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Abstract  - -  

In conversat iona l  s p e e c h ,  words run t o q 6 t  her and i n t e r a c t  

c a u s i n g  t h e i  p h o n o l o g i c a l  f ~ r m s  t o  d i f f e r  from their  c i t a t i o n  

forms. Fas t  s p e e c h  ru les  attempt t3 qescribe  these changes  as 

s p e e c h  becomes faster  and more c a s u a l ,  

In d e v e l o p i n g  3 n y  s e t  of phono log ica l  rules, computerized 

grammar testers are a u s e f u l  and important a i d .  T h e y  necessitate 

(3. precise ,  aons i s t en t  E o r n u l a t i o n  of the r u l e s  and allow the 

g e n e r a t i o n  of s - p l e  d . e r i v a t i o n s .  I n  a p p l y i n g  these ~ u l e s  to a 

d i v e r s e  set of utterances, we can f i r s t  confirm that the rules 

r e a l l y  d c  a p p l y  where we e x p e c t  them to, a n d  then experiment vith 

v a r i o u s  rule  o r d e r i n g s  to o b s e r ~ e  t h e i r  effects.  

The Phonological  Grammar Tester of Friedman and Morin was 

use-d to test  t w o  s e t s  Of* f a s t  s p e ' e c h  rules from the A R Q A  S p s e c h  

U n d e r s t a n d i n g  Research c c m m u n i t y .  Working w i t h  C hese rules lad 

to certain observat ions  about the  i n t e r a c t i o n s  and nature of f a s t  

s p e e c h  ru les  in general.  3x1 a d d i t i o n  to t e s t i n g  these two  sets 

of f a s t  s p e e c h  ru les ,  we were also interested in t h e  problems of 

t e S t i n g  such a grammar v i t h  t h i s  program. 

A p p e h d i c e s  i n c l t l d e  an overview of t h e  grammar tester and 

f i n a J  output from our t e s t i n g ,  
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f i  Case History i n  Computer Exploration of F a s t  S p e e c h  R u l e s  

Couglas  B. Moran 

The U n i v e r s i t y  of M i c h i g a n  

I n t r o d u c t i o n  
---I----*- 

In deve lop ing  any sebt of p h o n o l o g i c a l  rules ,  computerized 

grammar testers are a useful and important  a i d .  T h e y  necessitate 

a precise, consistent formulation of t h e  rules a n d  aL1ow t h e  

generat icn  of sample der iva t ions .  In applying t h ~ s e  rules to a 

diverse  set of utterances, we can first confirm that t h e  rules 

re a l l y  d o  3 p p l y  where ue expect t h e m  to, and  then  experiment w i t h  

v a r i o u s  rule orderings to observe their  e f fec t s ,  

T r a d i t  iona 1 phono log i ca l  rules d e s c r i b e  t r a n s i t i o n s  from the 

u n d e r l y i n g  form t o  t h e  surface form of a word. However, in 

casual (fast) speech, words are not  d i s t i n c t ,  i n d e p e n d e n t  u n i t s ,  

but r u n  together and interact.  F a s t  speech  rules a t t e ~ p t  *-o 

descr ibe  t h e s e  changes that occur as speech becomes faster and 

more c a s u a l  (4 ,  8, 9 ) .  

T h i s  is a. case # h i s t o r y  of the examination of two p a r t i c u l a r  

sets of r u l e s  on the Phonological  Grammar Tester (PGT) of 

Friedman and Borin (3) . An overview is g i v e n  in A p p e n d i x  A and a 

s a m ~ l e  of t h e  output i n  Appendix 8. In a d d i t i o n  t o  t e s t ing  t h e s e  

two s e t s  of f a s t  s p e e c h  rules, we were also i n te res ted  in the 

problems af t e s t i n g  such a grammar w i t h  t h i s  program. 



Testing the Fast Seeech Rules - -  - - I -  ---CmII IL I . I .  

For our f j c s t  test,  w chose t h e  fast s p e e c h  ru les  of Neu 

(6) a s  the best a v a i l a b l e  set  of rules  g i v e n  i n  a reasonably.  

cons is tent  n o t a t i o n .  The rules Mere g i v e n  in two formats: one 

u s i d g  phonemes and the  other u s i n g  d i s t i n c t i v e  features.  T h e  

f i r s t  task  was to a d j u s t  the notat ion i n t o  a machine usable  form. 

For t h e  purposes of this t e s t ,  we used t h e  feature systeh of 

Chomsky and  H a l l e  ('I), w i t h  three t y p e s  of boundaries:  s y l l a b l e  

( +  , morpheme ( 3 )  and  word ( # I )  . For example, t h e  f eatur'es 

a n t e r i o r  
-----a and ------ coronal had  to be s u b s t i t u t e d  f o r  &ace' _of 

art  i ~ u 1 a t i . o ~ .  Also, t h e  rules h a d  to be m o d i f i e d  so t h a t  each 

featur-e had t h e  same type of v a l u e  ( integer ,  b i n a r y ,  gr marked- 

unmarked) t h ~ o n g b o u t  t h e  grammar. For example ,  in the PG?, 

l s tress  is not equal to +ssess and is less than =stress, w h i c h  ----- f 

c o u l d  cause manf unexpected problems in the grammar. Another 

minor problem was aetermining whether a C I i n  t h e  rules meant 

not ----.-- a vo we1 , I+ consl, or up-- v o c a l l .  

Sample d e r i v a t i o n s  were g i v e n  with t h e  rules, and t h e s e .  were 

.used as a f i r s t  tes t .  We q u i c k l y  f o u n d  a number of small 

p r o b l e m s ,  most being t h a t  t h e  rule had been  incorrectly or 

incompletely s t a t e d .  For example, Geminate Reduct ion  and 

A l v e o l a r  F l a p p i n g  would not a p p l y  across t h e  word boundary in 

"want to", w h i l e  t h e  E in "capta in1v  b locked t h e  a p p l i c a t i o n  of 

 lott tali eat ion. 

More sample words were taken from. Neu and severa l  more s m a l l  



erro-1s were f a u n d ,  such aa Nasal Consonant Deletion b l e e d i n g  

Trans i t i ona l  S t o p  Insert ion and thereh y i n d i ' c a t i n g  t h a t  it s h o u l d  

be ordered a f t er  Transtop. We still had SOB-e u n r e s b l  ved 

problems, such as "Ts /f e d a 1/ a proper f a s t  speech form of 

' f . edera l '? lg ,  when t h e  r e v i s i o n s  a n d  a d d i t i o n s  (7) a r r i v e d ,  Many 

of thes e revis ions  corresponded to our  s o l u t i o n s  of problems 

encoun\telCed d u r i n g  testf ng o f  these r u l e s .  The f i a a l  form of 

t h i s  f i r s t  sot is g i v e n  i n  l p p e n d i x  C. 

S i n c e  there was l i t t l e  obvious order in the rules ,  g r a p h i n g  

the ~ a r t i a l  o r d e r i n g  g i v e n  was very h e l p f u l  in e x p l o r i n g  the rule 

ordering.  The p a r t i a l  o r d e r i n g  g i v e n  with the r u l a s ,  Ficrure 1, 

was q u i c k l y  r e f i n e d  t o  that in F i g u r e  2 by t e s t i n g  t h e  sample 

d e r  i va't i cns . 
In these new 'rules, p a r t i c u l a r  a t t e n t i o n  was p a i d  to the 

presence and p o s i t  i o n  of s y l l a b l e ,  aorphene  and word boundar ies  

in t h e  environments for which t h e  rules  s h o u l d  a p p l y .  Other f a s t  

speech rules from members. of t h e  A R F A  S p e e c h  Understandipg 

Research ( S U R )  community (11, 12, 13) vere used 3s references, 

e s p e c i a l l y  in respect t b  boundary p o s i t i o n ,  in i m p l e d e n t i n g  f h  ase 

new rules. In t e s t i n g  the r u l e s ,  most o f  t h e  p r o b l e m s  involv 'ed  

t h e  p o s i t i o n i n g  and poesence of boundar i -es .  

The second D e n t a l  Delet ion rule was dropped from t h e  grammar 

because it appeared t c  d u p l i c a t e  the effect of a s s i m i l a t i n g  an 

alveo lar  f l a p p e d  g t o  the preceding 5. 

We had few t r a n s c r i p t i o n s  of f a s t  speech forms, so i n  



G R A P H  OF P A R T I A L  O R D E R I N G  - -  L I N E A R I Z E D  -....----- 

SCHWA DELETION 

< I N G >  R E D U C T I O N  

R U H - R E D U C T I O N  

R U H - L E S S N E S S  

N A S A L I Z E D  VOWELS 

N A S A L  CONSONANT 
EEL ET I0 N 

D E N T A L  DELETION 

ALVEOLAR FLAPPING 

GLOTTAL STOP 
FoRHqTIoN 

P A L A T A L I Z A T I O N  

A SSI 31 LA TZO N 

TFiAN S I T I O N A L  STOP 
INS E R T I O N  

G E K I N A T E  REDUCTION 

D A R K  [LJ 

[ RJ-FLAPPING 

F I G U R "  1 I N I T I A L  R U L E  O R D E R I N G  
I--&--&----------------- 



L I N E A  RI7;ED ---------- 

VOWEL R E D U C T I O N  

SCHWA O E L F T I O N  

<IkG> R E D U C T I O N  

RUH- R E D U C T X O N  

N A S A L I Z E D  VOWYLS 

T R A N S I T I O N A L  STOP 
I N S E R T I O N  

P A L A T A L I Z A T I O Y  

A LVEOLAP FLAPPX N!: 

GLOTTAL STOP 
F O R M A T I O N  

DENTAL D E L E T I O N  

GEHX NATE RS'D U C T I O N  

N A S A L  C O N S O N A N T  
REGBCT I O N  

D A R K  [L] 

G R t A P H  OF P4RTI:AL O R D E R I N G  --..-.----..------- --------- 

F I G U R E  2 P I N A L  RULE ORD~~~l4 ,,,,,,,-:, 



testing these rules a major problem was in d e t e r m i n i n g  wha-t d i d  

and d i d  n o t  c o n s t i t u t e  proper fast speech forms. In slow speech, 

it is f a i r l y  easy to break up the utterance i n t o  a sequence of 

p h o n e m e s ,  b u t  i n  f a s t  s p e e c h ,  the utterance is more contiquous 

and it is harder to d e c i d e  what is a segment and wh.ere t h e  

segments begin a n d  end. For example, t h e  p a l a t a l i z a t i o n  rules 

produce t h e  f o l l owing  derivation:  

(a) . /d id#Cyu/  

b )  . / d i # #  yyu/ 

( c ) .  / d i t t y u /  

We are n o t  i n c l i n e d  t o  b e l i e v e  t h a t  an i n t e r m e d i a t e  form 

/d id##Yyu/  exists b e t w e e n  s t e p s  (a) and (b)  in t h i s  d e r i v a t i o n .  

I t h i n k  t h a t  (b) is a true intermediate  form, existing i n  slower, 

casual speech, but not i n  f a s t  speech. 

Our b e s t  e v i d e n c e  i n d i c a t e d  t h a t  t h e  R U H  i s  t h e  same as  t h e  

s y l l a b i c  "rU I t h u s  r a i s i n g  the problem of ordering t h e  

S y l l a b i c i z i n g  and Ilu h-rsduct  i o n  rules. Are the proper forms 

/g u v +- n r/ ahd / f  e d + r l/ or, more likely, /g u v + n r/ 
0 

and /f e d + r I/? Q c ,  c o u l d  it p o s s i b l y  be /g u v + n r/ and 

/f e d + r I./, w i t h  t h e  S y l l a b i c i z i n g  rule not  deleting the 

schua, but naking  it v e r y  short and p a s s i b l y  devoicing it? 

Another d i s t u r b i n g  r e su l t  of t h e  testing vas the application 

of rules across deleted s e g m e n t s .  For exaaple, after qqvernqg 

has b e e n  reduced  to / g  u v + n r/, Proqressive Ass imi la t ion  

applies, producing /g u v + m r/. Similarly, ---- s a n i t q  ------- clause 

becomes /s ae n + t a .../ w h i c h  becomes /s ae n + f' a .../, 



c l o s i n g  in on a .fast speech form of santa  C l a u s .  The final form 

of t h e  second set  of rules a n d  the o u t p u t  are given in A p p e n d i x  

D 6 

Suggested & d i f i c _ g t i o n s  to the PGT - -----.. - ---------I- 

The PGT was wri t f en  f o r  t h e  t e s t i n g  o f  t r a d i t i o n a l  

p h ~ n o l o g i c a t  grammars w h i c h  take  a n  underlying form to a Burface 

form, a n d  t h u s  fast speech rules  p r e s e n t  s e v e r a l  unforeseen 

problems. 

F a s t  speech r'ules do not const i t .u te  a conpleke grammar, b u t  

are i o s t e a d  interspersed, among t h e  t r a d i t i o n a l  rules ,  Ln 

p r o d u c i n g  an i n t e r m e d i a t e  or s u r f h c e   for^ f o r  input to t h e  

grammar, t h e  use of d i a c r i t i c s  would p r a d u c e  2 simpler and more 

econcmical represent a tion st the i n p u t  For  e x a m p l e ,  in the 

p r e s e n t  system, it is necessary to give a separate d e f i n i t i o n  f o r  

each stress ass ignment  for each vowel ,  i n s t e a d  of d e f i n i n g  each 

towel cnce and a s s i g n i n g  t h e  s tress  through t h e  use of 

d i a c r i t i c s .  

S y l l a b i f i c a t i o n  aDpears  to o c c u r  before some of t h e  ru les ,  

an d after others.  TO avo id  h a v i n g  to insert ,  r u l e s  for 

s y l l a b i f i c a t i o ~ ~  or h a v i n g  the rules  preceding s y l l a b i f i c a t i o n  

ignore s y l l a b l e  b o u n d a r i e s  i n  the i n p u t ,  the PGT s h o u l d  have a 

l@human i n t e r v e n t i o n "  ru le  w h i c h  would  a l low the user to c h m g e  

t h e  tree a s  p a r t  of t h e  d e r i v a t i o n ,  s i m u l a t i n g  t h e  effect of t h e  



WmissingfI rules. "Human interventionn rules c o u l d  b e  u s e d  to 

postFone Q r i t i n g  rules, either ro a l a t e r  sess ion or i n d e f i n i t e l y  

if the rules are t o o  h a t d  to write or if t h e y  are &ats i .de  t h e  

scope of t h e  problem. 

Another problem ar i ses  from most, if not a l l ,  f a s t  s p z e c h  

rules being optional.  T h e  present system generates a s i n g l e  

d e r i v a t i o n  u s i n g  a  ando om number generator  to d e c i d e  whether  or 

not- t o  a p p l y  optional rules. As a result, t o  obtain a good best 

of the e f f e c t  of an optional rule i n  tho  grammar, we have t o  do 

two tests, Ohe w i t h  the rule obl igatory  and one w i t h o u t  t h e  rule. 

With. a large number of optional rules  operating on a rron-trivial  

set of test data, having to test each possible rule combination 

individually would b e  a- staggering t a s k .  A more satisfactory 

method wquld be for t h e  PGT to produce  a set of der ivat ions  s u c h  

t h a t  any t i n e  a n  o p t i o n a l  rule can a p p l y ,  t h e  PGT produces a 

d e r i v a t i o n  for t h e  case where the. rule was a p p l i e d  and one for  

the case where it wasn't. Cohen ana Mercer (2) have i m p l e m e n t e d  

such  a feature in t h e i r  rule tester by storing the r e s u l t  of the 

a p p l i c a t i o n  of a rule a s  a directed gra.ph. S u b s e q u e n t  rules  are 

a p p l i e d  t o  a l l  p a t h s  through the graph,  producing a neu graph. 

In c o n s i d e r i n g  the problem of when a n  o p t i o n a l  rule  s h o u l d  

be a p p l i e d ,  we are cons ider ing  p g f o u a n c e  (10) . To t h i s  end, we 

might be better  served by having the var iab le  rules  of Iabov (5) 

ia a d d i t i o n  to t r a d i t i o n a l  phonolog ica1  rules.  f n s t e a d  of the 

a l l -  or- nothing matching of normal ru las ,  v a r i a b l e  rules employ 

incremental m a t c h i n s ,  w i t h  the l i k e l i h o o d  of t h e  rule being 



a p p l i e d  b e i n g  a f u n c t i o n  of the degree of match, t h e  rate o f  

speech, and the n a t u r e  of the  conversation (e ,g.  Is i t  formal or 

c a s u a l ? )  . For example, for: t h e  Froqrelssive A s s i m i l a t i o n  mile for 

p o i n t  of articuigtion (PROARTICJ , / s  O f n/ ((soften) becomes 

/S (3 f m/ only i n  v e r y  f a s t  speech, hut / p  r + f y u + n/ 
v N 

(profusion) becomes /p c + f y u + z n/ in sost f a s t  speech. In 

a d d i t i a n ,  for each v a r i a b l e  rule a p p l i e d ,  the PGT s h o u l d  use the 

associated probabi l i  t v  t c  produce a E i n a l  p r o b a b i l i t y  f o r  each, 

d e r i v a t i o n .  Unfortunatelyr t h e  i lbpleaentat ion  of variable r u l e s  

would necessitate major changes  to the PGT. 

