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SYNTHESIS BY RULE OF SEGMENTAL DURATIONS IN ENGLISH SENTENCES 

Dennis  H .  K l a t t ,  M a s s .  I n s t .  o f  T e c h . ,  Cambr idge ,  MA 0 2 1 3 9 .  

In th is pape r ,  we are concerned w i th  pred ic t ion o f  the 

(acous t ica l l y  de f i ned )  durat ions o f  phonetic segments in spoken 

sentences.  The durat ional  def in i t ions that have  been adopum 

cor respond to  the c l o s u r e  for a s t o p  ( a n y  b u r s t  and aSp i ra t ion  at  

r e l e a s e  a re  assumed to  be  a pa r t  o f  the fo l lowing s e g m e n t ) .  For 

f r i ca t i ves ,  the durat ion corresponds to the in te rva l  o f  visible 

f r i c a t i o n  no ise  ( o r  t o  changes i n  the  vo ic ing  source  i f  n o  f r i ca t i on  

i s  v i s i b l e ) .  For sonorant sequences, the segmental boundary is  

def ined  to b e  t h e  h a l f - w a y  point in  the formant t r ans i t i on  for  Umt 

formant having t h e  g r e a t e s t  e x t e n t  o f  t r a n s i t i o n .  The de f i n i t i ons  

rep resen t  a conven ien t  l a rge l y  reproduc ib le  measurement procedure ,  

bu t  the phys io log ica l  and percep tua l  v a l i d i t y  o f  these boundar ies 

h a v e  no t  been  e s t a b l i s h e d .  

In a r e v i e w  o f  the f a c t o r s  that  in f luence segmental  dura t ions  

in spoken English sentences  (K la t t ,  1976a and re fe rences  c i ted  

t h e r e i n ) ,  i t  was conc luded  tha t  on l y  some o f  the systematm 

dura t iona l  changes w e r e  l a rge  enough to  be percep tua l l y  

d iscr iminab le .  The goa l  o f  th is paper i s  to  desc r i be  these 

f i r s t - o rde r  e f f e c t s  b y  r u l e s .  

Input Represen ta t i on  fo r  a Sentence 

The du ra t iona l  r u l e  s y s t e m  t o  be presented is  a pa r t  o f  a 

Speech synthesis b y  ru le  program ( K l a t t ,  1976b) .  The phonological 

component o f  t h i s  program accep t s  a s  input an a b s t r a c t  l inguistm 

desc r i p t i on  o f  the  u t t e r a n c e  t o  be syn thes ized .  The output o f  fin 

phonological  component i s  a de ta i led  phonet ic and prosodic 

rep resen ta t ion  o f  the  u t t e r a n c e ,  including an acous t i c  dura t ion  fifi 

each segment. The symbol inventory i s  shown in Table 1 ;  i t  

includes 52 phonemes, 3 s t r ess  markers ,  3 types  o f  boundmw 

i n d i c a t o r s ,  and 6 s y n t a c t i c  s t ruc tu re  i nd i ca to rs .  An example o f  the 

u s e  o f  some o f  t hese  symbols i s  prov ided in F igure 1 .  

Phonemic Inventory .  A t radi t ional  phonemic analys is  o f  Englhm 

i s  assumed, e x c e p t  t h a t :  

( a )  Vowel+/R/ sy l lab les are  t ranscr ibed with the special  vmæl 
nuclei / IR/ ( " bee r " ) ,  /ER/ ( " bea r " ) , '  /AR/ ( " b a r " ) ,  /OR/ 
( " boa r " ) ,  and /UR/  ( " pu re " ) .  Words l i ke  "p layer"  and "buyäm 
should be transcribed with two syllables, i . e .  /EY/+/RR/ mm 
/ A Y / + / R R / .  
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#C 1 OW L D 
#F IH N #F AX 

Phone S t r e s s  Dur 

(M #F DH AX #C M 1 AE N )N 
#C R 1 AA K RR ) .  

