














































































































(ID) file which specifies the word boundar ies ,  e t c .  and t h e  file names 

of the J-tree f i l e s  for the various read ings  of t h e  sen tence .  The 

J-tree c o n t a i n s  kejls t o  o b t a i n  l e x i c a l  informat ion about  each word from 

a mas te r  l ex i con  f i l e .  (3)  A J-tree f i l e  f o r  each r ead ing .  

I n  o rde r  t o  p repare  a sen t ence  f o r  p roces s ing ,  i t  is  tape  

recorded ,  then digitized a t  a lOKHZ sampling r a t e  u s i n g  a program c a l l e d  

DIGTXZ.  Then i t  i s  LPC analyzed and o p t i o n a l l y  examined Qn t h e  g raph ic s  

d i s p l a y ,  using a program c a l l e d  ANAPLT. The "PLT" a t  the end of the name 

r e f e r s  t o  t h e  f a c t  t h a t  this program w i l l  a l s o  produce a hard  copy p l o t  

of t h e  p i t c h  contour if des i r ed .  

The p i t c h  con taur  gene ra t ion  program i s  c a l l e d  JTSPCH ("J-Tree 

t o  speech") .  When this program i s  executed,  i t  p r e s e n t s  a list of 

a v a i l a b l e  sen tences  and asks t h e  u s e r  t o  i n d i c a t e  which read5ng t o  u s e  

i n  t h i s  case. Then the  program r e a d s  the J - t r e e  f i l e  and c r e a t e s  a 

J-tree i n  p o s t f u r  n o t a t i o n .  The program then o p t i o n a l l y  d i s p l a y s  the 

J-tree on t h e  g raph ic s  u n i t ,  depending on t h e  s t a t u s  of the console sense 

swi tches .  Then t h e  J-tree is converted t o  an A-tree, which aga in  i s  

o p t i o n a l l y  d i sp layed .  Then a p f t c h  contour  i s  genera ted  from the A-tree 

and d i sp l ayed .  F i n a l l y ,  t h e  p i t c h  contour  i s  combined wi th  t h e  LPC 

a n a l y s i s  parameters  r e t r i e v e d  from disk (ga in  f a c t o r ,  voiced/uniroiced 

decision and 1 2  linear p r e d i c t o r  c o e f f i c i e n t s  p e r  10 msec of speech 

waveform) and t h e  conta ined parameters  are used t o  s y n t h e s i z e  a speech 

wayeform which is s t o r e d  on a temporary disk a r e a  and repeatedly played 

through t h e  D/A conve r t e r  t o  a loudspeaker  o r  headphones for e v a l u a t i o n .  

If d e s i r e d ,  the u s e r  can then  save  i t  permanently on disk. Another 

p rocess inq  o p t i o n  i s  t o  create a manual p i t c h  contour  i n s t e a d  of gene 

r a t i n g  i t  from an A-tkee. The manual contour can b e  catered e i t h e r  by 



drawing i t  on the graphics uni t  with the Mght pen or by entering a 

list of t i m e  and pitch c o o r d i n a t e s  on thsr teletype to  a subroutine that 

i n t e t p o l a t e a  l i n e a r l y  between them. Of course, the sentence can also  

be synthesized using the natural pitch contour retrieved from the 

original a n a l y s i s  data. 

After sav2ng several  syntehsized sentences, one can listen to  

a l ist  of sentences w i t h  any dr sired pause between them us ing  a multiple 

146tening  p r b g r h  c a l l e d  MULTIL. MULTIL can receivv its control input 

from either the t e l e t y p e  or from a data file. This option allowed us t o  

create a control  f i l e  with the regular e d i t i n g  f a c i l i t i e s  of the 

operating system and then i n y t r u c t  MULTIL t o  read i t ,  creating the 

evaluation test t a p e  i n  one continuous recording s e s s i o n  without any 

t%pe sp l ic ing .  



APPENDIX D 

MORT3 DETAILS ON THE EXALUATION 

This appendix conta ins  the following information: 

An ed i ted  ve r s ion  of the eva lua t i sn  response form given t o  the 

subjects and thenfour  t a b l e s  showing a l l  responses. Note t h a t  

the p a r t s  of the response form are numbered IA, I B ,  IIA and 

I I B .  T h i s  ed i t ed  response form shows which vers ions  were used 

throughout the test  but  does not  conta in  c e r t a i n  unnecessary 

deta i l s  presen t  i n  t h e  a c t u a l  response form used. Each version 

i s  i ' den t i f ied  by a code cons i s t ing  of a n w b e r  (1-8), a le t ter  

(a-e) , a letter (N,  R,  M o r  H) and possibly  another number (1-4) .  

The f i r s t  two charac te rs  i d e n t i f y  the sentence and reading; 

as follows: 

(1) a. John drove t o  t h e  s t o r e .  

b. John drove t o  the s t o r e .  

c. John drove t o  the  s t o r e .  

d. John drove t o  t h e  s t o r e .  

e. John drove t o  the  s t o r e ?  

(2) a. Did John o r  Mary come? (fairing a t  end) 

b. LlLd John or Mary come? ( r i s i n g  at end). 