C o n v e n i e n t ,  b u t  not necessary, would be t h e  ability t o  make 

a rule  " b l i n d w  t o  certain t y p e s  of nodes ,  For example, Chomskp 

and Halle (1) allow sosle b o u n d a r y  symbols t o  be invisible t o  

their phonological rules. Tn some cases, t h i s  ability might  be 

a b l e  t o  f u l f i l l  the f u n c t i o n  of a "human interventionv rule,  

Observat i o n s  about Fast  Skeech R ules -------------.---- ------ 

T e s t i n g  the fast s p e e c h  rules  led ta certain i n s i g h t s  into 

t h e  interactions of the rules.  The most vexing  problems verbe 

with t h e  representat ion  of boundaries .  The use of 2 ,  &, and g t  

seems a r t i f i c i a l  and cumhersome, A moce n a t u r a l  a p p r o a c h  seems 

to  b e  to a s s i g n  the b o u n d a r i e s  varying degrees of $treggf_h, and 

t h e n  allow t h e  p h o n o l c g i c a l  rules t o  operate on t h e  s t r e n g t h  

assignments. Consider t h e  problem of HJohngs going t o  uorkll 

becoainu the fast speech form l'Johnts qonna work1' in the case 



where q o i n q  i s  a n  auxiliary but not i n  t h e  case uhere it is t h e  

v e r b .  Rather than having the phono log ica l  rule s e n s i t i v e  to t h e  

syntax ,  -it seems much cleaner to have  it s e n s i t i v e  t p  the 

boundary strength between o n  and to .  To t h i s  end, we must 

allow t h e  s y n t a x  t o  i n f l u e n c e  t h e  i n i t i a l  a s s ignaent s  of boundacy 

s t r e n g t h .  The use of boundary strengths also seems to s o l v e  t h e  

problem, of how boundaries are r e d u c e d .  For example, in reduc ing  

want to t o  wanna s h o u l d  t h e  word boundary  b e  reduced t o  a 
me--- ---I 

morpheme or a s y l l a b l e  bounda'ry? 

Another  ase of b o u n d a r y  s t r e n g t h s  might be to mark t h e  

p o s i t i o n  of segments d e l e t e d  fcom a word by s t r e n g t h e n i n g  t h e  

n e i g h b o r i n g  boundaty.  For example ,  when governor ------- i s  reduced to 

s v  I ner, the p is l e n g t h e n e d ,  i n d i c a t i n g  t h e  p o s s i b l e  presence of 

a stronger then normal syllable b o u n d a r y .  This stronger boundary. 

would  t h e n  prevent  the from c h a n g i h g  t h e  g to an - m under 

Progressive Assimi lat ion.  An a l t e r n a t i v e  is t o  hare a "strong 

s y l l a b l e w  boundary s y m b o l  w h i c h  would be "strongerwq than a "weak 

wordm bounaary symbol, but t h i s  woulil be mdssy and unnatura l .  

It voola probably  b e  more productive t o  represent f a s t  

s p e e c h  forms with phonemes u t i l i z i n g  m u l t i - v a l u e d  (1 through 7 

instead of + a n d  ) f e a t u r e s .  Giving the segments l e n g t h  

a t tr ibutes  would a l low segments to be d e l e t e d  by a combination of 

rules  which reduce segment l e n g t h s .  Also, i n  conparing forms, a 

very short seqment could be considered t o  be d e l e t e d .  

F a s t  speech rules seem to be selective a s  t o  the w o r d s  to  



w h i c h  t h e y  can a p p l y .  Z w i c k y  (14) g i v e s  e x a m p l e s  and counter- 

e x a m p l e s  for various f a s t  speech r u l e s ;  However, it seems that 

t h e  counter-examples are words w h i c h  do n o t  f t e q u e n t l y  occ,ur i n  

&aqua1 speech, w h i l e  the e x a m p l e s  were common. This o o i n t  was 

i l l u s t r a t e d  when , i n  a n  early run, t h a t  Schva D e l e t i o n  produced 

/k ae  n + g r u/ from 'tkangaroow, A T  first, this East speech 

form was u n a c c e p t a b l e ,  but w i t h  use, it becdme more and  more 

acceptable. Interestingly e n o u g h ,  a small random p o l l i n g  se ;ned  

t o  i n d i c a t e  t h a t  this form is a c c e p t a b l e  "if yout re a n  

AUS t r a l i a n t r  . T h a t  fast speech rules a p p l y  t~ what 1 s  common i n  

the speaker's v o c a b u l a r y  is also e v i d e n c e d  by the heavy 

a p p l i c a t i o n  of f a s t  speech r u l e s  t o  l o c a l  names. 

T h e  similarity af the p a l a t i z a t i o n  rules  i n  t h i s  f a s t  s p a e c f i  

grammar and in n o r m a l  F n g l i s h  (1) r a i s e s  tha q u e s t i o n  of W h a t  

are ' f a s t  s p e e c h  rules?". If normal rules  are restricted v e r s i o n s  

of t h e  more g e n e r a l  processes which a l s o  account  for the Pas t  

s p e e c h  forms (14), t h e n  we must be c a r e f u l  in using slow s p e e c h  

surface  forms to t e s t  the fast s p e e c h  r u l e s .  For example, p a r t  

of the d a t a  covered by t h e  Schwa Deletion rule might a c t u s l l y  

result from schwas being *ser&gq between  consonants  in slow 

speech formS. 
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&mend j x  A - Usin% t h e  P hono&oqjcaJlG rdmgqg-Tes ter - - -  - -- ----* 

In the  PG?, the phonological r u l e s  are treated as a 

t r a n s f  ormat ional grammar which operates  on trees  whose terminal 

nodes  are u s u a l l y  phonemes and boundary  syabolsb.. Y h i . 1 ~  most 

p h o n o l o g i c a l  rules uill use o n l y  these terminal  nodes, it may be 

d e s i t a b l e ,  or e v e n  necessary, to have  t h e  rule sens i t ive  to t h e  

s y n t a x ,  which  c o u l d  indicated b y  t h e  n o n - t e r m i n a l  noaes .  

Trees can be l i n e a r i z e d  by U s i n g  I t < "  and l g > v t  t o  enclose a 

left to r i g h t  l i s t i n g  of sibling nodes, such that a d e s c r i p t i o n  

of each noh-term5nal n o d e ' s  d e s c e n d a n t s  is appended  to its name. 

thus: 

becomes S<A B < D  5 )  C>. 

In d e f i n i n g  t h e  grammar, r u l e s  a r e  stated i n  one of two 

foras. The more general  t r a n s f o r m a t i o n a l  rule format h a s  two 

parts: 

the s t r u c t u r a l  d e s c r i p t i o n ,  w h i c h  must match t h e  tree exact ly  

for t h e  r u l e  t o  a p p l y ,  and 

t h e  s tructural  change,  v h i c h  descr ibes  the e f fec t  of t h e  rule 

upcn the tree. 

S i n c e  these phonolcg ica l  rules use only the immediate c o n t e x t ,  

t h e  S D ' s  begin a n d  end w i t h  the unbounded skip symbol "Xn. 

Bounded s k i p s  a r e  l inear ized  b y  p r e f i x i n g  t h e  symbol  w i t h  its 

-bound, t h u s  Co becomes 'O'C. Choices sre l i n e a r i z e d  by 



s e p a r a t i n g  them w i t h  commas and  e n c l o s i n g  t h e m  in parentheses .  

\n o p t i o n a l  part of tho structural d e s c r i p t i o n  is enclosed in 

parentheses I Nodes  used in the structural chang-e are referenced 

by an integer  p r e f i x .  

If o n l y  one node i s  to be erased, changed or inserted ,  t h e  

second form of the r u l e ,  w h i c h  resembles that t r a d i t i o n a l l y  used 

in phonology,  can be used. 

Example: VOWTL N A S A L I Z A T I O N  

TRANS NASVOW. 

sn 'V ( (  # ) )  * (+CONS -VOCAL* +NASAL1 %. 

SC. (+NASAL(  NERGEP I ,  

The,rules can either be o b l i g a t a r y  or o p t i o n a l  and  can h a v e  

one of three modes of a p p l i c a t i o n :  s i n g l e ,  s imul taneous ,  or 

r e p e t i t i v e .  The PGT also c o n t a i n s  p r o v i s i o n  for a control  

program which will direct  the order in w h i c h  t h e  rules are t r i e d ,  

with the d e f a u l t  being that t h e  rules are tried once i n  t h e  order 

g i v e n .  

Unf d r t u n a t e l y ,  no systematic procedure for t e s t i n g  grammars 



with the PGT has b e e n  d e v e l o p e d ,  n o r  Has a procedure for 

a c q u i r i n g  an appropr ia te  i n p u t  set. Our procedure has been to 

adjust  the grammar w h i l e  t r y i n g  to o b t a i n  the samplz derivations 

g i v e n  w i t h  the rules.  



Note: explanat ions  are in lower case. 

' ~ 3 : N T E i O D U C Y I O N : l m  S<'!lB N < ' f l B  'XI2 'N 'SB IT 'R $03 'SB 'D ' U H 1  'K 
'SR ' S H  'EH2 'N 'MB> 'ME>*  

echoes the i n p u t  
T R E E  READ B Y  P T R I N  

1 S 2 X 
3 N 

# # 11/21 N + T R 0131 + D U f l / 1 /  K + S H  EH/2/ N # 4 
o u t p u t  t h e  form in tree and linear form 

rltrlr**rk TRANSFORBATIONS I**** 
SCAN CALLED AT 1 I 

start scanning on top llSm node 

ANTEST CALLEC FOR 1 "R E D V O  W (AACC) ,SD= 2. RES= 5 .  TOP= 1 :S 
attempt t o  a p p l y  rule redvow t o  form 

AN TEST R E T U R N S  ** I**  
r u l e  redvov has  matched once 
absenco of this message i n d i c a t e s  that the rule d i d  not a p p l y  

CHBWGE, H l V E  CSERCH FOR HERGEF IN 10 
merge features  i n t o  node 10 (making it a schwa) 

ANTEST CALLED FOB 211SCFIHDA (AACC) , SD= 3. RES= 7. TOP= 1 :S 
ANTEST CALLED FOR 3" SCH WDB (AACC) ,SD= 4. RES= 9 .  TOP= 1 :S 
ANTEST CALLEC FOR U ING (AACC) , SD= 5, RES= O 0  TOP.= 1:s 
ANTEST CALLED F O E  SV1SYZLAB tt (AACC) ,SD= 6. RES- 11. TOP= 1 :S 
ANTEST RETURNS ** I**  
CHANGE. CALL ELENOP FOR ERASE 0 17 

erase node 17 

C H A N G E ,  H l V E  CSEXCH FOR MERGSP IN 18 



ANTEST CALLED F O R  6 " R U H R E D  " ( A A C C )  ,SD= 7. RES: 1 3 .  TOP= 
ANTEST R E T U R N S  ** I** 
C H A N G E ,  HAVE CSEXCH PdR MOVEF IN 9 

move features t o  node 9 frcm scme unspecified node (10) 

CHANGE. CALL ELEhOP F O R  E R A S E  0 
C H A N G E .  H A V E  CSEXCH FOR MERGEF IN 
AN TEST CALLED FOR ~ " R U H L ~ S S  l1 (AFCC) 
ANTEST CALLEC FOR 8 " N A S V O U  (AACC). 
ANTEST RETURNS ** I * *  
C H A N G E .  H A V E  CSEXCH FOR MFlRGEF IN 
ANTEST CALLEC FOR 91'TRANSTOP" (AACC) 
A N T E S T  C A L L E D  F O R  I O I ~ P A L A T I  ( A A C C )  
ANTFST CALLEC FOR 1 1 I t P A L A T 2  " ( A A C C )  
U T E S T  CALLED F O R  1 2 " P A L  AT 3 (AACC) 
ANTES?' CALLED F O R  1311ALFLAF " ( A A C C )  
hMTEST CALLER FOR 14"GLOT " (AACC) 
ANTEST CALLED FOR 15" DENDELD (AACC) 
ANTEST C A L L E f  FOR 1 6 v V C E N D E L T 1  " (AACC) 
ANTEST C A L L E D  FOR 17" CENDFLT,7tt  (AACC) 
RNTEST CALLED FOR 1 8 n I i E G V O I C E 9 1  (AACC) 
ANTFST RETURNS ** 1** 
C H A N G E ,  H A V E  CSEXZR FOR MERGFF IN 
AN TEST c ALLED F O R  19 ' !LEGAP91Cf '  (AACC) 
ANTEST CALLEE FOR 2 0 " P R O V O  ICF:" ( A A C C )  
ANTEST CALLED F O R  214'PROA3TICn ( B A C C )  
ANTEST R E T U R N S  ** I** 
C H A N G E .  H A V E  CSEXCH TOR PIERGET IN 
AKTEST CALLED F O R  22"GEMRED " (AACC) 
ANTZST CALLEC FOR 23nNASFED '' (AACC) 
ANTEST R E U R N S  * I** 
CHANGE, CALL ELEFGP FOR ERASE 0 
ANTEST CALLEC F O R  24IVDARKL '* (AACC)  
ANTEST CALLED F O R  25" R F L A P  " (AACC) 
ANTEST C A L L E C  FOR 2 6 " R D E V O I C E V 1  (AACC) 
BNTEST RETURNS ** A * *  
C H A N G E ,  HAVE CSBXCH FOR YERGEP IN 

1 8  
,SD= 2 3 .  EES= 26. TOP- 
,So= 24. RES= 0. TOP= 

SGAN CALLED AT 2 
tries to scan on embedded 'lStV node, b u t  f i n d i n g  none, ' stogs. 

TR AN SFORNATIONS WHICH H A V E  A F P Z S E D  ARE 
1 1 REDVOW 
2 5 SYLLAB 
3 6 R U H R E D  
4 8 N A S V O U  
5 18 R E G V O I C E  
6 21  PRCARTfC 
7 23 NASRED 



TREE REAn B Y  FTRIN 
1 s 2 r 

3 N 4 # 
5 11>/2/ 
7 + 
8 T 
9 R D V / 3 /  

1 1  
12  D 
1 3  t lH/  I /  
1 4  I( 

15 + 
1 6  $Fl 
18 NPAS/2/ 
19  1 

20 t 

# # , I1>/2/  + T R D V / 3 /  + D UH/1/ K + SH NPAS/2/  C # 
o u t p u t  t h e  result i n  tree a n d  l i n e a r  form 

9 R D V / 3 /  ]-LOW +BACK -ROUNC + R E T R O F (  
these features were as soc ia ted  w i t h  node 9 in a d d i t i o n  to t h o s e  
g i v e n  to d e f i n e  t h e  symbol  l'NPAS1' and t h e  diacritc n/2/M 



A ~ e e n d i x  C - First Set  of R u l e s  .... -IIII--.-LIIIIIII1--------- 

~ ~ N U U -  JnLY I 1 9 7 ~  
PHONLEX I C O N  

FEATflRE s 
q i v e  t h e  features used 
C O N E  V O C A L  SON CONT 
LOW H I G H  R A C K  R O U N D  ANT COB 
TENSE V O I C E  STRXD 
D E L R E L  N A S A L  DETROF 
STi33SS GLOTTAL PALAT 

V A S I A B L E  
d e f i n e  the s y m b o l s  used in the r u i w  and in the i n p u t  

C = I + C O N S  -VOCAL1 , 
V =  ( -CONS +VOCAL 1 ,  

lV00STR UENTSw 
ltST@PS 
P =  1 + C O Y S  - V O C A L  -SON -CCNT +!!KT' - C O R  -VOICE - S T R I D  -DELREL I ,  
B= 1 +CONS -VOCAL -SO# -CONT +ANT -COR + V O I C E  -STRID - D E L R E L I  , 
I!= I K O N S  - V O C A L  -SON -CCNT +AYT + C O R  sVOICE -STBID -DELRELI, 
D =  f ?CONS -VOCAL - S O N  -CONT +ANT +:OR + V O I C Z  -STIIID - D E L R E L I ,  
K =  I K O N S  -VOCAL -SON -CCHT -ANT - C O R  - V O I C E  - S T R I D  --DELREL), 
G= /+CONS -VOCAL -SON - C O W  -ANT - C O R  + V O I C E  - S T R I D  - D E L R S L I ,  
FRTCA 'IIVZS" 
V V =  I +COVS - V O C A L  - S O N  +COrJT +ANT - 2 0 2  + V O I C E  + S T R I D 1  , 
F =  I + C O N S  - V O C A L  -SON +CCNT + A N T  -COR - V O I C E  + S T R I D J ,  
T H V = { + C O N S  -VOCAL - S O N  +CONT +ANT + C O R  +VOICE - S T R I D I ,  
THn=I + C O N S  -VOCAL -SON +CCNT + & A N T  +COR - V O I C ~  - S T R I D ( ,  
Z =  I +CONS -VOCAL -SON +CON?! +ANT + C O R  + V O I C E  + S T R I D !  , 
S =  ) + C O N S  - V O C A L  -SON +CC?JT +ANT + C O R  -VOICE + $ T R I D ) ,  
ZH= ( +CONS - V Q C A L  -S3N +CONT - A S T  -COR +VOICE +STRID1 , 
SH= I +CONS - V O C A L  - S O N  ~ C C Y T  - A N Z  - C O B  - V O I C E  + S T R I D ) ,  