Phone S t r e s s  Dur 

#C S 1 AE T 

SI o 566 AE 1 TE? 
DH o no DX 0 20 
IY 0 85 IH o 65 
ow 1 1u5 N 0 50 
LX 0 65 AX o 65 

D 0 35 R 1 80 
M 1 70 AA 1 1uo 

AE 1 225 K o 50 
N 0 6o RR o 175 
s 1 105 SI o 200 

Figure 1 .  Input rep resen ta t i on  for  "The  o l d  man s a t  in  a r o c k e r "  and  

a l i s t i ng  o f  the output  o f  the  phonological  component ,  i . e .  t h e  

phonet ic s t r i n g ,  s t r e s s  f e a t u r e ,  and  du ra t i on  p r e d i c t i o n s  i n  m s e c .  

( b )  The glottal s top  [ Q ] ,  denta l  f l ap  [ D X ] ,  g lo t ta l ized a lveolar  
s top [ T O ] ,  and ve la r i zed  l a te ra l  [ L X ]  l i s ted in Table 1 a r e  
not r e a l l y  phonemes,  bu t  a r e  a l lophones tha t  a r e  i nse r t ed  in  

l e x i c a l  forms b e f o r e  segmenta l  d u r a t i o n s  a r e  computed.  

L e x i c a l  S t r e s s .  Each s t r e s s e d  vowe l  o f  an u t t e rance  must  b e  

preceeded b y  a s t r e s s  symbol ( 1 ,  2 ,  o r  ! ) ,  where 1 i s  p r imary  

l e x i ca l  s t r e s s  ( r e s e r v e d  ' f o r  vowe l s  i n  Open—c lass  content  w o r d s ,  

only one 1 - s t r e s s  per  w o r d ) .  The seconda ry  l e x i c a l  s t r e s s  " 2 "  i s  

used in  some content  w o r d s  ( e . g .  the f i r s t  sy l l ab le  o f  

" demons t ra t i on “ ) ,  i n  compounds ( e . g .  t h e  second sy l l ab le  o f  

"basebal l " ) ,  in  the s t rongest  syl lable o f  polysyl labic funct ion 

words ( e . g .  " u n t i l " ) ,  and for pronouns (exc lud ing personal pronouns 

l ike "h i s " ) .  Emphatic s t r e s s  " ! “  can be assigned to  a semantical ly 

prominent sy l lab le  i n  a p h r a s e .  

Morpheme and Word Boundar ies .  There i s  no  input symbol to 

indicate a syl lable boundary. The symbol " * "  can be used to  mark 

morpheme bounda r i es .  Each word  o f  a n  u t t e rance  to  be syn thes ized  

must be immediately preceded b y  a word boundary symbol. The 

d is t inc t ion  between con ten t  and func t ion  words  i s  i nd i ca ted  b y  using 

"#C“ and "#F" .  Open-class words (nouns,  ve rbs ,  ad jec t i ves  and 

adve rbs )  a re  con ten t  wo rds .  The program w i l l  check t o  see  t h a t  no 

function word ca r r i es  primary s t r e s s .  A compound such as "apple 

ca r t "  i s  ind ica ted  in  the  input  r ep resen ta t i on  by  rep lac ing  the word  

boundary between "apple" and “ c a r t “  b y  a morpheme boundary and b y  

reducing the l ex i ca l  s t ress  on the second word " ca r t "  by one. 
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Table 1.  The lega l  input symbol 

Vowels INHDUR MINDUR 
IY beet 160 50 
EY bait 190 70 

’ OW boat 220 70  
g UW boot 210 60 
‘ AE bât 230 60 

A0 bought 240 80 
AY bite 250 90 

:? OY boy 280 110 
’? AX about 120 40 

_3 ER beg: 270 100 
y OR bog: 2uo 100 
; Sonorant Consonants 

“% ‚W w e t  8 0  6 0  
à. R Ebnt 80 30 

; }  WH which 70 60 
f i  EL bottle 160 110 
? Nasals 

M met 70 60 
“% NG sing 80 50 
.; EN buttgfl 170 100 

' F r i ca t ives  
“'î"“ LIB“ 120 60 

TH thin 110 80 
S sat’ 125 50 
SH shin 125 50 

Plosives 
P get 85 50 
T ten 65 MO 
K core 65 50 
DX Butter 20 20 
Q Ma_opted 20 20 