(3) a. The boys who study get good grade&. 

b. The boys who study get  good grades. 

c. The boys who study get good grades. 

( 4 )  a: They are eating apples. 

b. They are eating apples .  

a I have one. - 
b., 1- have one. 

.t- 

(4) a. John, 30e ahd Fred bliy riae. 

(7) a- The cat that the dog chased got away. 

( 8 )  a. Jdhn buys rice. 

b. John buys rice. 

c. John buys rice. 

d.  John buys rite. - 
e. Joha buys rib? 

The neqt character ideneif  ies the naturc! of the p i t c h  contour as follows: 

N = Natural 

R - Rule (ganerated by rule). 

M = Yonotone Cconstant fundamental frequency) 

H = Hapd (manually specpfied) 

If a number follows the R Lt %ad tcates which hand made contour w a s  used. 



RESPONSE FORM 

Date - 

N a m e  Age+ Sex 

Occupation 

I. NATURALNESS OF INTONATION 

A. Below are two l is ts  of t he  same 34 sentences.  You w i l l  
hear the  f i r s t  l is t  wi th  a $ second pause after each sentence.  Just 
l i s t e n  and don' t  write anything. Then 10 secqnds l a t e r ,  you w i l l  hear 
the  second l i s t  with a 3 second pause after each sentence. This time, 
during the  pauses, r a t e  each sentence by w r i t i n g  down a number a f t e r ,  
it, The rating s c a l e  i s  1 t o  5. Remember t h a t  the evaluat ion c r i t e r i o n  
i s  in tona t ion  only. 
So please do no9t l e t  your judgements be in£ qugqced by crackles  o r  pops - 
o r  h i s se s .  
A rating a£ 1 means t h e  in tona t ion  sounded mechanical o r  unnatural, for 
example, monotone or  the way computers talk i n  cartoons. A ra t ing  of 
5 means the intonazion sounded natural, t h a t  is,  you can imagine the 
sentence was produced by a human speaker speaking ca re fu l ly .  Please 
t r y  t o  dis'tribute your scores  over the e n t i r e  range from 1 t o  5 .  

Before you beg in ,  p lease  read over the entire test t o  become 
familiar with i t ,  because you w i l l  have only a f e w  seconds to respond 
t o  each question.  

The test w i l l  l a s t  17 minutes. 

(The fol lowing fouf pages are an edited, abbrevdated form of the rest 

of the  response sheets .  The codes i n  parentheses were not  on the  

ac tua l  response sheets. By consul t ing  the  key on the previous pages of 

th is  appendix, the reader can determdne from the codes which vers ion  

w a s  used for each question.)  



I A .  

1. I h a v e o n e .  

2, T h e  cat t h a t  t h e  dog chased g o t  away* 

3 .  Did J o h n  o r  Mary come? 

etc. 

3 3 .  The c a t  that t h e  d o g  chased g o t  a w a y .  

3 4 .  John d r o v e  t o  t h e  s t o r e .  

S E C O N D  TIME THROUGH: R a t e  each sentence (1)Mechanical to 
( 5 ) N a t u r a l .  

1, I have o n e .  . . . . . . . . . . . . . .  f 5 b ~ )  

2 ,  The c a t  that the d o g  chased g u t  away. (7aR) 

3 .  Did J o h n  o r  Mary come?. . . . . . . .  ( 2 b R )  

The rest of part IA will b e  shown in 
abbreviated form. 

3 4 .  J o h n  d r o v e  t o  the store . . . . . . .  ( l a w  

P a i r  N u m b e r  
1st sounded 2nd more 
more natural natural 

J J 

. . . . . . . .  1. Did John o r  Mary come?. (2aN) ( 2 a ~ )  

2 .  u i d  JoBn or Mary come?. . . . . . .  (2aH1) (2aH2) 



3 .  D i d  J o h n  or Mary come?.  . . . . . . (2aR) (2aN) 

Q u e s t i o n s  4-12 d e a l  with 
s e n t e n c e  2a using v a r i o u s  
pitch c o n t o u r s .  

Questions 13-24 deal with 
sentence 7a u s i n g  v a r i o u s  
p i t c h '  contours. 

1 3 ( R , N )  I 4  (H1 ,N) 15 (H1,R) 16 ( R , H 4 )  17 ( N ,  H 4 )  

18 ( R ,  HI) 19(H4 , R )  20(H4,WI) Zl(H4,N) 2 2  ( R , N )  

23(Hl,H4) 2 4 ( N , R )  

1. John b u y s  r i c e  (8dR)  

a. J o h n  b u y s  rice. 

b ,  J o h n  b u y s  r i t e .  

c. John  b u y s  r i c e .  

d. John b u y s  r i c e .  

e. J o h n  b u y s  r i c e ?  

2. D i d  John or Mary come ( 2 a N )  

a .  D i d  John o r  Mary come? 

b .  D i d  J o h n  o x  Mary come? 

The r e s t  of part IIA will b e  s h o w n  
in a b b r e v i a t e d  form. 



I1 B. 

