-tence] i s  recognized a s  a s u f f i x .  The consonant c l u s t e r  

[sc,] precedes [i] and is t h e r e f o r e  given t h e  pronunciat ion /ss/,  l a t e r  

changed t o  /s/ as described e a r l i e r .  The pronunciat ion of [i] preceding a  

vowel as / / i s  a consequence of i t s  l e f t  contex t  being a morph-ini t ia l  % 
cmsonant  c l u s t e r .  

Genera l iza t ions  and Related Rules 

1.) Although [+ience] i s  a p o s s i b l e  suffix, it i s  n o t  r e c o ~ n i z e d  as 

such i n  this case  because of the requirement' that at  least one 

consodant and one vowel remain i n  the "root ."  T h i s  s t i p u l a t i o n  

forces t h e  c o r r e c t  s u f f i x ,  [-I-ence], t o  be recognized. 

2.) Because [ s c ]  is m o e h - i n i t i a l ,  i t  is not palatalized even though 

i t  precedes t h e  sequence [i~]. 

3 , )  The l e t t e r  [iJ is a l s o  pronounced /y/ i'f it i s  followed bv a 

vowel and is morph- in i t ia l ,  e . g . ,  " i o t a ,  11 11 lambic. t t  



NEUTRALIZATIONS 

NEUTR + AL + IZE + ATE -H ION + S 

L - I cycle -4 - 

--- - - --- .- - c y c l e  5 -  

- c y c l e  6 -- I . 
(no c y c l e  a c t u a l l y  app l i ed  because 

+s i s  i n  a s p e c i a l  s t r e s s - exc lu s ion  

ca tegory)  

F igure  2 

Cyclic Rules  ( F i r s t  Phase) 

Domain of A p p l i c a t i o n  



NOTATION 

vowel 

consonant 

a t  l e a s t  i consonants 

a t  most j consonants 

a t  l e a s t  i consonants) a t  most j con\sonants 

v a r i a b l e s  

a weak s y l l a b l e ,  i,e, a shgr t  vowel followed by 
no mgre than one consonant (a s y l l a b l e  begins ' 

with  a vowel and terminates  (a) i m e d i a t e l y  
before  t h e  next vowel o r  (b) immediately before  
a formative boundary i f  one occurs before t he  
next  vowel 

a f e a t u r e ,  e. g. , [ -long], C1 stress], o r  a phoneme 
with spec i f i ed  f e a t u r e ( s )  , 

e * g * y [ ,  st:ess] 

e i t h e r  A o r  B o r  ... o r  P 

op t iona l  element; materi-a1 i n  parentheses i s  
neglectell i f  and only if i t  does not  correspond 
t o  context  i n  t h e  word under considera t ion  -- 
word context is compared with r u l e  context by 
f i r s t  comparing i t  wi th  t he  ~aximum s t r i n g  i n  
the r u l e ,  i . e . ,  wi th  a l l  parentheses r e m d ~ e d , ~ a n d  
then by ignoring parenthesized ma te r i a l  beginning 
a t  t h e  i n n e q o s t  parentheses. and proceeding ' to  
t h e  outermost parentheses 

aomain of r u l e  -- formativ,e boundqries of s t ' r ing 
under considera t ion  f o r  cyc l l c  r u l e s ,  word-bound- 
aries fo f  l a s t  cycle and f o r  non-cyclic r & l e s  

subsc r ip t s  -king appearance of op t iona l  elements 
condi t iona l  ( ac tua l  condit.ion given below r u l e )  

Figure 3 .  



assign feature(s) L y ]  to element X in the 
context YXZ 

assign feature(%) LyJ to ag element X with 
spec i f i ed  f eakure (8) c z ]  in the cootext PXZ 

Figqre 3 (concluded) 



START 

' S t r i p  off  all 
suffixes f o r  
f i r s t  doma in of 
application 

Figure 4 .  

Strew Rules - F l o w  Chart 
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Figure 4 .  (concluded) 
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Strong F i r s t  Syllable 
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; Apply 
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Vowel  Redpct i Jn 

Rules 
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Main S t r e s s  Rule ( c y c l i c )  

/ Ex-c~ 

S t r e s s e d  Syll able Rule. C- 

Condit'ions: (1)  no stress placement t o  t h e  
l e f t  of a p r e f i x  boundary 

(2)  i f  right-most morph is  a 
s u f f i x ,  test far s p e c i a l  
stress placement ca tegory;  
a s t i g n  [l stress] o r  s k i p  
cyc-le accbrding t o  ca teaorv .  

(cycl i c )  

Condit ions:  (1) Y c b n t a i s s  no pr-Pmary stress 
(2)  m s t r e s s  placement t o  t h e  

l e f t  of  a preEix boundary 

[ ~ l t e r n a t i n ~  S txess  Rule ( c y c l i c )  

V+[I stress] / EX C~ (v) 
Dest ress ing  RuI-e (non-cycl i c )  

Conditions: (1)  i f  ( ) , i s  n o t  p r e sen t ,  ( 
must be p re sen t  

( 2 )  not  app l ied  t o  t h e  f i r s t  vowel 
i f  a p p l i e d  to' second' vowel 

Compound S t r e s s  Rule (non-cyclic) 

Y ]+[I s t r e s s ] /  1 stress - 

Conditions: (1) Y con ta in s  no 1 s e r e s s  
(2) if right-most morph is a s u f f i x ,  

check f o r  s p e c i a l  stress xeten- 
t i o n  o r  s-tresg exclus ion ca tegory  
and r e a s s i g n  [1 stress] according 
t o  ca tegory .  

S t r e s s  Placement Rules 



Strong First Syllable Rule (non-cyclic) . 
v + [ I  stress] f/ Go 

Condition: ( I )  ( 

present 

Cursozy Rule (non-cyciic) - 

Condition: (1) if right-most mbrph is a 
suffix, check for stress 
exclusion category 

Vowel Reducti~n Rules (non-cyclic) 

Figure 5. (concluded) 



I .  Lex ica l  S t r e s s  Placement 

The stress r u l e s  which have been implemented are a modi f ica t ion  of 

a se t  of ordered r u l e s  developed by Halle. ~ o d i f i c a t i o n s  f a l l  i n t o  t h r e e  

c a t e g o r i e s :  (1) adjus tments  due t o  t h e  corrdi t ion t h a t  input is completely 

phonemic, ( 2  reduc t ion  of  t h e  numbeir of s t r ~  4 s  t o  1 stress 

(primary) 2 .* stress ( s t r e s s  less tban  pr imary)  ~ L I U  0 stress, and (3) 

a d d i t i o n  o f  s p e c i a l  s u f f i w d e p e n d e n t  stress c a t e g o r i e s .  

Appl ica t ion  of t h e  r u l e s  proceeds i n  two phases.  The f i r s t  phase 

cons is.^^ of  t h e  a p p l i c a t i o n  of t h r e e - o r d e r e d  r u l e s  which are app l ied  c y c l i -  

c a l l y ,  f i r s t  t o  t h e  r o o t ,  then t o  t h e  r o o t  and lef t -most  suff ix ,combined.  

The p r o c e s s  con t inues  w i t h  one more s u f f i x  adjoined t o  t h e  s t r i n g  under 

c o n s i d e r a t i o n  be fo re  each c y c l e  begins  u n t i l  t h e  end of t h e  word is reached.  

This c y c l i c  phase i s  devoted s o l e l y  t o  the placement of primarLy stress. 

The second, non-cyclic- phase,  i nc ludes  t h e  appli-ion -to t he  e n t i r e  word 

of ordered r u l e s  and reduces  a l l  but  one of t h e  primary stress marks t o  

secondary o r  zero  stress. 

I n  t h e  fo l lowing s e c t i o n ,  stress placement r u l e s  w i l l  be given i n  sym- 

b o l i c  form. Each r u l e  which con ta in s  more than one c a s e  is  brdken down lint0 

cases f o r  w h i c L b r i e f  d e s c r i p t i o n s  and examples a r e  g iven.  The r u l e s , a r e  

1 1  l i s t e d  i n  the orde r  i n  which they apply and a r e  marked e i t h e r  cyc l i c "  o r  

11  non-cyr l icm" P a r t i c u l a r  modi f ica t ions  t o  each r u l e  w i l l  be given a t  the end 

of the discussion about t h a t  rule under t h e  subheading Modif ica t ions .  (See 

Figure  3 f o r  an  exp lana t ion  of n o t a t i o n ,  Figure  4 f o r  a flow a h a r t  of t h e  

stress r u l e s  and Figure  5 for*  t h e  complete s e t  of s t ress-placement  r u l e s - i n  

l i n g u i s t i c  no t a t i on .  