Af f r i ca tes  (c losure ,  f r ica t ion 
CH 911“ 70  

60  40 
St ress  Symbols 

1 p r imary  l e x i c a l  s t r e s s  
2 secondary  l e x i c a l  s t r e s s  
! emphatic s t r e s s  

Word and Morpheme Boundaries 
* morpheme boundary 
#C beg in  content  word 
#F begin funct ion word 

Syn tac t i c  S t ruc tu re  

) ?  end o f  yes/no question 
( M  beg in  main  c l ause  
, orthographic comma 
) N  and o f  noun ph rase  
(R begin re la t i ve  clause 

S 

IH 
EH 
AH 
UH 
AA 
RR 

) 
J 

. end o f  d e c l a r a t i v e  u t t e rance  

for synthesis o f  an utterance. 
Also  g iven  a r e  a b a s i c  or  inherent  durat ion 
segment type and a minimum s t ressed  duration i n  m s e c .  

fo r  each  phonetic 

INHDUR MINDUR 
bit 130 no 
bet 150 60 
but 100 50 
book 160 50 
n 240 80 
bird 180 60 
bout 260 100 
beauty 230 100 
been 230 100 
b§£_ 260 100 
9225 2 3 0  100 

yet 80 MO 
let  80 40 
Eat 80 20 
bill 90 70 

get 65 35 
keep'gm 170 110 

get 60 HO 
that 50 30 
goo 75 “0  
azure 70 HO 

get 80 50 
debt 65 HO 
gore 65 50 
at Alan 65 50 

gin 70 50 
. 30 20 
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S y n t a c t i c  s t r u c t u r e .  Syn tac t i c  s t ruc tu re  symbols a r e  important 

determiners o f  sentence s t r e s s ,  rhythm, and in tonat ion.  Syn tac t i c  

s t ruc tu re  symbols appear  j u s t  be fo re  the word boundary symbol. Only 

one syn tac t i c  marke r  can  appear a t  a g i ven  sentence pos i t ion .  The 

strongest  s y n t a c t i c  boundary symbol i s  a lways  used  ( t h e  s t ronger  

symbols appear higher in  the l i s t  in Table 1 ) .  

An u t te rance  must  end with e i ther  a per iod " . "  signal l ing a 

f inal fal l  in intonation, or a question mark " ) ? "  signalling the 

intonation p a t t e r n  appropr ia te  for yes-no quest ions .  Each c lause  

must b e  preceeded by  e i ther  “ ( M "  to  i n d i c a t e  the beginning o f  a ma in  

clause,  or " ( R "  to i nd i ca te  the beginning o f  a re la t ive  c lause.  I f  

c lauses are  con jo ined ,  a syn tac t i c  symbol i s  p laced jus t  before the 

conjunct ion.  I f  a comma could be p laced i n  the orthographic 

rendi t ion o f  the des i red  u t t e r a n c e ,  then the syn tac t ic  comma symbol 

" , "  should be  i nse r ted .  Syn tac t i c  commas a r e  t rea ted  as  fu l l  c lause 

boundaries in the ru les ;  t h e y  a r e  used to break up la rger  uni ts into 

chunks in  o rder  to f a c i l i t a t e  percep tua l  p rocess ing .  The end o f  a 

noun phrase i s  i nd i ca ted  b y  " ) N " .  Segments i n  the sy l lab le pr ior  to  

a syntact ic  boundary a r e  lengthened.  Based on the resu l ts  o f  

Carlson, Granstrom, and K l a t t  ( 1 9 7 9 ) ,  an except ion i s  suggested in 

that any ) N  fol lowing a noun ph rase  that  conta ins  only one 

p r imary-s t ressed content  word should b e  e rased .  The NP + VP i s  then 

spoken as a single phonological phrase wi th  no in ternal  phrase- f ina l  

lengthening. 

