
  

Pinker, Steven: The Language Instinct, Penguin Books: London 1994

“In nature's talent show we 
are simply a species of 
primate with our own act, a 
knack for communicating 
information about who did 
what to whom by modulating 
the sounds we make when we 
exhale.”
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Overview

● Part I: A rules based approach to the 
linguistic components of speech synthesis

● Part II:  Intonation and Formalism
● Part III: Intonation and Syntax in English
● Conclusion



  

Part I: A rules based approach to 
the linguistic components of 

speech synthesis



  

Speech Synthesis

The first speech synthesiser was built by 
Wolfgang Von Kempelen in 1791 and now 
rests in a museum of musical instruments.



  

Speech Synthesis
The basic assumption of non-language experts and early 
attempts of the 1940's:

Cat C + A + T /k/ + /a/ + /t/



  

Speech Synthesis
The basic assumption of non-language experts and early 
attempts of the 1940's:

Cat C + A + T /k/ + /a/ + /t/

This not true. The hole is more than the sum of it's parts.



  

Why does this not work?

The answer is that human communication is 
two systems:

1. sign repertoire
2. discrete combinatorial system 

Pinker, Steven: The Language Instinct, Penguin Books: London, 1994.



  

Why does this not work?

Signs Rules

Language



  

Unfortunately Language is an 
Illusion!

It is neither 
this: 

 Nor this: 



  

Unfortunately Language is an 
Illusion!

It is neither 
this: 

 Nor this: 

But it 
is: 

An activity of 
the human 
brain

Image of the brain from:
 http://www.molbio.princeton.edu/courses/mb427/2000/projects/0008/brain.html 04.11.2004 00:11:45

http://www.molbio.princeton.edu/courses/mb427/2000/projects/0008/brain.html


  

Speech Synthesis and Language

● Speech Synthesis is and artificial 
reconstruction of the surface appearance of 
human language (as an acoustic event)



  

Speech Synthesis and Language

● Speech Synthesis is and artificial 
reconstruction of the surface appearance of 
human language (as an acoustic event)

● According to Noam Chomsky language has 
got two layers:
– A surface layer (observable)
– A “deeper” layer 

s-structure
d-structure



  

Speech Synthesis

In diphone speech synthesis, also called letter 
to sound synthesis, the characters in a text are 

assigned three values: a phoneme sign, a 
duration and an f

0
-frequency



  

Speech Synthesis

In diphone speech synthesis, also called letter 
to sound synthesis, the characters in a text are 

assigned three values: a phoneme sign, a 
duration and an f

0
-frequency

Hopefully, rules can be formulated that can generate 
an artificial speech signal.



  

Speech Synthesis Steps

● Letter-to-Sound Conversion (SAMPA)
● Assigning Durations to the Sounds 
● Intonational Model (f0-frequency)



  

Part II: Intonation and Formalism



  

Rules of Language
“The goal of descriptive study of 
language is the construction of a 
grammar. We may think of a language 
as a set of sentences, each with an 
ideal phonetic form and an associated 
intrinsic semantic interpretation. 
The grammar of a language is the 
system that specifies this sound 
meaning correspondence.”

- Noam Chomsky & Morris Halle

Chomsky, Noam & Halle Morris: The Sound Pattern of English, Harper-Row: New York, 1968, p. 3. 



  

Intonation?

Müller: Neurolinguistik, in: Müller, Horst M.(ed.): Arbeitsbuch Linguistik, Schönigh: Paderborn, 2002.



  

Intonation?

Müller: Neurolinguistik, in: Müller, Horst M.(ed.): Arbeitsbuch Linguistik, Schönigh: Paderborn, 2002.



  

Intonation?

Müller: Neurolinguistik, in: Müller, Horst M.(ed.): Arbeitsbuch Linguistik, Schönigh: Paderborn, 2002.



  

Intonation?

This is what can be recreated!

Müller: Neurolinguistik, in: Müller, Horst M.(ed.): Arbeitsbuch Linguistik, Schönigh: Paderborn, 2002.



  

Intonation

“It is generally agreed today that the
single most important progress which 
needs to be made to improve the natural-
ness of synthetic speech is towards a 
better understanding and control of 
prosody.”

Hirst, Daniel: ProZed: A Multilingual Prosody Editor for Speech Synthesis, on: 
http://aune.lpl.univ-aix.fr/~hirst/articles/2000%20Hirst_b.pdf 04/12/05 18:07:55

http://aune.lpl.univ-aix.fr/~hirst/articles/2000%20Hirst_b.pdf


  

Intonation
 “The point is that intonation is very much 
related to semantics and pragmatics. [. . .] As a 
result, even though the International Phonetic 
Alphabet (IPA) appeared more than a century ago, 
its prosodic counterpart has not yet been settled 
down. A fortiori, no universally adopted prosodic 
syntax has been established. It is nevertheless a 
fundamental requirement for the development of 
linguistic theories and for the outgrowth of 
speech applications (both recognition and 
synthesis).” 

Dutoit, Thierry: An Introduction to Text-to Speech-Synthesis, Kluwer Academic Press: Drodrecht 1997.



