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SPEECH UNDEASTANDING THROUGH SYRTACTIC AND SEMANTIC ARALYSIS

Dosnald E.

Walker

Artificial Intelligence Center

Stanford Ressarch

Institute

Menle Park, ©alifornia

ABSTRACT

Stanford Research Institute is participating in a
major program of research op the analysis ol continuous
gpeech by computer, The goal is the development of o
speech understaunding system capnble of engaging a humon
eperator in a watural conversation about o specific
problem domain. The approach being teken is distine-
tive in tbe exitent to which it depends on syntuciic and
semanti¢ progessing to puide the acoustic amsiysis,
Thiz papeyr provides a desoription of the Tirst version
of the system, cmphasizing the kinds of information
that need to be added for effective resultis.

INTEODUCTION

Stanford Research Institute is pariicipating in a
major prograz of research on the analyazis of conlinuocus
speech by computer {see Hewell et zi,, 3{524“3"2].)'f being
sponsored by the Advanced Research Projects Agency
(ARPA). The goal is the development of o spgeseh un~
derstanding systen capabkle of ongaging a human operalor
in a natural conversation sboul un specific tagk domain,
ur path toward this goal hus been a characteristieally
“artificial i&%elligenee" approach, We bhelieve that
wany T Lthe critiesl problems iovolved cannot be antice
ipnted ocutside of the comtext of & funciioning sysiem,
As a result, our {irst effeorts were o build a pre-
liminary version, using, where possibie, avaiiable
programs as components. Hecause of the critieal rele
that we expsct semantics o play in the final system,
we chase, as a haose; Winogirnd's programe lor under—
standing natural langusge (Winograd, 1971). Accord-
ingly, we accepted for pur first task domain his simu-
lution of the tdtions of a robot that knows aboul and
can manipalate blocks of various shapes, sizes, and
colors, The intent wns %o allow a persor spesking to
the compuler ts ask questions azboat the "blocks world,”
1o give commands that wonld wodify it, and o add
fefermation that would pugment {ts siructure.

During the first year of the project, we completed
a {irst version of our system thut did zllow us to usc
syntactic, semantic, and acoustic data in the amalysis

*?bc work repsried horein was sponsorcd by the Advanced
Kescarch Projectss Agency of the Dopariment of Deicnse
ander Contraclt DAHCOA-72-C-0008 with the U,5, Army
Research Office,

.T
Reierences are listed at the end of the paper.

. bI parts of spoken atterances.

More impoertantly, we
learned something shout the problems of zpesch under-
standing. We already have begun work on a sccond ver—
sion that will use ¢ new parser, now upder developmenty,
and that will invelve o different task domain, Thls
pow system is still in the progess of consiruetdon, al-
though the parser is far enough along for us e present
it in o companion paper (Paxtoes and Robinson, 1%73),

We have chosen to describe the {irst version in this
paper, hecagse we believe that the basic system concepts
we are testing are illustrated there, Horeover, the
problems wo have identified zre ones that we think are
worth presenting te other members of the artifieigl in-
trlligence ¢ommunity, Thoroughgoing solutions to

these piroblems will require more than the resources
aveiloble withis ocur projecct at S or evetn those in the
ABPA program 4s a whole, The problems involved in
acoustic analysis are nol gxamined here; only cnoagh
information is presested Lo clarify the nature of the
approach being taken in the system desigh,

Most previsns work on voics Input to a compuler is
referred to as “speech recognition” rather tham os
Yspeoch understandisg.”  (see Hill, 1971, and Lea, 1572).
Res¢arch on speech recognition has aimed ot providiog
an ortigraphic transeription ol the scunds and words
corrasponding to the seoustie signal. The sajor enpht-
sis in syslems designed for that purpose has been on
aopustic procegsing: some groups hoave developed pattern
matching strategies, while oibers have tried to identify
units phoneticaily or phonemiconiiy and to agproegate
them into larger and larger units. While there have
been some rosulis with isolated words Irom relatively
small vecabelaries, oxtzapolstion of (hess techniques
o continoous speech has not been successful,

In contragt, research om speech undoerstanding seeks
to determing for spoken ullerances the message intended
in relotion to the accomplisbment of some task and in
spite of indeterminacies and evirors in the goneration,
transmizsion, and roception of on ntterance. The pro-
cessipng ol syntactic, semantic, amd pragmatic infor-
mation is censidered essentisl, and & guestion-answering
system may even Lo uscd as g mpjor compenent.