" A F F R I C A T E S "  
JH= )+CONS -VOCAL -SON -CCNT + A Y T  +COR +VOICE +STRID + D E L R E L I ,  
CH= +CONS -VOCAL -SOW -CO?tT +ANT + C O R  -VOICE +STRID +DELRSLI, 

" N . 3  EALS*  
M= 1 +CONS -VOCAL + S O N  -CONY! +ANT -COR +POICE - $ T a I D  +NASAbl , 
N =  I + C O N S  -VOCAL + S O N  -CCNT +ANT +COR +VOICE - S T R I D  +NqSAL 1 ,  
NG= I K O N S  -VOCAL + S O N  -CONT -ANT -FOR + V O I C E  -STRID + N A S A L [ ,  

" L I Q U I D  Smt 
L= I+CONS +VOCA& +SON +C.ONT + A N T  +COR + V O I C E  - S T R I D ) ,  
3= I +CONS + V O C A L  + S O N  +CCNT - A N T  +COR + V O I C H  - S T R I D I ,  

"V OUELS " 
I= / - C O N S  + V O C A L  -LOW +!I*IGH -BACK - R O U N D  + T E N S E I ,  
11= I -CONS +VOCAL -LOW +dIGf.t -BACK - R O U N D  + T E N S E  1 STRESS) , 
12= (-CONS +VOCAL -LOW + 4 I G H  -BACK - R O U N D  + T Z N S E  2STRESS 1 ,  
I3= 1-CONS + V O C A L  -,LOW + H I G H  -i3ACK - 3 O U N D  +TBNSEI 3STRESS1, 
II= /-CONS + V O C A L  - L O U  + H I G H  -BACK - R O U N D  - T S N S C i ,  
I I I =  I -CONS + V O C A L  -LOW + H I G H  -BACK -ROUND -TENSE ISTRESS( , 
IJ2=I - C O N S  +VOCAL -LOW + H I G H  -BACK -ROUND -TENSE 2STRESS J ,  
K I ~ = ~ - c ~ ? J s  + V O C A L  -L'OR + H I G H  -BACK - 3 O U N D  - T E N S E  3STRESS1, 



E= [ -CONS + V O C A L  -LOW -HIGH -BACK - R O O N D  +TENSE1 
E'1= !-cons + VOCAL - t O F J  - H I G H  -BACK - R O U N D  + T E N S E  ISTRESS 1 ,  
E2= 1-CONS +VOCAL -COW - H I G H  -BACK - R O U N D  + T E N S E  PSTRESSI., 
E3= I -CONS 4VOCRL - L O U  - H I G H  -BACK - R O U N D  + T E N S E  3STRESS1, 
EE= -CONS +VOCAL -LOW - 1 i I G A  -BACK - R O U N D  - T E N S E  
EE1=f -CONS t VOCAL - L O R  -HIGH -BACK - R O U N D  -TENSE ISTRESS(, 
EEZ= I -CONS +VOCAL - L O V  - H I G H  -BACK - R O U N D  -TENSE 2STRESSI , 
SE3= I -CONS + VOCAL -LOW - H I G H  - B A C K  - R O U N D  -T 3 N S E  3STRESS I ,. 
AE= I -COTIS +VOCAL +LOW -HIGH -BACK - R O U N D  
AF?=I-CONS + V O C A L  + L O U  -HIGH - B A C K  - R O U N D  ISTRESS I , 
AE2= I -CONS +VOCAL +LOW -HIGH - B A C K  - R O U N D  2STRESS( , 
aE3= I -CONS +VOCAL +LQV -HIGH -BACK - R O U N D  3STRESS 1 ,  
IR= I -CONS + V O C A L  -LOU + t l I G H  *BACK - Q O U N D  +RETROT1 , 
IR1=(-CONS + V O C A L  - L O U  tHIi2X-I  + B K K  -ROUND * R E ~ ' R O F  ISTRESSI, 
IR2= ( -CONS +VOCAL -LOW +HIGH + B A C K  -ROUNB + R E T R O F  2STRESS 1 , 
IR3=1 -CONS +VOCAL -LOP )HIGH +BACK - R O U N D  + R E T R O F  ~ S ~ R E S S  1 ,  
I ( -CONS +VOCAL -LOW +HIGH +BACK - R O U N D 1  
IH"11-COOS +VOCAL -LOW +HIGH +BAC.X - R O U N D  .ESTRES$), 
IH2=1 -CONS + V O C A L  - L O N  + I l E G H  +&3AC.K - R O U N D  2STRESSI , 
I H 3 = )  -CONS +VOCA-L, - L O U  + H I G H  + B A C K  - R O U N D  3STRESS ( ,  
ER= 4-CONS +VOCAL -LOR - H I G H  + B A C K  - R O U N D  tRETROF), 
RR? = )  -CONS + V O C A L  -LOU - H I G H  + B A C K  - R O U N D  +RETROF ISTRESS 1, 
9R2= I -CONS + V O C A L  -LOW -HIGH +BACK - R O U N D  +RETROF 2STRESS 1 , 
ER3=I-CONS +VOCAL - L O U  - H I G H  + B A C K  - R O U N D  +RETRoQ   STRESS 1 ,  
EH= 1 -CONS +VOCAL -LOW -HIGH +BACK -ROUND 
? ? E l l = ( - C O N S  + V O C A ' I I  'LOW - H I G H  +BACK - R O U N D  ISTRESS 1 ,  
SH2= I -CONS +VOCAL -LOU -HIGH +BACK -ROUND Z S T R E S S I  , 
EH3=I S O N S  + VOCAL - & O M  - H I G H  + B A C K  - R O U N D  3STRBSS 1, 
UB= I -CONS +VOCAL +LO-u - m a  +BACK   ROUND^ 
I J H I =  I -CONS + V O C A L  + L O U  - H I G H  +BACK - R O U N I i -  lSTRESS ) , 
UH2= ( -CONS +VOCAL +LOW -HIGH +BACK - R O U N D  ?STRESS] , 
f jH3=k-CONS +VOCAL + L O W  -HIGH + B A C K  - B 0 3 N D  JSTBESS 1 ,  
U* 1 dCONS +VOCAL -LOW + R I q H  +BACK + R O U N D  + T E N S E  I , 
U 1 =  I -CONS +VOCAL -&OF1 + H I Q H  +"UCK ++ROUND + T E N S E  'ISTRESS I ,  
U2= (-CONS +VOCAL -LOP + H I G H  +BBCK + R Q U N D  +TENSE 2STRESSJ , 
U3= I -CONS * V O C A L  -LON + H I G H  + B A C K  + R O U N D  +TENSE 3STRESS 1 ,  
UU= ( -CONS + ~ O ~ A L  -LOW + H I G H  *BACK + R O U N D  -PENSE{ 
UU1=I -CONS + VOC,lL -LOW + H I G H  +BACK +ROUND - T E N S E  ?STRESS { , 
UU2= ( -CONS +VOCAL -LOW + H I G H  +BACK +BOUND -TENSE 25TaESSI , 
UU3=1 -CONS + V O C A L  -LOW + H I G H  * B A C K  +ROUND -TENSE 3STRESS 1, 
O= 1-CONS +VOCAL -LOU -HIGH +BACK +ROUNQ +TENSE!  
01= I - C O N S  +VOCAL -LOU - H I G H  +BACK + R O U N D  + T E N S E  l S T R E S S ( ,  
02= 1 -COWS +VOCAL -LOW -HIGH +BACK + B O U N D  +TENSE' ZSTRESS L , 
03= 1 - C O N S  + V O C A L  - L O U  -HIGH +BBC+K + R O U N D  + T E N S E  ~ s T R E s ~  I !, 
00= 1 -CONS +VQCAL -101 -HIGH +BACK + R O U N D  -TENSE1 , 
001=1 - C O N S  +VOCAL - L O U  -HIGH + B A C K  + R O U N D  -TENSE ISTRESSf,  
O O Z ~ I - C O ~ T S  + V O C & L  -LOW -HIGH +BACK + R O U N b  -TENSE 2STRESS1, 
003=I -CONS + W C B L  *LOP - .HIGH +BACK + R O U N I '  -TENSE 3STRESS I, 
A= J -CONS +VOCAL +LOW - H I G H  +BACK + R O U N D J  , 
A 1- 1 - C O N S  + V O C A L  + L O U  -HIGH +BACK + R O U N D  l S T R E S S I ,  
A 2 =  1 -CONS + V O C A L  +LOW - AIGH +BACK + R O U N D  2STRESSI , 
b3= I-CONS + V O C A L  +LOW - H X G H  +BACK + R O U N D  ~ S ~ B E S S I ,  

SCRWA=E8 1 XH, 
RUEI=YR IR, 



'IS E IIV 08 EL Sgl 
W =  1-CC NS -VOC DL -LOW +BACK +ROUND I , 
Y = I - C O N S  - V O C A L  .*LOW -BACK - R O U N D ( ,  

P H O N U N I T  
define the o u t p u t  symbols, u s i n g  features or the symbols above 

P=P, T=T,  R = K ,  D=B, D=D, S=G, R=n, N = N ,  N G = N G ,  
V V = Y v ,  F - F ,  T A V = T H V ,  ' I H O = T H O ,  Z=Z, S S ,  Z H = Z H ,  SHxSH, CH=CHl JH=JH, 
T=I, II=Il, E=E, E P E E ,  AE=AE, ER=ER, EH=EH,  U t I = U H ,  U-U, U Q = U U ,  
0-0, 00=60, A ,  W=W, Y = Y ,  R = R ,  L=t, I H = T H ,  I R = I R ,  

R U H =  1-CONS +VOCAL -LOW +BACK - R O U N D  +RETROPI, 
CHWR= 1-CONS + V ( ~ C A L - ~ O W  +BACK - R O U N D 1  

D I A C R I T I C  
d ~ f i c e  d i a c r i f  kcs u s e d  in the o u t p u t  

>= ' I+NASALI ,  
/1/=(1STRESSI, 
/ 2 /= f  2STRESSI , 
/3 /=  13STRESS I ,  
/ 4 /=I  4STR"rSi . 

TRANSFORPAT IONS 
I P P L I C I I  AACC.  

G i v e  the rules. Unless speci f ied,  the mode of application 
is s imul taneous  (vs, single, AC, or repetitive, ACAC) . 
STIiESEED VOWEL REDUC?!ZON- ( A )  IN POLYSY LLABL'ES1' 

RULE I R E D V O U I A  . 
1-CONS +VOCAL (ALPHA) S?!RZSS( => 

1-LCW - R O U N D  +BACK1 
N %  - 'C 1-COWS +VOCAL (.BETA) STRESS1 %, WHERE ALPHA > B E T A > *  

"UNSTRESSED VOWEL REDUCTION-  (B) IN MONOSYLLABLES" 
T R A N S  R E C V O W I B .  

SD % # I 'OrC 5'V ' O r C  # # %, 
UflERE 5 N I N C l  ilSTRESS(. 

SC { '  1-CONS + V O C A L  -LOW -AIGH +BACK - 9 0 O N D  4STRESSl) SUBSE 5 .  

"GEMINATE R E D U C T I O N t P  
TRANS 2 GEMBED. 

SD $ l~l+CONSl ( 3 t  ( o r ) )  2* %, WHERE 1 EQ 2. 
SC ERAS'E 2,  ERASE 40 

"SCHWA DELSTION 
P U L E  3 X H N D A .  

SCHWA => * lV 1 j(ALPHA)STfiESS1 
' (*COR   SON^ I -CONS +VOCAL (BETA) STRESS1 

WHE3S A L P H A  > BETA >, 

R U L E  SCHWDB 
SCHRA => *I<% ' 1  -CONS + V O C A L  1 STRESS 1 - l 1 +COR +SON 1 %>. 



"'DENTAL CELE.TION" 
R U L E  Ii C E N D E L A .  
D => */<% '(+ANT +COR +SCN1 - IC Y %>, 

R U L E  DENDELB.  
T => ' 1 4 ~ 0 ~  + N A S A L )  - u t we 

RULT DENDELC,  
T => * Q I + A N T  + C O N T  + S T R I D  -VOXCEI - # %>. 

'tINTRODUCTION OF TRANSITIONAL S T O P S q Q  
TRANS 6 TRANSTO'P. 
SD % I'(+CONS -VOCAL * N A S A L  ( N U ) A N T  (HU')CORI 

* 1 - S O N  (BET A )  V O I C E  (EOSI)  ANT (LAMBDA) COB (ALPHA) CORT 1 5, 
WHERE (ALPHA><-) 1 ( N U > < E P S I )  (NU><L.AMBDA) . 

SC ( '  I +CONS -VOCAL -SON -CCNT (NU) ANT (MU) COR (BETA)  V O I C E  - S T R I D  
- D E I R E L ( )  ACRIS 1. 

' tPALATALIZ&TION'9 
TRANS 7 PALATA. 
S D  % 1 I +AN3 +COB -SON - C O N 2  (ALPHA)  VOICE1 (2X)  # 

3'1-CONS -VOCAL -BACK[ 'V %. 
se P R A S E  2 ,  ERASE 3 ,  I + P A L A T I  H E R G E F  I .  

RULE P A I A T B ,  
I +PALAT( => ( + S T R I D  + D E L E E L ( .  

TRANS PALATC pBe 
SD % lVI+PALAT( %. 
SC I+PALAT) ERASEF 1. 

"SFLLABTCIZ INGw 
TRANS 8 SYLLAB.  

S D % I +CONS - V O C A L  (ALPHA) ANT (BETA) COR ( (#)  
1 ' 1-CQNS +VOCAL +BISCK -LOW -'ROUND (GAMMA) STBESS'J 
2 )+CONS (MU) VOCAL { A L P H A )  ANT (BETA) COR (NU). N A S A L )  $, 

U H E B E  ( G A N H B  > 1) E ( (nu  =.+)  I ( ( A L D H A  = +) 6 (NU = +)) ! .  
SC ERASE 1, ( + V O C A L (  MERGEF 2. 

w N A S A L I Z E D  VOWELSt' 
R U L E  9 N A S V O U ,  
V => I+NASALl /<% - ' 1  +CCNS -VOCAL + N A S A L I  %>. 

"NASAL R E D U C T I O N n  
nMUST POLLOH 9 JASVOW1* 

RULE 10 N A S R E D .  
I +CONS -VOCAL +NASAL 1 => * 

/<% '1-CONS +VOCAL +NASAL(  - C P .  

nALVEOLAR FLAPPIBGtt  
*MUST FOLLOU 10 N A S R E D  FOR 'WANT TO1 " 
t'HUST F O U O U  3 SCHBD TO A V O I D  *FEDERALtm 
EDLE 4 ALFLAP 

j+BNT +COR -308 -DELREL( 
=>  I +CONT +SON + D E L R E L I  

/ ' ( -CONS + VOCAL (AX P H A )  ST3ESSj 
( 8  1-FNT +COR + s o ~ ~ * c ~ R ? I )  

(#) I-CONS +VOCAL {BETA) STRES5 ( (A, 
~ H E R E  ALPHA < B E T &  >. 



"GL QTT AL IZ A TION l1 

RULE 11  GLOT, 
T *> l+GI ,QTTAL1 
1 %  ' I -CONS +VOCAL ISTRESS I OtCr  'SCHWA 

' 1  + A N T  +COR +SON -STRID + V Q I C P (  %>. 

l lRU1l -EED UC TZONf4 
TRANS 1 2  RUHRED.  

!V 8 4 % ('1-CONS + V O C A L  ( B E T A ) S T R E S S )  $ 1 t R  
2' 1-CONS +VOCAL - -LOU - R O U Y D  +BACK (ALPIIA)  STRESS 1 *, * 96 1'R 2 '  1-CONS *VOCAL -LOU +BACK r R U U N D  ( A L P H A )  STRESS ( 
% 1-CONS + VOCAL (BET&) ST,RESS 1 ) 

% b ) %  
U H E R E  ALPHA > BETA 

SC E R A S E  1 
~ + R E T R O F I  M E R G E F  2 .  

"RUFT-LES5NESS1' 
"NUST FCLLOW RII H - R E C "  
RULE 1 3  R U H L E S S ,  

FtJH = >  1-RETROFI 
/<% 'C - 1  (ALPHA) STRESS1 'C 36 WHERE A L P H A  > 1). 

