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PREFACE

The talks presented in Session 3 of the 13th ACL meet-
ing dealt with three facets of the language understanding
process: the integration of knowledge sources (Paxton and
A. Robinson), syntactic processing (Bates and J Robinson),
mnd semantic processing (Hendrix, Sondheimer and Perry, and
Cercone). The first four talks were oriented toward speech
nput while the talk by Sondheimer and Perry assumed phrase
structure trees as input and the talk by Cercone assumed
textual input. The paper from which Bates's talk was drawn
was much too extensive for inclusion here and will be pub-
lished separately My special thanks to Stan Petrick who

agreed to chair this session on very short notice.
--Timothy C. Diller

Program Committee Chairman
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SYNTACTIC PROCESSING IN THF BBN SPEECH UNDERSTANDING SYSTEM

MADELINE BATES
Bolt Beranek and Newman Inc.

The syntactic analysis system presented here is composed of
two parts, a modified augmented transition network grammar and a
sarser which is designed for a speech understanding environment.

The parser operates on partial utterances called theories.
A fheory may be thought of as a set of words which are hypothe~
sized to be in the utterance. The parser processes the words in
a theory by building partial syntactic paths using the words of
che theory. These paths do not depend on left context, which will
ve missing 1f there are gaps in the theory. Syntactic constitu-
ents are built where possible and, whenever a constituent is
»uilt, the pa¥rser can interface with the semantic component of
che total speech understanding system for guidance and verifica-
tion.

The parser tries to predict words and/or syntactic categories
o f£ill or reduce gaps in the theory, particulafly small function
words which are difficult to detect reliably on acoustic grounds
alone. The parser does not follow all possible parse paths, but
strempts to select the .most likely ones for extension. It uses a
‘dicious mixture of top down, bottom up, depth first, and breadth
Zirst parsing strategies to take advantage of local, reliable in-
formation. It saves all the information gained wnile following
alternative parse paths, so that several parse paths which share
a common part, even if the paths are in different theories, can
share that portion without reparsing. This is true even if the
~arse paths split before and/or after the common part and even if

the common section analyzes only part of a syntactic constituent,
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SYSTEM INTEGRATION AND CONTROL IN A SPEECH UNDERSTANDING SYSTEM

WILLIAM M. PAXTON AND ANN E ROBINSON
Artificial Intelligence Center

Stanford Research Institute
Menlo Park, California 94025

ABSTRACT

Tvo important problemd® {n SPeech Understanding are ho¥w to
etfectively integrate multiple sources of knowledge within the
syYstem and hovw to control tne activities o¢ the System to arrive
at appropriate interpretations for utterances, This paper tirst
degcribes the roles played by acoustics, syntax, serantics, and
discourse, and &shows hovw a lanquUage definition {s uUsed to
integrate ther {({nto a system {n a way that allows the
interactions 'to pe easily visinle, The Second part of the paper
degcribes an executive that uses intormation from these knowledge

sources {n {(ts control strategy,
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A speecrh understanding system must Use many Xkinds of
knovwledge, each playing a particular role during the
interpretation of an utterance, #hile these roles are
interrelated, (it s important ¢to ©pe apnle to separate the
kmowledge Sources 0 that Interrelations are visinle and so thaf'
the contriputions from the various soOurces can be studled, The
knowledge sources used in the system pbeing developed Jolintly by
SrRI and SDC can be characterized proadly under tne headings of
acoustics, syntax, semantics, and discourse (Walker ot al,, 1975;
Pobinson, 19753 Hendrix, 1975; Deutsch, 197537 3locum, 19757

Pitea, 19758),

The acoustic component relates 1linguistic antitles (Words
and phrases) to the Speech WaVefolm, An acoustic-phonetic
processor analyzes the digltlzed waveform to extract parameters
rased on G&speech Preoductlon characteristics, The DParTametars
ihAclude fundamental frequency, volcing label, fOrmant frequency,
energy data, and others, Following parameterlzatlion, various
rules are apPpliead to genérate an acoustic fealture desScriptinn of
the utterance, The parameters and features are subseqguently used
by the lexical mappling procedure, The mapper 13 called auring
the parsing of an uUtterance to give a decision Score as to
whether a proposed word or phrase could acrually be pragent in a
specified time region of the input, Pnonologiral and
acoustic=phonetic rules are used by the mapper ta relate phonatic

spellings to aceoustic data,



Syntax provides reliable, reasonably inexpensive indications
of which words or groups of words may combine and of howv well
they fit, Syntactic rules give general patterns for constructing
noun phrases, clauses, and sentences and provide consistency
checks for such items as nmumber agreement, In testirng word or
Phrase combinations, syntactic i{nformationp alone can often rule
out @ candidate without the need tor Mmore costly serantic anc

discourse analysis,

The semantic component Includes a general mode)l of- the
domain of discourse, and a set of algoritnrms for conrmbining (or
rejecting) concepts in the domain, For example, glven a verb ard
twvo noun phréses, semantic routines can build the corresponding
Serantic Trelation between the itemS {ndi{cated bY the noun

phrases,

The discourse component deals with the relationship of the
current utterance (or a portion of {t) to the dialeg context and
to entities {n the task domain, Discourse functions Use
information from previous utteérances to fill out elliptical

eXpressions and te f{nd referents for pronouns$ and deflnite noun

phrases,

The language definition (s the focCal point tfor Integrating
these knowledge sgources, A language definition includes (1) sets
0f uni{ts out of which utterances in the language are constrlcted
and (2) rules tfor combining the units into larger structures,