Main Stress R u l e  (cyc l ic )  

Condition: ( 1 )  no stress placement to 
the left of a prefix 
boundary 

(2)  i f  right-most morph is  
a suff ix ,  test for special  
stress placement category 
assign LI  stress] or skip 
cycle according t o  cate- 
gory  

Case 1 .  (Maximum string; a l l  parentheses removed) 

(a) Assign 1 stress t o  the vowel i n  a syllable preceding a weak 
cluster followed by a morph-final sy l lable  containing a 
short vowel and zero or more consonants: 

1 
d i f f i c u l t  dzf fzk~lt 

(b) Assign 1 stress to the vowel i n  a sy l lable  preceding a weak 
cluster followed by a morph-final vowel: 

1 
oregano 3rEnmno 

( c )  Assign 1 stress t o  the vowel i n  a sy l lable  preceding a vowel 
f ~ l l o w e d  by a morph-final syllabxe containing a short vowel 
and zero or more consonants: 

1 
secretariat s ~ k r t t ~ r i ~  t 

(d) Assign 1 stress to  the vowel in a syllable preceding a vowel 
f olloked by a* morph-f inal  vowel : 

1 
oratorio 3r & t ~ r i o  



Case, 2. (Innermost parenthesized string exclpded) 

I 

(a) Assign 1 Btress to the vowel in a syllable preceding a short 
vowel and zero or more consonants: 

1 
edit ldrt 

bitumen 
1 

bdjtum~n 

(b) Assign 1 stxess to the vowel in a svllable preceding a 
morph-final vowel: 

1 
agenda 

Case 3. (All parenthesized strings excluded) 

(a) Assign 1 stress to the vowel in the last syllable: 
1 1 

slt and s t x n d  go go 
1 

parole p ~ r b l  hurricane Impken 
(reduced to 2 stress by a later rule) 

Conversion of the Main Stress Rule into aigorithmic form is facilitated 

by ordering the above cases in the following manner: 

Algorithmic Order of Application: (1) If the final syllable is the 

only syllable, or if it consists of a long vowel followed 'by at least one 

consonant, the final vowel receives primary strgss. Otherwise, (2) if there 

are only two syllables, or if the penultimate syllable terminates in more 

than one consonant or if it consists of a bng vowel follmed by at least one 

consonant, the penultimate vowel receives primary stress. Otherwise, ( 3 )  

the antepenultimate vowel receives primary stress, 

Modifications: The presence of the optimal vowel immegiatel~ preced- 

ing another vowel and the presence of the morph-final vowel are necessary 



modif ica t ions  of t k  Main S t r e s s  Rule due t o  the d i f f i c u l t y  of r e t r i e v i n g  

t h e  long ( t ense )  pronuncia t ion  of a laxed vowel when its orthographic  

r e p r e s e n t a t i o n  i,s no longer  a v a i l a b l e ,  

The Main S t r e s s  Rule, as developed by Hal le ,  a p p l i e s  mly t o  r o o t s  

which f u n c t i o n  as nouns and t o  su f f ixed  forms. However, u n t i l  pars ing  

methods are further developed, i t  w i l l  not  be p o s s i b l e  t o  take advantage 

of known p a r t s  of speech. 
15 For t h i s  reason,  t h e  Main S t r e s s  Rule i s  cur- 

r e n t l y  appl ied  t o  a l l  r o o t s .  

The suffixes r e f e r r e d  t o  i n  Condition (2 )  f a l l  i n t o  two ca tegor i e s .  

Some s u f f i x e s  are marked t o  force stress t o  be placed on e i t h e r  the f i n a l  o r  

t h e  penul t imate  s y l l a b l e  of the r o o t  and s u f f i x e s  under cons ide ra t ion .  This  

placement of stress r e p l a c e s  the  MSR on t h e  c y c l e  i n  which t h e  special 

s u f f i x  is t h e  right-most morph. These s u f f i x e s  are l i s t e d  below with  t h e  

phonemic r e p r e s e n t a t i o n  which actually appears  as inpu t .  

Examp 1 e  - 
EE - i f i n a l - s y l l a b l e  stress, r e t a i n e d  by s p e c i a l  2 1 

ca  tegor izat  i o n  t r a i n e e  

EER - / ~ r / ,  f i n a l - s y l l a b l e  stress, r e t a i n e d  by s p e c i a l  2 1 
c a t e g o r i z a t i o n  buccaneer 

ESCE - /€s/, - f ina l - sy l l ab le  stress, retained by 2 1 
s p e c i a l  ca te 'gor iza t ion  luminesce 

ESQUE - / ~ s k / ,  final-syllable stpess, r e t a i n e d  by 2 1 
s p e c i a l  c a t e g o r i z a t i o n  arabesque 

ETTE - / ~ t / ,  f i n a l - s y l l a b l e  stress, r e t a i n e d  by 2 1 
special c a t e g o r i z a t i o n  mar ione t te  

OON - /un/, f i n a l - s y l l a b l e  stress, retained by 1 
s p e c i a l  c a t e g o r i z a t i o n  sp i toon  



2 1 
herself SELF - /sglf/, final-syllable stress, retained by 

special categorization 
1 2 

bushelf ul FUL - /fUl/, final-syllable stress, later reduced 
by Compound Stress Rule 

1 2 
womanhood HOOD - /hUd/, final-syllable stress, later r e d u c e d  

by Compound Stress R u l e  
2 1 2 

humidify I N  - /rf hj/, final-syllable stress, latqr reduced 
by Compound Stress R u l e  

1 2 
radicalize IZE - / % z / ,  final.-hyllable stress, later reduced 

by Compound Stress Rule 
1 2  
ovoid O I D  - / ' y d f ,  final-syllgbble stress, later reduced 

by Compound Stress Rule 
1 2 

f riendghip SHIP - / p ,  f inal-syllable stress, later reduced 
by Compound Stress Rule 

2 1 2 
romanticism ISM - h a m / ,  penultimate-syllable st tess , later  

zeduced by special categorization 

2 1 - / aeri/, / & i ,  /&rr/, penultimate-syllable stress circumLocu- 
reduced by ~ o r n ~ o u n d  ~ t d i s s  R u l e  2 

tionary 
penultimate-syllable sttress, deleted by 
,Cursory R u l e  

2 1 
infirmary 

2 1 2 
inhibitory ORY - 3 ,  3 ,  penultimate-syllable stress, 

reduce'd by Compound Stress R u l e  
L 

refractory penultimate-syllable stress, deleted by 
Cursory Rule 

1 2, 
ERY - r ,  penultimate-syllable stress,  reduced stationery 

by Compound Stress Rule 
1 

slippery pqnultimate-syllable s tress ,  deleted by 
Cursory R u l e  

1 2 
systematory ATORY - t i ,  penultimate-syllable*strqss, 

reduced by Compound Stress Rulea* 

1 I T I O N  - I ,  penultimate-syllable stress, -d s e d l t i a n  



1 
IFIC - /rfrk/,  /ria/, penul t imate-syl lable  stress, specific 

r e t a i n e d  2 1 
penul t imate-syl lable  stress, reduced by specificfdv 
Dest ress ing  Ru le  

2 1 
IC - /rk/, /rs/, penul t imate-syl lable  stress, retained or thographic  

penul t imate-syl lable  stress, reduced by 
2 1 simplicity 

Compound S t r e s s  ~ u L e  

The o t h e r  category of s u f f i x e s  r e f e r r e d  t o  i n  Condition (2) does not  

affect stress; the c y c l e  i n  which such a suffix is right-most i n  the  domain 

is skipped. La te r  cyc les ,  however, do inc lude  t h e  suffix as  p a r t  of t h e i r .  

domafn o f  app l i ca t ion .  These s u f f i x e s  a r e  l i s t e d  below, and are accom- 

panied by exqmples demonstrating t h e i r  i nc lus ion  i n  t h i s  category.  

1 
ABLE: (a)  a l l  words t e rmina t ing  i n  KABLE, e . g . ,  e rad icab le ,  

1 
connnunicabla 
1 1 1 1 

(b) formidable, n6 t i ceab le ,  manageable, knowled g e a b l ~  

ABLY: as  wi th  ABLE above 

1 1 2  1 2  
AGE: (a  brigandage, vagabondage, chaperonage 

1: 2 
(b) anecdotage -- a t  t h e  t i m e  Walker's rhyming dict$onary 

was compiled, t h e  two s t r e s s e s  w e r e  in terchangeq 
1 

DOM: (a) bachelordom 
1 1 

(b) words such as chrtstendom and martyrdom do not  sfipply 
evidence; "d~m" must be considered a sepa ra te  syqlab le ,  
i. e . ,  t h e  s y l l a b l e  preceding "om" i s  not  strong 

1 2 1 1 
ED: (a) opinionated, t a l e n t e d ,  shepherded 

(b) Exceptions occur i n  words wi th  no secondary stress and 
with  primary s t r e s s  moce than two sylLables  t o  the l e f t  
before  t h e  a f f i x a t i o n  of +ed, e.g., 

1 2  1 2 
precedented, i n t e r e s t e d  ( i n  some d i a l e c t s )  

(c) Note t h a t  ED has no vowel i n  i t s p r o n u n c i a t i o n  i f  no t  pre-  
ceded by [ tl o r  [ d] , A .  e. , i t  is not  a separate s y l l a b l e .  



2 1 2 1 
EJR: (a) caravaneer , charioteer 

EN : There is no evidence of stress change due to the suffixa- 
tion of "erl"; most words to which it is added are l-syllable 
roots. 

1 1 2 
ER: eountenancer, clrcumscriber 

2 1 2 1 
ESQUE: Raphaelesque, harlequinesque 

1 1 1 
ES: (a) privileges, cartilages, luridnesses 

1 
(b) impoverishes 

(c) Note that ES (and S affixed to morph-final [el)has no uowr. 
in its pronunciation if not preceded by s,z,H,E,f, or r .  

EST: There is no evidence of stress change due to the suffixation 
of "est. It 

1 
ETH: seventieth 

FUL: No evidence of' aress change 

1 2 
HOOD: parenthood 

1 1 
IBLE : (a) eligible, intelligible 

1 I 
(b) words such as putrescible and fermentescible are not 

exceptions; the verbal ending ESCE always carries primary 
stress 

IBLY: as yith IBLE above 
1 1 

ILE: replicatile, fluviatile 
1 1 

ING : (a) conveyan(: ing, countenaming 

(b) Exceptions may occur in those contexts mentioned under ED. 
In the case of "countenancing," the syllable consisting 
of "en" is generally so reduced that it is imperceptible 
as a syllable. 

ISH: (adjectival) amateurish, sycophantish 



1 2 1 2 "  
ISM: (a) Pharisaism, Sadduceeism 

1 2 21 2 
(b) invalidism, theatricalism 

1 2 1 2 
(c) vagabondism, monarchism 

1 2 1 2 1 2 
E E :  (a) standardize, jeopardize, energize 

1 2 1 2 1 2 1 2 
(b) radicalize, memorialize, secularize, proselytize 
I 1 1 

LESS: conscienceless, characterless, objectless 

LET: No evidence of stress .change due to the affixation of "let. 11 

1 1 1 
LY: particularly, passionlessly, precipitously 

1 f 
MENT: (a) Words such as government and sojournment indicate that 

EBNT should be placed in this category. 