There are g variety of appreaches to speech usder-
standing being taken by participants in the ARPA Pro-
gram, Li{ would be heyond the scope of this paper to
sketel them oul; however, descriptions sre presented ot
thig Conforence of the werk at Carnegie-~Melilon Univer~
sity (Erman et al,, 1873; Reddy et al,, 1B73) and ai
Bolt Beranek and Newman {Woods and Mokhouwi, 1973},
Elsewhere, $hoere ave reports on the design ol the Sys-
tem Development Corporation systewm {Barnelt, 1972} und
on the work ot Lincelin Laboratoyy {Forgie, 1972a, 19725},
Some of those efforis concontrate on asoustic analysis
of the speech sipgtal, sepmenling and labeling phoneome-
like units that will be grouped inleo words--and more




complex grammatical structurcs--according to syntactic
and perhaps scmantic criteria.
ses from a number of sources, for example, acoustlic,
syntactic, and semantic, each of which may be checked
against the rest. Actually, the ARPA program is still
in its early stages, and none of these systems--our own
included--can be said to have cstablished final design
specifications, so specific contrasts are hard to draw
firmly. Morcover, different task domains would seem to
respond differentially to one approach rather than an-
other, a point that will be considered again later.

Others accepl hypoihe-

In the system we are developing at SRI, knowledge
about the task domain, the grammar, and the current
state of the onaolysis are used to constrain the selec-
tion of the word or words that might be expected to be
present at a particular place in the speech stream
representing an utterance. The acoustic datn for that
location are analyzed to determine the degree of corre-
spondenee with each expected word by a program that
characterizes its acoustic structure. When the presence
of a word is confirmed, this information, in conjunction
with the other sources of knowledge in the system, leads
to the selection of another word for testing at the
next place in the speech stream. Successive steps pro-
vide both a segmentation of the utterance into words

cand a specifieation of its syntactic and semantic
structure. The distinctive aspects of the design are
its strong dependence on syntox and semantics and its
deliberate minimizntion of hypotheses generated solely
on the basis of acoustic data.

The capabilities developed for the firsi version
of the SRI speech understianding system were 1udimen-
tary, but it did predict words and tesi for their
presence.  More preprocessing of the acousiic data was
done ihan we believe should be necessary.
characterizations were preparcd for only a few words,

Acoustic

so it has not been possible Lo step through a compleic
utterance. ©Oiher sources of knowledge arc clearly
desirable, for example, a model of ihe uscr and infor-
mation about prosodics--siress, intonation, pauses.
Nevertheless,
were sufficient both to encourage us Lte continuc this
approach and Lo provide guidance foxy the revisions in
progress.

the resulis of this first implementation

AN 1NTEGRATED SYSTEM FOR SPEECH UNDERSTANDING

Iniroduction

In the firsi version of the SRI system fo1r speech
understanding, there were three major componenis: a
set of procedures for syntactic and semantiic analysis;
programs for acoustic processing; and a word verifier
routinec that links the other two., Suceessive versions
will include additionral componenis and require major
changes in all three of the preseni ones, us well as
mich more complex interrclationships. Nevertheless,
this version of the system does illustrate an approach
1o specch undersianding that is dislinetive because of
its dependcnee on syntactic and semaniic processing.

The syntactic and semantic component, named Pintle,
{in ways described below) of
Terry Winograd's system for procedural analysis of lan-
guage {Winograd, 1971). A grammar--written as a sel of
programs--1is combined with semantic routines that model
changes in the arrangement of a set of blocks. A sen-
tence conslitulces a path through {he grammar, Branching
at choice points is determined by the order of ihe rules,
by fealures on olher constituenils, and by semantic data.
Al the end of each branch in the parse lree is an set of
words from a partiicular grammatical class {(ec.g., deter-
miners, adjectives, nouns, verhs), from which a subset
can hc sclccted on scmanlic grounds,

is o major modification

The acoustic routines convert ihe recorded analog
voice input to digital form, The digltized signal is
then fed into a bank of digital filters, which make it
possible to assign successive acousiic sScgments to one
crude, but highly reliable classes,

processed by a more complex acoustic

of a sct of small,
The signal also is
analysis procedure ihat identifies the frequency and
amplitude for the first three spectral peaks of the
vowel-like sounds. The paramelrized data from t{hese
two analyses are stored in files,