Rules 

The representat ion for a sentence d i scussed  above s e r v e s  as  

input to the phonological component o f  the synthesis-by-rule 

program. The form o f  the output from the phonological ru les is 

shown a t  the bottom in F igure 1 .  The abs t rac t  s t r ing  o f  symbols has  

been conver ted to a s t r ing  o f  phonetic segments,  w i th  each  segment 

being assigned a s t ress  feature and duration in msec.  Before 

presenting d e t a i l s  o f  the durat ion algor i thm, we summarize some o f  

the rules that must be executed prior to duration prediction. 

Stress  Rules .  The phonological component assigns a feature 

Stress (va lue = 0 or 1 )  to each phonetic segment in the output 

str ing. The defaul t  value is 0 (uns t ressed) .  Vowels preceded b y  a 

1 or 2-stress in the input are assigned a value o f  1. Consonants 
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preced ing  a s t r e s s e d  vowe l  a r e  a l s o  ass igned a va lue  o f  1 i f ’ t h e y  6 .  Uns t ressed  [ O R ]  i s  r e p l a c e d  b y  s y l l a b i c  [ R R ] ,  a s  i n  " f o r  h im"  

„ a r e  in  the same morpheme and i f  they  form an a c c e p t a b l e  wo rd - i n i t i a l  É or " f o r g e t " .  ( T h e r e  a r e  many  r u l e s  O f  t h i s  t y p e . )  

H consonant  c l u s t e r .  Segmenta l  s t r e s s  i s  used  i n  r u l e s  t ha t  de te rmine  € Du ra t ion  R u l e s .  Each segment i s  ass igned  a du ra t i on  by  a se t  

segmental durat ion, fundamental frequency, p los ive aspiration ; of rules presented in detai l  below. The rules are intended to match 
du ra t i on ,  and fo rmant  t a r g e t  undershoot .  ; observed dura t ions  fo r  a s i n g l e  speaker  (DHK) r e a d i n g  

R u l e s  o f  Segmenta l  Phonology.  There a r e  p r e s e n t l y  v e r y  few paragraph- length  m a t e r i a l s .  The r u l e s  o p e r a t e  w i th in  the  f ramework  

phonologica l  r u l e s  o f  a Segmenta l  na tu re  i n  the program. A number o f  a model  o f  du ra t i ona l  behav io r  wh ich  s t a t e s  t h a t  ( 1 )  each  r u l e  

o f  r u l es  t h a t  a r e  somet imes a t t r i bu ted  b y  l i ngu i s t s  to  the t r i e s  to  e f f e c t  a pe rcen tage  i n c r e a s e  or d e c r e a s e  i n  the  d u r a t i o n  o f  

_] phonological component ( e . g .  pa la ta l i za t ion )  a re  rea l i zed  i n  the the _segment, bUt ( 2 )  segments cannot  be compressed shorter than a 
phonet ic component b e c a u s e  they  i nvo l ve  graded  phenomena ( e . g .  the c e r t a i n  minimum du ra t i on  ( K l a t t ,  1 9 7 6 a ) .  The model  i s  summarized b y  

[ S ]  o f  " f i s h  soup" i s  p a r t i a l l y  p a l a t a l i z e d ,  bu t  no t  i d e n t i c a l  to  „ the formula:  

. [ S H : ] .  The segmental  (wi th in—word and across—word-boundary) : DUR : ((INHDUR—MINDUR)*PRCNT)/100 + MINDUR ( 1 )  

3 phonolog ica l  r u l e s  t ha t  a r e  d e s c r i b e d  be low a r e  ex t r eme l y  impor tan t .  where INHDUR i s  the inherent  d u r a t i o n  o f  a segment  in  m s e c ,  MINDUR 

They a r e  no t  " s l o p p y  speech"  r u l e s ,  bUt r a the r  r u l es  tha t  a id  the i s  the minimum dura t ion  o f  a segment  i f  s t r e s s e d ,  and PRCNT i s  the 