(b) Most woadg of four or more syllables are given alternate 
pronuncia~ions corresponding to the placement of MENT in 
either this category or in the category of regular stress 
glacement, e.g. ,  

1 1 1 1 
advertisement / admttisement, medicament 1 medicament 

1 1 
NESS: disinterestedness, haphazardness 

5. 1 1 2 
OR:$ gowmor, warrantor, bcubator 

1 1 1 
RY: heraldry, wizardry, .. charlantanry 

SELF: No evidence of st-ress change 
1 2 

SHIP: (a) umpireshlp 
1 2 1 2 1 2 L 2 

(b) advocateship, candidateship,,laureateship, cartlinalship 

SOME: No evidence of stress change 
1 1 

TY: sheriffalty, suzerainty 
1 1 1 

URE: judicature, triplicature, caricature 

All other suffixes not in theabove categories receive stress according 
to the general form of the Main Stress Rule. 



Stressed Syllable Rule (cyclic) 

Conditions: (1) Y contains no primary 
stress 

(2) no stress placement to 
the left of a prefix 
boundary 

Case 1. (Maximum string: all parentheses removed) 

~4 1 .tress] x c vco [ 1 stress y 3 
(a) Assign 1 stress to the vowel in a syllable preceding a weak 

cluster followed by a vowel and any number of consonants @hich 
is followed by the right-most priniary-stressed vowel ,: 

- 

oxygenate a k s ~  j €net 
(stress on final syllable later reduced) 

b Assign 1 stress to the vowel in a syllable preceding a vowel 
followed by a vowel and any number of consonants which is 
followed by the right-most primary-stressed vowel: 

stereobate 
0 1  

st~riobet 
(stress on final syllable later reduced) 

Case 2. (Innermost parenthesized string excluaed) 

~.*~lstress-~ - covco  [ 1 Y-3 1 stress 

(a) Assign 1 stress to the vowel two syllables to the left of the 
right-most primary-stressed vowel: 

1 1 
p r a p x g  cxnd 3.L propaganda 

(stress on left-most stressed vowel later 
reduced) 

Case 3. (Next innermost parenthesized string excluded) 
r s7 7 v v+ \ i  stress] / EX ,c0 stressj Y 

(a) Assign 1 stress to the vowel one syllable to the left of the 
right-most primary-stressed vowel, i . e . ,  to the vowel in the 
first syllable of the r o o t *  

hormone '0 1 h.zrmon 



Case - 4 .  (Al l  parenthesized s t r i n g s  excluded) 

v-1 C 1 stressJ /EX c0 3 
(a) Assign 1 stress t o  the voae l  i n  t h e  l a s t  s y l l a b l e ,  i ,  t o  t h e  

vowel i n  t h e  only e y l l a b l e  of the r o o t :  
1 

s tand  st bend 

( a s s i g ~ b n g  1 stress t o  vowel which a l ready  c a r r i e s  1 stress 
bas no e f f e c t  u n l e s s  t h e  r u l e  s p e c i f i e s  a s  i n  the Compound 
Stress Rule, t h a t  t h e  vowel inust pre'viously be 1-stressei .) 

Algorithmic Order of Appl icat ion:  ( 1 )  I f  t h e  right-moqt s y l l a b l e  

conta in ing  primary stress is  t h e  left-most s y l > a b l e  i n  tlie word, no s t r e s s  

is assinried. Otherwise, (2) i f  t h e  s y l l a b l e  preceding t h e  right-most 

s t r e s s e d  s y l l a b l e  i s - t h e  only s y l l a b l e  preceding i t ,  asqign pr imary  s t r e s s  

t o  the vowel i n  t h a t  s y l l a b l e .  Otherwise, (3) i f  the second s y l l a b l e  t o  t h e  

l e f t  of t.he right-most s t r e s s e d  s y l l a b l e  is t h e  left-mosg s y l l a b l e ,  o r  i f  i t  

te rmina tes  i n  more than  one consonant _or c o n s i s t s  of a long vowel followed 

by a t  least one consonant, assign primary stress t o  the vowel i n  t h a t  syll- 

able .  Otherwise, (4) the vowel i n  t h e  t h i r d  s y l l a b l e  t o  t h e  l e f t  of t h e  

righf-most-stressed s y l l a b l e  receives stress. 

M o d i f i c a t i m s :  The ~ p t i o n a l ~ v o w e l  i n  pre-vocalic p o s i t i o n  appea'rs i n  

t h e  Stre-d S y l l a b l e  Rulo as w e l l  as in t h e  Main S t r e s s  Rule. Its presence 

prevents  words such as "s te reobate ,  I' " a lveo la t e  , I' and "hel iot rope"  from 

being s t r e s s e d  i n c o r r b c t l y .  

The S t re s sed  S y l l a b l e  Rule, a s  developed by Halle, p l a c e s  stress on 

t h e  f i n a l  s y l l a b l e  of t h e  non-nouns which have been excluded f r o m t h e  domain 

of a p p l i c a t i o n  of t h e  Main S t r e s s  Rule. Words f o r  which t h e  Categorizat ion 

of nounlnon-noun a m e a r  t o  b e  most u s e f u l  are those  i n  which a one-syllable* 



1 2  
p r e f i x  precedes a one-syl lable  root  o r  bound morpheme, e. g . ,  Cperrnit] vs. 

1 1 2  1 N 

[PR-l,lit] , C i n s ~ l t ) ~  v s .  l i n su l t ]  Because t h e r e  are many more verbs  of v v 
t h i s  s o r t  than nouns, t h e  Stressed S y l l a b l e  Rule has beep mod.ified t o  prevent 

t h e  r e t r a c t i o n  of stress i n t o  a p r e f i x .  The e f f e c t - o f  this modif icat ion is 

t o  produce only t h e  v e r b a l  pronunciat ion of two-syllable noun/verb p a i r s .  

Another more p o s i t i v e ,  effect is  the c o r r e c t  placement of stress i n  Vkrbs 
1 1 1 

such as edit,; i n h i b i t  and pummel. However, two-syllable nouns of the form 

"prefix-roo,tl '  which.have no ve rba l  counterpar t  are s t r e s s e d  i n c o r r e c t l y ,  e .g.  
1 1 

empire, inverse .  (This modif icat ion w i l l  be remaved o r  changed after a 

pars ing  algori thm i s  incorporated i n  the system.) 

Al te rna t ing  S t r e s s  Rule ( c v c l i c )  

Case 1. (.Maximum s t r i n g )  

V+ [I s t ress ]  / EX - C ~ W C ~ -  \. z stress) c0 3 
(a) Assign 1 stress t o  t h e  vowel th ree  s y l l a b l e s  t o  t h e a l e f t  of a  

primary-stressed vowel occur r ing  i n  the las t  s y l l a b l e  i f  t h e .  
fol lowing s y l l a b l e  conta ins  only a vowel: 

h e l i o t r o p e  
(stress i n  last  s y l l a b l e  l a t e r  reduced) 

Case, P (Parenthesized s t t i n g  excluded) 

(a) Assign 1 s t r e s s  t o  t h e  vowel two s y l l a b l e s  t o  the l e f t  of a 
primary-stressed vowel occurr ing i n  t h e ' l a k t  s y l l a b l e :  

1 1  1 
g e l i n a t e  T e 1 ~  t 'lnet 

( s t r e s s  i n  f i rs t  s y l l a b l e  la ter  de le t ed ;  stress i n  l a s t  
s y l l a b l e  l a t e r  reduced) 



Algorithmic Order of Appl ica t ion :  (1) I f  t h e r e  a r e  a t  least two 

s y l l a b l e s  preceding a primary-stressed vowel i n  t h e  last s y l l a b l e  of the 

phoneme s t r i n g ,  and i f  tbe f i r s t  of t h e s e  t w o  s y l l a b l e s  i s  composed of more 

than  a s i n g l e  vowel, place primary stre- on t h e  vowel two s y l l a b l e s  t o  t h e  

l e f t  of t h e  vowel wi th  primary stress. Otherwise, ( 2 ) * i f  t h e r e  a r e  a t  

l eas t  t h r e e  s y l l a b l e s  t o  t h e  l e f t ,  t he  second o f  which i s  composed of a 

singl'e vowel, p l a c e  primary stress on t h e  vowel t h r e e  s y l l a b l e s  t o  t h e  l e f t  

of the vowel w i t h  primary stress. Otherwise, (3) no stress ~ s s i g n m e n t  i s  

made. 
1 2 1 2 

Exceptions;  Note t h a t  words such as p e r e g r i n a t e ,  oxygenate and 
1 2 

met ropo l i t ana te  which are c o r c e c t l y  s t r e s s e d  ~y t h e  S t ressed  S y l l a b l e  Rule 

a r e  s t r e s s e d  i n c o r r e c t l y ,  t he rea f t e r ,by  t h e  A l t e r n a t i n g  Stress Rule. 

Modif icat ion:  The o p t i o n a l  vowel i n  pre-vocalic  p o s i t i o n  appears 

i n  the A l t e r n a t i n g  Stress Rule as w e l l  as. i n  t h e  Main S t r e s s  and %Stressed 

S y l l a b l e  r u l e s .  