The basi{c units will be called *words’ (although this technical



use does not exactly correspond 0 the common use), The
composition rules indicate how phrases can be combined into still
larger phrases, More precisely, a, phrase’ {s e{ther a word {n
the input or the result of applying a composition rule to
constituent phrases, Tre TUles ¢give ¢the 1lifear pattern of
constituents and gpecifications for calculating values tfor both

the attripbutes of the resulting phrase and for factors used in

judging the result,

It is at the phrase level that the knowledge sources are
integrated i{nto the system, There are two aspects to the
contributiong from eacn sourcel the valueg of properties of the
phrase as computed bY the KknoWledge source, and tne source’s
assessment of the correctness of this phrase as an {nterpretation
¢f the input, TheSe twWo aSpPects are reflected in the attribute
and factor statements that are associated witn each of the words
and phrases in the language definifion, The attripute Statements
provide instrycrions for computing varlous properties of the
Phrase, These instructions may call UuUPon any or all of the
sources of knowledge, For example for a phrase spanning a
particular segment, an acoustic attribute may specify the words
in that segment) an attripute supplied by the syntax can Specity
a feature such as the voice (‘active’ or “passive’); an attribute
supplied by semantics can specity a semantic net Iinterpretation
buf{lt from the semantics of the conStituents) and an attripute
supplied by the discourse component can indicate a referent or an

irplied meaning.,



Factor statements tell hov to use these attributes in
determining the lixelihood that the phrase 1is a correct
{nterpretation of the input, The result of combining the factors
tor a particular phrase is called a score, The use of such
scores by the executive (n determining overall strategy (s
described below, Factors are nonbinarys since they can have a
range of values, rigid ‘yes’ or *no’ decisions do not have to be
rade {n assessSing the quality of a phrase, For example, the
closeness 0f the acoustic match may vary and this can be
Fetlected in the corresponding factor, Weak evidence from one
source of knowledge could lower the scoOre, while strong evidence
from another source could compensate for that and actually raise

the score,

In summary, a phrase (s a compobite |interpretation of a
particular portion of ¢the utterances, integrating contributions
from all televant Kknowledge sources, This means that each
portion of the input is interpreted and evaluated by the systenm
as fully as possible, as soon as possible, The system {8 never
faced with the problem of relating or combining fragmentary
theolies constructed (independently by different knowledge
sources, and evaluations made by different sources are
immediately merged to control and coordinate overall system
activity, For eXample, as Soon ab a def{nite noun Phrase is
found, the acoustic component checks the coarticulation of the
constituents, ‘the syntactic component checks for agreement in

featUres such as number, the SsSemantic component builds a
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representation of the meaning, and the discourse comporent looks

for a referent,

The following exampile {liustrates how Several Knowledge
sources are used together to interpret and evaluate phrases, The
rule gshown {s for the composition of a nouyn phrase such as ‘what
submarine® or ‘their submarines’ and illustrates the integratien

Q¢ acoustic, syntactic, semantic, and discourse information,

RULE,DEF NP7 NP = DET NOM)
ATTRIBUTES

STRING w APPEND(STRING(DET),STRING(NOM)),

NBR = GINTERSBECT(NBR(DET),NBR(NOM)),

CMU = GINTERBECT(CMU(DET),CMU(NOM)),

SEMANTICS = SEMCALL("SEMRNP7,SEMANTICS (NOM),
MOOD (DET),GCASE(DET), INTERPRETATION(DET)),

CISCOURSE = IF MOQD(DET) EQ "NEC THEN
DIBCALL("DISRNP7,8EMANTICS) ELSE "UNDEFINED,

INTERPRETATION s IF DISCOURSE NQ "UNDEFINLD THEN
DISCOURBE ELSE SEMANTICS:

FACTORS
COART = MAPPER(LASTWORD(DET),FIRSTWORD(NOM)Y),
NBR ® IF NULL(NBR) THEN OUT ELSE BK,
CMU = IF NULL(CMU) THEN OUT ELSE OK,
SEMANTICS s IF NULL(SEMANTICS),THEN QUT ELSE OK,
DISCOURSBE s IF MOOD(DET) N@ "DEC THEN OK ELSE
IF NULL(DIBCOURSE) THEN POOR ELSE
IF AMBIGUOUS(DISCOURSE) THEN OK ELSE GOOD;
END
The £irst attribpute statement ComPutes the STRING of the
regsultant phrase, wnhich i{s an acoustic attribpute indicating the
vords corposing this phrase, NBR (number) and CMU
(countemass=unit) are syntactic attriputes for the phrase, each

being derived from the Intersection of the corresponding,
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attripbutes of the constituents, The semantics attribute {s a
plece of semantic net that {s constructed from the semantics of
the constituents by the Ssermantic routi{ne (SEMRNP7) assoclated
with this rule, If the MOOD attribute of the DET constituent (s
"DEC, i{,e,, 1 declarative determiner, then the discourse routines
Will 100k for a refelent for the phrase in the di{alog context and
assign {ts semantic structure as the value of the attribute
DISCOURSE, The INTERFRETATION of the phrase (5 either the
referent found by discourse Or the semantic net structure in case