" B E G R E S S I V P  ASSIHILATION ( F O R  N A S A I S  ONLY) 
T R A N S  I4 REGASS. 
SD % Ir(+CONS - V O C A L  + N A S A L /  ( C )  

1 +CONS -VOCAL ( A L P H A )  ANT (BETA)COR I 5. 
SC I (ALPHA) ANT (BETA) CUR 1 MERQEF 1. 

'lPROGRESSTVE ASSI?lILATIONw 
RULE 1 5  PROGASS. 

I +CONS -VOCAL (ALPHA) VCICEf =>  I (BFTA) VOXCE!  
/<% * I (BETA) 'VOICC(  (R) - %>. 

'I<- T NG>" 
" C O N D I T I C N :  NO A D D I T I O N A L  # R r r  

TRANS 16 ING, 
SD % *<# % 1-CONS +VOCAL ISTRESS 1 % 1' 1 -CONS + V O C A L  + H I G H  -BACK ( 

2 '  1 '+CONS -VOCAL +NASAL -ANTI X> % a  

SC i + 1 N ~  + C O R (  HERGEF 2, 
1-ROUND -LOW +BACK! H E ~ G E F  1. 

CP I. 
c o n t r o l  Frogram - cycle through t h e  ru les  once in the g i v e n  order 
$ E N D X R A  $ M A I N  F T R f N  TRAN, 



DlRIIS PROM NEU" 
S<# ADJ<# f L  'EEl 'F 'T . # >  PREP<# 'T 'U2 #> #>, 
S<# N < #  'R ' E E I  'F 'EH3 'R '*EH2 'N I S  'EH3 ' 2  #> #>. 
SSOh N < #  'CH ' A 1  'K '03 'L. 'EH2 IT #> #>, 
S<# N < #  'D '001 'EH3 'R '52 C> #>. 
S<# C O N J < #  ' A E l  ' h  D # >  8 ) .  
S<# N < U  IF 'R ' U H 1  'N "I' #> #>, 
S<# V < #  'S '001 'F 'T X 'EH2 'N #> #>. 
S<# N<# ' U B 1  'T 'ER3 'EH2 ' N  lS # #>, 
S < #  V < X  'D 'R 'EEI 'H 'T # >  iC>. 
S C #  V < #  'B '111 'NG # 'D #> #), 
s<#  V<% ID 'XI1 'D # PRONC# ' Y  'U? #> #>. 
S < #  VC# I ? # >  POSS<# ' Y  'ER2 #> I>, 
S<# N < #  ' S  'AEI  ' N  'P 'EH2 'L ' 2  #> #>. 
S<k N<& ' S  'UH1  'D 'EB3 'N # 'L '12 # >  #>. 
!!<# V<C 'K 'A31 'H IP ,112 'NG #> #>. 
S<# N < #  ' 5  'AE2 9 N G  'G 'EH3 'Ul # > I # > .  

S<R N<1C 'K ' A 1  'T '3H2 'N #> # > a  

1."" S(# N < #  '112 'N 'T -R '03 'D 'UHI ' K  ' S H  'EH2 'N #> #>, 
S<# V<# 'S 'El 'I12 'NG #> # > 8  

S<# N<# 'N 'UHI* 'THU 'I12 'NG #> #>. 



Q g e n d i x  -L~I~II--~--~~-------- D - P i n a l  9 u l e s  w i t h  E d i t e d  Output  

L i n e s  i n d i c a t i n g  t h a t  t h e  rule d i d  n o t  a p p l y  have b e e n  d e l e t e d .  

"NEXJ- F E B R O A R Y  5 ,  1374"  
P H O N L E X I C O N  

FEATURES 
CONS VOCAL S O N  CONT 
LOW HIGH BACK R O U N D  ANT COR 
TENSE V O I C E  STRID 
YASAL RETROF 
STRESS GLOTTAL LONG 
SY L B N D  E O R B N D  

V A R I A B L E  
V =I-CONS + V O C A L I ,  
CON= ( +CONS -VOCAL J , 
C = ( + C O N S I ,  
N V  = I  + C O N S  I 1 ( -CONS - V O C A L  I ,  
551 = I  + S Y L B N D I  , 
F B  = [ + F O a B N D ( ,  
N V l = C  1 ( - C O N S  - V O C A L 1  I SB, 
NV2=C 1 (-CONS - V O C A L 1  1 SB 1 MB, 
BND=tTB I SB, 

"ORST RU EN? S W  
" STOP S" 

P = I  +CONS -VOCAL -SON -CONT + A N T  -C@R -VOICE - S T R I D 1  , 
B = )  +CONS - V O C A L  -SON -CCNT +ANT -COR + V O I C E  -SFRIDI, 
T = )  +CONS - V O C A L  - S O N  -CONT +ANT +COR -VOICE -STRID1 , 
D = ! + C O N S  -VOCAL -SO* -CCNT +ANT +COR + V O I C E  -STRIDI, 
K = ( +CONS - V O C A L  -SON -CONT -A .NT -COB -VOICE - S T R I D 1  , 
G = ( + C O N S  - V O C a L  -SON -CCNT -ANT -COR +VOICE - S T R I D ) ,  

"FRXCATIV ES" 
V V  = ! + C O N S  - V O C A L  -SCN +CCNT +ANT -COR +VOICE + S T R L D I ,  
F =I+CCINS -VOCAL -SON +CONT +ANT -COk - V O I C E  +STRID1 , 
T H V = l + C O N S  -VOCAL - S o b  +CCNT +ANT +CQR + V O I C E  -STRID[, 
T H U = I  +CONS -VOCAL -SON +CONT + , A N T  +COR -VOICE -STRID1 , 
Z = I  + C O N S  -VOCAL - S C h  +CCHT +ANT +COR +VOICE + S T R I D I ,  
S =(+CONS -VOCAL -SON + C O N 2  +ANT +COR -VOICE +STRIDI, 
ZH =)+CONS -VOCAL - S O N  + C C W  - A N ?  +COR + V O I C E  + S T F I D f ,  
SH = I  +CONS -VOCAL -SON +CON?' -ANT + C O R  -VOICE: +STRID( ,, 

vvAFFRICATES" 
JIj = I K O N S  -VOCAL -SON -CON"ANT +COR + V O I C E  + S T R I D ( ,  
CH = I  +CONS - V O C A L  -SOB -CCNT -ANT + C O R  - V O I C E  +STRIQJ, 

NASALS 
M = I  +CONS - V O C A L  + SCN -CCNT +ANT -COR +VOICE - S T . R I D  +NASAL I ,  
N +CONS -VOCAL + S O N  -CCNT +ANT +COE + VOf CE -S ,TRID + N A S A L 1  , 
N F " A = J  + C O N S  -VOC.AL + SON -CCNT - A N T  +COR +VOICE -STRID +NASAL 1 ,  
NG = 1 +CONS -VOCAL + S O N  -CONT -ANT -COE + V O I C S  - S T R I D  +NASAL1 , 

"L T Q U I D  S" 
L = f  +CONS +VOCAL + S O N  +CONT +ANT +COR +VOICE - S T R I D (  , 
R = f + C O N S  + V O C A L  *SCN + C C N T  -ANT +COR +VOIC9 -STRID], 

'*S SRIVOWELS'' 
W =I-CONS - V O C A L  -LOW +BACK + R O U N D ( ,  
Y = I  -CONS -VOCAL -LOW -BACK -ROUNi)J, 



VO WEL Sat 
I = ( -CONS *VOCAL - 1 O W  + H E G H  -B-ACK - R O U N D  +TENSE( 
11 =I-CONS +VOCAL -LOW +HIGH -BACK - R O U N D  +TENSE ISTRESS(,  
12 =I-CONS +VOCAL -LOW +HIGH -BACK - R O U N D  +TENSE 2STRESS1, 
13 =I-CONS + V O C A L  -LOB +HIGH -BACK - R O U N D  +TENSE 3STRESS1, 
11 = / -COWS +VOCAL -LOW + H I G H  - BACK -ROUND -TENSE( , 
II1=1-CONS + V O C A L  -LO8 + H I G H  -BRCR - R O U N D  -TENSE ISTRESS 1 ,  
112= 1 -CONS +VOCAL -LOW +HIGH -BACK - B O U N D  -TENSE 2STRESS J , 
1I3=[ -CONS + V O C A L  -LOW +HIGH -BACK -ROUND -TENSE 3STR.ESS 1 ,  
!3 = J -CONS + V O C A L  - L O U  - H I G H  -BACK - R O U N D  +TENSE( , 
E l  =I-CONS + V O C A L  -LOW -HIGH -BACK - R O U N D  +5'ENSE ISTRESSI, 
E2 = 1 -CONS +VOCAL -LOU - H I G H  -BACK - R O U N D  +TENSE 2STRESSI , 
E 3  = I  -CONS + V O C A L  -LOW - H I G H  -BACK - R O U N D  + T 9 N S E  3STRESS1, 
EE = 1 -CONS + V O C A L  -LOU - HIGH -BACK - I K ) U N D  -TENSE1 , 
EEI=I - C O N S  +VOCAL - L O H  - H I G H  -BACK - R O U N D  -TENSE ISTRESS (, 
3 E 2 = ( - C O N S  + V O C A L  -LOW - H I G H  - B A C K  - B O U N D  -TENSE 2STRESS1, 
SE3=1 -CONS + V O C A L  - I O U  -HIGH -BACK - R O U N D  -TENSE 3STRESS I ,  
AE = J  -CONS +VOCAL +LOW - H I G H  -BACK -ROUND1 , 
A E I = I  -CONS + V O C A L  +LOW - H I G H  -BACK -R'bU ND ISTRESS I ,  
AE2=I -CONS + V O C A L  + L O Y  -HIGH - B A C K  - R O U N D  LSTRESS) , 
AE3=I -CONS + V O C A L  +LOW - H I G H  -BACK - R O U N D  3STRESS 1 ,  
IR =I-CONS +VOCAL -LOW +RIGH +R A C K  - R O U N D  +RETROF(, 
IRI=I-COWS + V O C A L  -LOU +HIGH *BRCK -ROUND +RETROF I S T R E S S I ,  
IR2=I -CONS +VOCAL -LOW + H I G H  +BACK - B O U N D  + R X T R O F  2STRESS1, 
fR3=l -EONS + V O C A L  - L O B  + H I G H  + h C K  'ROUND + R E T R O F  3STRESS 1, 
IH = J -CONS +VOCAL -LOB +HIGH +BACK - R O U N D /  , 
IHI=I -COWS + V O C A L  -LOW + H I G H  +BACK - R O U N D  ISTRESS 1, 
I R ~ = ( - C O N S  +VOCAL - L O R  +HIGH +BACK -ROUND 2STRES$I , 
TH3=I-CONS + V O C A L  -LOW + H I G H  +BACK - R O U N D  3STRESS1, 
ER = I -CWS + V O C A L  -I OW -HIGH +BACK - R O U N D  +RETROF I , 
ERI-!-CONS + V O C A L  -LOI - H I G H  +BACK - R O U N D  + R E T R D F  ISTRZSSI, 
BR2= I -CONS + V O C A L  -LOU - H I G H  +BACK - R O U N D  +RETROF 2STRESS1, 
ER3=]-CONS + V O C A L  -LOW - H I G H  +BRCK -ROUND +RETROP 3STRESS 1, 
EH = I -CONS +VOCAL -LOU -HIGH +BACK -ROUND I , 
EH111 -COBS: +VOCAL -LON -HIGH +BACK -ROUND ISTPESS 1 ,  
EH2= I -CONS +VOCAL -LOW - H I G H  +BACK - R O U N D  2STRESSI , 
EH3=I-CONS + V O C 4 L  -LOW - H I G H  +BACK - R O U N D  3STRESS ( ,  
U H  =(-CONS +VOCAL +LOW -HIGH +BACK - R O U N D  J , 
U H I =  I K O N S  +VOCAL +LOR -HIGH +$ACE - R O U N D  ISTSESS 1 ,  
UH2= (-CONS + V O C A L  +LOR -HIGH +BACK -ROUND 2STRESSl , 
UR~=I-CONS + V O C A L  +LOW - H I G H  +BACK - R O U N D  3STRESS J ,  
U =I-CONS +VOC-AL -LOP + H I G H  +BACK + R O U N D  + T E N S E ! ,  
01 = I - C O N S  + V O C M  -LOW + H I G H  +BACK + R O U N D  +TENSE 1ST"nSS I ,  
U 2  = I -CONS + V O C A L  -LOY + H I G H  +BACK + R O U N D  +TENSE 2STRESSI , 
03 -1-COEIS +VOCAL - L O R  +HIGH +BACK + R O U N D  + T E N S E  3STRESS1, 
UU =(-CONS +VOCAL -LOW + H I G H  +BACK + B O U N D  -TENSE! , 
OUI=J-CONS + V O C A L  -101 + H I G H  +BACK + R O U N D  -TENSE ISTRESS 1 ,  
UU2= I -CONS +VOCAL -LOR + H I G H  +BACK + R O U N D  -TENSE 2 S T R E E I  , 
UU3=1-CONS + V O C A L  -LOW + H I G H  +BACK +ROUND -TENSE 3STR4ESS I, 
0 = I  -CONS +VOCAL -LOW - H I G H  +BACK * R O O I D  +TENSE1 , 
01  = I - C O N S  + V O C A L  -1011 -HIGH + B A C K  + R O U N D  + T E N S E  ISTRESSI, 
02 = I -COYS $ V O C A L  -LOW -HIGH +BACK +BOUND +TENSE ZSTRESS] , 
03 =!-CONS + V O C A L  -LOY - H I G H  +BACK + H O U N D  +TENSE 3STRESS1, 



PFION UNIT 
P=P, T=r I K=K, D = B l  D=DO. G=G, M=KO N=N, N G = N G  
WV=YV, F=F, T H V = T H V ,  I H U = T H U ,  2=Z, S=S, ZH-ZH, SH=SH, CH=CH,  JH=JH, 
I 11=IIr E=E, EE=EE,  AE=AE, E R = E R ,  EH=Elf ,  U H = U H I  U=U, U f l = U U ,  
O=O.# Q=OO, A = A ,  W=W, Y = Y ,  R=R, L=L, I H = I H ,  I R = I R , .  

SCHWA= I -CONS +VOCAL -LOU + B A C K  -ROUND) , 
" A L V E O L A R  FLAPSn 

TAF= ( +CONS -VOCAL + S O N  +CONT *ART + C O R  -VOICZ - S T R I D !  , 
D A F = I + C O N S  -VOC.4L +SON +CCNT + A N T  +COB +VOICE - S ~ R I D I ,  

ItGLOTT AL S)rQBq 
G S  =I-CONS - V O C A L  -SON -CCNT -ANT -COR -VOICE - S T R I D  + G L 3 T I I A L ) ,  

"SYLLAEICSW 
plS =I +CONS +VOCAL + SON -CCNT +ANT ..COB + V O I C E  -Sf RID +NASAL 1 ,  
NS = I  +CONS +VOCAL +SON -CON'? +ANT +COR +VOICE - S T R I D  +NASAL! ,  
NGS=l +CONS +VOCAL +SON -CCNT - A N T  -COR + V O I C E  -STYID + N A S A L  I r 
" S Y L L A B I C  PALATO-ALVEOLAR [ N  1'' 
NPA S= I+CONS' + V O C A L  + SCN -CONT -ANT +COB +VOICE -STRID +NASAL 1 ,  

" D E V O I C E D  [R]" 
RDV=I CONS +VOCAL +SON +&IT -ANT *COR -VOICE -STRIDI, 

" D A R K .  [L 1" 
DL = I  C O N S  +VOCAL +SON +CCNT -ANT -COR + V O I C E  -ST i i IDI .  

#=MB, 
+=S B.. 

DIACR PTIC 
>= (+-NASAL 1 ,  
/!/=I 1 ETRSSSJ , 
/ 2 / =  12STI iBS I ,  
/ 3 / = (  3STRESSI , 
/3/= 14 STRESS 1 .  

"VOWEL REDUC!I!TONm 
RULE 1 REDVOW,  
I -CONS +VOCAL [ALPHA) STRESS1 => (-LOW - R O U N D  +BACK -TENSE) /  

<% ('1'NV ( 'BND ('END).), ('END) ' O ' N V )  
(ZCCNS +VOCAL (BFTA) STRBSSIn WHERS ALPHA > BETA>. 



'tSCHWk I ! F L t T I O N ~ '  
TRANS 2 SCHWDA,  
S F  % ''MB ' l l N V l  11 1-CONS +VOCAL -LON +BACK - R O U N D  ( G l f l H A )  STRESS) 

2 ( '  I t S O N l )  3 ( ' S B )  '1+SON1 4 j j ' S B )  ( ' l " ! B ) )  
' \ - C O N S  +VOCAL (BETA) STRFSSI %, WHERE BETA < GABMA. 