Proposed Modif icat ion:  The r e s t r i c t i o n ' o f  t h e  A l t e r n a t i n g  S t r e s s  

Rule t o  word@ i n  which a p r e f i x  boundary does no t  precede t h e  f i n a l  primary- 

s t r e s s e d  s y l l a b l e  could be cons t r a ided  t o  uerbs. Such a c ~ n s t r a i n t  would 

provide t h e  c o r r e c t  stress placement i n  nouns and a d j e c t i v e s  such a s  
1 2 1 2 1 2 1 2 

multiform, contraband: i n t e r c e p t  and m i n i s k i r t  whi le  r e t a i n i n g  c o r r e c t *  
2 1 2- 1 2 1 

stress placement i n  the verbs  in t e rcep t ,  con t rad ic t - and  comprehend. Such 

a modi f ica t ion  would require moving thg Strong First S y l l a b l e  Rule i n  

Halle's scheme t o  fo l low t h e  Compound S t r e s s  Rule, asgigning [2 stress] i n  

the s a m e  contex t  i n  which (1 st'ress] w a s  p rev ious ly  ass'igned. This-modif i -  

c a t i o n  has  a l r e a d y  been implemented i n  t h i s  program f o r  independent r e a s o n s ,  



and i s  discussed under t h e  heading Modif icat ions  i n  t h e  Strong F i r s t  

S y l l a b l e  Rule.  

Des t ress ing  Rule (non-cyclic, app l i cab le  t o  a l l  vowels having required 
contex t )  

Conditions: (1) i f  ( ) a i s  no t  present; ( 1 
must be present  b 

(2)  not  appl ied  t o  f i r s t  vowel i f -  
appl ied %a second vowel 

Case 1. (Vowel t o  be reduced n o t  i n  f i r s t  s y l l a b l e )  

+ t S  3 
(a) Shorten and' destress any vowel no t  i n  t h e  first s y l l a b l e  which 

is followed by a singl'e coneonant and a s t r e s s e d  vowel: 

1 sol 
inst rumenta l  Tnstrumf n t  ~1 
( /u/ reduced t o  / U / ,  la ter  t o  /a/) 

Case 2. (Vowel t o  be reduced is  i n  f i r s t  s y l l a b l e )  

(a) Destress a non-long vowel i n  t h e  f i r s t  syllable which is 
followed by a s i n g l e  consonant and a s t r e s s e d  vowel: 

f l O 1  1 
gela t - ina te  j r l ~  t r n e t  

Algorithmic Appl icat ion:  (1) I f  a  vowel not  i n  t h e  f i r s t  sy1Lable 

is immediately followed by one consenant and s vowel which has 'p rev ious ly  

been ass igned primary stress6 shorten ( l ax )  it if ie is long, and remove 

,any stress i t  has been assigned.  (2) If a s h o r t  vowel is i n  $he f i r s t  

s y l l a b l e ,  and i s  immediately followed by one consonant and a vowel which has 

previously  been assigned primary stress; and i f  (1) doe$ not  apply t o  t h e  

vowel i n  t h e  second t sy l lab le ,  remove any stress t h a t  has been assigned t o  



t he  vowel in t,he f i r s t  syllable. 

Modificakibn: The s ing l e  required consonant preceding t h e  ~ r i m a r y  

s t ressed  vowel has been changed from C; (zero oz one  consonane to C 

one consonant) so t h a t  pre-vocalic vowels a r e  not shotcened. 

Compound Stress Rule (non-cyclic) 

This ru l e ,  as developed by Halle, app l ies  to both compounds and 

non-compounds. A s  i t  appl ies  t o  words converted by letter-to-phoneme rules 

i n  the program, and therefore t o  non-compounds only, i t s  efPect i s  t o  loca te  

the primary stress which i s  to be retained.  A l l  o ther  primary s t r e s s  i s  

reduced t o  secondary. Halle has used the  Nuclear St ress  Rule for both phrase- 

l e v e l  stress and the  reduction of secondary t o  tertiary stress in l ex ica l*  

ttems. Neither is necessary i n  t h i s  algorithm; the  Nuclear S t ress  Rule  has 

therefore  been omitted. 

Condition: (1) Y contains no 1 stress 
(2)  i f  right most morph is  a 

suffix, check f o r  spec ia l  s t r e s s  
re ten t ion  o r  s t r e s s  exclusion , 

category and reassign [l s t ress]  
according &o category 

Case 1. (Maximum s t r i n g )  

v 
[I stress]+Il stress, / EX - wco [-sti:6s] a 
(a) Retain 1 stress on a vowel i f  i t  is  followed by a t  least one 

s y l l a b l e  and s word-final unstressed /i/. Reduce all other  
1 stress t o  2 stress: 

legendary 



Case 2. (Innermost parentheshed string excluded) 
r v 7 
I1 stress)~[l stress] / a x Y V C ~ ~  

(a) Retain 1 stress on a vowel if it is followed by at least one 
syllable. Reduce all other 1 stress to 2 stress: 

1 f 1 2  P *  1 
hurricane h ~r rten gastritis g ~ s t r a  trs 

iv 1 
trinitarian trmrtXri3n 

Case 3. (All parenthesized strings excluded) 

st~essj-t~ stress] /EX Y tij 
(a) Retain 1 stress on the only vowel tb which it has been assigned: 

1 
s t and s tbend 

1 
edit ~ d ~ t  

1 
difficult drf f rkdt 

Alg6rithrnic Order of Application: (1) If primary stress occurs only 

once, no changes are made. Otherwise, (2) if the right-most vowel with 

primary stress is followed by at least one more syLMle, the right-most of 

whikh is - not composed of an unstressed /i/, it retains primary stress and 

all other prfmary stress is reduced to secondary. (3) If the right-most 

vowel+ with primary stress is (a) the rigfit-most vowel in the word, or (b) 

the right-most vowel with the exception of a final syllable chpased of an 

unstressed /i/, the first primary-stressed vowel to its left retains primary 

stress and all other primary stress is reduced to secondary. 

Modifications: As mentioned previously, input to the stress rules 

from the letter-to-phoneme program d o ~ s  not include compounds. The part 

of-he r d e  designed for compounds is, the~efore, omitted. 

This rule formerly contained the letter Cy] instead of 
has been substituted due to unavailability of the original brthogsaphy. 



The suffixes referred to in Condition (2) fall into two categories. 

Those suffixes discussed under Condition (2) of the Main Stress Rule which 

do not affect stress placement are excepted from the Bamain of the Compound 

Stress  Rule if they are either word-final or precede another word-final 

suffix in the same category. 

The other category of suffixes is marked for special stress retention. 

The fellowing suffixes retain primary stress in word-final position under 

Condition (2) of the Compound Stress Rule: 
2 1 2  1 

EE: trainee, legatee 
2 1 2 1 

EER: buccaneer, engineet 
2 1 2 I 

ESCE: luminesce, acquiesce 
2 1 2 1 

ESQUE : arabesque, Romanesque 
2 1 Z B  1 

ETTE : marionette, majorette 
Z 1 1 

OON : macaroon, baboon 

The foldowing suffix does not retain primary stress on the penulti- 

mate syllable under Condition (2) of the Compound Stress Rule: - - - -  - 
1 2  2 I a 

ISM: Babism, dRomanticism 

Note: Th&s categorization is equivalent to the statement that 
syllabic M does not function as a syllable .in morph-final 
position. The same s t ress  pattern appears in wordp ending 
in [ithm], although it is not included here as a sbffix, e.g., 

1 2  1 2 
logarithm, algorithm. 

The same categorization should be extended to morph-final 
syllabic 113. However, it does not function as a suffix, 
e.g- 9 

1 
corpuscle 



The o r i g i n a l  set of s t r e s s  r u l e s  included the  T r i s y l l a b i c  Shortening 

Rule a t  this poin t  i n  t h e  order ing.  The r u l e  was s t a t e d  as fol lows:  

Condition: (1) does no t  apply t o  /u/ 

Test  r e s u l t s  indi,cated m i s p ~ o n u n c i a t i o n s  arisYkng from i t s  app l i ca t ion .  A 

16 
study was undertaken t o  determine t h e  usefu lness  of t h i s  r t~ lp .  and t o  

uncover problem areas which might lead t o  a more proper r e s o l u t i o n  of 

observed e f f e c t s  f o r  which t h e  T r i s y l l a b i c  Shortening Rule was formulated. 

It: was found that  a res ta tement  of phonological r u l e s ,  including t h e  requi re -  

ment of a s h o r t  vowel i n  a one-syl lable  r o o t  preceding a Single  consonant, 

and c e r t a i n  s u f f i x e s ,  obviated t h e  need f o r  t h e  T r i s y l l a b i c  Shorte'ning Rule 

i n  the set of stress r u l e s .  

Strong F i r s t  Sy l l ab le  Rule (non-cyclic) 

Condition: (1) ( ) o r  ( ){ must be a 
present  

Case 1. (Maximum s t r i n g )  

(a) Assign 2estress t o  the vowel i n  t h e , f i r s t  s y l l a b l e  i f  i t  i s  long 
and followed by a t  l e a s t  two cpnsonants: 

0 1 1  
hydrosani ta t ion  h a d r o s ~ n r t e J a n  

Case 2 .  ( F i r s t  subscr ip ted  op t iona l  s t r i n g  excluded) 

~ + \ 2  stress] / KC/* CO 
(a)  Assign 2 stress t o  t h e  vowel i n  t h e  f i r s t  s y l l a b l e  if i t  i s  

followed by a t  least two consonants: 
1 1 1 



Case 3. (Second subscr4pted optional string excluded) 

V + C Z  stress] / C, [z, 1 Y 3 
(a) Assign 2 stress to the vowel in the ffrst syllable if it'is long: 

dielectric 
0 1 1  
dajElcktnk 

Algorithmic Application: If the first syllable is strong, i.e., if 

it contains either a long vowel ot two or more consonants, assign the vowel. 

primary stress. 

Modifications: This rule has been extended to include both  t h e - f i r s t  

syllable of the root and the f i r s t  syllable of t h e  left-most p r e f i x .  

This rule has been moved t o  follow t h e  Compound Stress Rule to pre- 

vent the retentipn of primary stress in prefixes by the Compound Stress Rule 

in words such as recruit and intend. 