1. They are eating a p p l e s  ( 4 a ~ ) I  

a. They are in t h e  process of e a t i n g  a p p l e s .  

b. T h e s e  a p p l e s  are a V a r i e g y  g o o d  for eating as 

o p p o s e d  to b a k i n g .  

2. They boys who study get good g r a d e s  ( 3 6 ~ )  

a. N e u t r a l  

b .  B u t  the  b o y s  who play around g e t  b a d  g r a d e s .  

c. B u t  t h e  g i r l s  who study d o n '  t get good grades. 

3 .  Did John or Mary c o m e  (2aR) 

a. S-omebody came. Was i t  John or w a s  it Mary? 

b. S e v e r a l  p e o p l e  came. D i d  t h e  group i n c l u d e  John 

o r  'Mary? 

4 .  John d r o v e  to the store (IbR) 

a. In r e s p o n s e  to: "What h ~ p p e n e d ? "  

b. In r e s p ~ n s e  to: "Who d r o v e  to t h e  s t o r e ? "  

c. In response to : "How d i d  J o h n  get to t h e  s t o r e ? "  

d. In response  to: "Where d i d  J o h n  d r i v e ? "  

e. To ask for v e r i f i c a t i o n  of what was said. 



X have one (5bN) 

a .  But YOU have t -hree .  

b. But you don't. 

John drove t o  t h e  s t o r e  ( I c R )  

a .  I n  response to: "What happened?" 

b. In response tqA: "Who drove to t h e  store?" 

c .  I n  response to: "How d i d  John get to the store?" 

d, In response to: "Where d i d  John drive?" 

e .  To ask for verificatioh of what was said. 

D i d  John or Mary come (2bN) 

a. Somebody came. Was i t  John o r  w a s  it Mary? 

b. Several people came. Did the group i r l c l u d e  J o h n  

or M a r y ?  

They are eating a p p l e s  (4bN) 

a .  They  are i n  t h e  p r o c e s s  of e a t i n g  apples. 

b. These a p p l e s  are a variety good f o r  e s t i n g  a s  

opposed t o  b a k i n g .  

The boys who s t u d y  get good grades. (3cR) 

a. N e u t r a l  

b. But t h e  b o y s  who play around g e t  bad grades. 

c. But the girls w h o  study d o n ' t  g e t  g o o d  g r a d e s .  

I have  o n e  ( 5 a R )  

a .  But you have t h r e e .  

b .  But you  don't. 



Table D - 1  

T h e  responses f o r  p a r t  IA. E a c h  r o w  g i v e s  t h e  r e s p o n s e  
of- s u b j e c t  1 through 17 t o  a particular q u e s t i o n .  A zero 
response means t h e  subject l e f t  t h a t  q u e s t i o n  b l a n k .  



T a b l e  D - 2  

Responses for p a r t  IB. "I" m e a n s  t h e  s u b j e c t  chose t h e  
f i r s t  e l e m e n t  o f  a p a i r ;  " 2 "  means t h e  second e l e m e n t .  

R e s p o n s e s  f o r  part IIA. ( S e e  Table D - 3  on next page). 
11 t I  1 means the subject chose version a . 

11 2 l t  m e a n s  "b" 
''3" means I t  I1  

C , 
lr 4" means "d" . 

t 1  I t  " 5 "  means e . 
I t 0 "  means no response, 



T a b l e  D - 3  



T a b l e  D - 4  

Oil  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

R e s p o n s e s  f o r  p a r t  IIB, (Same format as T a b l e  D-3.) 
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JUNCTION THEORY AS A BASE 

FOR 

DYNAMIC PHONOLOGICAL REPRESENTATION 

Or ien ta t ion  

MacNeflage has  pointed up t h e  d i f f i c u l t y  of media t ing  between abstract  

un i t a ry  phonological  r ep re sen ta t i ons  and t h e  continuous nature of the 

dynamic speech chain,  suggest ing t h a t  u n i t a r y  phonological represerrtations 

are analogous t o  a sequence of eggs conveyed t o  t h e  wringer of a washing 

machine, while t he  scrambled mess t h a t  emerges f r o 9  t h e  wringer i s  what 

must a c t u a l l y  be d e a l t  with by those  engaged i n  computer a n a l p s i s  and 

1 
syn thes i s  of voice.  The quqst ion,  as he  s t a t e s  i t ,  is: 

Given t h a t  t h e r e  is a d i s c r e t e  l i n g u i s t i c  i npu t  to the 
mechanism of speech production a t  some s t a t e ,  and given 
t h a t  t h e  mechanism t h a t  transmits t h i s  input  i s  incapable 
of d i s c r e t e  u n i t s  of output ,  what is  t h e  n a t u r e  of the 
transforma ion ,  a t  t h e  pe r iphe ra l  staget, of one form t o  
the  o the r .  

5 

Lieberman l ikewise  no tes  a r e l a t i v e  neg lec t  of t h e  phonet ic  l e v e l  of 

speech, concldding that a quantitative and expl$c$t phonetic theory  has 

y e t  t o  be developed, and suggest ing t h a t  a succes s fu l  attempt t a  ' cons t ruct  

such a theory should be s t ruc tu red  i n  terms of the aaa tomfz ,  physiologic, 

and neura l  mechanisms of speech producrion and percept ion.  