The word verificalion routines take a set of words
produced by Pintle and test each word against the
acoustic data for a particular poriion of the utieranceo.
The resuli is a (possibly empty) subset of the words,
ordcred according to agreemeni with the acoustic data,
with each word containing a pointer to identify its
Pintle
takes the most likely word first and then proceeds on
its path through the grammar to select the nexti set of
words for processing by the word verifier., Testing this
new sel againsi the acouslic dala Dbegins al the poing
designated by the endpoini for the word previously
aecepted, If nonc of the proposed words agrees with the
acousiic data, Pintle backs up to the most recent choice
point and tries another allernative.

approximate endpoint in the acoustic stream,

An example is considered next, and a more detalled
description of each of the components is presented in
Section 1I1,

Undecrsianding a Sample Senicnce

A brief description of the "blocks world" problem
domain used in the SRI system is necessary as background
for the analysis of the sample senlence. Visualize a
table containing a box and several objecls ol different
sizes, shapes, and colors. There are five blocks (two
red, one black, one green, one blue) and ithree pyramids
(green, blue, and red); the box is white. The objects
are arranged in a particular configuration in the com-
puter representation of the scene, bui the details of
the arrangemeni are not necessary Lo understand ihe
example.
it to move the blocks,

Commands given 1o a simulated robol arm cause
Alternalively, the person inicr-
acting with the sysiem can ask quesilons or provide
information that will augment or change ihe scmantic
stiucture of the world in some way.



The sentence Lo be processed is the folleowing:
PUT THE BLACK BLOCK INX THE BOX,

It was recorded, digitized, and parametrized in advance,
and the results stored in a file that was leaded into
the system for the test., All of the steps involved in
its analysis are presented as they occurred in an acutal
demonstration. The capabilities shown reflect the state
of the system as of December 1972, (The specech under-
standing system is implemented in BBN-LISP and is run

on a PDP-10 computer under the Tenex Operating System,
Lines prefixed by an arrow represcnt cntries by the
user,)

«# (PUT THE ($ 37) ($ #) IN THE (S 131).)

Analysis of the sentence by Pintle is initiated.
the word verifier
did not have word functions available for the sets ol
words including PUT, THE or IN,
stances--and in generzl to allow more flexible testing
of the system--it is possible to enter text to speeify
For convenience, the word verifier checks the
input text first te see whether any of the words in the
set predicted has heen typed in, Finding none, it will
use the pppropriate word funetiens, if they are avail-
able. If none arc present, the words in the set will
he rejected,

At the time this protocel was made,

Under these cireum-

a word,

PUT

Pintle begins by looking for a majer clausc;
hranching along the imperative path, it looks for com-
mangd verbs, The word TUT is among those in the set
generated at this point, and it is found in the text
input.

THE

Having found a verb, Pintle begins its search for
a noun group by looking for a determiner, THE is

confirmmed from the text input.
BLACK

Having found a determiner, pintle looks for an
adjective, Sinee there is no text input, the pre-
dicted words are tested against the acoustic data,
Beginning at a location 370 millisecconds into the
utterance (the 37th l0-millisecond segment), the word
verifier finds that BLACK corresponds Lo the acoustice
data at the highest of four confidence levels; RED,
GREEX, BLUE, and WHITE are rejected.

BLOCK

Pintle now looks for a noun to compleile the noun
group., It begins at the location in the acoustic data
confirmed as the ending place for BLACK, the previous
word accepled, This condition is spceified by the
asterisk in the initial entry for the sentenece to he
processed. The word verifier Tinds that BLOCK corre-’
sponds teo the acoustic data at the highest confidence
level; BALL, PYRAMID, and THING are rejected,

With the noun group complete, Pintle looks for a
prepositional phrase to complete the action dencted by
PUT. 1IN is confirmed from the text input.