SC FRASE .Ir FRASE 2, , 
IF C N N U L  3 )  THEN < E R A S E  3 )  ~ L S E  (ERASE 4). 

TRANS S CHW CBm 
SD $ * I -ZONS + V O C A L  (AIDH~)STRESSI ' 1  ' N V 1  

1 1  j -CONS + V O C A L  -LOU +BACK - R O U N D  {CABHA) STRESS( 2 ( '  [#SON!) 
3 ( ' S B )  ' I + S O N I  . ( 4 t ( S B )  5 ( ' I B ) )  ' ( - C O N S  +VOCAL (0ETA)ETRESSI I ,  

WHERE ( (ALPHA. < BETA) & (BETA < G A M M A )  ) 
SC ERASE 1, E R A S E  2 ,  

IF < N F ~ U L  3 )  THEN <ERASE 3)  ELSF < E R A S E  4, E R A S E  5) 

"<- I N G > ' I  
T R A N S  3 I N G .  
SD % *<% 'BND 1'1-CONS +VOCAL +HIGH -BACK) 

2' 1 +CONS VVOCAL +NASAL -ANT I ' HB> %. 
SC I + A N T  +COR1 NERGEF 2, 

( - R O U N D  -LO4 + D A C K I  CERGEF 1. 

"SY L L A B I C f Z  ING" 
TRANS '4 SY'LZAB, 
SD % ' C  ' O q B N D  1 ' 1  -CONS +VOCAL -LOW +BACK -ROUND (ALPHA) STRESS I 

2 ' 1 * S O V I  9 ,  WHERE ALPHA > 1. 
SC ERASE 1" 

I +VOCR L -LOH -BACK -RCU.ND ( A L P H B )  STRESS 1 MERGEP 2 ,  
IF <2 I N C 1  J+CONS +VOCAL +SON +C6NT - A N T (  > 

THEN <(tRETROFI MERGEF 2). 

"IiBH-RED fK:TJIONN 
TFANS 5 R U H R E D .  
SD % 7* 8* ( f  \ - C O N S  +VCCAL ISTRESS( ' I : 'NV2  2'  I+SON) ( 3 ' B N D  4 ( ' B N D )  

1 'SCHWA, 2 '  I+SDNI (3'BND 4 ( ' B N D ) )  llSCHWA ' O t N V 2  
tI-CON3 +VOCAL 1STBESS I )  %, WHERE 7 N I N C l  I+MORBNDI I 

8 N I N C l  \ + t l O R B N D I .  
SC I * V O C A L  *LOW *BACK * R O U N D  *STRESS1 nOVEF 1 2, 

FRASE 1, ERASE 3 ,  ERASE 4, 
IF tit INCl ItCONS +VOCAL +SON +CONT - A N T I  > 

TAEN <l+RETROFI H E ~ C - E F  2>. 

"R UH-LE SSNE SS" 
~ I U S T  F O L L O ~ I  R U H - R E V ?  

RULE 6 BUELZSS,  
RUH => 1-CONS +BACK -RETROFI/ 

'.'ON ('SB) ('FIB) - 1  (ALPHR) STRBSSI ( B )  ( ' f l B )  ' CON %I 

WHEEE ALPHA > I > ,  

" N A S A L I Z E D  VOWELS" 
RULE,  7 NASVOW. 
V => I + K A S A L I / < %  - ' O ' B N D  ' I+CONS - V O C A L  +NASAL]  %>. 



'11 NTRODITCT ITIN OF 'TRANS1 T f O N A L  STOPS" 
T i i A N S  19 TRANSTOP. 
SD % I 'l+CONS +NASAL (hBU) A N T  (MU)COPI ( 9 8 ) ('MB) 

1-SON ( 0 E T A ) V O I C E  ( E P S I )  ANT ( L A 1 1 B D A ) C O R  (ALPHA) CONT I X ,  
WHERE A H A - )  1 (NU><SPSI) I ( M U > < L A M R D A )  . 

SC (' 1 +CONS -VOCAL -SON -CCYT ( N U )  ANT (dU) COR ( B E T A )  V O I C E  - S T R I D I )  
ADRIS 1. 

" P A L R T A L I Z A  T I O N "  
TFANS 14  PALAT'I. 
SD $ 1'1-SON -CONT + A N T  + C C E l  'OIEND 

3 ' ( -CONS -VOCAL -BACK} I-CONS + V O C A L  (ALPHA) STRESS I%, 
WHERE ALPHA > 1. 

SC 1-ANT +STRInl Y E R G E F  1 ,  
1 ALFSE 3. 

R U L E  15  P 4 L A T 2 .  
Y =>  */<$ I -SOH -ANT +COR I -. %>, 

TSANS 16 P A L A T 3 ,  
S D  % 1 (1 1-SON +ANT + c O R  +STRIDI, ' 1 - S O N  -CONT + A N m  + C O F I )  

Y B N D  1 1 - A ' N T  + C O R  +STRIDI %. 
SC 1-ANT + S T R I D 1  MERGEP 1. 

' 'ALVEOLA Ii FLAPPING" 
TRANS 1 2  A L F L A P ,  
S D  % '1-CONS +VOCAL (ALPHA)STRESSI 

( ( t l + S O N  + C O N I - - A I S T ( ,  ;J+SON <ONT +CORI)) ' 0 1 i 3 N D  
1' 1 -SON -CON-T + A N T  +CCH.[ '0' B N D  
2 (*-) 1-CONS *VOCAL ( B E P A )  STRPSS I X ,  

WHERE -.(ALPHA > BETA) E (BETA' > 1) % ( N U L  2 1 1 2Q 2 )  . 
S C  1 +SCN +CONTI MERGEP 

JF (NNUI ,  2 )  THFW <(+SOT +CONY1 PlERWEF 2>.  

nGLOTTAL STOP FORHATIOFJlt 
RULE 1 3  GLO'I .  
T > / -CONS -ANT -COR +GLOTTAL I/<% ( B  'ME, ' B N D  'C, 

I + V O C A L  +ANT-+COR +SON -STRID   VOICE^ ) %>. 

" D E N T A L  D E L E T I O N w -  
TRANS 9 D C N D E L D .  
SD % v V  ' O ' N V  *I+SON +ANT + C O R I  ('SB) I 'D (3'BND 4 ( ' B N D ) )  2 ' N V  %, 

WHERE ( ( N N U L  3 )  1 ( ( 2  N I N C 1  1 + S O N  +CONT -ANT])  G 
( 2  W I N C l  !-LOR +BACKt)l). 

SC ERASE 1. 
TRANS DENDELTI.  
SD % ' 9  'O9NV '1-SON1 ('SB) 1 ' 3  (3?BND 4 ( ' B N 9 ) )  2 ' N V  5 ,  

WHERE ( ( Y N r J L  3 )  1 ( ( 2 , N I N C l  i + S O N  +CONT -ANTI) G 
( 2  NINC 1 I-LOW +BACK1 ) ) ) . 

SC ERASE 1 ,  
"PULE 10  DENDELT2,It 

"APPEARS TO BE A SUBSET OF ALFLAP AND ASSIHULATION" 
"T => 1 %  ' 1-COPS +VOCAL (BLPHA),STRESS( ) + C O R  + N A S A L (  ( I S B )  'I 
It ( ' B N - D  ( 'BND) ) !-CONS +VOCAL (BETA) S T R S S S I R , ~  
?I RHESE-ALPHA < B E T A > .  1f 

R U L E  11 CENDELT3, 
T => */<$ ' ( + C O R  + N A S A 1 1  - ('YR ('MB) ) ' I +CUR + N A S A L  I %>. 



nRFGRESSIVE A S S 1  N T L A T I C N "  
R U L E  17 R E G V O I C E ,  

I +CONS -VOCAL ( B E T A )  VOICE I => (ALPHA) VOICE I / 
<% 'C) 'BND ' I+CONS -VOCAL (ALPHA) VOXCEI %, 

W H F R E - A L P H A  c BETA). 
TRANS REGARTIC. 
SD 96 1*(+COMS ( H U ) A N T  (NU)COR +NASAL1 '0 'BND 

rI+CONS -VOCAL (ALPHA)ANT (BETA)CORI '%, 
3ERE ( A L P H A  >< MU) I ( B E T A  >< NU). 

sc I ( A L P H A )  A N T  @ E T A ) C O F I  M E R G E F  1. 

IfPROGRES S I V E  ASSIMILATION" 
R U L E  18 P R O V O I C E ,  

I + C O N S  - V O C A L  ( B R T A )   VOICE^ => I ( A L M A )  V O I C E I /  
< % ' I *CONS :VOCAL (AI,PtIA) VOICE I '0 'BND - %, 

WHERE ALPHA < BETA).  
TRANS P R O A R T I C .  
S D  76 * !+CONS -VOCAL (ALPHA) ANT (BETA)  CDR I ' O ' B N D  

1 8 1  +CONS + N A S A L  (mu) A N T  ( N U )  COR I %, 
WHERE (ALPHA >< M U )  1 (BETA >< NU) 

S C  1 (ALPHA) ANT ( B E T A )  C d R )  MERGEF I 

"GEMINATE R E D U C T I O N "  
TRANS 2 0  GEMRED. 
S D  % 1 C (5'BND 6 ( ' B N D ) )  2* 'Jb, WHERE I EQ 20 
SC FFASE 1, I + L O N G I  flERGEF 2 ,  

IF CNNCIL 5) THEN C(vI+SYLBMDf) S U B S E  5, ERASE 6> 

"NASAL R E Q U C T  ION" 
RULE 8 N A S R E D .  

/ +CONS -VOCAL +NASAL ( => * /  
<% ' 1  - C O N S  +VOCAL + N A S A L (  - ' O ~ B N ~  ~ N V  %>. 

nDASK [ L 1" 
B U L E  2 1  CARKLo 
L => , -AN T -CORI /<% - ('C) 'NB %>. 

"[ B ]-FLA P P I N G n  
RULE 22 RFLAP, 

R => 1-VOCAL + A N T I / < %  'PB ' 4 %  'THU - % P o  

'*[ D 1-DEVOPC INGfl 
R U L E  23 R D E V O I C E .  
P => 1 - V O I : C Z f / < %  ('SB, ' B N D  ' B N I ) )  'T - %>. 

CP I. 
$ Z N D T R A  $MAIN FTAIN TRAN. 



ItTI!F P R I F E  EXAMP1,ES PROM NFIUff 
W A N T  T O  GO:'' S C ' M R  V < ! k B  ' W  ' A 1  I N  IT 'MD> P < t M B  'T 102 ' H B >  

V < t l ~ ~  'G '01 'ND> 'MB>, 
r REE R E A D  BY FTRTY 

1 S 2 
3 v 4 R 

5 I1 
6 A / 1 /  
7 N 
8 T 
.! # 

I 1  # 
1 2  'I 
7 3 U/2/ 
74 f 
16 # 
17 G 
18 0/1/ 
1 9  IC 

20 # 

# # W A / 1 /  N ? # # T U/2/ 4 # G 0/1/ t # 
IS*** TR ANSFORMATICNS rk* s** 
SCAN CALLED AT 1 I 
AN TEST CALL'SD FOR l'lREDVOW " (AACC) ,SD= 2, RES= 6, TOP= 1:s 
ANTEST R E T U R N S  ** I** 
C H A N G E ,  HAVE CS3XCH FOR WERGSF IN 1 3  
ANTEST CALLEC FOR 8"NASVOW (AACC) ,SD= 9. RESF 0,  TOP= 1:s 
ANTEST X I T U R N S  ** I** 
C H A N G E .  HF VE CSEXCH FOR IERGFF I: N 6 
ANTEST CALLEC FOR 13I1AT.FLAP " (AACC) ,SD= 14. f lES= 1 8 .  TOP= 1:s 
ANTEST RETURNS ** 1** 
CHANGYo H A V E  CSRXCfl  FOR M 3 R G C P  IN 8 
C H A N G E .  H A V E  CSEXCH Foil MZRGZF IN 1 2  
ANTEST C A L L T D  FOR 1 €!"REG V O I C E  (AACC) ,SD= 1 9 .  RESe 22, TOP= 1:s 
ANTEST RETURNS ** 1 ** 
C B A N G E .  HAVE CSEXCR FOR F E R C E F  IN 7 
ANTTST C A L L E D  FOR 2211S?3MFED (AACC) ,SD= 23,  8ES= 2 6 .  TOP= 1:s 
ANTEST RETURNS ** 1** 
CHANGE, CALL ELE3OP FOR E R A S E  0 8 
C H A N G E ,  H A V E  CSEXCH FOR MERCEF IN 12 
CHANGE, CALL ELSMOP FOR SURSE 2 1 9 
CHANGE,  C A L L  E L E I O P  FOR E F A S E  0 11 
ANTEST C A L L E C  FOR 23"NAS!?FC I' ( A A C C )  , SD= 24. 3ES= 3 .  TOP= 1 :S 
ANTEST RETURNS ** 1**  
C H A N G E ,  CALL ELEHOP FOR ERASE 3 7 
SCAN C A L L E D  AT 2 

TG ANSFOREIATICNS WHICH H A V E  APPLIE9 A R T  
1 1 3E'DVCW 
2 8 NISVOW 
3 1 3  A L F L A P  
4 18 P E G V O I C E  
5 22 G X M R E D  
6 23 Y A S P E C  



T R E E  PPJAP B Y  F T R I N  
1 S 2 W  

3 v 4 n 
5 9 
6 & > / I /  

2 1  + 
12 T A F  
13 IH/2/ 
1 4  # 
1 6  # 
17 G 
I 8  0/1/ 
19 # 

20 # 

# # if A ) / I /  + TAP IH/2/ # # G 0/1/ # # 

1 2  TAF I+LONGI 
1 3  IH/2/ [ - T E N S E )  



n P F O F U S I C N :  " SC'MB N < ' M B  'P '3 '02 'SB 'F 'P 'U1 'SB 
' Z i l  ' E H 3  'N 'MRS 'MB>. 

TREE READ B Y  FTAIN 
1 S 2 a 

3 N Y #  
5 P 
6 R 
7 0/2/ 
8 + 
9 F 

1 0  F 
11 U / l /  
12 + 
1 3  ZH 
14 E H / 3 /  
15 N 
1 6  W 

17 # 

*I ** * T R A N S F O R E A T I C N S  *ss** 
SCAN - C R L L E E  AT 1 I 
ANTEST CALL-E-D F O R  ll'IIEDVCIW 't (AACC) 
A N  T E S T  RETURNS ** ? * *  
C H A N G E .  H A V E  CSEXCH F O R  P!3RCFF IN 
ANTEST CALLED FOR 5 I v S Y L L A B  " (AACC)  
ANTEST RETURNS ** 1 ** 
C H A N G E ,  CALL E L E N ~ F  FOR E R A S E  0 
CHANGE.  H A V E  CSEXCH F O R  MERCEF I, N 
ANTEST CALLEC FOR' ~ " R U H A F D  " (AACC) 
ANTEST RETURNS ** I** 
CHANGE. HAVE CSEXCEf FOR MOVEF IN 
CHANGE. CALL GLEMOP FOR ERASE 0 
C H A N G E .  HAVE CSEXCH FOR MERGEP IN 
ANTEST C A L L E C  POF 21 ' lPROARTIC1'  ( A A C C ) .  
ANTEST RETURNS ** 1** 
C H A N G E ,  H A V E  CSEXCH FOR HRRGEF IN 
S C A N  C A L L E D  AT 2 

Tli A N S F O R K A T I C N S  IIHICH HAVE A P P L I E D  ARE 
I 1 REDVOU 
2 5 SYLLAB 
3 6 R U I f R E D  
4 21 P R O A R T I C  



?RE5 PSAD B Y  FTRIN 
1 S 2 * 

3 N 



IIGOV EFYOfi:I1 S < t M R  N < ' M B  'G H I  'VV 'SB ' E H 3  'R *SB 
'N B 'EM2 l R  'HB) I!SB>. 