Cursory Rule (non-cyclic) 

Conditibn: (1) if right-most morph is a 
suffix, check for stress 
exclusion category, 

Algorithmic Application: (only one case of the Cursory Rule) The 

vowel following the primary-stressed vowel, if it is not the last vowel in 

t h e  word, is shortened and its stress removed. 
2 1 X'O 1 AH0 l P O  

Examples : infirmary , cursory-, curative (/e/-+ 1 a~ 1 ,- later reduced 
tb / a  /.) 

Modifications: Pre-vocalic vowels are not shortened. 

The suffixes discussed under the Main Sttess Ruleahi-ch do not affecL 

stress placement are excepted from the domain of the Cursdry Rule if they 

are either. word-final or precede another, word-final suffix in the same cate- 

gory 



%we1 Reduction R u b  (non-cyclic,applicable to all vowels having required 
ntext) 

Case lL. (reduction of 
2 1  

ptolemaic 

Case 2. (reduction of \ ot,her short non-srressed vowels) 
1 
curator ( 1x1 +la/ , ,  131 + /a/)  

Algori,thm.ic Appl$cation: All non-long unstressed vowels are 

reddced,. / E /  and /I/ to / 5 / ,  i.e., redaced I, and all others to /a/. 

Modification: The phonemes / € /  and /T/ are reduced Go /I/ rather 

than to' /a/. 

A Stress-Depe'hden~ Letter-to-Phoneme Rule 

The rule which follows appears to be stress-dependent and was placed 

in the stress placement section rather than with other letter-to-phoneme 

rules : 

Rule: The phoneme it/ is changed to /$/ and the phoneme /d/ to /J/ 

if it is not in the initial consonant cluster and precedes unstressed /u/ 

or /U/,  or if it precedestlnstressed /a/ which was /u/ or /U/ before applica- 

tion of stress placement rules. 
2 1 2 1 

Example : perpetuity (It/) perpetual ( I : / )  

Examples (showing wards which do not fit the context of the rule and 

'herefire retain /t/ or I d /  as pronunciation): 



1 1 I 1 1 
(a) tutor, duty, studious, duration, Lureen 

In these -cases, the /t/ or /d/ is in the initial consonant 
cluster 
2 1 1 1 

(b) adumbration, - modus, - status - 

The It/ o r  /d/ in these cases is not in the initial consonant 
cluster; but precedes unstressed /9/ which was not /u/ or 
/ U/  before  application of stress rules. 
2 I 2 1 1 1 2 

(c) institution, - centurion, - Hindu, - constitute - 

In the above cases, /t/ or /d/ is not in the initial eonso- 
nant cluster and precedes s t r e s s e d  /u/ o r  /U /. 

The stress program has been modified to effect this change. The 

phonemes f t /  and /d/ preceding unstressed /u/ or / U  / not in the first syl- 

lable are chgnged following the cyclic rules which place all stress. After 

the Destressing Rule and the Cursory Rule, a change is also made if the 

destressed (and poss ib ly  'shortened) vowel was previously a /u/ or /u / and 
not in the f irst  syl lable .  

A Complete Example 

Input 

Result of Stage 1 

Result of Stage 2 

Result of Stage 3 

.Main Stress mle, cycle 1 
(domain : mu1 t ienukliol) 

Stressed Syllable Rule, cycle 1 -  

Alternating Stress Rule, cyc le  1 

Main Stress Rule, cycle 2 
(domain: mhlti=nukliol+et) 



Stressed Syllable Rule, cycle 2 

Alternating Stress Rule, cycle 2 

(There are no further cycles 
since Condition (2) of the MSR 
applies to +ED) 

Strong First Syllable R d l e  

Destressing R u l e  

1 2 Compound Stress Rule 

a T Vowel Reduct i on  R l i I e  

mnltf  euklia flet5 > 1 # 1 1 1 > 1 1 1 1 J 1 2 # 1 , # 1 > )  FSnal Result 



IV R e l i a b i l i t y  

Two s t u d i e s  have been made t o  determine the  accuracy of phonolo- 

g i c a l  and stress placement ru les '  and t o  s e l e c t  a minimal set df r u l e s  

w h i c h  w i l l  produce accu ra t e  r e s u l t s  i n  a s  many cases  as  p o s s i b l e .  The 

set of letxer-to-phonemewrules used i n  the f i r s t  t e s t i n g  p r o c e d ~ r e  

contained 534 r u l e s :  included were 127, consonant roles, 46 p r e f i x  r u l e s  

(g iv ing  pronuncia t ions  f o r  40 p r e f i x e s ) ,  155 s u f f i x  r u l e s  (covering 96 

s u f f i x e s )  and 206 vowel r u l e s .  The T r i s y l l a b i c  Shortening Rule w a s  

included i n  t h e  s e t . o f  stress r u l e s .  A sample of 4 ,725  w o r b  from the  

Brown Corpus was ~ e s t e d  wi th  t h e  fol lowing r e s u l t s .  

Percentage given 
Number of Words acceptable  pronunciat ion 

r 

7 - l e t t e r  words 1,174 73 

72- t o  21 - l e t t e r  words 637 65 

An accep tab le  pronuncia t ion  .is o n e  which is given i n  Webster ' s 
17 

Third I n t e r n a t i o n a l  Dict ionary,  e i t h e r  p r e f e r r ed  o r  a l t e r n a t e .  Of t h e  

2,375-1- rq 5-lekter words which receiyed accep tab le  pronunciatLons, 

2 ,135 were given p re fe r r ed  pronunciat&ons,  228 were given a l t e r n a c e  pro- 

nuncia t ions  and 12 received the verbaL pgonunciation of nounlverb pairs. 

A t a b l e  of frequency of use  and s t a t i s t i c a l  accuracy 6f each r u l e  

w a s  derivet from this study. These r e s u l t s  l e d  t o  the  removal of t he  

Tr is 'y l labic  Shortening Rule and t o  the formulation of e ight  gets of 

phonological  r u l e s  ranging from a maximal set of 557 r u l e s  t o  a minimal 

set of 277 r u l e s .  



In the second study, these eight sets  of rules were each a p p l i e d  to 

a new group of te$t words which was composed of a xandom sampling of six- 

letter words from the Brow Corpus (250 words), the Heritage English 

Dictionary (150 words) and Stedman's Medical Dictionary (100 words). 

Results of this study are as follows: 

number of Rules Percentage siven acceptable pronunciation 

n e r i t a ~  Brown Car-pus Stedman' s 

557 7 3  6 9  65 

531  73. 69  64 

453 72 69 64 

413 72 67 53 

35 9 70 65 49 

308 68  64 43 

286 67 63 44 

277 66 62 43 

Note: The addition of special medical prefixes would increase the accuracy 

& r+s appl.iredfo fie sample from stedmanrs Medical Dictionary by approxi- 

mately ten per cent. 

The set of rules turrentJg being used in the text-to-speech system 

i s  the set mqtaining 4 1 3  rules A list of the maximal set of 5 5 7  rules 

together with instructions h r  extracting the other sets of rules is given 

in the  appendix. 

There are a number of problem areas, many of which derive from the 

lack of a lekicon. Boblems  of this type include incorrect suffix or prefix 



recognition and the treatment of compounds as single norphs. Some examples 

from each problem area are given below: 

Mispronunciation of single vowel: 

international 

menu 

/e/ modeled / e /  
* 

/u/ strategf - cally / € /  

environmental - /r/ bur - jed /PI 

hotels - /a/ two - 

The pr~nunciations of the underlined vowels in the contexts above 

ark encountered infrequently, and, in most cases, are not predictable. In 

the word international, the context which determines the pronunciation of 

@]is the right-hqnd context Lc+~v], A 10- xowel almost always is found in 

this context as in nation, station, explanation, observational, gensational. 

A short [el is usually found preceding PC], e.g . , maleuc ,  angelic ,. systemic, 

photogenic, and is long only in a few words, e.g., strategic, scenic, and 

the suffix *legit. .There are very few words ending in the vowel[u]-- 

most are ei ther  low frequency words or proper names. The palatalization 

in menu is not found in other words with finallu], e . g . ,  flu, emu, gnu, -- 
i'mprqmptu. The word - two is very irregular in pronunciation. Most words 

ending in[o]such as E, - no, so, calico, echo have the sound lo/. It may 

be noted, however, that two other words which, like -1 two m e  very high fre- 

quency words, have the same pronunciation of final[o]as -9 two i.e., - do, - to. 

The mispronunciation of the[e]in modeled is due to the assumption, lacking 

a lexicon, that the morphemic analysis is -- model C - ed. 



Mispronunciation of vowel digraph: 

said - 

break - /i/ 

forfeit - 
endowed - 

shoes - 

should, - would - 
theirs - 

The reasons for mispronunciation of the vowel digraphs underlined above 

fall into a number of categories. There  are very high frequency words, 

said, should and would, which do not follow letter-to-sound rules. Said 

may be contrasted with the words laid, maid, paid, and raid; the words 

should and would contrast with mould, shoulder and boulder. The sequence 

bir] as in theiys, heir, weir is not found frequently in English, nor is 

the sequence (feit] as in for£ eit surfsit and counterfeit . Rules for ki] 
,....9 

in these two contexts w@rakcskis:risidered unproductive. ~inal t o 4  in English 

is usually pronounced as in oboe, toe a A  foe; the pronunciation found in 

shoe, and also in canoe, is rare. Rules governing the pronunciation of 

&ow] (endowed) and bi] (guitars) are statistically based. Althougfi there are 

rna~ywordo in- w h i e k h l l a r  nort=ccmt ext dsqxmdmt-prwornlat3m~~s m, 
e.g., -9 cow' allow, eyebrow and build, guilt, guinea, other pronunciations 

are statistically more likely, e.g., those found in shadow, glow, follow 

and bruise, juice, nuisance. The ptonunciation of break is not-predictable 

-- the word steak has the same digraph pronunciation, but other similar 

words such as creak, freak and Streak are pronounced like the majority of 

words congaining the digraph Lea], 



Mispronunciation of .single consonant: 

of - /f/ c o r ~  /PI 

eager / j/ exhaust - /h/  

two - /w / physiological - /s/ 

deserts - /s/ schizophrenic - /z/ 

The consonants underlined above are either silent or have unpredict- 

able or unusual pronunciations. Silent consonants are found in two, corp- 

and exhaust .- The yord  two is a h'igh-frequency word in which both the l&] ahd 

b] have unusual pronunciatio~s . Silent M is rare, although it is also 

found in the word sword. Pinal silent [d, as found in corp is also rare. 