THE

Looking for a noun groeup Lo ecmplete the preposi-
tional phrase, Pintle begins with the determiners. THE

is confirmed from the text input,
BLACK

Pintle next looks for adjectives. Beginning at a
location 1340 milliseconds into the utterance (the 134th
segment), the word verifier finds that BLACK corresponds

to the acoustic data at the third highest confidence
RED, GREEN, BLUE, and WHITE are rejected.

level.
BOX

The lpcation returned along with BLACK proves to
be the end of the utlerance. Consequently, BLACK is
rejected because the string so ending would be un-
grammatical; it also would be semantically unacceptable,
Pintle backtiracks and begins lecking for ncuns, BOX
corresponds to Lthe acoustic data at the highest con-
Tidence level; BALL, PYRAMID, and THIKG are rejected.
(PUT THE BLACK BLOCK IXN THE BOX)

The sentence as identified, At this peint the

system returns a printoul showing the grammatical
structure of the scnilence,
(CLAUSE MAJOR IMPER ACTV TRANSL)
(VG IMPER)
PUT (INF PAST VB TRANS VPRT MVB)
(¥G OBJ 0OBJ1 NOLOC DET DEF XS)
THE (DET NPL NS DEF)
BLACK (ADJ)
BLOCK (XNOUN XNS)
(PREPG PLACE LOBJ)
IN (PLACE PREP)
(NG OBJ PREPOBJ DET DEF NS}
THE (DET NPL XS DEF)
BOX (NOUN N8)
the sentenec is identified as
an active imperative with the verh PUT, involving the
movement of an object, THE BLACK BLOCK, to a location,

IN THE BOX. (Sce Winograd, 19271, and Walker, 1973, for
more extended discussions of the grammatical siructure,)

Briefly summarized,




This information is used Lo direct movements of the
simulated robot arm in conjunction with the semaniic
definitions for the words and the determination of
their relevance for the current state of the problem
domain, as indieated in the following steps.

MOVETO 472 192 128

The arm moves to the black block, specified by the
three coordinates given.

GRASP :B3
The arm grasps B3, the black block,
MOVETO 448 448 129

The arm with the black block moves Lo the box,
specified by the three coordinates.

UNGRASP

The airm relcases Lbe black block inside the box,
OX

The system indicates that it has compleied the

action identified in its "understanding” of the input
utterance.

Provisional Features of the lmplementation

In anticipation of a morc detailed discussion of
the system components in the next section, it is prob-
ably recasonable to note here some characleristics of
the analysis of ithe sample sentence that were temporary
expediencies even in this version of the systom,

The system was not totally on-line; i.e., il was
not possible to speak directly into the system and
to initiate processing accordingly., Analog-to-digital
conversion of the speech signal cannot be performed on
our PDP-10/15 computer facility yet, pending completion
ol the necessary software,
was digitized on a PDP-11 and the resultiing files
transferred Ly tape to the PDP-10 for the rest of the
acoustic annlysis.

Consequently, the signal

The FONTRAN files accessed by the word verifica—
iion routines contained preprocessed data {rom lLoth
the digital filters and from the more complex analysis,
Initially, we expected that in the Tinal system we
would only produce immediately on input the preliminary
classification ol acoustic segments provided by Lhe
digital filters, Spectral analyses and olher compli-
cated acoustic processing were to he perlformed only as
required Lo make the kinds of decisions necessary to
distinguish among the predicted words in relation to
ithe acoustic data., IL now scems likely thatl complex
analyses can be done in real time, so that we can get
a richer parametric represcentiation of the utterance.
However, we still do not want to make specific eclassi-
fication decisions apart from the word verification
procecdure,

As noted in the analysis of the sample sentence,
only a small number of word functions were written,
Consequently, this version of the system was never
The option of
testing predicted werds againsti textual, as well as
acoustic, data proved useful for debugging the acoustic
routines for particular sets of words. It also is
useful in the absence of semantic and prosodic pro-
cedures for establishing constraints onm paths through

used Lo process a complete sentence.

the grammar at the beginning of utterances, and, in
particular, at the beginning of a dialog when no
contexi has been cstablished.

A final comment on the analysis embodied in the
We did not
exercise this first version of the speech understanding

sample sentence is probably in order.
system to any great extent. There were only a few
word functions, and they werce tested agoinst only two
speakers., The flow of control was primarily from the
syntactic and semantic component to the acoustic, It
was clear from ihe beginmning, however, that useful
information could pass in the opposite directionm, not
only from what a prosodic analysis mipght provide, but
also from what mipghti be expected Lo arise in the course
of testing words apgainst ihe acoustic data, 1In
addition, we envisioned ways in which the word verifier,
which in {his version of the system processed one word
at a time, could operate more efficiently on ile whole
set of predicted words in relation Lo the acoustic

data, thus reducing the secarch spacc involved.