ne direct reference {s tound,

The factor statements use these attriputes in computing
contri{butions towards the secore fol the phlase, As has been
mentioned,; there {s a range of acceptaple values for factors,
For simplicity, symbolic values are used (VERYGOOD, GOQGCD, 0K,
POOR, BAD, and OUT), In the example Trule, there are factors
determined by each of the major knOwledge sources, 7The COART
factor reflects ap acoustic rest of the coarticulation of the
last vword of the determiner and the first word of the nominal,
NBR and CMU are syntactic factors that will elim{nate the phrase
if either attribute {is incompatible between the constituents,
The semantic factor wi{ll eliminate the phrase {f no semantic
interpretation can be formulated, While the current semantic
component does not have a metric for determining the 1likelihood
0ot an interpretation other than whether or not a sSemantic
representation can be built, it {s possible to introduce such a

metric and have the gemantic factors be nonbinary, The discourse
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tactor is nonbinary, 1t the determiner s declarative, the
discourse has tried to find a Treferent, 1lf no referent was
foynd, the factor is given a low valye, *POUR’, but the phrase is
not discarded, It several possible referents were found, the
phrase 15 kept and the sScore i3 not lovered because the ambigulty
can perhaps be resolved later, If just one referent was found,
it s taken as evidence that the phrase is a correct
interpretation ¢for that portion of the utterance and the factor

is given a higher valye °*GO0OD’,

The example discussed above shows how the language
detinition gystem can pbe ysed to integrate a varlety of knowledge
sources in a way that keeps the contributions and interactions of
the ditferent sources easglly visible, The representation
combines procedural information (in the expresgions for
calculating attripute and factor values) and declarative
information (in the constituent pattern) {n a form designed to
simplify the task of writing a large definition containing many
rules, Howeverl, befole The rUles can actually be uUsSed, they must
be converted to a different representation designed with
efticiency in mind, This translation {8 done by A language
definition compiler’ that constructs an internal representation
of the language definition that depends {n an intricate way on
the structure of the ‘executive’, the portion of the system
responsible for scheduling and controlling the various tasks to
be performed 1in constructing an interpretation of an utterance,

The operation of the execytive is tne subject of the rest of this
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paper,

The executive makes a distinction between the phrases being
built and the tasks required to build these phrases, A data
structure, called the ‘parse net’, Trepresents the growing
collection of phrases, and apother structure, called the ‘tasx
queuer, encodes the alternative operations avallable for taking
anothelr Step tovWard uUnderstanding the {nput, Each entrIv {n the
task queye specifies a procedure to be performed at a particuylar
location (node) i{n the parse net, The pelformance of SuUch a
procedure typically entails both modifying the parse net and
scheduling ne¥ tasks to make further modifications, Each task
has assoclated with {t a priority for performing it., The method

tor determining priorities is described below,

Tasks can {nclude lpoking for a new word or phrase to finish
an incomplete phrase (one missing some of its constituents) and
trylng to use a vord or completed phrase in a larger phrase,
This means that the system can work both ‘top down’ and ‘hottom
up’, because it can look in a goal=driven manner for missing
constituents of higher level phrases, and it also can accept
words from the acoustics to build into larger phrases in a
data=driven manner, As an example, consider the simple grammar
vith the following conposition patterns:

S s NP VP

VP = VP NP | VERB

VERB = own | lost
NP = they | the house | {t
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Assume that.the word “they’ has been found initially either
by the acoustics directlvy or as a resylt of confirming a
Prediction made by the language detinition, *‘They’ constitutes a
complete NP, This NP cah be put {nto the S rule, causing the
partially filled phrase *they VP’ to be added tc the parse net,
Already, Some of the attriputes and factors for the S rule can be
determined, and a score computed for this phrase, Bullding this
partial phrase leads to the creation of a new tagky to look for a
VP folloving the NP, That task in turn leads to two alternative
subtasks! look for a VP NP or laok for a VERB, Priorities tor
both these tagsks are computed and they are put on the task queue
to be processed, The executive then removes the next task from

the queue and continues,

In general, deciding which task to perform is o0f great
importance, because only a subset of the scheduled tasks will
actuUally Prove to be necessaryY to understand the inpbut; the
others will be ‘false steps” leading to dead ends, Ideally, in
deciding which task to do, the executive would always choose one
of the necessary tasks and never take a false step, The
utterance voyld be understood with the unnecessary tasks still
leftt {in the queue, To approach this ideal, the actual systenm
must spend some of its effort Iin choosing tasks, Such effort |{s
well spent if it produces a net decrease in processing time, In
other words, the efticiency of the system will be 1mpfovVed bY
decisions regarding the order in which tasks are performed, 1if

the cost of the decisions ig less than the cost of the false
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steps that would othervise have been taken, Since acoustic
Uncertainty {n speech understanding makes tne potential for
vasting effort on unnecessary operations particularly large, the
system can afford to carry out rather complex computations in
deciding what to do néxt and sStill obtain a large {mprovement {(n
overall efficiency, 1INh the current system, the decisions are
baged on the relative priorities assigned to the various tasks
vaiting {n the queUe, Tasks are associated with phrases, and
tagsk priorities largely depend on how {mportant the system feels

it {5 to pProcess the phrase,

In addition to the scores of phrases, vwhich combine a
variety of factors but gie independent of the larger sentential
context, the gsystem formg another assessment 0t the quality of
the phrase called the phrase ‘value’, which depends on the
conteXxt of proposed complete {interpretations for the entire
utterance, The phrasge value is an estimate of the highest score
for all possible {interpretations spanning the utterance that
include the phrase, The eftimate {5 computed by means of a
heuristic search of the gpace of possiple sentential contexts

established during the previous tasks performed by the executive,

The priofity of a task is {nitially set to the value ot its
associated phrase, but the priority (s lowered i{f the task
conflicts with the executive’s current ‘focus of activity’, The
phrase vajlue that determines the initial priority reflects an