(This word is c~~sidered in this section because the pronunciation of both 

the,[r]and therp] are determined by rules for single consonants.) There are 

a few tmrds, like exhaust, in which [h] is .silent following kx], e. g .  exhibit, 

exhilarate, exhort and exhume. However, this rule is not sufficiently 

productive to merit inclusion. 

The letter b] preceding (e],[il and ty] in English usually has a soft sound 

as in integer and wager. In particular, many words ending inber] ark a 

combinatton of a root with final [el and the Buff ix her], e. g . , mrager, manager, 
merger, all of which have a soft [g] sound. The pronunciation of the \g] in 

eager is unusual and not predictable. Another pr~nunciation which is fre- 

quently unpredictable, i.e., not context-dependent,, ts that of the lqtter[s] 

between vowels. The rule for this context predic~ the more frequent sound 

/ s /  whereas the sound / z /  is found in deserts and physiologieal. The 

letter [ z] in schizophrenic has the rgre pronunciation /ts/, and the word - if, 



as previous ly  discussed,  i s  t h e  only English word i n  which a f i n a l  [f] i s  

chef - / c /  laugh- /-/ 

wauld -3 should - /ld) c l i c h e s  
7 

/E/ 

calf - /lf / i s s u e  - /s/ 

tsar - / ts/  - these /e  / 

Consonant c l u s t e r s  are in£  rqquent ly  mispronounced The c l u s t e r  t c h  1 
is  t h e  most f requent  problem f n  G h i ~  ca tegory ,  i t s  p r o n u ~ e i a t i o n  be ing  

determined, i n  many cases ,  by the Greek o r  L a t i n  o r i g i n  of  t h e  word i n  

which it appeBrs. The pronunciat ion /If as in -. chef and - cliches i s  less 

frequent  than.  e i t h e r  /:/, e . g . ,  church, o r  /k/, e. g.,  .chemical. Morph- 

f i n a l  Cgh] may be pdonounced e i t h e r  if/ as i n  laugh,  enough and cough o r ,  

wi th  s l i g h t l y  hiqher p r o b a b i l i t y ,  not pronounced, a3 i n  high, weigh and 

dourn. Unusual and r a r e  pronunciat ions  of  the c l u s t e r s  -3 t~ -9 ss - id add - li 

are found i n  o t h e r  yoxds above. T h e  pronunciat ipn of [ss] as /J/ i s  

found preceding certain suffixes, e.g., .deprgsqion, fissute, bu t  ra re ly  

w i t h i n  a motph, ( t i s s u e ,  above). Russian orthography i s  s t i l l  r e f l e c t e d  

i n  t h e  Engl i sh  s p e l l i n g  of tsar evemthough the pronunciat ion has been 

Anglicized.  A silent [l] appears  i n  could,  .would and c a l f .  The words 

could and would are high freauency words and a l s o  .differ from regular ; ,pz '~-  

nuncia t ion  i n  t h e  vowel d igraph  cou3. Although ha l f  l i k e  -5 c a l f  a l s o  has 

a s i l e n t  [l] , i n  most words a final [lf] i s  gronopnced / I f  / , e. g. , - elf, -- s h e l f ,  

self, gulf. The high-frequency-ward pronunciat ion of: morph-in i t i a l  [th] as 

/ 8 1 ,  e. g .  , these, -9 then - the ,  has been d iscussed  previous3 " 



~ n c o r r e c t  suf f is recognition : 
1 1 

w a t e r  - 
thus - 

re lying 

heated - 

disengagement 

/ r i l+i t ig  / ex i s t  - 
n 

/hi+e t+%d / alas - 

Almost al,l problems i n  t h i s  category arise from the lack of a morph 

lexicon. Words are pronounced incorrect ly  because l e t t e r  s t r i ngs  i n  a 

root  which appear t o  be suffixes are converted t o  phonemes using ,rules 

f o r  su f f i x  pronunciation. It may be seen i n  t he  examples above that a 

mistake i n  morph ana5iysis can cause obvious e r ro r s  i n  pronunciation. 

Incorrect  pref ix  recognition: 
1 1 

un i t  - / an=Zt/ - /d%s ~ m + d l /  decimal 
1 i 

cool - /ko=al/ - emerald It m= tr 1116 / 
1 

reah 
1 

- / r i = a m /  encouragement It n t b h r + f  j+mTnt 
I 1 

d e ~  /di=€m/ -rQnenters. /~ks=par=5nbt+ar+z / 

Mistakes i n  morph analysis  produce prohunciation e r ro r s ,  as i n  the 

previous category. 

 on-recornition of r refix 

apart 

f e f  er - 
dissent  - 
hydrocele 

thennoinhibitory /~krm$nhabdt+$ri/ 1 3  

I 6  
berated - /btr+e t+rd / 
correspondent 

2 1 
- / ko=?and+a .I t / 

pericardiorrhaphy /p??=%kkrd~$r~f+ i /  

There a r e  many technical  prefixes which have not been included i n  

the  p re f ix  list. These may 6 e  added by a user w i t h  par t icu lar  technical 

needs. A few pref ixes  such as[a]in apart andp] i n  eject  have not  been 



included because a high error rate would result, i.e., all words begipning 

in &or g would be incorrectly analyzed. In the remaining cases, prefixes 

were incorrectly analyzed as part of a root after suffixes were incorrectly 

removed. Errors in pronunciation, and particularly in stress are the result. 

Incorrect stress: 

Most of the words in this category have unusual stress patterns 

which are unpredictable. A comparison with similar words shows the regular 

stress pattern: 

1 
motel 
1 

palette 
1 

sonata 
1 

urea 
1 

uncomfortable 
1 

lunatic 
1 
renegade 

marsel, gavel9 fuel 
1 1 1 

majorette, crurette, suffragette 
1 1 1 - 

vertebra, camera, automata 
1 1 1 

trachea, azalea, miscelanea 
1 1 

unaffordable, uncontestable 
1 '1 1 

erratic, fanatic, aromatic 

brigade, serenade, marinade 

The word selects is stressed incorrectly due to lack of information 

concerning its part of speech (c.f., discussion of modificatiqns in the Main 

Stress Rule). 

The results of this study indicate that the letter-to-phoneme system 

is quite powerful, even in isolaqion. When considered in the domain of the 

over-all text-to-speech system in which a lexicon is available for high- 

frequency words and compounds, the letter-to-phoneme system should be highly  

reliable . 
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This  source  i s  a v a i l a b l e  on t a p e  from J. Olney, System Development 
Corporation, Santa Monica, Ca l i fo rn i a .  

Walker, J. Rhyming Dict iopary  of t h e  English Language, London, 1924 

The American Her i t age  DTctionary of t h e  Engl ish  Language, Paperback 
e d i t i o n ,  New York, 1973. 

Stedman's Medical Dic t ionary ,  Baltimore, 1961 

Although some phonologis ts  would consider  both prevocal ic  t i l a n d  morph- 
f i n a l  101 t o  be underlyingly s h o r t  ( l a x ) ,  and would apply a lengthening 
( te<sing)  r u l e  t o  them a f t e r  stress placement (N. Chomsky and M. Hal le ,  
The Sound Pattern of English (New York, 1968),  p a  74; M. Ha l le  and S.J. 
Keyser, Engl ish  Stress (New York, 1971)  p'. 30), i t  has been necessary,  
because of the d i f f i c u l t y  of preserving or thographic  informatiofi,  t o  

- 

consider  both vowels a s  being long before stress placement,exempting 
themfrom stress by a contex tua l  ana lys i s .  The replacement of t he  re- 
quired  f e a t u r e  [-low] i n  t h e  lengthening rule f o r  morph-final vowels by 
t h e  f e a t u r e  [-constricted pharynx3 i s  due t o  Hal le  (Course 23.761, M.I.T.), 
Nov. 1972. 



14 .  C l a s s  l e c t u r e s ,  Course 23 .761 ,  M.I .T . ,  F a l l  1 9 7 2 .  P ro feSso r  Kalle 
h a s  since r e v i s e d  this set of  r u l e s .  

15. Changes t6 t h e  stress r u l e s  due t o  the  i n c o r p o r a t i o n  of a p a r s i n g  
a l g o r i t h m  i n  the  system w i l l  be  made dur ing  the summer, 1976. 

16. Hunn icu t t ,  S. "Removal of  the T r i s y l l a b i c  s h o r t e n i n g  R u l e  from 
r 1 S t r e s s ,  N a t u r a l  Language Proces s ing  Group Memo, M.I .T . ,  1925. 

17. Webstergs Third New I n t e r n a t i o n a l  Dictionary, S p r i n g f i e l d ;  1966. 



APPENDIX 

th 
The set of rules which follows is a maximal s e t .  The n largest set 

of rules may be dertved by deleting a l l  l i n e s  preceded by integers less 

than n. 

Preceding the rules are three lists of  variables. (A variable is 

I I symbolized by a letter or the sequence up-arrow'' - l e t t e r ,  s . g . ,  T L  pre- 

ceded by a dollar s ign.)  The first list contains only t w o  variables, $ B ,  

which represents either a word boundary (# )  or a su f f ix  boundary (+), and 

$D, which represents either a word boundary or a prefix bgundary (=). 