COMPONENTS OF THE SYSTEM

Pintle--Procedures for Syntactic and Semantic Analysis

Pintle, the syntactic and semantic component of
this version of the specch understanding system, is
based on the Winograd "Computler Program for Under-
standing Natural Lapvguage' (Winograd, 1971), 1t is a
Lop-down s}stem for linguistic analysis in which syntax,
semantics, and inference are combined to direct the
processing of quesiions, siatements, and commands.

As implemented by SR1 in BBN-LISP, Pintle constitutes
a substantial modification of Winograd’s program,

In Winograd's work, as in most existinp parsing
systoms, successive words Irom a iyped inputl string
guide the analysis, Since we proposed Lo use the
parsing procefure to help segment and identify the

words in the specch input, it was neecessary to find

sother ways to control the pgeneration of paths through

the prammar, So synilactic and semantic constraints
were established to influence successive choices,
leading to the selection of a subsel of the words of
1n what follows, the infor-

mation available in the grammar for this purpose is

a particular word class.

presented, with an explicit identification of the as-
sumptions required for effective use of the system in
this context, and with some additlonal elaborations
where appropriate.,

Consider again the sample sentence discussed in
the previous section, PUT THE BLACK BLOCK IN THL BOX,



Assuming that at the time this utterance is made in a
"hypothetical dialog of a user with the system it is
reasonable to expect a command, the clause program
would look for an imperative, Semantic information
would be critical here, but knowledge about the user
also would be helpful, and prosodic data--discussed
further below--could provide useful puidance,
imperative clauses generally start with verbs, the
parser enters a verb group program looking for impera-
tives., Since imperatives are in infinitive form, only
those verbs with that feature are identified.
sult of this path through the grammar is 2 small set
of ihperutive verbs, one of which may correspeond to
the first word of the utterance. We expect to be able
to constrain the set of verbs further by additional
semantic information—-perhaps regarding what command
might be appropriate at this point in tbe dialog. And
information specific to a particular user should be
possible to capture; for example, the frequent use of
certaln commands.
strained, the initial result is a set of words to check
against the acoustic data,

Since

The re-

However this verb group is con-—

Confirming one {or more) of the words from this
initial set might result in Pintle looking for a noun
group, as is the case with the word PUT, which requires
an object, The use of the word "might” is deliberate,
to indicate the possibility of alternative choices.
Identification of a different imperative, PICK, could
result in Pintle looking first for {he particle UP,
Acecepting PUT in the sample sentence, Pintle might be-
gin the search for a noun group with a determiner.
Since the set of determiners is small, off of them
could be predicted, However, they are difficult to
distinguish acoustically, and it might be recasonable,
on semantic grounds, lo look only for a definite or
only for an indefinitc determiner, e.g., THE or A,

Finding a determiner, an adjective would be likely
to follow,
and in English there is an ordering contrelling the
sequence in which they typically modify a noun. For
instance, size adjectives precede ceolor a2djectives;
e.g., BIG RED BLOCK but not RED BIG BLOCK.
a dialog it would be reasonable at ceriain points to
predict the amount of specificity required te identify
an object on the basis of its qualities., Furthermore,
some people may make things perfectly clear, while

There are variecus classes of adjcetives,

Again, in

others are more sparing in their characterizations.
Having models of the uscrs could be valuable for pro-
viding this infermation, So, sets of adjectives would
Subseguently,
and in a similar fashion, various paths among the nouns
would be selected for testing., The kind of verb would
influence the choiee; verbs of manipulation call for
nouns that represcent manipulable objects. This infor-
malion also could be used to influence the cheice of

be checked against the acoustic data,

an adjective in the prior secarch, limiting it to those
adjcetives appropriate 1o manipulable objects,

Continuing the parse beyond the noun group would
lead to consideration of preposition proups because
PUT requires a location.
osition would lead to a search for an object noun
group, with decisions heing made similar to thosc dis-
cussed for the preceding noun proup.

ldentifying a place prep-

However, only

those nouns that can have objects PUT IN them need to
be considered.,, In this mamner, a set of predictions
can be made regarding the sequence of sets of words
likely to occur in the utterance.