evaluation of both the internal structure of the Phrate and {(ts
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tejation to its context, but it does not reflect its competition,
It a phrase has a high value, other Similar pPhrases are also
likely to have hlgh vallies, 1f values .alone determined
prior{ties, then even after successfully completing a phrase, the
system would tend to continue looking for minor variations in the
Same area rather thar moving on to look for ways to conStruct a
complete Iinterpretation, The “focus ©of activity” mechanism
provlides a way for phraseg to inhibit the executive from looking
for competing phrases that would necesSsarily replace them, This
focusing 1s brought about by lowering the priority ot tasks that
look for replacements for any of a Set of focus phrases,/until
the potential replacement promises ¢t0 lead to a significant
improvement in value for the final interpretation; The effect {s
to bilas the executive toward building up a complete
interpretation using phrases in focus Tather than exploring
competing interpretations that would not use focus phrases, 1f
the focus {s wrong, the attempts to extend it to & complete
interpretation w{ll be unSuccessful, Eventually a task that
conflictg with tnhe trocus willli Dpecome the highest priority
operation for the executive to paerform in spite of the blas
againgt 1it, Ags a result ¢the focus will be modified so that it
is consisgtent with the new task, and the executive will then

concentrate on uUsing the revised set 0r Dhrases,

In addition to calculating priorities of tasks on the basis
of phrase values and focus of activity, the executive must ensure

that the information gained through the performance of the tasks
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{8 used effectively, This is done by structuring the parse net
and the tasks that operate on it (n a ¥ay that brings together
related activities and coordinates them to eliminate duplication
of eftort, By avoiding duplication, the system reduces the {11}
effects of tne false steps it will inevitably take, Work done on
a talge path {3 not necessarily wasted, since it may produce a
PhraSe that can be uUSed in Some other Way, Forl example, a pPhirasSe
constructed as part of an uynsuccessful search for oneé type of
sentence may laterl appear (in the final interpretation as part of
a different Kkind Of sentence, Also, false steps are not
repeated, since the gsystem only makeg one attempt to build a
particular type of phrase {(n a palticular location {n the
utterance, regardlessg of how many larger phrases might include
it, Mistakes are inevitanle, but at least the system Wwi{ll not

make tnf same mistake twice in one parfa

To summarize, the language definition is designed to
facilitare the (ntegration of many knowledge sources, Rules in
the language definition contain attriputes and tactors from all
of these sSources, The attributes are Used to indicate particular
properties of phrases, and tactors then uUse these attributes to
determine the score of the phrase, The external representation
0f the language, designed for easy Use by peopPle, i85 converted by
a language definition compiler into an internal representation,
designed for efficient use by the executive, 1In a step by step
manner, the eXecutive uUSes this i{nformation to create, evaluate,

and combine phrases, The choice of the next operation to carry
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out takes the form of assigning priorities to alternative tasks,
Priorities retflect ©both the expected values of complete
interpretations tovward wnich the task Would lead and the relation
©of the task to the current focus of activity, Finally, the
entire process is organized so that {ntormation gained 1in
pertforming a task {5 shared and recorded in such a WwaY that 1t

does not have to be rediscovered,
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A TunNeABLE PERFORMANCE GRAMMAR

JANE J. ROBINSON
Artificial Intelligence Center

Stanford Research Institute
Menlo Park, California 94025

ABSTRACT

This paper describes a tuneable performance gramnmam
currently being developed for speech understanding, It shows how
attributes of words are defined and propagéted to successively
larger phrases, how other attributes are acquired, how ‘factors’
reference them to helb the parser choose anmong eom@etlng
deginitions in order ¢to interpret the utterance correctly, and
how these factors can easily be changed to adapt the gJrammar to
other discourses and contexts, Factors that might be classified
as *‘syntactic’ are emphasiZed, but the attributes they Treference

need not be, and seldonm are, purely syntactic,
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A performance grammar (PG) defines the form and meaning ot
the Kkinds of utterances that occur in spontaneoud dialog, When
the definitions of the grammar Rrovide information that helps a
parser choose those rules most 1likely to lead to correct
interpretations of utterances, the grammar is said to be ‘tuned’,
When the tuning {8 easily changed when the domain of discourse
changes, the grammar is said to be “tuneable’, The ability to
tune a grammar is particularly important {n speech understanding
wvhere the inherent uncertainty of the input causes false paths
through the grammar to be multiplled,

This paper describes a tuneable PG being developed Jointly
by SRI and SDC for a computer=based speech understanding systenm,
Its vocabulary and phrase types, setlected from protocols, are
appropriate for asking and ansvering questions about properties
of submarines, The PG now defines over 70 word and phrase
categories, Its scope extends far beyond syntax, A discourse
component enables it to nandle anaphora and ellipsis, as {in:
"What {s the surface displacement of the Latayette?,+.. What is
{ts draft?", and "What {s the length of the Latayette?,,., The
Ethan Allen?" K semantics component defines a common meaning for
Paraphrases, as in "the Speed of the Lafayé¢tte 18 30 knots"™ and
"the Latayette has a speed of thirty knots", (See Walker et al,,
197%5; Paxton and Robinson, 19753 Hendrix, 197%; Deutsch, 1975.)