The eecond list consists of variables representing let ters* and the f ina l  

list, o f  variables representing phonemes A table of the symbols used t o  

represent phonemes with the corresponding IPA symbol immedfately precedes 

the list of rules: 

The genera  form of a rule is 

where the S .  are strings (S  # (d), / (slash) is one of four possible con- 
l 1 

texts to  be explained below, and (back-arrow) is a place-holder for S . 
I 

The string S is a letter string which is t o  be converted into the phoneme 1 

string S if it (S  ) is preceded by S and followed by S 
2 1 3 4 '  3 4 S and S- may 

be either l e t t e r  s t r i n g s  or phoneme strings g e t  by the following context 

markers : 

charac tew expect D l e f t  context rfght context 

letter 

phoneme 

l e t t e r  

l e t t e r  



cont iaued : 

c h a r a c t e r  expects l e f t  contex t  right conteg t  

l e t t e r  phoneme 

phoneme phoneme 

I n  a l e f t  context, v a r i a b l e s  are follo-wed, r a t h e r  than  preceded by a 

d o l l a r  s ign.  

The f i n a l  t w o  s e c t i o n s  i n  the set of r u l e s  are marked PREFIX and 

SUFFIX r e s p e c t i v e l y .  P r e f i x e s  a r e  l i s t e d  l e f t - t o - r i g h t  longest-match- 

first f a s h i o n  (e .g . ,  e x t r a  precedes  - ex,  - u n i  precedes -- un) w i t h i n  a l e f t - t o -  

r i g h t  a l p h a b e t i c a l  s o r t .  

S u f f i x e s  are l i s t e d  r i g h t - t o - l e f t  longest-match-f i rs t ,  (e .g. ,  uous 

precedes  - ous which precedes - us  which precedes  - s) wi th in  a r i g h t - t o - l e f t  

a l p h a b e t i c a l  sort. Each s u f f i x  i s  preceded by a le t te r  and a 2- o r  3- 

digit number. The l e t t e r  r e p r e s e n t s  the  t y p e  o f  s u f f i x  as fol lows:  

a non-vocalic s u f f i x  ( s u f f i x  which does 
not  begin  w i t h  a vowel) b e f o r e  which a 
[y]may change t o  ti1 

a suffix (genera l ly  v o c a l i c  and very 
s h o r t )  which is recognized only be fo re  
i n f l e c t i o n a l  and consonantal  suffixes 

F r e g u l a r  s u f f i x  

The number preceding each s u f f i x  is t h e  o c t a l  r e p r e s e n t g t i o r ~  of a 

code d e s c r i b i n g  the  s y n t a c t i c  c o m p a t i b i l i t y  of t h a t  s u f f i x  wi th  o t h e r  

suffixes. The r i g h t - m o s t d i g l t  r e p r e s e n t s  t h e  p o s s i b l e  parts of speech 

of a preceding s u f f i x  (a s u f f i x  t o  the l e f t  of t h e  s u f f i x  under considera-  

t i o n ) .  I f  t h e  s u f f i x  may be  preceded by an a d j e c t i v a l  s u f f i k ,  t he  d i g i t  i s  



1, i f  Possibly preceded by a ve rba l  o r  nominal s u f f i x ,  t h e  digit i s  2 o r  4 

r e spec t ive ly ;  i f  t h e  suf f ix  may b e  preceded by a combination of these, the  

dig i t  i s  t h e  sum of t h e  corresponding d i g i t s .  

The d i g i t  immediately t o  the l e f t  of t he  right-most d i g i t  r epresen t s  

the poss ib l e  p a r t s  of speech of t h e  s u f f i x  under cons idera t ion;  i t  is  c a l -  

cu la ted  as above. I f  t h e  number con ta ins  3 d i g i t s ,  its left-most d i g i t  is  

a 1, i n d i c a t i n g  t h a t  t h e  s u f f i x  occurs  only a t  t h e  end ot a word. 

Example : F 166-ES 

The suffix i s  a r egu la r  (non-special) s u f f i x ;  i t  occurs only in word-final 

pos i t i on ;  i t  forms nouns ( 4 )  and verbs  ( 2 )  and may be preceded by a nominal 

( 4 )  o r  v e r b a l  (2) suffix. ( In  each case,  4  -and 2 a r e  summed. ) 



PHONEME TABLE 

IPA R u l e s  IPA - 



/SAP I S  F'CIRT OF -$*N 

/LETTER VARIABLES 
BWt A, €,'.I t Or U, YJ +At +El +I r tO, +Ul +Yt LE#r RE# 
BFJ I, EI .Y, + I t  +El +Y 
$"Ft A, 01 U, +At +O, +U 
$LJ Bt GI  DJ Ft Cil Jj Kt Lt Nt Pt R I  51 Tt Vt Z I  X I  +GI +Dt +FI +HI +L tMi+Nt +PI +Rt +St +TI +Wl  +'S 
BXJ +IENTJ +IOUSt +ION1 YIALt +IAN# +IENCE, 4EON, lCI# 
$'%I PI TI Kt Fa 93 Cl SHt CHt HI +TI +S 
$"BI At EJ I t  0, UI Y, W J  HJ Bt GI LI M, NI RI VI Z 
8& I I +ED# +ING1 +ERI +EST# +ESI E#1 E+ 
$"El N, LJ LC 
SAKI +EL +ED 
$S, A, El  I t  OJ Ut Yt  R, Pt KI C 
$VI Nt S 
ST, L, S 
% R J  At € I  I, 01 UI Y I  R 
$"Lt +ICI +ITY, +IFY, +IENTI +TOU5, +ION, +1fiL1 +IAN1 +IENCE 
$"MI +IVEt +PILI +-OUS, +CIGEJ +LY 
$"NI +IBLEI +IErLY, +IBILITY, +IFIC, +ICt +ACE, +ICE) +URE, +UTE) +WLE, + I T Y ,  +IFY, +ATIVE 
$^PI +CSTORYI +IT I ONJ +I FICCST IVE, +IF I CCITIONt +OONt +(SRCHY +ULAR* +UAL, +UOUS 
0"OI +SI St +TY 
8Et TH, ST 
$HI LI R 

/PHONEME VARIABLES 
SCI PI Tt KI BI DI GI FI Sj VJ ZI MI NI LJ Rt W t  31 HJ ^TI "D, "St ' Z I  ' CI "31 ' G 
$6, P, El F, M 
$31 PI T I  KI FI "'TI St %I H 
SKI A1 El 11 01 U, Y I  W I  "A1 "R,"11 "01 "01 ̂ UJ 'I-UI "Yt " IJ HI BI 01 "Jt LI M I  NI "GI Rt "DI V I  ZJ " Z t  ' LI 
*MI D, "R 
BAH, #I G 
$MI Dt T 
8Na St Z I ~ S I " C I ~ Z I  *J 
$a, f i t  "A1 "A, E, "El 1, "I OJ Wt "08 Ut AUI "U, Y I  *Y, 'I I J +&I +''At +El +"€I + I  +"I +OI +' 01 
+'lo, +U, +"Ut +IIUI +Y, +"Y, +Ifi I 
$Z, # t .= ,  EJ PI M J  F, V, KJ Ci, HI Tt Dt N 
$1, mAJ1 ̂CI "St hZ i  J 
$fit "D, ^ I 1  v 

4 CHER 3  EM I + 
6 PSYCHq5 IK  1 + 
3 TECH vAEK I + 
4 4RCH 3 "ARK 3 + 



/TRIPLE CONSONANTS 

2 CCH 3 K I +  
5 C H R > K R  I +  
6 CHL > KL I 
2 CHN > KN 3 + 

NCH > N"C 3 + $B 
4 NCH > "GK 3 + 
2 NGU 3 "G I + ESB 
5 NQU > %KW 3 + 
5 SCH > S)c 3 + 
2 THM '/ *D'M 3 6 +$L 
2 THM 1 ^D'M I + # 

TCH > "L r 1 + 

/DOUBLE CONSONANTS 

SH ? "S 
TH 3 "D 
TW > "T  
BT > TT 
BT 3 TT 
CC 3 KS 
CC > Klc 
CK > KK 
CH > "C 
DG > "JAJ 
DJ > "JAJ 
130 i GG 
GG > " JAJ 
GH i G 
GH > 
ON > N 
GN > N 
GN 3 N 
GN 3 N 
GM > M 
GU 3 G 
GU i GW 
GU > GJU 
GU ? GW 
YN > N 
LK > KK 
LK > KK 
LK > KK 
LM > M 
MB > f l M  
MB > MM 
MB > MM 
MN > MM 
HN > MM 

4 MN ? MM 
Nlc > &GI( 

2 NC > N"C 
NC > NS 
NC > "GK 
NG 'i ' G  

7 NG > "G 
4 NG i NAJ 

NG 'i NAJ 
7 NG .) " G  

NG i 'GG 
3 NX 3 "GKS 

PH > F 
OU > r( 

3 Q U 3 K  
au > KW. 

2 R H i R  
3 S T > S  
4 S T > 5  
2 SC 3 "5: 
4 SC >"C 

SC: > SS 
2 SL > 3s 

SC > SF 
2 SM > Z'M 
2 SM > Z"M 

SS 3 "5 
3 55 > "5 
2 12 > TS 

WH 3 HW 
WR ,> R 

/SINGLE CONSONANTS 



/SUFFIX PHO 



i +"ANAC 
'3 +"C1NT 
i +AN 
> +"a 
? +"ARKE 
? +"EREYN 
> +"ERAI 
i +^ERE 
>' + ",AR 
i +YT 
i +Af S 
> +"AT 
> +AT 
i +ATAIV 
3) +YT*QRE 
3 +"ATRE 
> +KRAA5E 
> +DhCIh 
? +EuAL 
> +"ID 
i +"ID 
i +D 
:, +T 
i +"IH 
> +EE 
) '++ENS 
i +^ENAC 
i +"ENT 
? +^EN 
> +YN 
> +E%N 
? +YS 
i +EYS 
> +"ERE 
> "ER 
> +VR 
i +"ES 
i +'EST 
3 +"ESK 
i +"I2 
3 +z 
> +5 
i +"ET 
i +"EAT 
> +E 
> +FOLD 
> +FYL 
? +HAUD 
> +EAL 
> +E"AL 
> +YL 