  

Units of Prosody

● Dutoit [1998] refers 
to the original sense 
of syntax (syn = 
together)

● Question 1: What 
are the units of 
Intonation? (signs)

● Question 2: How do 
they interact? 
(combination)

World

User Sign

Sign Sign



  

Hypothesis
Syntax and intonation interact 

and correlate with each other due 
to a shared underlying structure. 
It is possible to formulate rules 
for prosody in sentences with 
simple syntax. The Chomskyan 
ideas of s-structures and d-
structures of utterances will 
therefore play a role.



  

Do linguist's dream of electric 
trees?

As an old English proverb says money does 
not grow on trees. Linguists claim that 
grammar does. At least syntax does. If it could 
be shown that intonation and syntax share a d-
structure, this could be expressed in tree 
structures, which would be useful for speech 
technology because rules that can be 
expressed in tree structures are easy to 
implement in most programming languages as 
well as mark up languages.
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Phrase Structures

N V
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An example of a tree structure in 
prolog

s => np,vp.
np => det,n,opt(pp).
np => quant,n,opt(pp).
np => pn,opt(pp).
vp => vint.
vp => vtra,np,opt(pp).
vp => vdit,np,np,opt(pp).
pp => prep,np.



  

Part III: Syntax & Intonation in 
English



  

Intonation Phrases

Time (s)
1.42422 8.58709

0

250



            NP VP  PP

S-Bar

IP

X-Bar: Sentence and Intonation 
Phrase

Intonation is not that independent from syntax. - Mark Steedman 
(2002)



            NP VP  PP

S-Bar

IP

X-Bar Sentence and Intonation 
Phrase



  

A Coincidence?
● English is an SVO language like 75% of all 

languages (Chrystal, 1995)
● The intonation patterns “look” similar to 

certain tree structures (probably rather X-Bar 
than a typical CFG) the graphical 
representations of both of these

● English is also a head initial language and the 
maximum pitch of each phrase is also in most 
cases somewhere “in” the head



  

The cat sat on the mat.

The cat sat on the mat.

NP Prep NP

PP

VP

VP

S



  

Pitch & Prosodic Structure

The  cat sat on the mat.

w s w s s w

s s
w

w



  

Mean Pitch & Prosodic Structure

The  cat sat on the mat.

99Hz 128Hz 93Hz 104Hz 108Hz 80Hz

116Hz 99Hz
98Hz

103Hz



  

Units in Syntax

[[He] [is] [[a] [[typic][al]]  [[anti] [[dis]] [[establish]] [ment]] [ari] [an] [ist]]]].

NP

VP

N V



  

Units in Phonology

E s t a b l i sh

w

s

s w

s

s w
ws

w

s w s
w



  

Prosodic structure of “cat”

C A T
  C  V  C 
121Hz   129Hz   -



  

Prosodic structure of “cat”

C A T
  C  V  C 
121Hz   129Hz   -

The structure of prosody is not linear 
like “syntax”, but it is hierarchical.
(Selkirk, 1984)



  

Intonation Phrases

● Chomsky and Halle [1968] say that there 
might be deviation of intonation phrases from 
syntactic phrases ('formatives') but that these 
are a question of performance not of 
competence which the study of grammar is 
concerned with

● Selkirk [1984] and Steedman [2002] add that 
the IP is information based and therefore the 
formatives are sense units



  

The Theoretical Model
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d-structure and s-structure

Jackendoff, Ray: Reintegrating Generative Grammar, on: 
http://www.chc.ucl.ac.uk/conference/jackendoff_handout.pdf 04/12/05 15:49:28

http://www.chc.ucl.ac.uk/conference/jackendoff_handout.pdf


  

Units & Combination
● According to Selkirk [1984] & Steedman [2002] 

intonation phrases have a syntactic constraint 
● Intonation phrases are information-based and 

put focus on particular parts of utterances (cf. 
Selkirk, Steedman, Halliday)

● The function therefore is connected to 
semantics (cf. Bolinger), pragmatics (cf. 
Traunmüller, Yip) and syntax (cf. Hirst, 
Steedman, Alter) and the form is the pitch 
contour



  

Conclusion

● If the hypothesis is true:
– Intonation can be described in correspondence 

to syntax rules
– Intonation patterns can be represented using 

tree structures



  

Conclusion

● If the hypothesis is true:
– Intonation can be described in correspondence 

to syntax rules
– Intonation patterns can be represented using 

tree structures
● The implementation of a *.pho-file generator 

using these rules needs to be tried and 
evaluated
– Criterion for naturalness: comparison to speech 

samples (praat picture)
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“Thou hast most traitorously 
corrupted the youth of the realm 
in erecting a grammar school.
. . . It will be proved to thy 
face that thou hast men about 
thee that usually talk of a noun 
and a verb, and such abominable 
words as no Christian ear can 
endure to hear.”

From: William Shakespeare's The Second Part of King Henry VI, 
as quoted in:  Pinker, Steven: The Language Instinct, Penguin 
Books: London 1994.