Each definition composing the PG has three parts, The first
names a word category or a phrase category and provides a

context=free production for its composition, The second part,
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calied ‘attributes’, tells how to determine the properties of an
instance of the category, Any definition can reference nultiple
sources of Kknovledge~-acoustic, syntactic, semantic, discourse,
or pragratice=-for information needed to determine attribdbute
values, The third part, ‘tactors’, defines scores for
combinations of attributes, indicating howv well they ‘“fit’, It
18 through ¢factor scores that the grammar s tuned, The
{ndividual scores are combined {nto a composite score vwhich (s
used by the parser to choose among conmpeting parsings, A
purported instance of the detini{tion vwith a scote of OUT for any
tactor (s {mmediately elinminated; a lowv gcore may eliminate a
parsing pathsy a high score enhances the priority of a parsing
path that applies the defi{nition’

Our mnemonic terms for factor scores gre VERYGOOD, GOOD, OK,
POOR, BAD, and OUT, These are estimates of likelihood, They are
necessarily vague, becavuse ve are dealing with gradual phenomena
and probabilistic tendencies, They mean something like "gquite
likely", "expected”, *ordinary”, "odd but pessible”,
"unlikely==listen again”, and "so special that we do not define
it*, R{gid, vprescriptive Jjudgments are avoided, Combining
"toot"™ with "eg" as a plural noun (s indeed wrong and therefore
OUT, On the other hand, "fuel" does conmbine with plural "es”
vith the specialized meaning "kinds of fuyel", At present,
"tuels", like "foots" {s judged to be OUT for our language, but
this judgment can easily be altered, tf we f£ind that our language

Users refer to kinds of fuel as "fuels",
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8ince factor scores can be changed without affecting the
rest of the definition, the gqrammar is tuneable to different
discourse domains and styles of speaking, Also, if one factor
defines a low score for an instantiation, others may still raise
the coemposite score, A statistically improbable phrase that
makes sense and {8 uttered intelligibly should not be unduly
difticult to recognize and interpret,

The rest of this paper examines sequences of definitions
required for parsing and understanding a typical utterance, We
begin with word definitions, and show how the attributes of words
are propagated to successively larger phrases, how other
attributes peculiar to higher~level phrases are added, and how
factors reference them in tuning the grammar,

Preceding discourse and underlying semantic distinctions
constrain the surface syntax of an utterance, Because
superficil] syntactic properties signal those constraints, it 1is
often economical to use syntactic factors in order to discontirm
& wrong parsing path or confirm a correct one, avoiding Zalls on
semantics, discourse, and adoustics for expensive ({ri~depth
evaluations, For example, 1f sSomeone Says "fuel supplies®, we do
not want the parser to explore {n depth the application of rules
that builld a plursl noun-phrase from "fuel 8,,." without
considering an alternative definition in which "fuel" s a
noditier of & countable nominal beginning with "s", -To this end,
we include a factor that checks the countableness of "fuel" by

referencing a count/mass/unit (CMU) attribute, which i syntax
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oriented but essentially semantics based,

Examples of some useful syntaxeoriented attributes defined
for the word category N (noun stem) appPear i{n (i) belov, Every N
has a value gor the CMU attribute drawn from the set (COUNT MASS
UNIT), Ns with ¢the CMU value UNIT (such as "foot", "ton",
"knot") combine easily with plural suffixes and  number
expressions (e.Gessr "two Knots", "five feet"), but not so well
vith definite determiners ("those twe Xknots"), or genitive

suffixes ("the ¢twenty knots’ speed")., (Ct, "the Ethan Allen’s

speed",)

() WORDS,DEF N
FUEL CMU = (MASS);
rooT CMU = (UNIT), PLSUFF = NO,
LAFAYETTE CMU s (COUNT)}
SURFACE,DISPLACEMENT CMU = (COQUNT), RELN = Ty
TON CMU = (UNIT)y

Like the CMU attribute, the RELN attribute s essentially
semantic, It marks such vords as "surface displacenent",
"speed". "length", and "draft" as special ‘relational’ noun
words, Syntactically, relational Ns do not combine readily with
plural suffixes and number expressions, and when they do, the
meaning {s specilalized, To some deglee, they are like mass Ns;
"three speeds" (three rates of speed) (s analogous to "three
fuels" (three kinds of fuel), However, "a speed o0f twenty knots"
i3 acceptable, vhile "a fuel of two tons" (s {1l formed,

The attribute PLSUFF distinguishes 4irregular plurals 1like

“foot", Unlike the CMU and RELN attributes, {t {s purely



24
syntactic,

Attributes affecting the ability to combine with the pluyral
suggix "es" are referenced in the two composition rules of (2),
defining the category NOUN, The attribute statements propagate
the attributes of the stem, adding a number attribute (NBR), The
girst factor of N1 references the CMU attribute and states that
{2 the value s MASS, then the score i3 GOOD, This judgment
incorporates our knowledge that the other rule, N2, cannot apply
to mass noun=stems, 1f the token is & mass nouUn-stem, Ni is the

right composition rule to apply.,

(2) RULE,DEF Ni NOUN = N)
ATTRIBUTES
CMU,RELN,PLSUFF FROM N, NBR = "(8G))
FACTORS

CMU = IF CMU EQ "(MASS) THEN GOOD ELSE OK,
RELN = IF RELN EQ "T THEN GOOD ELSE OK,
PLSUFF = IF PLSUFF EQ "NO THEN GOOD ELSE OK;

EXAMPLES
SURFACE DISPLACEMENT, FOOT, FUEL (GOOD)
SUBMARINE (OK);