-68- 
I +I AL 
1 2 +IAN 
I 2 +ICSN 
1 3 +IAN 
1 +IAN 
I +4BILITY 
I +I BLE 
1 5 +IBLY 
I 4 +ICE 
1 5 +IC 
1 5 + IC  
I + I C  
1 2 +IENCE 
I +I ENCE 
I 3 +I€MT 
1 2 +IENT 
1 2 +IENT 
I + I ENT 
1 3 +IETY 
I +IFICATION 
1 2 +IFICATIVE 
1 + IF IC  
I + I F I C  
I 5 +IFY 
1 5 + ILE 
I 1 +IMONY 
1 +INO 
1 2 +ION 
1 2 +ION 
I +ION 
I +ION 
1 7 +IOUS 
1 7 +IOU5 
I +ISH 
1 2 +ISM 
I +ISM 
I +ISM 
I + I S 1  
1 5 + I S  
1 +ITION 
1 2 + I T I S  
I +ITY 
I +IVE 
1 +IZE 
1 4 +LESS 
1 4 +LET 
1 3 +LIKE 
I +LOG 
I +LOO 
I +LY 
I +MENT 

> +EwAL t + 
> +€AN 1 9;X 
3 +EMAN I 6 $"L 
> +YN ( I$ + 
'/ +EnCIN f 

> +^IEAILAITE t 

> +'IBYL ( 4- 

> +"IBLE ( e 
j +'' IS ( * # 
i +'I"S 3 + BX 
> +"IS I + $F 
> +'IK ( + 
3 +YNS ( I$ + 
3 +EAENS ( t 

'i +EAENAC I + BX 
> +EhENT 3 4 B'L 
> +YNT ( 19 6 
> +E'ENT ( c 
3 +IAETE ( + 
> +"IF"IYAASYN ( t 
; +~I f * IK .AT^ IV  ( 

'/ +' I F '  I S  I * $F 
i: k ~ ~ A I ~  ( c. 
2 +F I F 1  c 

> +'IL ( t 

> +&IMONE ( t 

> + Y " G  ( C 

3 +EON I * 9X 
> +E+AN 1 4 $'L 
> +YN ( I1 + 
3 +EAbN ( + 
:, +YS ( I$ + 
> +EY5 ( f 

> +^IAS ( C 

> + ' I Z Y M  I + +$L 
> + " I Z Y M  ( + # 
> +"IZM ( # 

> +"IST ( 4- 

3 +"I5 ( -4  

> +"I"SYN c 
> t I T Y S  ( e 
> ++ITE ( + 
> + * I V  ( C 

> + I 2  ( 4- 

> +LAES ( /c 

> +L'ET ( 4 

> +LIK ( 

3 +L"AAJ I + BF 
> +LAAG ( + 
3 +LE ( c 

> +MAENT ( c 



-69- 
( + I +Y > +"I' 3 c +LY 
( + I +Y > +E C 

( t 1 +'S > +"IZ ( N$ + 
( + I +'S > +S ( JO + 
( c I +'S > +z ( C 

( f I 
t I /DIGRAPH RULES: A- 

( f I 
( c 1 4 AE > "E ( D$ + 
t c I 4 A E > E  ( + 
( c 1 A1 ? "AY I + R 
{ c I A1 > 4 ( + 
t c I AU > "0 ( + 
( + I AY > * A  ( t 
3 +LY i AW > "0 ( + 
i I 
( I fD1GRCIPH RULES: E-. 
( C I 
( c I 4 E A i E  ( D$C$L$ # 
( c 1 5 E Q 3 E  ( D$C$ + # 
( t 1 5 E A > E Y  ( *I # 
3 + +LY I EA 3 "Y { + R$C 
( e 1 4 E A > E  ( 4- R 
( Nf + 1 4 E C I > " E  ( + Lac 
( 39 c I 2 ECI;!E ( c $&+SO 
( c 1, 2 EA > Ê ( + StiAlO 
( t EA > E 
( C I 
( t 1 2 E I > - I  3 D$S + 

4- I 6 E I 3 A  3 + G 
I S  + 1 4 E I > A  3 V c 
( J$ + I EI > E ( C 
t c I I E U > J A U  t D $ C $ Z S + R  

t 1 3 E U > d A U  C D$ZB + R  
( c I 1 EU > "U C D$C$C$ t R 
( c 1 2 EU > AU C D$C$ 6 R 
C Z$ ,+ # 1 4 E U 3 Y  I R$B 
( 4- # 1 2 EU S JU ( D$C$Z$ + 
C Z $ b $ ^ I  1 4 E U )  30 ( D $ Z $  + 
( 4- Sh1 I EU > JU ( D8 + 
C ZB 4- 1 2 E U > U  ( D$C$C$ c 
( + 1 2 E U > U  ( D$C$ f 

( c I i EU > JU Z$ + $LSAL 
4 4- I 1 E U > U  1 + $L$^L 
( c I 1 EU > EY 3 * $L$B 
C Z$ + $X I E U > J U  ( Z $  c 

C I $  4- I EU > U  ( t 

3 + $X I E W > J U  ( Z $  c 
4- I EW U { t 

( c I EV > A ( c 
( f I 



/DIGRAPH RULES t - 

IEU > JU ( + 
IE > I ( + # 
IE > I ( + +$C 
IE :, E ( + 

/DIGRAPH RULES. 0- 

OA > OY ( + # 
OR 3 0  ( t 

OE 3 O ( c # 
0E SrcY 3 4- R 
OE 3 OAE ( c 
0.1 3 "0 ( f 
OU > U ( 6 $B 
OU Y hG 3 GHT 
OU > U  3 + P 
OU i Q  ( + L8C 
OU > "U ( D$C$C$ + R$B 
OU > "U ( D$C$ + R8B 
OU >' 0 ( C$ + R$C$B 
OU > O  1 C$ + R$LE$B 
OU > Y  'J + R 
CSU ? "U ( + 

/DIGRfiPH RULES U- 

70- 
I /BIGRCIYH RULES. DOUBLE ~OWELS 
I 
I 1 AA ? R '( t 

I 2 E I + R 
I EE > p  4 + 
I 1 I I  > E  ( i- 

I 4 Q O $ " W  3 + R 
i 7 0 0 2 u  ( SC$ + 
I* 3 %  ( t 

I 00 ? U ( t 

I 1 UU ,> JUY ( Z$ + 
I 1 UU > UY ( f- 

I 
I /VOWEL RULE$ 
1 
I C S > " A  3 & #  
I 4 A >a "A 3 + LM# 
I 4 A > " O  3 + LK# 
I A > " O  3 * LL?b&I 
I R > " A  I X 
I A > & O  ( w  c RBC 
1 A ? " A  3 + RBI4 
I A > ^ R  3 6 WR$"I 
I 6 > I1fi 1 + RR 
I A > " A  I 
I A > A  I 

+ f ?  
+ $EE$B 

I 6 A  3 + $LI$ld. 
1 4 A 3 6  f $L+IIW 
1 4 A > A  I + $LE$W 
I 4 f l > A  1 * $L+E$W 
I A > C I  I + $LB"I 
I 5 R > " A  ( W  4- $rH 
1 5 > ' A  C D$C$C$ $L$"N 
I 2 A > " A  t D$C$ + BLW"' 
I 2 A?"' C D B  + $kSAhJ 
I A > A C D$C$CB + BL+$W 
I A > C D$C$ + $L+$W 
I CI > I4 C D$- 4 $L+$W 
I 4 A > A C D$C$ * $L$HE$E 
I 2 > A C D$C$ 4 $L$H$"I 
I A > A  1 c BW 
I A ; A  ( W'  & 

I &Y"' ( f 
1 5 E :% E ( D$C$C$ + BB 
I E 3 E ( D$C$ 4 $B 
I E > ( + -# 
I 5 E >  C ^H$ c +SAF 
I rS E > ^ E  I 4 $/a 
I E > 3 4- +$L 
I E > h k  1 + X 
I E > * F  ( L9C 



0  > "CI 
0 > "0 
Q > "A 
0 > 0  
0 2 ^Y 
0 2 "0 

3 o > o  
0 > 0  
0 > 0  
O > O *  
0 > 0  

3 O 3 " A  
b O > ^ A  

Q > O  
0 > 0  
0 > 0  

2 0 3 0  
0 > 0  

2 0 3 0  
3 0 > 0  

0 > "0 
2 0 > 0  

0 > "CI 
U 3 U 

4 U > ^ Y  
U > JAU 
U 3 ^U 
U > JU 
U > U  

2 U > JUW 
2 U 3 U W  

U > 'U 
U > *Y 
W > W  

XPREF I X 
CINT I 

5 BE 
B I  

5 CIRCUM 
COM 
CON 
GO 
DE 
DIS 
EM 
EN 
EXTRR 
EX 

4 HYPER 
I M  



INTER 
4 INTRA 

IN 
4 MF\L 
1 MhXI 
5 MICRP 
1 MINI 

M I S  
2 MULTI 
1 NEO 

NON 
PER 
PRE 
PRO 

2 PSEUDO 
5 PSYCHO 

RE 
3 SELF 
2 SEMI 
4 SUB 
3 SUPER 

TRANS 
4 ULTRA 

UNDER 
4 UNI 

UN 
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