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CHAPTER 1

Introduction

F rom human prehistory to the new media of
the future, speech communication has been and will be the dominant mode of human social
bonding and information exchange. The spoken word is now extended, through technologi-
cal mediation such as telephony, movies, radio, television, and the Intemet. This trend re-
flects the primacy of spoken communication in human psychology.

In addition to human-human interaction, this human preference for spoken language
communication finds a reflection in human-machine interaction as well. Most computers
currently utilize a graphical user interface (GUI), based on graphically represented interface
objects and functions such as windows, icons, menus, and pointers. Most computer operat-
ing systems and applications also depend on a user’s keyboard strokes and mouse clicks,
with a display monitor for feedback. Today’s computers lack the fundamental human abili-
ties to speak, listen, understand, and learn. Speech, supported by other natural modalities,
will be one of the primary means of interfacing with computers. And, even before speech-
based interaction reaches full maturity, applications in home, mobile, and office segments
are incorporating spoken language technology to change the way we live and work.
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Motivations 3

In some situations you must rely on speech as an input or output medium. For exam-
ple, with wearable computers. it may be impossible to incorporate a large keyboard. When
driving, safety is compromised by any visual distraction, and hands are required for control-
ling the vehicle. The ultimate speech-only device, the telephone, is far more widespread than
the PC. Certain manual tasks may also require full visual attention to the focus of the work.
Finally, spoken language interfaces offer obvious benefits for individuals challenged with a
variety of physical disabilities, such as loss of sight or limitations in physical motion and
motor skills. Chapter 18 contains a detailed discussion on spoken language applications.

1.1.2. Speech-to-Speech Translation

Speech-to-speech translation has been depicted for decades in science fiction stories. Imag-
ine questioning a Chinese-speaking conversational partner by speaking English into an un-
obtrusive device, and hearing real-time replies you can understand. This scenario, like the
spoken language interface, requires both speech recognition and speech synthesis technol-
ogy. In addition, sophisticated multilingual spoken language understanding is needed. This
highlights the need for tightly coupled advances in speech recognition, synthesis, and under-
standing systems, a point emphasized throughout this book.

1.1.3. Knowledge Partners

The ability of computers to process spoken language as proficient as humans will be a land-
mark to signal the arrival of truly intelligent machines. Alan Turing [29] introduced his fa-
mous Turing test. He suggested a game, in which a computer’s use of language would form
the criterion for intelligence. If the machine could win the game, it would be judged intelli-
gent. In Turing’s game, you play the role of an interrogator. By asking a series of questions
via a teletype, you must determine the identity of the other two participants: a machine and a
person. The task of the machine is to fool you into believing it is a person by responding as a
person to your questions. The task of the other person is to convince you the other partici-
pant is the machine. The critical issue for Turing was that using language as humans do is
sufficient as an operational test for intelligence.

The ultimate use of spoken language is to pass the Turing test in allowing future ex-
tremely intelligent systems to interact with human beings as knowledge partners in all as-
pects of life. This has been a staple of science fiction, but its day will come. Such systems
require reasoning capabilities and extensive world knowledge embedded in sophisticated
search, communication, and inference tools that are beyond the scope of this book. We ex-
pect that spoken language technologies described in this book will form the essential ena-
bling mechanism to pass the Turing test.

Amazon/VB Assets
Exhibit 1011
Page 29



—_—
Introdur:ti(,n

SPOKEN LANGUAGE SYSTEM ARCHITECTURE

essing refers to technologies related to speech recognition, text.t.
guage understanding. A spo!(_en language system has at least one of
the following three subsystems: a speech recognmo_n Systen? that converts speech in
words, a text-to-speech system that conveys _spoken information, and E.l §Poken language
understanding system that maps words into actions and that plans. system-initiated actions,
There is considerable overlap in the fundamental technologies for these .three Subareas,
Manually created rules have been developed for spoken language system§ with limited suc-
cess. But, in recent decades, data-driven statistical approaches have achieved encouraging
results, which are usually based on modeling the speech signal using well-defined statistical
algorithms that can automatically extract knowledge from the data. The data-driven ap-
proach can be viewed fundamentally as a pattern recognition problem. In fact, speech recog-
nition, text-to-speech conversion, and spoken language understanding can all be regarded as
pattern recognition problems. The pattems are either recognized during the runtime opera-
tion of the system or identified during system construction to form the basis of runtime gen-
erative models such as prosodic templates needed for text-to-speech synthesis. While we use
and advocate the statistical approach, we by no means exclude the knowledge engineering
approach from consideration. If we have a good set of rules in a given problem area, there is
no need to use the statistical approach at all. The problem is that, at time of this writing, we
do not have enough knowledge to produce a complete set of high-quality rules. As scientific
and theoretical generalizations are made from data collected to construct data-driven sys-

tems, better rules may be constructed. Therefore, the rule-based and statistical approaches
are best viewed as complementary.

1.2.

Spoken language proc
speech, and spoken lan

1.2.1. Automatic Speech Recognition

A source-channel mathematical model described in Chapter 3 is often used to formulate
speech recognition problems. As illustrated in Figure 1.1, the speaker’s mind decides the
source word sequence W that is delivered through his/her text generator. The source is
;t:::ssed through a noisy communication channel that consists of the speaker’s vocal appara-
S to producg the speech waveform and the speech signal processing component of the
ill)e"-:h recognizer. Fxnfglly: the speech decoder aims to decode the acoustic signal X into a
or j:quel}ce W, W.thh is hopefully close to the original word sequence W.

o doue‘()l/[;)lgil ol}rf;‘;tlﬁal slpgech rec':ogpitior.l system consists of basic components spgwn in
Sultsthat sy be s egcl :e d . Applications 1nterfaf:e with the decoder to get recognition -
Fepresentation; of kara, 1(:3 cfll aptbother components in the system. Acoustic models include lh_e
ability, gender and dialectg;if?e out acoustics, phonetics, microphone and environment var-
Fem's knowledge of what Constil:xrtlg: : among speakers, etc. Language models refer to 2 sys&
In What sequence. The semantics anc‘;1 g? SS’_ble word, what words are likely to co-occuf‘, an
perform may aiso pe necessary for th nctions related to an operation a user may _WlSh =
areas, associated with speaker char © language model. Many uncertainties exist in these
actenstics, speech style and rate, recognition of basic
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