RULE ,DEF N2 NOUN = N =PLy
ATTRIBUTES
CMU,RELN,PLSUFF FROM N, NBR = "(PL);
FACTORS

PLSUFF « IF PLSUFF EQ "NO THEN OUT ELSE 0K,

CMU = IF CMU KQ "(MASS) THEN OUT ELSE 0K,

UNIT = IF ®UNIT IN CMU THEN GOOD ELSE OK,

RELN = IF RELN EQ "T THEN PQOR ELSE 0K
EXAMPLES

FOOT -85, FUEL -8 (QVUT), TONS (GOOD)

SURFACE DISPLACEMENTS (POOR), SUBMARINES (0K))

Like the CMU factors, the PLSUFF factors enhance the score
tor applying Ni to stems that do not take a plural suffix and

constrain N2 not to apply. A RELN factor enhances the score when
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subrarine®, "those fuels" and accept "vhat fuel" as 0K, while
"which tons" and “"that dratt of five feet" are POOR, Factors for
NP1l eliminate "a fuel", "a dratt of the Lafayette®, and "a
submarines") accept "a submarine®, "4 ton", "the submarine", and

"the submerged speed", and scorle "the ton" and "the dratt of five
feet" as POOR,

(3) RULE,DEF NP4 NP = NUMBERP NOM)

ATTRIBUTES
FOCUS = "INDEF, MOOD,NUM FROM NUMBERP, RELN FROM NOM,
NBR = GINTERSECT(NBR(NUMBERP),NBR(NOM)),
CMU = GINTERSECT(CMU(NUMBERP),CMU(NOM)))

FACTORS
CMU s IF NULL CMU THEN OUT ELSE OK,
HUN s IF FSTWD(NUMBERP) IN *(HUNDRED THOUSAND MILLION)

THEN OUT ELSE OK,

NBR = IF NULL NBR THEN OUT ELSE OK,
UNIT = IF "UNIT IN CMU THEN VERYGOOD ELSE OK,
RELN s IF RELN EQ T THEN OUT ELSE 0K,

RULE,DEF NP7 NP = DET NOM;

ATTRIBUTES
FOCUS = "DEF, RELN FROM NOM, MOOD FROM DET,
CMU & GINTERSECT (CMU(DET),CMU(NOM)),
NBR s GINTERSECT(NBR(DET),NBR(NOM))}

FACTORS
CMU = IF NULL CMU THEN OUT ELSE OK,
UNIT = IF WUNIT IN CMU THEN POOR ELSE OK,
NBR - IF NULL NBR THEN OUT ELSE K.

RULE ,DEF NP11 NP = ART NOM;
ATTRIBUTES
RELN FROM NOM, FOCUS FROM ART, MOOD = "DEC,
CMU = GINTERSECT(CMU(ART),CMU(NON)),
NBR = GINTERSECT(NBR(ART),NBR(NOM));
FACTORS
CMU s IF NULL CMU THEN OUT ELSE OK,
NBR s IF NULL NBR THEN OUT ELSE 0K,
UNIT = IF “UNIT IN CMU AND FOCUS EG "DEF
THEN POOR ELSE GOGD,
RELN = IF RELN EQ T AND FOCUS EQ "INDEF AND
CMU EQ "(COUNT) THEN OUT ELSE OKj

In each definition, a UNIT factor references the CMU
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attribute of the NP, If the value is NIL, the definition is not
applicable, If UNIT (s a value, then the UNIT factor for NP4
scores the application as VERYGOOD, There are two reasons for
this judgment, Number axpressions are typlically found with unit
expressions to form meaSure expressions, and Units are more
l1ikely to occur with indefinite than with definite focus, as the
preceding exanples ("twenty Knots™ and so on) have i{ndicated,

Since the focus for NP7 is &lways definite, the UNIT factor
decreases the score for applying it when the UNIT value appears
in the CMU attribute, For NPii, the UNIT factor scores the
application GOOD {¢f ¢the article is "a" a&nd UNIT appears in the
CMU values, but POOR {f the articie 1s -che",

NP4 applies especially vell to instances {h which units are
present, but does not apply at all if the head of the nominal
constituent (s a RELN stem, 1In discourse about washing macnines
and bicycles, "three speeds™ might occur in an ordinary way, but
gor our current discourse, we do not anticipate such a
combination, Certainly, we 10 not expect "three surface
displacements®,

such constraints relieve the need for detajled analysis,
For {nstance, assume that the scoustic mapper has tentatively
offered both "submarine" and "submerged speed" as acoustically
plausible alternatives for £111ing the gap in the partially
analyzed phrase "three e=e=«~e« «g of the U,8, Navy", This i{s not
improbable since "submarines® and "submerged speeds” resemble

each other in many vays, They both start with "s"; thelr first
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éyllanles have central vowels; their last syllables have high
front vowelshs and so forth, I1f NP4 is to be applied, however,
the RELN tfactor wil) resolve the doubt in favor of "submarine®,
and there will be no need to test {in depth how well "submerged
speed"”™ maps onto the acoustic data or £its the semantic and
discourse constraints,

The UNIT tactor of NP1l guides the choice between ™a" and
"the", where acoustic evidence for a choice {s typically lacking,
Semantically, "a"™ resembles "one" in its ability to combine with
numbers and unitss; e,g,y "one ton", "a ton", "one hundred", "a
hundred", If the instance of the NOM is "ton", "foot", "Knot",
or some other singular expression with the value UNIT for its CMU
attribute, then "a" i{s judged to be more likely than "the", On
the other hand, if the NOM is “fuel® or "submarines”", the article
cannot be "a", The CMU attribute for “ar is (COUNT UNIT), which
does not intersect with the value (MASS) of the CMU attribute tor
"tuel™; the NBR attribute is (SG), which does not intersect with
the value (PL) for "submarines", The factors referencing these
attributes rule out application when the intersection is NIL,
These are typical syntactic agreement tests,