Onn, similarly motivated by the no t ion  that speech .ought t o  be 

described in the context  of the organic mechanisms responsible f o r  it, 



supgests, tha t :  

It may, be argued that  an abstract represen ta t ion  may be 
regarded as i n s t r u c t i o n s  for p a r t i c u l a r  types of behavior 
of the kpeech-generating mechanism. When these  i n s t r u c t i o n s  
are carried out, the  var ious  reactions occurring between 
a f f e r e n t  physiologica l  structures w i l l  yield 4 quasi- 
continuous gesture i n  whieh the  discrete l n s t r u c t i o n s  i n i t i a t i n g  
the gesture a r e  no longer always observable as d i s t i n c t  
comporlents. F ina l ly ,  the exe u t ion  of these i n s t r u c t i o n s  
produces the  acous t ic  s igna l .  

E 

The p~irpose of t h e  present paper is t o  out l ine  briefly a new system 

of p h o n o l o ~ c a l  desc r ip t ion  c u m e n t l y  being used a s  a basis f o r  voice 

synthes is  a t  BYU which at tempts  t o  s a t i s f y  the c r i t e r i a  suggested by 

ITacNeilage, Lieberman, and Onn r e f  e remed  above. The d e s c r i p t i v e  system 

i n  question i s  based on t h e  Junct ion Gramar Model of language developed by 

myself and my colleagues over the past e i g h t  years.5 It is a model 

specifically s t ruc tured  i n  terms of speech-related organs, e i t h e r  a s  they 

are known oi hypothesized, 

An Overview of the  Junct ion Grammar Model 

A fundamental t ene t  of junct ion theory i s  t h a t  l i n g u i s t i c  desc r ip t ion  

must involve not  s h p l y  m u l t i p l e  stages of der iva t ion ,  but mul t ip le  types 

of data and da ta  processing required  t o  simulate t h e  funct ions  of d i f f e r e n t  

body organs. (See Figure 1.) Thus, t h e  semantic components of t he  grammar 

a r e  designed t o  gsocess data structured f o r  specific semantic tracts, a s  i t  

were; the a r t i c u l a t o r y  component i s  designed t o  process data s t ruc tu red  for 

the vocal t r a c t ,  t h e  audio component i s  designed t o  process d a t a  s t fuc tured  

f o r  the auditory t r a c t ,  and s o  on. Of course,  such a model r equ i r e s  d i s t i n c t  

rule systems and procedures to opera te  on t h e d i f f e r e n t  data types i n  the 

various tracts. 



Figure 3. .  



A fur ther  tenet  of junction theory i s  t h a t  data types may not  be 

intermingled. To dq so  would, f o t  example, be tantamount to feeding 

ins t ruc t ions  f o r  both the hear t  4nd diaphragm t o  the diaphragm. Of 

course, semantic ins t ruc t ions  could not be executed by a vocal t r a c t ,  

nor could a r t i cu la to ry  ins t ruc t ions  be executed by a semantic t r a c t .  This 

means, i n  eff eot ,  t h a t  a "deep s t ~ u c t u r e "  i s  not transfdrmed ( i n  the usual 

sense of the word) into a surface q t ructure ,  b u t  ra ther  t h a t  semantic data  

must be used t o  s t imulate  a r t i cu l a to ry  i n s t ruc t ions ,  orthogrziphic ins t ruc t ions ,  

motor ins t ruct ions  required t o  produce ges tures ,  t o  make one blush, e t c .  

Thus, i n  JG semantic representat ions the re  a r e  no l ex i ca l  items, s ince  

these are considered t o  be arqicula tory  inS$xuctions. Similarly,  there  

i s  no semantic inf ormdtion i n  phonological repyesentations,  s ince  these a r e  

a d i f f e r en t  data type. The various d a t a  types a r e  considered t o  be symbol- 

i za t ions  of each other ,  not t r a n s T d m  or der ivat ions  of each other.  Data 

stimulation between the various t r a c t s  o r  components of the system i s  

accomplished by context s ens i t i ve  coding/decoding procedures, which are 

intended t o  simulate the neural in te r faces  which coordinate the function 

bf body organs involved i n  speech production. 

Jupction Grammar takes its name from Junct ion Rules (J-rules) ,  (See 

Figure 2.) J-rules s t ruc ture  data  t o  be processed by the  various components 

of t he  grammar. The e s sen t i a l  ingredients  of ev2ry.J-rule are two o r  more 

operands, an operation specifying hdw the operands a re  t u  be joined, and 

a labelling operation which assigns a category t o  the  operands taken as 

a un i t .  Thus, i n  junction grammar not  only do r u l e s  f o r  con-Junction require  

an operation symbol (visa the phrase structure r u l e  S+S & S).but  a l l  J l u l e s ,  

regardless of t h e i r  spec ia l i za t ion ,  



junction operat ion 

operand 

;f 
secondary 
operand 

labelling operation 

JUNCTION FORMULA WITH LABELLED PARTS 

\ categoqy of the 

resultant 
constituent 

Figure  2. 