“È; l i s t e n e r  1n hypothe5121ng the  loca t ions  O f  word and phrase È percentage shor ten ing  de termined b y  app ly ing  ru l es  1 t o  10 be l ow .  
%.“ _ boundar ies .  For e x a m p l e ,  t h e  second ru le  ensures  tha t  a word—f ina l  The program beg ins  b y  ob ta in ing  v a l u e s  fo r  INHDUR and  MINDUR f o r  the  

cur ren t  segment from Tab le  1,.  and  b y  se t t i ng  PRCNT t o  100.  The 

inherent du ra t ion  has  n o  spec ia l  s t a t u s  o ther  than a s  a s t a r t i n g  

/ T /  i s  n o t  p e r c e i v e d  a s  a p a r t  o f  the n e x t  word  b y  i nse r t i ng  

simul taneous g l o t t a l i z a t i o n  to  a t t e n u a t e  any  r e l e a s e  b u r s t .  Ru les  we 

e x p r e s s e d  in  a f e a t u r e — b a s e d  no ta t ion  tha t  i s  compiled i n t o  Penman 

code  f o r  computer s imu la t ion  o f  the phonological  component ( K l e t t ,  

1976b) .  Rules 1 and 2 below a r e  s ta ted i n  th is way, while Hm 

others  a re  e x p r e s s e d  i n  o r d i n a r y  Eng l i sh .  

1 .  [ L ]  - - >  [ L X ] / ( + V O W E L ) . . . ( - S T R E S S )  
Subst i tu te  a pos tvoca l i c  ve lar ized allophone [ L X ]  for ' [ L ]  i f  
the [ L ]  i s  preceded b y  a vowel and fo l lowed by  anything except 
a s t r e s s e d  vowe l  i n  t h e  same word .  

2 .  ( [ T ]  or [ D ] )  - ->  [DX]/(+SONOR -NASAL). . . ( -STRESS +VOWEL) Î The durat ion o f  the segment is  then computed b y  insert ing the f inal  
Re 1 T D ' ' nd _ . . . . „case-„m;; “ < “  1 … „, 
boundar ies)  i f  the  p l os i ve  i s  f o l l owed  b y  a : 1 .  PAUSE INSERTION RULE:  I n se r t  a 200 msec pause be fo re  e a c h  

point for r u l e  app l i ca t i on ;  i t .  i s  roughly t h e  du ra t ion  to  be 

expec ted  in  nonsense CVCs spoken i n  t h e  c a r r i e r  ph rase  "Say  b 

again" o r  "Say  CaC aga in " .  The fo l lowing t en  r u l e s  a r e  then 

app l ied ,  where e a c h  ru le  m o d i f i e s  the PRCNT va lue  obta ined f rom the 

prev ious app l i cab le  r u l es  acco rd ing  to  the  equa t i on :  

PRCNT=(PRCNT*PRCNT1)/100 ( 2 )  

non-pr imary-st ressed vowel and preceded b y  a nonnasal ; sentence-internal main c lause and a t  boundaries delimited by  a 
sonorant .  Examples:  "bu t te r " ,  " ladder " ,  " sa t  about" .  ' syntact ic  comma, but no t  be fo re  re la t i ve  c lauses.  The " ( R "  

' ' n n ' ° 
3.  A word—final [ T ]  preceded by a sonorant ‚is replaced by uw ; symbol functions 11ke a )N 1n the duration rules. 

glot ta l ized denta l  s top  TQ ( i . e .  has  a g lo t ta l  re lease  rathm‘ 2.  CLAUSE-FINAL LENGTHENING: The vowel  or syl labic consonant in  the 
than a t-burst) i f  the next  word s tar ts  with a stressmi syllable just before a pause is  lengthened by PRCNT1=1”0- Any 

_ sonorant ( u n l e s s  t h e r e  i s  a c lause boundary be tween  the words.  „ consonants  be tween  t h i s  vowe l  and the pause a r e  a lso  lengthened 
j in which case the [ T ]  i s  re leased in to a pause ) .  Examples: ; b y  PRCNT1=1HO. 
I Il n n n :r i that One , Mat ran - g 3. NON-PHRASE-FINAL SHORTENING: Syllabic segments (vowels and 
; ü .  A Vo ice less  p los i ve  i s  not re leased i f  the n e x t  phonetfl - sy l labic consonants)  a r e  shortened by PRCNT1=60 i f  not in a 