As longer phrases are bujlt up, the varjous attributes
interact in other ways, For instance, the syntactic¢ properties
of relational expressions depend on which aspect of the relation
is present in an accompanying prepositional phrase,
Prepositional phrases have the attributes of their NP objects,

When a prepositional phrase modifies a noun with <the RELN
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attribute, tha CMU attribute for the resultant phrase (s defined
by taking the union of the values ¢for the two nominal
constituents, As a result, phrases like "surface displacement of
the Lafavette"™ have the value (COUNT) and those like "surface
displacment of seven thousand tons" have the value (COUNT UNIT),
The difference in values marks the fact that the tvo examples do
not £it witn equal ease in all syntactic anvironments, It s
reterenced in the UNIT and. RELN tactors 4in (3) above, to
influence the choice between the two articles, which are seldonm
distinguished c¢learly by sound, The rule is tuned to prefer
"the® {n the absence of the UKRIT value; as {n “the surface
displacement of the Latayette”, and "a" when it is present, as in
"a surtace displacement of Seven thousand tons", "A surtace
displacment of the Latayétte”, which i{mplies the possidility of
having mnore than one surtace displacement, {8 Truled oyt
completely,

NPs also have a MOOD attribute, derfved from their (initial
constituents, It {3 either declarative (DEC) as 4{n "this
submarine®, or WHeinterrogative (WH) as {n "which submarine",
The WH value is propagated to the larger phrases {n vhich NPs are
constituents, Sentences (5) and utterances (U) take the value
gor their MOOD attripbute ¢from an {initial NP, Qur current
vocabulary does not include verbs like "knov" and "tell", which
can embed WH questions like "Do you know what the Surface
displacenent is?" For the time being, ve assume¢ that noninitial

poun pnrases are not likely to have the value WH for MQOD. Echo
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questions, e.¢9.r "You 3aid vhat?" are not ruled out, but have

lower scores,

The convergence of many attributes at the higher levels of
phrase composition makes possible many discriminatory judgments,

Some of them are shown in (4),

(4) RULE,DEF 83 S = NPINP1 AUXB NPiNP2,

ATTRIBUTES
MOOD,FOCUS,CMU,RELN FROM NPi,
AFFNEG FROM AUXBj

FACTORS
NBRAGRY = IF CMU EQUAL "(UNIT) THEN
(IF NBR(AUXB)EQUAL "{S8G)THEN OK ELSE OUT]ELSE
IF GINTERSECT(NBR(NP{),NBR(AUXB))THEN OK ELSE OUT,
NBRAGR2 = IF CMU(NP2) EQUAL "(UNIT) THEN OK ELSE
IF GINTERSECT(NBR(NP2),NBR(AUXB))THEN OK ELSE OUT,
FOCUS = IF FOCUS(NP1) EQ "INDEF AND FOCUS(NP2) EQ "DEF
THEN POOR ELSE 0K,
GCASEL = IF GCASE(NP1) EQUAL "(ACC) THEN OUT ELSE 0K,
GCASE2 = IF GCASE(NP2) EQUAL "(ACC) THEN OUT ELSE OK,
MOOD1 s IF MOOD EQUAL "(WH) THEN GOOD ELSE OK, \
MOODZ2 s IF MOOD EQUAL "(WH) AND MOOD(NP2) EQUAL " (WH)
THEN POOR ELSE OK,
AFFREG = IF MOOD EQUAL "(WH) AND AFFNEG EQ "NEG THEN
BAD ELSE 0K,
RELN = IF-RELN EQ "T AND CMU(NP2) EQUAL "(UNIT)
THEN VERYGOOD .ELSE 0K,
PERSAGR = IF GINTERSECT(PERS(NPi),PERS(AUXB))
THEN OK ELSE OUT,

EXAMPLES
THE LAFAYETTE IS8 A SUBMARINE (O0K)
THE LAFAYETTE I8 SUBMARINES, WHAT IS THEM (OUT)
A LAFAYETTE IS8 THE SUBMARINE (POQR)
THEM ARE SUBMARINES, IT AM A SHIP (OUT)
WHAT I8 IT, WHAT I8 THE LENGTH (GOQD)
HOW MANY ARE WHAT (POOR)
WHAT ISN’T THE .SURFACE DISPLACEMENT (BAD)
THE SURFACE DISPLACEMENT IS 7000 TONS (VERYGOOD);

The PERSAGR (person-=agreement) factor tests for agreement

between the so=called pronouns and the auxjiliary constituent
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The two grammatical case factors, GCASE1 and GCASEZ2, require that
the grammatical cases of the two NPs are not accusative, These
traditional syntactic agreenment tests block application of the
composition rule to putative expressions like "{t are” and "they
is*, "Them {s" {s doubly blocked,

Some of the remalning factor statements 4{n (4) are less
traditional, One of these is the AFFNEG factor, which reterences
both the MOOD and AFFNEG attributes and reduces the score greatly
it the instance (s purportedly & negative WH question like "what
isn’t the surface displacerment?” Genuine requests for negative
information ocecur in highly circumscribed situations, The
rhetorical question {s not a genuine request for {nformation
(e.%¢s "Who wouyldn’t lixe to be rich and famous|"), "Who {sn‘t
here?" {8 reasonable only {f there i{s an established and 1limited
l1ist of people who are expected to be present, as in & classroon,
"What {sn’t your name?" and "Where don’t you live?" are patently
absurd,