TREE FEAD B Y  FTRXN 
1 s 2 # 

3 N 4 1 
5 G 
6 UH/1/ 
7 v v  
9 t 
9 E H / 3 /  

19 n 
1 1  + 
12 N 
1 3  # 
1 4  E H / 2 /  
1 5  R 
1 6  t 

17 # 

*rlr ** t TRANSFDBYATICYS S* *** 
S C A Y  CALLED AT 1 I 
ANTEST C A L L E a  FOR 1 I1EEDVC)W " (AACC) 
ANTEST RETURNS ** 1**  
C H A N G E .  f i A V E  CSEXCIi  FOR P f E R G E F  IN 
ANTEST C A L L E D  FOR 3 "SCH WDB (AACC) 
ANTZST R E T U R N S  ** I** 
CHANGF. C P L L  E L E I O P  FOE E R A S E  0 
C H A N G E .  CALL E L 9 H 0 P  FOR EgASE 0 
CHANGE. CALL ELS?!OP FOR ERASE 0 
ANTEST C A L L E D  FOR 5"SYLLAB " (AACC)  
ANTEST !?ETURNS ** I**  
CHANGS. CALL ELEMOP FOR EQASE 0 
CHAN-GE. H A V E  CSEXCH FOR KESGEF I R 
CHANGE, H A V F  CSEXCH FOR YEiiGEF IN 
ATTEST C A L L E D  F O R  21 ' ' P R O A R ' I I C t l  (AACC)  
ANTEST R E T U R N S  ** 1 ** 
C H A N G E .  H A V E  CSEXCH FOR f?SEGEF I N  
SCAN C A L L E D  AT 2 

9 
10 
11 
,SD= 6. RES= 11. TOP- 1:s  

TFANSFORHATICNS U H I C H  H A V E  A P P L I E D  A R E  
1 1 RECVOW 
2 3 SCFIUDB 
3 S SYLLAB 
4 2 1  PROASTIC 



TREE P E A D  B Y  FTRIN 

1 S 2 r 
3 N 



" C A  P I A I H  :It S<'MB N < @ M B  'K ' A E 1  'P 'SB 'T ' E H 2  I N  'NB) #YB>. 
TREE P E A D  B Y  FTRIN 

1 S 2 1 
3 ES 4 # 

5 K 
6 A E / l /  
7 P 
8 + 
9 'I 

10 E H / 2 /  
1 1  N 
12 s 

13 X 

****I TRANSFORPlATICNS **SIW: 

S C A N  C-ALLED AT 1 I 
ANTFST CALLED FOR SrqSYLLA B (AACC) ,SD= 6 .  RES= 1 1 .  TOE, 1 :5 
AN TEST PFTTJRNS ** 1 ** 
C H A N G E ,  CALL E L E R O P  FOR E R A S E  @ 10  
CHANGE, H A V E  CSEXCH P 3 R  N E R G E F  I: N 4 1 
RNTEST C A L L E C  FOR I U ~ ~ G L O T  fl ( A A C C )  , sn= I .  a ~ s =  o. TOP= 1:s 
ANTEST RETURNS ** 1** 
CHANGE, H A V E  CSEXCH FOR MZRGEF IN 9 
SCAN C A L L E D  AT 2 

TR ANSFQR F A T I C N S  W H I C H  HAVF A P P L I E D  A R E  
1 5 SYILAB 
2 1 4  GLOT 

TREE REAP B Y  F T R I N  
1 S 2 * 

3 N 4 # 
5 K 
6 AE/1/ 
7 F 
8 + 
9 GS 

11 NS/2/ 
1 2  t 

13 % 



OF @E/1*/ D + EH/3/  R + EH/2/  L t # 
PORRATICNS *++*I 

1 I 
OR lMiiEDVBW "(AACC) ,SD= 2 ,  RES= 6. TOP= I :S ** I * *  

I E ~ @ ~ c H  FOR H E R G E P  IN 9 
FOR 3"SCHYDB (AILCC) ,SD= 4. RES= 9. TOP= 1 :S 

C* q*4 
LEMOP F O E  EBASF 0 9 

ELE8OP FOR E R A S E  0 11  
5 " S Y L L l J 3  "(AA'CC) rSR= 6. RES= 11 TOP= 1 : S 

BHOP FOR ERASE 0 1 2  
B S E X C H  FOR N ~ R G E F  IN 1 3  

OR 2 Q W D A R K S ,  'l (RACC)  
$* I f * *  
BXCH FOR N E R G E F  XN 1 3  

2 
WHICH H A V E  A P P L I E D  A R E  

1 REDVOW 
I/& 3 SCE3HEB 
L 5 EYELAB 

d r  T81 n 
24 C A R K L  



"SQXF MOBF WORDS FROM NFU" 
nLZFT TO:'' S < '  MB A D J Z ' N B  ' L ' E E l  'F ? 'YB, PREP< 'HB @ T  U 2  

'MR> '!lB>, 
T R E E  READ B Y  FTRIN 
I S E t  

3 ADJ 4 # 
5 L 
6 E E / l /  
7 F 
8 'I 
9 # 

10 P F 2 P  1 1  # 
12  T 
1 3  u/2/ 
1 4  # 

15 # 

rlrr I** T R A N S  FORM ATIONq frlrllrs* 

SCRN C A L L E D  A? 't I 
ANTEST C A L L E C  F O R  1 4t1GLOT " (AACC] S D =  15. RES= 0, TOP= I t s  
ANTEST RFl ' I IRNS *% I** 
CHANGE, H A V E  CSTXCH FOR H E R G E F  IN 8 
SCAP C A L L E D  AT 2 

TR A N S F D R N A T I C N S  WHICH HAVE A P P L I E D  ARE 
1 1 4  GLCT 

T R E E  PEAD BY FTR'IN 
1 S 2 # 

3 BDJ 4 
5 
6 
7 
8 
'3 

1 C  PREP 11 
12 
1 3  
1 4  

1 5  i 



h A -0- 0 A r -  
0 U U v N U  
U Z U  U = v  

4 H d 
v a * -C H 4  rf H * 4 5 4 

u 
4 
Y 

4 * - w * = .. - ..L I C t w - * Jc * PI Crc 
Ft3 W W  W W Q  W 

P: 23m m m m  m w t c  n L3 
a n n  d e e  r d w p  cx m 

w s  ffiffid f f i w ~  a ~ d  w 
Ha  =3! W W d  4 40 @ 

r n w  U 5.r P; l-4 
x Lri cn v) Ec t3 
0 r w: m a =  er;s= m:: Fs 
H r o m  born coo, o o 
CI +Pc * b C r c  ) t C b F 4  U P I r * P I  * d * * * C\1 
E. W E  Fr~1 ~ : r  p x  
a U 00 0 U 0 U 
0 a *  x f i *  r:EPS* c x f f i *  ass* # 

a *  W O *  P l W O *  W W O *  W O *  w 
fi h w b *  14dL 4 L  
iZt-1. m w  ulf i? ,  *@IW 

m w V Y a  O Z  4 1 4 d U ~ U U Z :  a =  
F 4 f f i W W f f i ~ b 4 W ~ ~ ~ ~ s s 4 ~ ~ W  

+ad3*43ddd3-d*dc ; l3dDDrn  
Wc- l  a d E i 4 4 l 4  d * C e s w u u e B d 2  b d ; l f - c 4 & H a W  - w u a w x G !  

UP; U'= UCtj U S  4 
d m *  
U B ~ ~ k ~ W ~ ~ E ~ ~ @ ~ ; f k t ~ ~ "  * m c 9 ~ ~ ~ ~ ~ m c 9 W L n m c 3 m ~ ~  

+ e w E a ~ ~ w e ~ ~ w e z w ~ e m w z z  * 4 E ~ E - l e H w 4 d H B d 4 w H a e H 4 4  
W U ~ Z x Z z x x Z ~ x x z Z x Z ~ t c O  
* c n ~ a u ~ ~ u u 4 e v u ~ ~ ~ u ~ ~ u r n  





I1CHOCOLATlk S<'MB N<'MD 'CH ' A 1  ' K  '5s '03 ?SB ' L  ?Eli2 'T 
'MB> 'MB>. 

T R E E  2EAD B Y  F T R Z N  
1 S 2 # 

3 N 4 # 
5 CH 
6 A / 1 /  
7 K 
8 + 
9 0/3 /  

1 0  + 
11 L 
1 2  E H / 2 /  
13 T 
14 t 

15 # 

# # CFI A / 1 /  K + 0/3/ + L F,H/2/ T # # 

**I** TRANSFQRRATIONS s**** 
SCAN CALLEI! AT 1 I 
ANTEST CALLEu FOR 1 '*REDVOA (AACC) ,S 2. RES= 6 .  TOP= 1:s 
ANTEST R E T U R N S  ** I * *  
C H A N G E .  H A V Y  CS'EXCH FOR MZRGEF IN r 9 
AI'FEST CALLED FOR 3" SCfl WDB l1 (AACC) ,SD= 4. RES= 9 .  TOP= 1:s 
ANTEST R E T U R N S  ** 2**  
C H A N G F .  CALL ELENOP FOR E R A S E  0 9 
CRANGE.  CALL ELEMOP FOR ERASE (1 'I C 
C H A N G E .  CALL ELEHOP rOR ERASE 0 9 
WARNIN6. ELEMOP. TRYING TO E R A S E  NCNEXISTENT NOBE. NODE = 9 
CHANGE. CALL E L E E O P  F O R  E R A S E  0 1 0  
W A R N I N G ,  ELFROE' TRY1 NG TO ERASE NONTXISTENT NODX. N O D E  = 1 0  
ANTEST CALLEC FOR 6"RUHRED " (AACC) ,SD= 7.  RES= 1 3 .  TOP= 1:s 
ANTEST RETURNS ** I * *  

CHANGE. H A V E  CSEXCH F O R  MOVEF IN 11 
C H A N G E ,  CALL EL3MOP P O R  E R A S E  0 I 2  
ANTEST CALLED FOR 14'IGLOT " (AACC) S D =  15. RES= '3. TOP= 1:s 
ANTES?! RFTURNS ** 1 ** 
C H A N G E .  H P V E  CSEXCH FOR MERGEF IN 1 3  
SCAN CALLED AT 2 . 
TR ANSFOREATICNS WHICH H A V E  A P P L I E D  APE 

1 1 RECVOW 
2 3 SCHHDB 
3 6 RUHRED 
4 10 GLCT 



TRPE R E A D  BY FTRIN 
1 S 2 t  

3 N 



" D I A R Y :  lV S < ' N B  N C 1 3 B  'D 'Y 'SB ' E H 3  'SB 'R '12 'BB> I f l B ) .  

TREE READ B Y  Y T R I N  
1 s  2 11 

3 N 4 # 
5 D 
6 CC/1 /  
7 Y 
8 + 
9 E H / 3 /  

10 + 
11 R 
12  1/21 
1 3  

1 4  # 

*s*** T 9 ANS FO3Y ATIONS ***** 
SCAN C i L L E D  AT 1 I 
A N T E S T  CALLEC FOR 1'tREDVOW ' I (AACC) ,SD= 2. RES= 6, TOP= 1:s 
ANTEST RETURNS ** I** 
CHANGE, yAVE CSEXCH FOZ MEBGEF IN 9 
ANTEST CALLEC FOR 3"SCHwDB " ( A B C C )  ,SD= 4 .  RES= 9 r  TOP= 7 :S 
BNTXST RETURNS ** 2** 
CHANGE, CALL ELEUOP FOR E P A S E  ? 9 
CHANGE,  CALL ELEMOP FOR ERASE 0 10 
CKANGE, CALL ELEMOP FOR E R A S E  9 9 
W A R S I N G .  E L E R O P ,  T R Y I N G  TO EfiASE NONEXISTENT NODX. N O D E  = 9 
C1'9NGE. CALL ELENOP FOR E R A S E  0 10  
W A R N I N G .  ELXEOP.  T R Y I N G  TO ERASE N O N E X I S T E N T  NODZ. NODE = 10 
SCAN CALLED AT 2 

TF AN  SFORHA TICNS FJHICH HAVE A F F L I E I )  ARE 
1 I R ~ C V O U  
2 3 SCHWDB 

TREE R E A D  RY ETRIY 
1 s  2 11 

3 N 4 # 
5 C 
6 CO/l/ 
7 Y 
8 + 

11 R 
I 2  1/2/ 
1 3  il 

'I4 # 



" F R O N T  E B A C K : "  s c ' n o  ~ c ~ m u  ' F  f a  I r r H 1  ' h i  I T  l n a >  c c r n ~  1 ~ 3 2  I N  I D  ~ Y B >  
N < ' F B  ' B  ' R E 1  IK ' ? 8 >  'MB>, 

TRES PEAI, B Y  F T R I N  
1 s 2 t  

3 N 4 i 
5 F 
6 1; 
7 UH/1/  
n N 
9 T 

1 0  # 
12  # 
13  AE/2/ 
1 4  N 
1 5  D 
16 # 

17  N 1 s  1 
19  B 
20 AS/l/ 
2 1  K 
22 # 

2 3  # 

# # F R T I H / l /  N T # JY .4E/2/ N D # # B A E / I /  K # # 
S* ** * TF AKSFORfiAPICNS *t*** 

SCA,N CALLEC AT 1 f 
ANTEST C A L L E D  FOR 81'HASVOM l1 (4ACC) , S D+ 9, RES= 3, TOP5 1: S 
ANTEST RETURNS ** 2**  
CHANGE. H A V E  CSEXCH FOR HWRGEF IN 7 
CHAYGE.  H A V E  CSEXCH F O R  N Z R G E F  IN 1 3  
ANTEST CALLEC FOR 1 3 " A L F L A P  "(AACC) rSD3 14.  9ES= 18. TOP= 3:s 
ANTEST RETURNS ** I * *  
CHANGE. H F Y E  CSEXCH FOR MZRCFF IN 9 
ANTEST CALLEja FOR 1 S t v D E N D E L D  (AACC) ,SD= 16. 3ES= 2 0 .  TOP= 1:9 
ANTEST RETURNS ** I** 
CHANGE. CALL ELENOP FOR E R A S F  0 115 
AN TEST CALLE,D F O R  18'tREG VOICE It (AACC) ,SD= 19. RES= 22 ,  POP= 1:s 
ANTEST R F T U R N S  ** I** 
CHANGE. H A V E  CSEXCII FOR fl3RGFF I N  8 
AN TEST C A L L E D  FOR 1 9 w R E G A R T I C "  (AACC) ,SD= 20. RES= 2 3 ,  TOP= 1:s 
ANTEST REUREiS ** I** 
C H A N G E .  H A V E  CSEXCH FOB BEPGFF IN 1 4  
ANTEST CALLEC FOR 23"NASREL: " (AACC) S D =  24, RES= 3. TOP= 1:s 
ANTEST RETURKS ** 2 * *  
C R A N G E .  C F L L  ELEMOP FOR Z P A S E  0 8 
CHANGE. CALL ELEMOP FOR ERASE 0 1 4  
SCAN CALLED AT 2 

TRANSFO8FATICNS WHICH H A V E  A PPLXED A R E  
1 8 NASVOW 
2 1 3  ALPLAP 
3 IS DENDELD 
4 18 REGVOICE 
5 19 REGAE'Y XC 
6 2 3  NASRqD 



T 8 E E  3ElD B Y  F T R T N  
1 S 2 t 

3 N 4 ff 
I, P 
6 R 
7 U H > / 1 /  
9 TAF 

1c' W 
1 2  # 
13  AE>/2/ 
16 d 
18 # 
19 P 
20 A E / I /  
2 1  K 
22 t 

23 Ct 

# # F R 1 TAF I # AE>/2/ # # B A E / I /  K # # 



nSOFTEN: S < W B  V < ' M B  ' S  '001 !F IT 'SB 'MB ' E H 2  'N 'HBY 'NB), 
T8EE 3ElD B Y  F T R T N  

1 S 2 IC 
3 v 4 # 

5 s 
6 co/l/ 
7 F 
S T 
9 + 

I n  # 
1 1  E f l / 2 /  
1 2  N 
1 3  # 

1 4  # 

rltrlrs** T EiANS'FOFiM ATIONS rlt* t*# 
SCkN C F L L Z D  AT 1 I 
ANTEST C A L L E C  FOR S4'SYLLAB " (AACC) 
ASTEST R E T U P N S  ** I** 
CHANGE, PALL ELEMOP FOR E R A S E  0 
CHANGE, HAVE CSMCH F O R  YEiiGEF IN 
ANTFST CALLED FOR 1 6 f l C F l D S l T l  (AACC) 
ANTEST IFTURNS ** I** 
CHANGE, CALL XaEFOP FOR E R A S E  3 
ANDTEST CALLED FOB 2 i "PROA9Tf  Cil (AACC) 
ANTEST R E T U R N S  ** I** 
C B A N G E ,  HAUE CSEXCH FOR MS3G3F IY 
S C A N  CALLED AT A 3 