A schematic of the  model i n  its present form i s  given i n  Figure 3. 

Basic semantic d a t a  i s  presumed t o  r e s i d e  i n  t h e  form of an information ne t .  

Drawing upon information i n  the  net ,  J- rules  or  g a d  ze and s t r u e t u r e  inf ormatlon 

pragmatically,  i.e. f o r  use i n  specific utterances i n  s p e c i f i c  discourse  

environments. Fil lmore 's  arguments f o r  semantic case re la te  s p e c i f i c a l l y  

t o  the need t o  d i s t ingu i sh  between b a s i c  semantic r e l a t i o n s  and pragmatically 

motivated grammatical r e l a t ions .  The semantic junct ion trees (J-trees) 

generated by J-rules  then serve a? the b a s i s  f o r  coding up a r t i c u l a t o r y  

i n s t r u c t i o n s ,  i n s t r u c t i o n s  t o  t h e  arm and hand f o r  writing, o r  motor 

i n s t r u c t i o n s  of p m d r y  types necessary t o  produce body language. 

Incoming information, on the other  hand, i s  decoded to ob ta in  t h e  

pragmatic J-tree which stimulated i t ,  and then each junction i n  the tree 

is executed by a semantic processor, r e s u l t i n g  i n  addi t ions  t o  o r  changes 

i n  the information net. 

Junction trees occur in both semantic and a r t i c u l a t o r y  data. However, 

the qpexands and operations are of a t o t a l l y  different nature from type to 

type, since i n  t h e  semantic component they c o n s t i t u t e  complexes of i n s t r u c t i o n s  

t o  be executed by t h e  semantic processor,  whi le  i n  the a r t i c u l a t o r y  component 

they c o n s t i t u t e  complexes of i n s t r u c t i o n s  t o  be execueed by the vocal  t r a c t .  

The operands of semantic trees a r e  sememes, i.e. u n i t s  which define loca t ions  

and s t a t e s  i n  the  information net;  tEe operands of a r t i c u l a t i o n  trees are 

ar t iculemes,  i.e. u n i t s  which r e l a t e  t o  loca t ions  and s t a t e s  of the  vocal  tract. 

Figures 4 and 5 are the semantic and a r t i c u l a t i o n  trees, respec t ive ly ,  f o r  t h e  

u t t e ragce  [ ~ a y s a  i y t ] .  Notice, s p e c i f i c a l l y ,  that while Why d i d  you are not 

immediate semantic cons t i tuents ,  they are immediate Etrticulatory cons t i tuen t s ;  

The poin t  again,  of" course, i s  t h a t  while articulatofsy structure and semantic 

s t r u c t u r e  are symbalically r e l a t ed ,  they axe no t  the same and should not  be 

confused o r  intermingled. 
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Semantic tree for Why d i d  you eat? 

8 why? 
* v 

eat 

Words represent sememas. There is no lexical data in 

semantic trees. 

Figure 4 .  



Articulation tree for [ Hway73 iyt ] 

H * 
Bu 

ressed) 

A+ + V l G  -+ * C * C  
x 

A 
v1 + C 

d d $ 

Segmentah and suprasegmentals represent 
articulatory units. There is no semantic 

data in A-trees. 

Figure  5. 



B a s k  Junction Types 

Junct ion theory p o s i t s  three basic junct ion opera t ions  and numeroud 

subtypes depending upon the da ta  tvpe beinn described.  

(11 Adjuqcfion r e s u l t s  i n  the f~rmation of c e r t a i n  nuclear u n i t s  

which serve as a skele ton t o  whicL o the r  elements may attach. I n  semantic 

trees, predica tes  and pred ica t ions  are formed via  adjunct ion.  I n  a r t i c u -  

l a t i o n  t r e e s ,  semi-syllables and s y l l a b l e s  a r e  formed via ad junct ion.  

(2) Subjunction r e s u l t s  i n  overlapping cons t i t uen t s  of con t r a s t i ng  

rank, i .e. where one is  i n  some sense subordinate  t o  t h e  o ther .  I n  semantic 

trees, modifiers i n  a l l  t h e i r  variety are subjoiried. In a r t i c u l a t i o n  trees, 

clustered consQnants ar,e subjoined,  as w e l l  as adjacent s y l l a b l e s  having 

d i f f e r e n t  degrees of gtress. Segmental s t r u c t u r e s  are a l s o  subjoLned t o  

prosodic c o n s t i - t u e n t ~  t o  account f o r  t h e  supra-segmental aspects of 

a r t i c u l a t i o n .  

(3' Conjunctipn results i n  the format ion  of compounds cons i s t ing  

of u n i t s  of the same category and rank. I n  semantic trees, compounds 

based.on - and, -' or and - but are formed via conjunct ion.  I n  A-trees, con- 

junct jon y i e ld s  evenly spaced non-overlapping u n i t s  having t h e  same degree 

of stress. 

Now, i n  the context  of this rather general in t roduc t ion  t o  t h e  sub jec t ,  

l e t  us consider dynamic phonological r ep re sen ta t i ons  corresponding t o  the 

a r t f eu l a to ry  s t r u c t u r e  of s y l l a b l e s ,  words, and phrases. 