5 segment is  another vo ice less p losive within the same clause- ; phrase- f ina l  sy l lable.  A ph rase- f ina l  postvocal ic  liquid or 

Î 5- A g lottal  Step [Q]  i s  inserted before a word-init ial stressmi ; nasal 15 lengthened by PRCNT1=1H0. 

i vowel i f  the preceding segment i s  syllabic (and not a _ 4. NON-WORD-FINAL SHORTENING: Syllabic segments are shortened by 
; d e t e r m i n e r ) ,  o r  i f  the preced ing segment i s  a v o flm d _ §  PRCNT1:85 i f  not  in  a word—f ina l  sy l l ab le .  

g n0npl°Slve and there Is an Intervenins phrase boundar“ f 5. POLYSYLLABIC SHORTENING: Syllabic segments in a polysyllabic . II 11 Example. Liz eats . word are shortened by PRCNT1=80. 
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6 .  NON-INITIAL-CONSONANT SHORTENING: Consonants  i n  non-word- in i t ia l  
posi t ion are  shortened b y  PRCNT1=85. 

7 .  UNSTRESSED SHORTENING: Uns t ressed  segments a r e  h a l f  aga in  more 
compressable than s t ressed  segments ( i . e .  se t  MINDUR=MINDUR/2). 
Then both uns t ressed  and 2 - s t r e s s e d  segments  a r e  shor tened b y  a 
fac to r  PRCNT1 t ha t  i s  tabu la ted  be low fo r  e a c h  type o f  segment. 
The r esu l t  i s  t h a t  segments ass igned  secondary  s t r e s s  a re  
shor tened r e l a t i v e  t o  1 - s t r e s s ,  bu t  not  a s  much as uns t ressed 
segments.  

C o n t e x t  PRCNT1 f o r  U n s t r .  and 2 — s t r e s s  
syllabic—Iword-medial s y l l )  50 
syl labic (o thers)  70 
p r e v o c a l i c  l i qu id  or  g l ide  10 

a l l  o the rs  70 

8.  LENGTHENING FOR EMPHASIS: 
PRCNT1=1AO p e r c e n t .  

9. POSTVOCALIC CONTEXT OF VOWELS: 
consonan t  or 

An emphasized vowe l  i s  lengthened b y  

The in f luence o f  a pos t voca l i c  
sonoran t—stop  c l us te r  on the  dura t ion  o f  a vowel 

i s  g iven below. (Cs must b e  in  the same morpheme as the V and 
must  h a v e  the f e a t u r e  u n s t r e s s e d . )  In a pos tvoca l i c  
sonorant—obst ruent  c l u s t e r ,  t h e  obs t ruent  de te rm ines  the e f f e c t  
on the vowel and on the sonoran t .  

Con tex t  PRCNT1 

open sy l l ab le ,  w o r d — f i n a l  120 

before  a vo iced f r i c a t i v e  160 
b e f o r e  a vo iced  p l o s i v e  120 

before an unstr .  nasa l  85 
before a vo ice less  p los ive 70 
al l  o the rs  100 

The e f f e c t s  a r e  g r e a t e s t  a t  ph rase  and  c lause  boundar ies:  i f  

non-phrase—final ,  change PRCNT1 t o  be 70  + 0.3*PRCNT1 

10. SHORTENING IN CLUSTERS: Segments a re  
consonant-consonant  sequences ( d i s r e g a r d i n g  

but not across phrase boundar ies ) ,  and segments 

shortened in 

word  boundar ies ,  

a re  a l so  mod i fed  in dura t ion i n  vowe l—vowe l  sequences .  