The foregoing description presumes the aecuracy
of the initial predictions.
however, the adjective initially found in the seccond
noun group proved to be in error, Thus, backtracking
and tracing down an alternate path were required to
find the noun., An interpreter for PROGRAMMAR was added
to provide a backtracking mechanism not available in
Winograd's system (and not necessary for Winegrad, see
below). The interpreter made it peossible to specily
a set of anlternatives at a particular point in the

In the sample sentence,

grammar and to try thesc in succession, backtracking
automatically if the initinl choice was not subsequently
confirmed,
following acceptance of a word ithat proved to be in
error, as in the sample sentence,

This same mechanism made recovery possible

The requirement for specch input {the absence of
words with identifiable features in the input string)
and the availability of the backtracking facility re-
sulted in other modifications to Winograd's analysis
procedure, Winograd tested to eliminate the least
likely alternatives first, checking the longest pos-
sible constituent and cutting back when that failed,
PROGRAMMAR, in his original version, returned the
first successful anal ysis, having provided both syn-
tactie and semantic guidanee to make thal a likely
interpretation within the model of the "blocks world,"
Sclective backup was possible in a particular situation,
but it invelved specifying a location Lo return to for
alternative processing. With veoice inmput, 1t is ncec-
essary both to test for most likely alternatives first
and to have a more general mechanism for following
alternative paths through the grammar in case of fail-
urc, What is needed further for speech understanding
is the flexibility in the prammar to allow dynamic
reoerdering of rules, depending on the state of the
analysis at the moment., It would be desirable to be
able to identify at 2ny particular cheice peint in the
grammar the alternatives that are possible. In Wino-
grad’'s system, alternative choices could only be
identified serially after failure of the predeccssor.

Many more changes in the overall parsing stratcpy
are needed Lo improve its ability to use syntactic,
semantic, and--hopefully--pragmatic constraints to
make accurate predictions aboutl the words likely to
In Winograd and
in our first versien, checking against the actiual
configuration of ohjects on the "blocks world" could
be done only after a group had heen parsed. Thus, in
the samplc sentence, both BALL and PYRAMID were tested
argainst the acoustic data,
balls in that confipuration (although the word was in
the lexicon), and there werc no hlack pyramids., Infor-
mation of this kind ecan and should be used to influence
the selection of werds in a sel as spon as it is
relevant,

e present at any particular place.

lowever, there were no

The iniroduction of new structurcs for managing
semantiic and pragmatic information could be expected
to have majol consequences lor parsing, It certainly




is necessary to replace Winograd's MICROPLANNER code;
exploratory development has been done using QA4, a
procedure—coriented programming system particularly
suited for work in artificial intelligence because of
its flexibility and special features (see Rulifson,
Derksen, & Waldinger, 1972), With rcvisions to the par-
ser in QA4; new techniques are necessary Lo facilitate
the accommodation of semantic and pragmatic informatien
and to simplify the dynamic reordering of paths through
the grammar.

At various times up to this point, prosodic infor-
Knowledge about stiress,
intonation, and pauscs should be valuable in any speech
understanding system, but it assumes special importance
Prosodic data perform somc

mation has been mentioned,

in an appreach like ours,
of the functions for spoken lanpguage that punctuation
does foxr text,
tence type--question, command, statement; together with

Intonation contours can suggest sen-—

stress and pausce they may help identifying clause and
phrase boundaries and signal parts of an utterance with
particular scmantic import (see O'Malley, 1973). Our
system requires contcxts (of various kinds) for useful
prediction.
a{ the beginning of a dialog or cven of an utterance

Prosodic information may provide guidance

when other kinds of constraints are less cffective,

Acoustiic Processing

The specch data currently used in the SR1 system
arc obtained in a quiet room using a B&K 433 condenseyr
microphone and an Ampex AG 500 tape recorder., An ana-
log tape is produced at 7-1/2 inches per sccond record-
ing speed. The speech data on the tape are then digi-
tized in segments of up to 3,1 seconds in length, A
presampling low-pass filter with an 8-klz bandwidth
is employed to reduce aliasing errors, and the digi-
tization is accomplished by a 12-bit A/D converter
operating at a rate of 20,000 samples per sccond,