The S y l l a b l k  

The i p t a i t i v e  articttllatory u n i t  of which words consist i s  the s y l l a b l e ,  

which i s  i n  turn com;posed of phonemes. Generally speaking, sy l lables  have 

as t h e i r  nuclear component a coatinuous phoneme wl th  voca l i c  p rope r t i e s .  

This  nuclear phoneme may be del imi ted  both initially and f i n a l l y  by a 



phoneme having consonantal  p rope r t i e s .  Eence, w e  observe s y l l a b l e s  of the 

fol lowtng s t r i n g  types: 

D = de l imi t e r ;  W =,rhucleus; 0 i s  n u l l  

DWD 
~ w 8  
flwD 
8w8 

I f ,  however, we invoke the  concept of a n u l l  de l imi t e r  $, then these  four  

s y l l a b l e  p a t t e r n s  can be  reduced t o  a s i n g l e  type, DWD, where D may be 

e i t h e r  n u l l  or  non-null. The use of t h e  n u l l  de l imi t e r  $ is a c t u a l l y  more 

than a s impl i fy ing  assumption, since i n  many cases non-null segmentals 

r ep l ace  $ i n  the a r t i c u l a t i o n  stream e i t h e r  as f u l l  geminates o r  p a r t i a l s  

of neighboring de l imi t e r s .  

Ar t i cu l a to ry  Adiunction 

A s  noted above, junction theory attributes to adjunction those kernel 

configurations upon which all else i s  b u i l t  up. Since s y l l a b l e s  are t h e  

i n t u i t i v e  u n i t s  from Qhich words  and phrases are formed, w e  a t t r i b u t e  them 

t o  adjunction. 

There are two basic s y l l a b l e  types,  corresponding t o  whether t h e  

sy1labi.c nucleus is joined to the  initial o r  f f n a l  d e l i m i t e r ,  The two 

cases a r e  illustrated i n  Figure  6. 

NUCLEAR-INITIAL SYLLABLE MUCLEAR-FINAL SYLLABLE 

Figure 6. Two b a s i c  s y l l a b l e  types.  



Recent research provides useful criteria f o r  deciding when t o  ~ ' e e  each 

type. Bell-Berti and Harris report that :  

The effects of the terminal  consonant on the midpoint of the  
s t r e s s e d  vowel are not as l a r g e  as those  of t h e  i n i t i a l  con- 
sonant. In other wordb,  the  carryover  effect of t h e  first 
consonant on t h e  s t r e ~ s e d  vowel i s  larger than t h e  a n t i c i p a t o r y  
effect on t h e  second. 

For the  purposes of t h i s  d i scuss ion ,  l e t  u s  assume that stressed 

s y l l a b l e s  and s y l l a b l e s  wi th  s t r o n g  vowels are n u c l e a r - i n i q i a l  and t h a t  

o t h e r  s y l l a b l e s  a r e  nuclear - f ina l .  It i s  p o s s i b l e ,  of course,  t o  formulate 

junc t ion  r u l e s  which are not binary,  so  t h a t  a t h i r d  syllable type whose 

nucleus was equal ly  joined t o  both i n i t i a l  ahd f i n a l  d e l i m i t e r s  could be 

used, We avoid  this foumal complication,  however, until forced t o  i n t r o -  

duce i t  by empirical cons idera t ions .  

Notice t h a t  the use of structure t o  r e p r e s e n t  s y l l a b l e s  makes i t  

unnecessary t o  u se  a f e a t u r e  such as [+syllabic]. In comparing the use of 

this f e a t u r e  t o  that of the s t r u c t u r a l  n o t a t i o n  proposed,  w e  n o t e  t h a t  each 

appears t o  make d i s t i n c t  claims about t h e  n o t i o n  s y l l a b l e .  S p e c i f i c a l l y ,  t he  

feature asserts t h a t  a vowel i s  syllabic, - whereas the tree claims that 

s p k c i f i c  sequences of segmentals c o n s t i t u t e  s y l l a b l e s  whose nuclear element 

is  a p a r t i c u l a r  segment. 

Node Labels 

Turning now t o  the matter of node labels, w e  observe t h a t  ih p r a c t i r e  

it is des irable  to further subcategorize D and W in terms of more s p e c i f i c  

a r t i c u l a t i o n  c l a s s e s .  We the re fo re  define D t o  i n c l u d e  obstruent consonants 

(C) , l iquids (L) , g l i d e s  (G) , and n u l l  ) For W ,  vowels (V) and l iquids (L) 



are indica ted ,  and perhape i n  some cases even continuant obs t ruen ts ,  assuming 

tha t  expressions such  as vocat ive  "pssst" are t o  be analyzed as sy l lables  

also. We note parenthetically that g l i d e s  (G) are suspect ,  since they appear 

t o  be func t iona l  v a r i a n t s  of vowels, i,e, vowels funct ioning de l imi t ive ly .  