C o n t e x t  PRCNT1 

vowel  fo l lowed b y  a v o w e l  120 

vowel preceded b y  a vowel  70 
consonant surrounded b y  consonants 50 
consonant preceded b y  a consonant 70  
consonant fol lowed b y  a consonant 70 

11.  LENGTHENING DUE T0 PLOSIVE ASPIRATION: A 1-st ressed or 
2-s t ressed  vowel  or sonorant  p receded  b y  a asp i ra ted  p losive i s  

lengthened b y  25 m s e c .  

When the ru les  a re  appl ied to the / R R /  o f  " r ocke r "  in F igure 1 ,  the 

second r u l e  s e t s  PRCNT t o  1 4 0 ,  the f i f t h  ru l e  reduces  PRCNT t o  1 1 2 ,  

the seventh rule reduces MINDUR to  30 msec and PRCNT t o  7 8 . 9 ,  and 

the ninth ru le  increases PRCNT t o  99 .  Then INHDUR, MINDUR, and 

PRCNT a r e  i nse r ted  in  Equat ion 1 and the resu l t ing  durat ion i s  

rounded up to the nearest 5 msec to obtain the value of  175 msec.  
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The r e s u l t i n g  du ra t i ons  a r e  determined in p a r t  b y  a v a r i a b l e  

con t ro l s  the  nominal Speak ing  r a t e  SPRATE wh ich  c a n  be s e t  to  

The d e f a u l t  

At  ra tes  slower than 150 wpm, 

that  

any number between 60 and 300 words per minute. 

i s  180 

pause i s  i n s e r t e d  be tween  a content word and a 

v a l u e  

w o r d s  pe r  m i n u t e .  a shor t  

fo l lowing func t i on  

word .  ( A t  a normal speak ing r a t e ,  b r i e f  pauses a r e  i nse r ted  on ly  a t  

the o f  

shortened s l i g h t l y  depending on speaking r a t e ,  but  most  o f  the 

ends c l a u s e s . )  Individual segments a re  lengthened or 

r a t e  

change i s  r e a l i z e d  b y  man ipu la t ing  pause du ra t i ons .  

w 
The 

o f  the  seen  in 

i n t e rac t i ons  in and  the 

N e v e r t h e l e s s ,  a s  a f i r s t  app rox ima t i on ,  the r u l e s  

c o n s t i t u t e  on ly  a f i r s t -o rde r  approximat ion to  many 

( e . g .  

r u l es  comple te ly  ignore  other 

r u l e s  

dura t iona l  phenomena sen tences  consonant 

c lus te rs )  

f a c t o r s .  c a p t u r e  

a good dea l  o f  the s y s t e m a t i c  va r i a t i on  i n  segmenta l  dura t ions  fo r  

speaker  DHK.  When compared w i t h  spect rograms o f  new paragraphs r e a d  

b y  t h i s  s p e a k e r ,  the  r u l e  sys tem produces segmental  du ra t ions  tha t  

d i f f e r  f rom measured  du ra t i ons  b y  a s tandard  dev ia t i on  o f  17 m s e c  

(exc lud ing  the p red ic t ion  o f  pause  d u r a t i o n s ) ,  and the ru les  account 

the total 'segmental 

dura t i ons .  Seven teen  genera l ly  than the 

jus t -no t i ceab le  d i f f e r e n c e  for a s ing le change to  segmenta l  du ra t ion  

1976a) .  

for 8 9  pe rcen t  o f  obse rved  va r i ance  in 

m s e c  i s  l e s s  

in sentence mate r ia ls  ( K l a t t ,  

A pe rcep tua l  eva luat ion  o f  the performance o f  the ru le  s y s t e m  

i s  d iscussed by  Car lson,  Granstrom and K la t t  ( 1 9 7 9 ) .  

resu l t s  a r e  encourag ing  i n  t ha t  both na tu ra lness  and i n te l l i g i b i l i t y  

o f  sen tences  syn thes ized  b y  these ru les  a r e  v e r y  s imi lar  to 

obta ined 

The perceptua l  

r a t i n g s  

r a t i n g s  o f  the same sen tences  syn thes ized  us ing  du ra t i ons  

f rom a na tu ra l  r eco rd ing .  
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