TR A N S F O R M A T  ICNS WHICH R A V 3  APPLIED AEE 
1 5 SYLLAB 
2 16  I'9NDELT1 
3 21 PROARTIC 

T R E E  FPAD BY FTRIN 
1 s 2 # 

3 v 4 # 
5 5 
6 00/1/ 
7 F 
9 + 

10  1 
12 MS/2 /  
1 3  # 

1 4  # 



llIITTEEiANCE: S<'HE N<tE1,B * U H 1  "I' 'SB ' E H 3  ' R  'SB 'MB 'EH2 ' N  @ S  
'NB) ' M B > a  

T R E E  E S A D  B Y  FTRIN 
1 S 2 W  

3, N 4. # 
5 U H / I /  
6 T 
7 + 
8 EH/3/  
9 R 

10 + 
11  I 
1 2  Ef1/2/ 
1 3  & 
1 4  S 
15  R 

16 X 

rlr* *S * TSANSPORMATICNS **s** 
SCAN C A L I E D  AT I I I 
ANTEST CALLED FOR 1"REDVOW " (AACC) 
A N  TEST SETUIINS ** 2 * *  
M I s A N G E ,  H A V E  CSEXCH F O R  HERGSF IN 
A N T E S T  CALLED F O R  3"SCR PFB " (AACC)  
ANTEST T I T U R N S  ** I**  
C H A N G E .  CALL ELEHOP FOR ERASE 0 
C H A N G E ,  CALL ELEMOP F O R  ERASE !? 
C H A N G E ,  CALL EL3MOP FOR E R A S E  0 
ANTEST CALLED F O R  5"SYLLAR " (4ACC) 
ANTES?' RETURNS ** 1** 
CHANGE. C A L L  ELEMOP FOR E R A S E  0 
CHANGE* HAVE: CSEXCH FOR MYRGEF IN 
A-VTEST CALLEC FOR 9"T BANS TOPM (AACC) 
A N T E S T  R E T U R N S  ** 1**  
C H A N G E .  CALL ELEHOP FOR A D R I S  17 
ANTEST CALLEC FOR 1LC"GLOT (AACC) 
ANTEST l iETURNS ** 1** 
C H A N G E *  HAVE CS M C H  FOR KERGEF IW 
SCAN CALLED AT 2 

TR A N S F O Q H A T I C N S  WHICH H A V E  A EFLIED ARE 
1 1 2ECVOW 
2 3 SCHWDB 
3 5 SYLLAB 
4 9 TRANSTOP 
5 74 GLCT 



T R E E  P E A D  B Y  FTFI,,N 
I s  2 n 

3 N 



"DREAMT : t1 S<'NB V < ' f l B  ID 'R EE1 I M  'T Q M B >  'HB>. 
T R E E  READ BY FTRIN 

1 S 2 r: 
3 v 4 It 

5 D 
6 R 
7 EE/I/ 
8 N 
9 9 

10 # 
11 # 

r)r*lk** TRANS FORE RTLONS br)lrk** 

SCAN C A L L E D  A T  1 I 
ANTEST CALLEC FOR 811NASVOW I 1 (RACC)  
ANTEST RETURNS ** I** 
C H A N G E .  H A V E  CSEXCH FOR HSRGEF IN 
ANTEST CALLEC FOR  TRANSTO TOP^ (RACC) 
ANTEST RETURNS ** I** 
CHANGE, CALL ELEHOP FOR ADRIS 1 2  
ANTEST C A L Z E C  FOR 1 4Ir GLOT (AACC) 
ANTEST RETURNS ** I** 
C H A N G E ,  H A V F  CSRXCH FOR El9RGEF IN 
AWEST CALLED FOR 18'1REGVOICE1t  (AACC) 
ANTEST R E T U R N 6  ** I** 
CHANGE, H A V E  CSZXCH FOR MERGEF IN 
ANTEST C A L L E D  F O R  23" NASRED It (AACC) 
ANTEST R P T U B N S  ** I ** 
CHANGE. C A L L  ZLEMOP FOR ERASE 0 
SCAN CALLED AT 2 

TF AYSPORP!fiTICNS UIIICH H A V E  A F F L I E D  ARE 
1 8 N A S V O W  
3 
L 9 TRANSTOP 
3 1 4  GLOT 
4 18  REGVGBCE 
5 23 NASRED 

TREE P EAD B Y  FTRIN 
1 s 2 # 

3 v 4 t  
5 c 
6 R 
7 E ? > / 1 /  

1 3  P 
9 GS 

10 t 
11 * 



"RINGFD: tt S<'MB V<'MB ' 3  '111 'NG 'MB 'D B ' H 8 > .  
T R E E  REAP BY FTRXN 

1 s 2 # 
3 v 4 rC 

5 R 
6 111 11 
7 NG 
8 # 
9 D 

10 # 
11 # a  

~rrlrsrk* TRANS FORRATIONS ***** 
SCAN CI\LLED AT I I 
ANTEST C A L L E C  FOR 8"NASVOW ( ~ A C C )  ,So= 9 ,  RES= 3 .  T3F= 1: S 
ANTEST R I T U R N S  ** I** 
CHAYG'E:. HAVE CSEXCY FOR PIETGEF IN 6 
ANTEST CALLEC FOR 9wTRANSTOP" ( A A C C )  ,SD= 1 3 .  ?ES= 1 ~ .  TOP= 1:s 
AN'IEST FETURNS ** I** 
C H A N G E .  CALL ELEHOP FOR ADRIS 1 2  7 
ANTEST CALLEL' FOR 23"NASP!3C " (AACC)  S D =  2 4 .  RES- 3.  TJP= 1 :S 
AN'IEST 3 E T U R N S  ** I * *  
C H A N G E .  CALL ELEFOP FOR 3E7ASE (I 7 
SCAN CALLFD AT 20  

TP A N S F P ~ M A T I O N S  WHICH H A V E  A P P I I F D  ARE 
1 8 NASVOW 
2 4 TRANSTOP 
3 23 N A S R E D  

TREE EEAD B Y  F T R I Y  
1 s 2 # 

3 v 



R H A ' I I C N S  +*s*  rt 
1 I: 

10nPALAT7 "(AACC) ,SD= 11. 3ES= 17. TOP= 1 :S 
1 ** 

m C H  F O R  H E g C 3 F  TN 7 
$HOP FOR A L E S E  7 11 

1 1 n P A L A T 2  " (AACC)  , SD= 12- RES= 9. TOP= 3 :S 
H"'P q * *  

EEOP FOR EPASE 0 11 

P QRICH HAVE APPLIED A R E  
1 0  P A L A T l  

I 11 PALAT2 

TRIN 
u 
v 4 1 

5 r: 



"FAT Y O U R : "  S < ' l $  V<'HB '11 'T 'MB> POSS<lE.JB ' Y  ' E n 2  'R 'HB> v n B >  
T R E E  R E A ' P  BY FTPIN 

1 S 2 1 
3 v '4 # 

5 1/11 
6 T 
7 1 

8 POSS 9 1 
1 0  Y 
11 EH/2/ 
1 2  R 
1 3  # 

14 # 

***YI* TRANSTORI ATIONS srlrs*~ 
SCAN CALLED AT 1 I 
ANTEST C A L L E C  FQR 1OnPALAT1 '* (AACC) ,SO= 11. RES= 17. TOP= 1:s 
ANTEST R E T U R N S  ** I** 
C H A N G E ,  HAVE CSEXCH F O P  XTRGEF IN 6 
GH ANGE. CALL ELEMOP FOR k L E S E  6 1 0  
ANTEST CALLED FOR 1 1  nPALAT2 " (AACC) ,SD= 1.2. RES= 3. TOP= 1 :S 
ANTEST RmURNS ** I**  
CHANGE. CALL ELEHOP FOR ERASE 0 1 0  
SClAN CALLED BT 2 

Tli ANSFOAMATICNS . WHICH HAVE A P P L I E D  A R E  
1 10 PALAT1 
2 11 PALAT2 

T R E E  B E A D  BY F T R f N  
1 s 2 r: 

3 v 4 #  
5 I/1/ 
7 # 

8 POSS 9 fl 
6 CH 

11 EH/2/  
12 R 
1 3  i 

14 C 



"SA YPLFS :I1 S < * M B  N<'fll3 'S A ' M  'SE 'P 'EH2 'L 'MB 'Z 
' N B 3  MB). 

T R E E  EEAD BY FTRIN 
1 S 2 # 

3 N 4 # 
4 S 
6 AE/1/ 
7 E 
8 + 
9 F 

I 0  EH/2/ 
11 L 
12 # 
13 2 
1 4  # 

1 5  # 

I**** TRANS FORMATIONS *llrs** 
SCAN, CALLED AT 1 I 
ANTEST CALLEC FOR ~ " S Y L L A B  "(.AACCh 
ANTEST R E T U R E S  ** I** 
C H A N G E ,  CALL ELEBOP FOR E R A S E  V 
C H A N G E .  HAVE CSEXCH POR RER G E P  IN 
ANTEST CALLED F O R  dNNASVOW " (AACC) 
AHTEST REURNS ** 1 ** 
C H A N G E .  HAYE CSEXCH FOR M E R G E F  IN 
BNTEST CALLED FOR 1 8 t t R E G V O f  CEn (A-ACC) 
ANTEST RmURNS ** I** 
C H A N G E .  HAVE CSEXCH FOR MERGEF IN 
AN'IEST CALLEC FOR 23wNBS9FI: " (AACC) 
ANTEST RETURNS * 1** 
C H A N G E ,  CALL ELEnOP FOR ERASF 0 
ANTEST CALLED FOR 24jtDARKL ". (AACF) 
ANTEST RETURNS ** I** 
CQANGE* HAVE C S E X C H  FOR MERGFP IN 
SCAN CALLED AT 2 

TRANSFORMATIONS RHICH H A V E  A P P L I E D  ARE 
1 5 S Y t L A B  
2 8 NASVOW 
3 18 REGVOI CE 
4 23 NASRED 
5 24 DAPKL 



T R E E  E3AOI' BY FTRIN 
1 s 2 # 

3 N 



'IS U DCEN LY: S < I f l B  N < ' M B  ' S  ' U H 1  'D ' S B  '9H3 'U 'SB 'MB 'L '12 
'MB> V ¶ B > ,  

TRFE R Y A D  B Y  F T R T N  
1 S 2 # 

3 N 4 # 
5 s 
6 U H / 1 /  
7 C 
8 + 
9 EH/3/ 

1 0  N 
11 + 
12 1 
1 3  L 
1 4  f / 2 /  
15 # 

16 # 

slrlrss T R ANS FORM AT1 ONS I**** 
SCAN CALLFD AT 1 1 
ANTEST C A L L E C  FOR 5"SYLLAB " (AACC') ,SD= 6. RES= 1 1. TOP= 1: S 
ANTEST R E T U R N S  ** I * *  
CHANGE, CkLL ELEMOP FOR ERASE c 9 
CHANGE', NAVE CS EXCH FOR YERGEF SN 10 
SCAN CALLED AT 2 

TRANSFORMATICINS MHICH HAVE A F F L I E D  ARE 
1 5 SYLLAR 

TREE PFAD B Y  PTRTN 
1 s 2 IC 

3 N 



"CA MPING:" S V M B  V O Y B  'K A l n  'SB 'P 'no  1112 I N G  ' M B >  I H B ) ,  

TSEE READ B Y  F T R I N  
1 S 2 # 

3 v 4 i 
5 K 
6 AE/1/ 
7 M 
8 + 
9 P 

1 0  n 
1 1  11/2/ 
12 NG 
13  # 

1 4  # 

*rlr ~ ' t  f T RANS FORHATIONS I**** 

SCAN CALLED AT 1 I 
ANTEST CALLEI: FOR 4"ING " {AACC) 
ANTEST R E T U R N S  ** I** 
C H A N G E *  HAVE CSEXCH FOB MERGEP IN 
CHANGE. HAVE CSEXCH FOR ?lERGEF IN 
ANTEST CALLED FOB 5"SYLLAB [AACC) 
ANTEST RETURNS ** I** 
C H A N G E ,  CALL ELENOP FOR ERAS6 0 
CHANGE,  H A V E  CSTXCH FOR NERGEF IN 
ANTEST CALLEC FOR B U N A S V O W  (AACC) 
ANTEST R E T U R N S  ** 1** 
CHANGT, HAVE CSEXCE1 FOR HESGEF IN 
ARTEST CALLEC FOR 18"REGVO I C E u  (AACC) 
ANTEST E T U E N S  ** l** 
CHANGE, AAVE CSEXCH FOR MEilGEF IN 
ANTEST C A L L E D  FOR 2111PROARTIC11 (AACC) 
AN TEST RETURNS ** 1 ** 
CHANGE. HAVS CSEXCH FOR H E R C E F  IN 
AN TEST CALLED FOR 23nNASRED " (AACC) 
ANTEST RmURNS ** I**  
C H A N G E ,  CALL ELEMOP FOR ERASE 
SCAN CbLLED AT 2 rn 

TR A N S F O R M A T I C N S  BHICH R A V E  A PPLIED AR"E 
I 4 I N G  
2 5 SYLLAB 
3 8 VASVOW 
4 1 8  R E G V O I C E  
5 2 1  PROARTIC 
6 23 N A S R E D  



TRFE REAP BY FTRIN 
1 S 2 # 

3 v 

12'  MS/2/ I-LOW -BACK - F ; O O N D I  



IIKA NGARCIO: SC'IB N<'MB IK ' A X 1  'NG 'SB 'G 'EH3 'SB 'R ' U 2  
'ISTRESS VA FIIANTw 'MB> HE>. 

TREE R E A D  BY F T R I N  
1 s 2 rc 

3 N 4 X 
5 K 
6 A E / I /  
7 NG 
8 + 
9 G 

l o  EH/3/ 
I 1  + 
12 R 
1 3  U/2/ 
1 4  t 

15 # 

# # K AE/1/ NG + C1 EH/3/ + R I /  # # ** *** T R A N S F O P H A T T . O N S  ***** 
SCAN CALLED AT 1 I 
ANTEST CALL'EC FOR 'I "REDVO U (AACC) ,SD= 2 .  RES= 6. TOP= I :S  
ANZEST RETURNS ** 1 ** 
C H A N G E .  H A V E  CSEXCH F O R  MERGEF IN 10 
ANTEST CALLED FOR 3"SCHWDB " ( A A C C )  , SD= 4. RES= 9. TOP= 1 :S 
ANTEST RETURNS ** 2 * *  
CHANGE. CALL ELEMOP FOB ERASE 0 1 0  
C H A N G E ,  CALL ELEHOP FOR E R A S E  0 1 1  
C H A N G E .  CALL ELEROP FOR ERASE 0 1 0  
W A R N I N G ,  ELEHOP.  T R Y I N G  TO ERASE N C N E X I S T E N T  N O D E .  NODE = 1 0  
C H A N G E .  CALL ELEMOP FOR ERASE 0 11 
U A R N I N G .  'ELEMOP. T R Y . I N G  TO ERASE N O N E X I S T E W .  NODE. NODE = 11 
ANTEST C A L L E D  FOR O N N A S V O  k (AACC) S D 3  9. RES= 0. TOP= 1:s 
ANTEST R ? T U B N S  * I** 
C H A N G E .  H A V E  CSEXCH FOR IYERGEF IN 6 
AN TEST CALLXC FOR 23"NASRPC (AACC) S D =  24. RES= 3 .  TOP= 1:s 
BNTEST R E T U R N S  ** I** 
CHANGE. CALL ELEHOP FOR E R A S E l  0 7 
SCAN CALLED AT 2 
TR ANSFORMATICNS FlHfCH R A V E  A P P L I E D  A R E  

1 1 R E C V O Q  
2 3 SCHHDB 
3 8 NASVOW 
4 23 NASREI)  

T R E E  R E A D  B Y  FTRIN ' 

1 S 2 # 
3 N 4 #  

5 K 
6 AE>/1/ 
8 + 
9 G 

12  R 
13  u/2/ 
I 4  # 

15 # 
8 # K A E > / 1 /  + G R 0/2/ 1 # 



"COTTON : S<'HB N < V M B  f K  ' A ' !  IT 'SB 'EH2  'N 'MB> IMBS.  
T R E E  READ BY FTRIN 

1 s 2 # 
3 N 4 # 

5 K 
6 A / 1 /  
7' 'I 
8 + 
9 EH/2/ 

10 N 
11 r 

12 i 

srlrr(r** TRANSPORMATIONS IC*S** 

SCAN CALLED AT 1 I 
ANTEST CALLED F O R  5"SYLLAB " (AACC) ,SD= 6. RES= 11. TOP= I . IS  
AN TEST RETURNS ** l** 
C H A N G E .  CALL ELEHOP FOR ERASE 0 9 
CHbNGE, HAVE CSEXCH FOR MERGEF I N  13 
ANTEST C A L L E C  FOR 14" GLOT I' (AACC) #SD= 15.  RES= 0. TOP= 1:s 
bNTEST RETURNS ** I** 
CHANGE,  H A V E  CSEXCR FOR PlERGEF IN 7 
SCAN C A L L E D  AT 2 

TRANSFO3HATIONS WHICH HAVE A P P L I E D  A R E  
1 5 SYLLAB 
2 14 GLOT 

TREE READ B Y  FTRIN 
1 s 2 r 

3 N 4 # 
5 K 
6 A/1/  
7 GS 
8 + 

10  NS/2/ 
11 t 

12 1 



w t I N ~ R O D f l C T I O N : ' v  S<( f iB  N < V B  '112 'N 'SB 'T 'R '03 I S 0  I D  ' U H 1  'K 
'SB 'SH '382 'N 'MB> 'P!B>* 