This, however, i s  not a problem, s i n c e  the use of J-rules t o  represen t  

a r t i c u l a t o r y  structures makes i t  just a s  f e a s i b l e  t o  consonantal ize a vowel 

by r u l e  as  i t  i s  $n t he  semantic component t o  nominalize a verb by qule. 

In short ,  the ae of junct ion trees t o  represent  a r t i c u l a t o r y  s t r u c t u r e  

b r ings  a g r e a t  deal  of d e s c r i p t i v e  power t o  bear ,  should we need i t .  

Thus w e  supplant  D and W wi th  more d e s c r i p t i v e l y  s p e d f i c  node l a b e l s  

and (append t o  them some element of t h e i r  r e spec t ive  vocabular ies  as terminal  

u n i t s ,  as i l l u s t r a t e d  by Figure 7 .  

Figure 7 .  

The s i g n i f i c a n c e  of V 2  and V3 as non-terminal labels i s  t h a t  of 

semi-syllable and syllable, respec t ive ly .  Bear i n  mind t h a t  the  opera t ion  

symbols appearing between operands a r e  r ep re sen ta t i ve  of t h e  ar tcculatorv 

junct ions ( t r a n s i t i o n s )  between them. Hence non-terminal nodes symbolize 

a r t i c u l a t o r y  sequences cons i s t ing  of t he  phonemes they dominate plus the  



transitions necessary to account for continuous movement from one di s t inc t ive  

vocal tract state to the next. This s i g n i f i e s ,  in effect, that glven a 

junction instruction of the form X O Y = 2, there exists a transi t ion 

T = O ( X , ~ ) ,  such that XW is a continuous articulatory sequence Z con- 

s i s t i n g  of the d i s t inct ive  units  X and Y mediated by transi t ional  T. This 

aspect of the fornulation is advanced as an at tem~ t to  satisfy the need for 

phonological notation p o t e n t i a l l y  capable of explicating both the discrete 

segmental elements of which the speech chain i s  composed, and the co- 

articulatory transitions which connect them i n  l i v e  speech. The practical  

effect of the foxmulation is that one's attention is drawn not t o  a yelatively 

limited set  of radical phonological changes, but t o  the co-articulatory 

effect of every junction on its operands, regardless of its subt lety .  This 

is important :f high quality synthetic speech is to be achievkd. 

Delimiting Clusters 
I - 
Both i n i t i a l  and final syllable delimiters frequently cons i s t  of 

c lus ters  of segments rather than discrete segments. An analys is  of such 

clusters shows that notable assimilative forces are involved. We view 

this as a form of articulatory subordination, and, consequently, use 

subjunction as the basic junction type f o r  treating such clusters. The 

fact that a r t i c u l a ~ i o n  trees are capable of showing a variety of compositional 

arrangements makes it possible to give whatever internal structure for  

such c lus ters  as seems t o  be operative. Thus for  strand, where tr seem t o  
.- 

be more c lose ly  associated than st this can be e x p l i c i t l y  represented. -9  

(See Figure 8. ) 



Articulation tree for strand 

Figure 8. 

Multi-syllable Words 

Let us now consider how m u l t i - s y l l a b l e  words may be given in the form 

of a r t i c u l a t i o n  trees. The procedure,  briefly, is  a s  follows, using 

B a m b i  and Donna as the words  to be diagrammed: 

(1) The s y l l a b l e s  are identified. M I - B I  [baem - bi] 
DON-NA [da . - n a ]  

(2) The syllables are diagrammed using the a p p r o p r i a t e  adjunction type. 



(3) An interjunction is  constructed using syllable-f inal  and sy l lab le -  
i n i t i a l  const i tuents ,  (The label node i s  given as C s ince  b - seems 
t o  exert assimilative force over m.) - 

( 4 )  The label  node of the sub juxlction attaches t o  the  more heavily- 
stressed sy l l ab l e .  

(5) The in* t ia l  de l imi ter  of the  more weakly-stressed s y l l a b l e  becomes the  
intersect  node. 

Bambi Donna 

Subordinate  
Main Sy l l a b l .  

Syllable V3 V3 +- Main S y l l a b l e  

f i  -,* 

Subordinate 
Syllable 

C 
b ae Te b i d a n 

An i n t e r e s t i ng  r e s u l t  of the not , t ion is  t h a t  stress i s  no longer 

a prope r ty  of vowels, but of e n t i r e  syllables, i.e. t he  de l imi t e r s  and the 

vnwe1. Further, stress reflects a r e l a t i o n  between cons t i tuen t s ,  s o  t h a t  

no fea tures  expressing stress values are necessary. 



Phraa es - 

Phrases are diagrammed by introducing prosodic cons t i tuen t s  (B) t o  

which word-trees are s u b o ~ d i n a t e d .  (Refer t o  Figure 5.) The ranking s y l l a b l e ,  

1.e. the pne receiving primary stress, j o i n s  to t he  prosodic cons t i tuen t .  