The raw digital data are processed further by
digital filtering.
an energy measurc) of the time series data are calcu-

Five rms values (root-mean-squarc,

lated in each 1G-millisecond interval of time. The
first provides an amplitude value for the unfiltered
time series. The other four values are from digital
filters with bandpass characteristics of 80-200 Hz,
300-1000 Hz, S00~2800 Hz, and 3,2-6,8 kHz, A linear
predictive coding (LPC) analysis, using an algoxithm
developed by Markel (1971), provides formant frequen-
cies and amplitudes by finding pecaks in a 128-point
spectrum,

In the first version of the system the strings of
rms vulucs were used in an algorithm that classified
cach 10-millisecond time scgment as one of six events:
silence, umnvoiced turbulence, voiced turbulence, voiced
stop, vowel-like, none ©f the preceding, The filter
outputls and preliminary classifications of each segment
are stored in disk files together with ihe formant
frequency and amplitude data from the LPC analysis,

Word Verificalion

Proccdures for word verification relate the words
predicted by syniactic and semantic processing to the
acoustic data, The input to the word verifier from
Pintle was a set of words that could be expected to
occupy the next pesition in the utterance, The result
of word verification is a subset, possibly empty, of
the candidate words ordered according to degree-of
agreement with the acoustic data at that location in
the utterance,

Since Pintle was written in LISP and the acoustic
processing is done in FORTRAXN, it was necessary to
develop procedures for communicatien between the two
languagces,
a L1SP program to create a fork {(an independent process
in the time-sharing system) containing a FORTRAX pro-
gram, to share directly accessible data with that pro-

An interface packapge makes it possible for

gram, and to call functions in that program according
to standard FORTRAN conventiions,.

For cach candidate word, there is a function that
The correspondence be-
tween the expected form specified in the function and
the contents of the acoustic strcam is expressed as one
of four confidence lecvels:
and impossible,

tests for that particular word.

positive, possible, unlikely,
For the first threc levels, the func-
tion also relurns an estimate of the ending position

of thc word in the acoustic stream.

The word verifier collects the results for cach
word in a set, eliminates the impossible words, and
constructs a list ordering the rest of the words
according to confidence level, The word with the high-
est ranking is returned to Pintle; any others are saved
on a backup list to be used suceessively if their pre-
decessor does not lead to the prediction of a new set
ol words, one or morc of which ean be found in the
The ending position of the accepicd word
is used as the starting point for testing words in

utterance,
this new sct,

To illustrate the word verification procedure, con-
It was one
ol the words predicted by Pintle at a location begin-
ning approximately 1.34 seconds after the beginning of
the utterance. The word functiion for BOX produced the
following actions:

sider the word BOX in the sample sentence.

1, Increment the time pointer by 170 milliseconds.

2, Attempt Lo find a vowel-like strimg in a 200-
millisccond window centercd at the incremented
time pointer,

3. If Step 2 is successful:

{(a) Search for a voiced stop ahecad of the
vowel-like string,

(b} Search Tor silence at the end ol the
vowcl-Iike string.
found, scarch for unvoiced turbulence
after the silence. Neturn a confidence
level, where appropriate, for each scarch,

If a silence is




4, Examine the vowel-like string as follows:

(1) Calculate the average frequencies of the
first and scecond formants,

(b) Calculate the average slope of the first
and secohd formants.

(c) Look for discontinuities in the Tirst and
second formants,

If there are significant discontinuities or
rapid cbanges in formant frequencies, return
the value impossible,

5. Combine the results of the consonant senrch
from Step 3 and the analysis ol the vowel-like
string in Step 4 as follows:

(o) 1f the average formant frequencics are
reasonable for the vowel [a] and all
consonant senrches are successful, re-
turn positive,

(b} If the average formant frequencies are
reasonable, but a consonant search failed,
return possible,

(c) If the average formant Irequencies are
unreasonable but all consonant searches
are successful, return unlikely,

(d} If the average formani freguencies are
unreasonable and at least one consonant
search failed, return impossible,