TREE EEAD B Y  F T R I N  
1 s 2 # 

3 N 4 f 
5 II/2/ 
6 N 
7 t 
8 '1 
9 R 

I 0  c/3/ 
11 + 
12 D 
1 3  U H i 1 /  
1 4  K 
15 + 
16 SH 
17 E H / 2 /  
1 8  N 
19 # 

21) # 

**rlr*rlr T HANSFORMATIONS ***** 
SCAN CALLED AT 7 I 
ANTEST CALLEC FOR 1 W I R E D V O W  (AACC) 
ANTEST RETURNS ** I** 
C H A N G E ,  H A V E  CSEXCH F O R  MERGEF IN 
ANTEST CALL EC FOR EiUSYLLAB '' (AACC) 
ANTEST RETURNS ** I** 
C H A N G E ,  CALL ELEHQP FOR ERASE 0 
C H A N G E ,  H A V E  CSEXCH FOR MERGTF IN 
ANTEST CALLED F O R  6 1 1 R U H R E D  (AACC) 
AKTEST RETURNS ** 1**  
C H A N G E .  H A V E  CSEXCIi FOR Y O V E F  IN 
C H A N G E *  CALL E L E R O P  FOB E3ASE O 
CHANGE, H A V R  CS EXCH FOR HERGEF IY 
A N T ~ S T  CALLSO FOR 8" NR S V O C  'I (AACC) 
ANTEST R E T U R N S  ** I** 
CHANGE* H A V E  CSEXCH FOR MERGEF IN 
AN TEST C A L L E D  FOR 1 81'fiEGVOICF1t (AACC) 
ANTEST R E U R N S  ** I** 
CHANCE, HAVECSEXCH FOR MERGEF IN 
A N I E S T  CALL ED FOR 21 I ~ P R O B B T ~ ~ ~  (AACC) 
ANTEST R E T U R N S  * I** 
CHANGE. HF VE CSEXCH FOR HERGEF IN 
ANTEST CALLED FOR 23I1NASRED (AACC) 
&N TEST RkTURNS ** I**  
CHANGE, CALL ELEMOP FOR E R A S E  0 
ANTEST CALLSC FOR 2 6 " R D E V O  ICE" ( A A C C )  
ANTEST RETnRWS ** 1 ** 
C H A N G E .  HAVZ CSBXCH FOEi MFRGEF IN 
SCAN CALLED AT 2, 



TR ANSFORMA TIONS U H X C H  HAVE APPLIED A R E  
1 1 REDVOW 
2 5 SYLLAB 
3 6 RUHPED 
4 8 NASVOW 
5 1 8  R E G V O I C E  
6 2 1  PROARTIC 
7 23 N A S R E D  
8 26 RDEVOICF 

TREE R Y A D  B Y  FTRIN 
1 S 2 t  

3 N 4 t  
5 II>/2/ 
7 + 
8 T 
9 RDV/3/  

11 + 
12 D 
13 UH/ f /  
1 4  K 
15 + 
1 6  SH 
18 NPAS/2/ 
1 9  # 

20 X 

9 R D V / 3 /  1-LOW +BACK - R O U N D  +JiETROP) 
1 8  NPA S / 2 /  1-LOW -BACK - 8 O U N D I  



" S A Y I N G :  S i V H B  V C b f l B  'S 'El 'SB 'NB I 'NG 'MB> 'YB>, 
T R F E  READ BY FTRfN. 

1 s 2 d 
3 v 4 # 

5 s 
6 E / 1 /  
7 + 
8 # 
9 f1/2/ 

10 NG 
11 a 

12  X 

*l)r rltllt* TRANSFORMATIONS s*s** 
S C A N  C A L L E D  AT 1 I 
ANTEST CALLED FOR 4 " I k  N (AACC) ,SD= 5, R E S -  0. Tap= 1 :S 
ANTEST RETURNS ** I** 
C H A N G E ,  H A V E  CSEXCH FOR MERGFF IN 10 
C H A N G E .  HAVE CSEXCH FOB MERGEF IN 9 
ANTEST C A L L E C  F O R  8 t 1 N A S V O U  (AACCI ,SD= 9. P E S =  0. TOP= 1:s 
ANTZST RETURNS ** I** 
CHANGE,  f l A V E  CSEXCR FOB MERGEF IN 9 
SCAN C A L L E D  AT 2 

TRANSFORH&TXDNS WHICH H . A V E  APPLIED ARE: 
1: 4 ING 
2 8 NASVOW 

TREE R E A D  B Y  F T R I N  
1 s 2 rc 

3 v Ir # 
5 s 
6 E m  
7 + 
8 # 
9 IH3/2/ 

10  N 
11 # 

12 # 



" N O T H I N G : "  S<'HB N<'!!B I N  ' U H 1  'THU 'SB '112 ' N G  'Ha> 'rB>, 
TRFE R E A D  BY F T R I N  

1 s 2 # 
3 N 4 # 

5 N 
6 UH/l/ 
7 TH11 
8 + 
9 II/2/ 

10 NG 
11 # 

12 # 

rlt*s*rle TR AN SFORHATIONS *S***  

SCAN CALLED AT 1 I 
ANTEST CALLED FOR 4l'I NG l1 (AACC) ,SD= 5. RES= 0. TOP= 1 :S 
ANTEST RETURNS ** I**  
CHANGE. HAVE CSEXCU FOR I E R G E F  IN 10 
C H A N G E .  HAVE CSEXCH FOR MERGEF IN 9 
ANTEST CALLED FOR* 5"SYLLAB (AACC) ,SD= 6 ,  R E S =  11. TOP= 1 : S 
ANZEST RETURNS ** l** 
C H A N G E ,  CALL ELEMOP FOR E R A S E  r) 9 
CBPNGE. R A V E  CS EXCH FOR MERGEF IN 10  
SCAN CALLED AT 2 

TRANSFORIATICNS R H I I C H  R A V E  APPLIED ARE 
1 4 I N G  
2 5 SYLLAB 

TREE R E P D  BY PTRIN 
1 s. 2 X 

3 N 4 # 
5 N 
6 U H / 1 /  
7 THU 
8 + 

10 NS/2/ 
1 1  t 

1 2  t 

# # N U R / 1 /  THU + NS/2/ # # 



"TO R E T A I N :  I' S<'NB P<'XB IT ' U 1  'MB3 V<'MB ' 3  2 'SB '7 'El I N  
NR) ' YB>, 

T R E E  READ BY F T R I N  
1 s 2 8 

3 P 4 t  
5 T 
6 U / l /  
7 # 

8 V 9 # 
l a  R 
11 f /2 /  
1 2  4- 

13 T 
I 4  E/1/ 
15 N 
1 6  # 

17 t 

f ~ r l r ~ f  TRANSFORIATICNS *llrllrt* 

SCAN C A L L E D  AT 1 I 
ANTEST CALLED FOR 1 '*REDVOW " (AACC) ,SD= 2. RES= 6. T O P =  1 :S 
AN TEST RETURNS ** 1 ** 
C H A N G E ,  HAVE CSEXCI1 F O R  MERGEF IN 11 
ANTEST CALLED F O R  6"PUHRED I1(AACC) fSD= 7 r  EiES= 13.  TOP= 1:s 
ANTEST RETURNS ** 2**  
C H A N G E .  H A V E  CSEXCH F O B  M O V E F  IN 10 
C H A N G E ,  CALE ELEMOP F O R  ERASF 0 11 
CHANGE,  H A V 9  CSEXCH FOR MEREEF IN 10 
C H A N G E ,  HAVE CSEXCH FOR HOVEF IN 1 3  
C H A N G E .  CALL EliEHOP FOR ERASE 0 11 
WARNING.  ELEROP. T R Y I N G  TO ERASE NONEXISTENT N O D E ,  N O D E  = 11 
C H A N G E ,  H A V E  CSEXCH FOR MERGEF IK 1 3  
ANTEST CALLED EOR 81tNASVQY l1 (AACC) ,SD= 9, REs= 3. TOP= 1 :S  
ANTEST RETURNS ** I** 
CHANGE, H A V E  CSMCH FOR H E R G X F  IN 1 4  
SCAN CALLFD AT 2 

TR ANSFORMATTCNS R H I C H  H A V E  A EPLIED APE 
1 1 RECVOW 
2 6 R U H R E D  
3 8 NASVOW 





wSf l  RPRIS E:" S<'MB. N < @ E B  IS ' E H 2  'R ' S B  'P 'R 1069 'Y '2 t N B >  g M B >  
T R P E  R E A D  BY FTRIN 

1 s  2 # 
3 N 4 fl 

5 s 
6 EH/2/ 
7 R 
A + 
9 P 

10 R 
11 c a l l /  
12 Y 
1.7 2 
14 W 

15  # 

s**srlr T RANS FORMATIONS **s** 
SCPN CALLED AT 1 I 
ANTEST CALLEC FOR 5"SYLLAB (AACC) ,SD= 6, RES= 11, T 3 P =  1: S 
ANTEST R E T U R N S  ** l** 
C H A N G E .  CALL ELEUOP FOR E R A S E  0 6 
CITANGE. HAVE CSEXCH FOR HEBGEF IN 7 
CHANGE* H A V E  CSEXCH FOR MERGEF IN 7 
ANTEST CALLEC FOR 7'"RUHLESS (AACC) ,SD= 8. RES= 3 5 .  TOP= 1 : S 
ANTEST RETURNS ** I** 
C H A N G E *  H A V E  CSEXCH FOR NERGEF Ifl 7 
SCAN CALLED AT 2 

TR ANSFORHATIONS WHICH H A V E  A P P L I E D  ARE 
I 5 SYLLAB 
2 7 R'URLESS 

TREE R E A D  B Y  F T f i I N  
1 s 2 t  

3 N 4 8 

7 SCHWA / +SON +CONT -ANT +COB +VOICE -STRID -RETSOFI 



tQOLD MAN:" S< 'MB A t v  HB '01 'L 'D 'HB> W < f M B  'M I A E 1  I N  'BB> 'MB> . 
T R E E  R E A D  BY, PTRIN 

1 s z a 
3 A 4 # 

5 c/1/ 
6 L 
7 D 
8 # 

9 N 16 
11 a 
12 AE/V 
13  N 
14 # 

15 # 

** Y* $ TRANSFORMATICNS SSS** 

SCAN CALLED AT 1 I 
BNTEST CALLED FOB 8"NASVOW "(AACC) ,SD= 9. RES; 0. TOP= 7:s 
ANTEST RETURNS ** I** 
C H A N G E .  H A V E  CSEXCH FOR MERCEF IN 1 2  
AN TEST CALLED FOR 1 5 n D E N D E Z D  " (BACC) %SD= 36. RES= 20, TOP= l : S  
ANTEST RETURNS ** I** 
CHANGE.  CALL ELEMO? FOR E R A S E  0 7 
AN TEST CALLED. FOR 2411DAB.KL -" (AACC) ,SD= 25. RES= 0, TOP= 1:s 
ANTEST RETURNS ** I** 
CHANGE. HAVE CSEXCH FOR MERGBF IN 6 
SCAN CALLED AT 2 • 

TRANSFORRATICNS WRICH BBOE APPLIED ARE 
1 8 NASVOU 
2 15 DENDELD 
3 24 DA6KL 

TREE REBD BY PTRIN 
1 s 2 t 

3 A 4 f 

5 0/1/ 
6 DL 
8 # 

9 N 10 t 
11 H 



vlSAN?TY CLAUSP:w S P H B  N < * H B  ' S  lAEl ' R  'SB l2ii3 lSB 'T l12 @J B >  
n N O T  FROM N E U n  N<'BB 'K 'L '031 'Z 'MB> 'NB?. 

TREE RZAD B Y  P T R I N  
1 E 2 Y 

3 N Y 4 
5 S 
6 AE/1/ 
7 N 
8 + 
9 E H / 3 /  

10 + 
11 T 
1 2  1/2/ 
13 1 
1 5  # 
16 K 
17 l 
18 O O / l /  
19  Z 
2a X 

21 # 

tilt#** TRANS FORMATIONS ****+ 
SCAN CALLED AT 1 1 
ANTEST CALLEC FOR 1 ltREDVOR * (AACC) ,SD= 2 .  RES= 6 .  TOP= 1:s 
ANTEST REIIURNS ** 2 * *  
CHANGE. H A V E  CSEXCH FOR HERGEF 1 N 9 
C H A N G E ,  H A V E  CSEXCH FOR MERGEP IN 12 
AN'IEST CALIiED F O R  6"R WHRED " (AACC) , S D= 1 RES= 13, TOP= l i S  
ANTEST R E T U R N S  ** 1* *  
CHANGE. H A V E  CSEXCH FOR Y O V E F  IN 7 
CHANGE. CALL ELEMOP F O R  ERASE 0 9 
C H A N G E .  CALL ELEMOP FOR E R A S E  0 8 
ANTEST CALLED FOR 1 3 1 8 A L F t A F  v v ( B A C C )  S D =  14, RES= 18, TOP= 1:s 
ANTEST R E T U R N S  ** I** 
CHANGE. HAVE CSEXCH FOR HERGEF IN 11 
SCAN CALLED AT 2 

TRANSFORBATICNS WHICH H A V E  A F P Z f E D  ARS 
1 1 RECVOU 
2 6 aUHRED 
3 13 RLFLAP 



TREE READ B Y  FTR'IN 
1 S 2 # 

3 N 



l1SITTING :I' S<'MB V C m F ! B  ' S  'I11 ' T .  "Sfl 'HB '12 'NG 'l'lB>. !!Is>. 
TREE R E A C  BY F T R I N  
I s 2 r 

3 v 4 r 
5 s 
6 11/1/ 
7 'I 
8 + 
9 t  

1 0  I/2/ 
1 NG 
12  @ 

13 x 

***rlrr)l TRANSFORMATIONS S ~ F  *** 
SCAN CALLED AT 1 I 
RNTEST CALLEC FOR h n I N G  (AACC) ,SD= 5. RES= C .  TOP= 1:s 
ANTEST RETURNS ** I** 
C H A N G E ,  H A V E  CSEXCH FOR KERGEF IN 11 
C H A N G E .  H A V E  CSEXCH FOR SERGEF IN 10 
ANTEST C A L L E D  F O R  ~ " S F B  L A B  " (AACC) ,SD= 6. RES= 11. TOP= 1:s  
ANTEST RETURNS ** I** 
C V A N G E .  CALL ELEHQP FOR ERASE 0 10 
C H A N G E ,  HAVE CSEXCH FOR HERGEF IN 11 
SCAN CALLED AT 2 

TR ANSF@RHATIONS UHICH HBVE A P P L I E D  A R E  
1 4 ING 
2 5 SYLLAB 

TREE READ B Y  F T R I N  
1 s 2 t  

3 v 4 1 
5 s 
6 11/1/ 
7 T 
8 + 
9 # 

11 N9/2/ 
12  JC 

1 3  X 



"EISCPISP:41 s < ' ~ B  N V M B  @ H  '112 'S 'SB ' C H  '111 'F 'MB> ~fl0>. 
TREE R E A D  BY FTRTN 

1 S 2 # 
3 N 4 # 

5 M 
6 I1/2/ 
7 s 
8 + 
9 CH 

10 xr/ l /  
11 F 
1 2  4 

13 # 

*****- TRANSFOREATIONS * l f**  

SCAN CALLED AT 1 I 
ANTEST CALLED FOR 12°F ALAT 3 (AACC) ,SO= 13. RES= 0, TOP= 1:s 
ANTEST RETURNS ** I** 
CHANGT,. H A V E  CSEXCH FOR MERGEF IN 7 
SCAN CALLED AT 2 

TRANSFORMATICNS WHICH H A V E  APPLIED ARE 
1 12 PALAT3 

TREE READ BY FTRIN 
1 S 2 # 

3 N 4 1 
5 M 
6 11/21 
7 SH 
8 + 
9 CH 

I 0  11/1/ 
11 F 
12 # 

13 # 



"THREE TREES : " 

T R E E  R E A D  BY F T R I N  
I s 2 li 

3 A 

t * s * *  T R A N S  FORMAT IONS I**** 
SCAN CALLED AT. 1 I: 
ANTEST CALLEC FOR 2 5 " R F L A P  ( A A ~ C )  
ANTEST R E T U R N S  ** I** 
C H A N G E .  HAVE CSEXCU FOR BERGEF IN 
ANTEST CALLED FOR 26"R DEVO ICE" (A'ACC) 
ANTEST RETURNS ** 1** 
C H A N G E .  H A V E  CSEXCH FO3 H3RGEF X N 
S C A N  CALLED AT 2 

TR ANSF0RNATI:ONS WHICH H A V E  A P P L I E D  ARE 
I 2 5  RFIAF 
2 26 R D E V O f C E  

TREE R F A D  B Y  FTRIN 
1 S 2 1, 

3 A 4 # 
5 THU 
6 DAF 
7 I l l /  
8 # 

I @  4 
11 T 
1 2  REV 
13  1/11 
14 Z 
15 Y 

16 # 

# d THO DAP I/1/ X # T R D V  I/1/ Z # # 
$END 
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