The n o t a t i o n  i s  intended t o  r e f l e c t  t he  simultaneous execution of segrneni-a1 

and supra-segmental u n i t s  dur ing the a r t i c u l a t o r y  process,  i n  a way com- 

parable t o  t h e  multitudinous i n t e r n a l  manipulations of an engine a s  one 

turns a crank. The crank of tbe a r t i c u l a t o r y  apparatus i s  the diaphragm 

and o the r  musculature which provide energy and assume o the r  symboI ca l ly  

s i g n i f i c a n t  s ta tes  a t  c e r t a i n  i n t e r v a l s  dur ing the  executioh of the seementals.  

Prosodic c o n s t i t u e n t s  r e s u l t  i n  the s p e c i f i c  i n t o n a t i o n a l  contours w e  hear  

superimposed over syllables, words, and phrases. 

While both segmental and suprasegmental cons t i tuen t s  are coded i n  

the context of senant ic  d a t a ,  w e  emphasize again t h a t  A-trees conta in  only 

a r t i c u l a t o r y  da ta .  Thds, if A-trees a r e  compared t o  the customary 

rep resen ta t ions  of generative phonology, as typified by those given by 

9 Chomsky and Hal le  (cohpare Figures 5 and 9 ) ,  i t  win b e  noted that! the 

syntacto-semantic super s t ruc tu re  of the r egu la r  t r e e s  a r e  replaced by an 

a r t f c u l a t o r p  s s p e r s t r u c t u r e  fn the A-trees, The r a t i o n a l e  for  t h i s  

departure from standard p r a c t i c e  i s  not only motivated by the requirement 

impased by t h e  theory (that da ta  types no t  be intermingled) ,  but a l s o  by 

the observat ion t h a t  the regu la r  t r e e s  tend t o  neglect prosodic  a r t i c u l a t o r y  

phenomena. When in£ ormation . relat ing to these phenbmena is incorporated i n t o  

articulation t r e e s ,  i t  replaces t he  usual superstructure of S's ,  NP's, 

and o t h e r  similar l a b l e s  i n  a n a t u r a l  way. The prosodic c o n s t i t u e n t s  thus  

introduced are comparable i n  their function t o  the  in tona t ion  contours 

assoc ia ted  by r u l e  with segmental sequences i n  the systbm proposed by Leben. 10 
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u n c t i o n a l  Versus CategorLal Informatioh - 

Tha proposed system of  phonological d e s c r i p t i o n  makes poss ib le  m 

Lntexesting hypothesis  regarding many of t h e  f e a t u r e s  used i n  cur ren t  

i e s c r i p t i o n s .  Spec i f i ca l l y ,  i f  A-trees a r e  i n  some senge a r e f l e c t i o n  of 

ac tua l  a r t i c u l a t o r y  processes,  then phonological r ep re sen ta t i ons  whfch do 

not use t r e e s  wili cons i s t  of an in te rmix ture  of func t iona l  and c a t e g o r i a l  

l ab l e s  ( f e a t u r e s ) .  For exaxriple, ff t r e e s  are used t o  represen t  the  r e l a t i o n s  

bktween s u b j e c t ,  verb,  and ob jec t ,  i t  i s  not necessary t o  label the  s u b j e c t  

as such o r  t h e  ob jec t  a s  such, s i n c e  s t r u c t u r a l  r e l a t i o n s  make these  no t ions  

e x p l f c i t .  I f  t r e e s  were no t  used t o  r ep re sen t  sentence s t r u c t u r e ,  however, 

f unc t iona l  l a b e l s  would have cp be used. 

S imi la r ly ,  i t  fol lows t h a t  i f  t r e e s  are  an appropriate medium f o r  

phonological desc r ip t ion ,  but have no t  been used, then func t iona l  and 

c a t e g o r i a l  information are intermingled h cu r r en t  d e s c r i p t i o n s .  If this i s  

t rue ,  then i t  should be poss ib l e  t o  a b s t r a c t  func t iona l  information away 

(and consequently not write i t  in f e a t u r e  form) by e labora t ing  A-tree 

no ta t ion .  

While the  proposed system is  s t i l l  i n  i ts  infancy,  so  t o  speak, some 

i n t e r e s t i n g  i n i t i a l  observat ions in t h i s  regard can be made a t  t h i s  t i m e .  

F i r s t ,  major category f e a t u r e s  become node l a b e l s  i n  a n a t u r a l  way, thus  

suggest ing why the  formal i l l u s i o n  exists t h a t  a change, f o r  example, of 

[+cons] + [-cons] i s  equal  i n  magnitude t o  a change of i-hroice] - [-voice] 

Second, [ t s y l l a b i c ]  ([?consonantal] and [&vocalic] are a l s o  used i n  some 

systems) are func t iona l  l a b e l s  and need not be wr ' i t ten i f  s y l l a b l e s  are 

given as tree s t r u c t u r e s .  Third,  stress a t  the segmental l e v e l  and un- 

marked p i t c h  a t  t he  prosodic l e v e l  become i m p l i c i t  i n  s t r u c t u r e  i n  terms 



of the rank of operand's in articulakory subjunction and need not be 

s p e c i f i e d  by feature. While it is beyond the ecop8 of th i s  paper to 

elaborate this  point further, i t  is without doubt the most interesting 

and provocative consequence of the research to date. 
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