In the example, the confidenee level for BOX was
positive, The results showed a vowel-like strinpg with
first and second formant values consistent with [al
in the interval 1420 to 1600, a voiced siop before the
vowel-like string in tbe interval 1340 to 1410, silence
after the vowel-like stripng from 1650 to 1690, and un-

voiced {furbulcnce from 1690 to 1910,

It should be clear that a word verification pro-
cedure of this kind was desipgned for use in a system
with powerful syntactic and semantic constraints, In
the analysis of ihe second noun group in the sample
sentence, before BOX was confirmed, a set of adjectives
was processed by the word verifier. All of the words
were rejected except BLACK, for which the confidence
level was unlikely. Pintle accepted BLACK tentatively,
but that would bave had to be the end of the sentence,
and PUT THE BLACK BLOCK IN THE BLACK is syntactically
and semantically unacceptable in the currcent system.
Consequently, Pintle backiracked and looked for nouns,
0f the set predicted, BOX was confiimed with the high-
If BLOCKS had been a member of
that set, the word verifier might have returned positive
as well, since things cannot be put in blocks,
that word would be excluded, on semantic grounds, Irom
the set to be considered.

cst confidence lewvel,

However,

I{ is obvious that the word verification pro-
cedures in this form would not allow subtle diserimina-
tions. However, the addition of morc complex and
powerful acoustic/phonetic tules to the analysis and
decision-making parts of eael word function should per-
mit significant cxpansions of the system capabilitics.
The word verifier strategy is particularly appropriate

for our system design, since the syntactic and seman-
tic dccisions involve words rather than phonemes,
Furthermore,
the word verifier provides a way to deal with a sig-
nificant subset of coarticulation problems that would
he quite troublesome in a phoneme-verificr approach,

allophones, or other phone-like units,

To a considerable extent, changes in the word
verification procedures depend directly on increasing
sophistication in acoustic processing, However, as
indicated in the previous section, the nced is not for
new techniques for acoustic analysis but rather for
ways to extract more information from the dota we hove,
Furthermore, we believe that the motivation for changes
should come primarily from the requirements of word
verification. ©Our current efforts are dirccted toward
providing more subroutines for acoustic parameterization
in order to refine the initial classification provided
by the digital filter analysis and to provide additional
formant dota, For cxample, detecltors bave been added
that allow fricatives to be distinguished reliably, so
that s, sh, f-th, and their voiced counterparis now
are classified, We also have developed vowel seg-
mentation and classification procedures that extract
boundaries within vowel-like strings, smooth formant
curves, and plot slopes and standard deviations of
formants, ©Our goal 1s to provide a variety of general
procedures that can be used in the preparation of word
Tunctions for use in word verification.

DISCUSS10X

The major focus in this paper has been on the
role of syntaetic and semantie analysis in our speech
understianding system--and appropriately so for pre-
sentation at a conference on artificial intelligence.
But in describing the first version of the system, we
have emphasized the inadequacies of that implementation
and the requircments we see as neeessary in succeeding
versions. Probably the major result of this carly work
is {the design of a parser that we believe can accommo=-
date all of the sources of knowledge required for un-
derstanding speech, It is described in detail in the
paper by Paxton and Robinson (1973} presented at this
Conference. Such a parser would be well suited to
the word verification procedures and the kind of
acoustic processing performed in our system.

Another result of our firs{ yecar is an appreciation
ol the interdependence of the task domaoin and the sys-
tem design,
and semantics,

A sysiem like ours, which stresses syntax
is particularly appropriate for conver-
sations with a person that involve some relatively com-
plex task and that require a sequence ol intleractions.
Dynamic ehanges in the situation reflecting progress
toward some goal caun provide the kind of semantie con-
straints that will improve the accuracy of its pre-
dictions. The "blocks world" is relatively shallow;

it does not easily accommodate dialogs of the kind
desired, Consecquently, we have changed our task domain
to the assembly and repairKOI small appliances, begin-
ning with a leaky fauecect., In the course ol modelling
this world and establishing the knowledge necessary




for its understanding, we will be addressing problems
central to the whole field of artificial inielligence.

Our project can benefit from any work in artificial
intelligence that illuminates semantics, pragmatics, and
the process of representation, Of course, we will not
reject insights that reflect on acoustics, phonetics,
prosodics, and ancillary aspects of linguistics, We do
need to address all of these facets for a successful
system, but we certainly cannot expect io solvc all of
the problems oursclves.
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