The constraint on negative WH questions is essentially due
to pragrmatic torces as well as semanticC ones, Similar forCes are
at work {n observed tendenci{es for the first NP {n the
composition defined by 83 to be indefinite Iin focus only when the
second one is also, S8tated oversimply, {n coherent discourse,
the things already talked about==the "old" {nformation==tends to
come girse, What is predicated about {it==the "new"
informatione-tends to follovw, 014 {nformation is information

that has already been talked about and established in tnhe



32

discourse, so that {t is likely tec be encoded in definite noun
phrases, These are likely to be in subject position, sc that the
sentence they {ntroduce (s consistent with preceding sentences,
New {nformation tends to be ({ntroduced in {ndefinite noun
phrases, The next mention of the "same thing” will then be old
information, eligible for definite ¢focus, Consequently, "A
Latayette s that submarine® seems peculiar, relative to "That
submarine {s a Lagayette®, "A Lagayette {s {t" {s still more
peculiar, These discourse=-based probabilistic tendenciés are
expressed in the FOCUS tactor of 83,

The CMU attribute, as previously noted, s not pu==~ly
syntactic, On the other nhand, matters like number agreement have
alvays been central to syntax, It is particularly dinteresgting,
theretore, that the number agreement constraints for 83 cannot bhe
properly stated vwithout appealing to CMU, To state nunmber
agreement coenstraints, Ns denoting units must be marked
separately. Sentences like "These are a submarine”, "These {5 a
torpedo tube”, "These iz missile launchers®, and "This are gubs”
are clearly ungrammatical, and the ungrammaticality is usually
attributed to the fact that one of the constityents differs in
grammatical number from the other two, However, "The surface
displacement {5 seven tnhousand tons" {8 whollY grammatjical even
though two of the constituents are singular and the third 1s
plural, Such use of semantic attributes in syntactic factors
points to the conclusion that the integration ot {nformation from

different sources of knowledge iz well motivated on both
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linguistic and heuristic grounds,

Because of the high frequency of WH questions {n the
protocols from which the vocabulary and phrase types vere
selected, the PG is nov tuned to expect them, A sentence defined
bY S3 receives a higher score from the MOODi factor {f¢ {(ts MOOQD
is WH, This tuning can easily be changed vwi{thout altering the
syntax or semantics of the language, If the user both extracts
data from the data Dbase and enters data {(nto {(t, with no
predictable pattern of alternation, factors like MOOD1 can simply
be removed., A more {nteresting alternative s to TreSet then
dynamically {n a discourse context where the computer sometimes
agks questions for the user to answer, After each user question,
the grarmar could be tuned to expect g declarative Utterance

vhose syntax and semantics wvere appropriate and relevant,
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ABSTRACT

The gsemantic component o0f the speech understanding system
being developed Jointly by SRI and SDC rules out phrase
combinations that are not meaningfu]l and produces8 Ssemantic
interpretations for comblinations that are., The system consists
0f a2 semantic network mode]l and routires that interact with {t,
The net ig partitioned {into a set of hierarchlcally ordered
subnets, facilitating tne encoding of higher=-order predjicates and
the maintenance ©0f nmultiple parsing hypotheses, Composition
routines, combining Utterance components into Dhrases, consult
network descriptions of prototype situations and surface-to-deep-
cege maps, Outputs from thegse routines are network fragments
consi{sting of Eeveral supbnet® that In aggregate capture the

interrelationships between a phrase®s syntax and semantics,
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OVERYIEW

This paper describes aspects of the serantic corponent of
the speech understanding syster currently bei{ng developed jointly
»y SRI and SDC., (For a corprehensive discussion of nonacoustic
portions of¢ this system, See Walker et al,, 1975,) The sermantic
component congists O0f two major parts: a semantic network codling
a model of the task dorain and a battery of semantic composition
routines (SCRg) that are coordinated with the language definition
(roughly, the "grammar”™ gor the speech uUnderstanding system; Ssee
Paxton and Robinson, 1975, and Robinson, 1975), This paper
concentrates exclusively on the {nterplay between these two major
parts during parsing. However, the semantic component also plavys
{mportant Troles in knovledge management, diScouUrse analysis,

prediction, and question ansvering,

An SCR {8 called with network representations of components
that the associated language definition rule hag found to be
syntactically capable of combining to form a larger phrase,
Us{ing knowledge ¢trom the Semantic net, the SCRs eliminate
combinations that, although syntactically acceptable, do not meet
semantic criteria for meaningful unification, For combinations
that are acceptable, the SCRs build network structures to
repregsent the meaning of the composite phrase, using the network
structures of the components as bullding blocks, These net
structures are constructed so that (1) multiple hypotheses

concerning the proper {neorporation of a given Utterance
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constituent {n larger phrases may be encoded simultaneously in
one net, (2) competing users of a constituent may share a single
network structure Trepresenting the constituent, and (3) the
association between each syntactic unit of an {nput and 1{ts
translation image {n the network is explicitly encoded for use in

discourse analysis,

THE SEMANTIC NETWORK

The semantic network is the principal {nformation source for
SCRs, encoding such diverse oentities as objects, situations,
categories, taxonomies, definitions, and quantified statements,
Network structures indicating possible relationships Dbetween
objects are used to determine the meaningfulness of Dphiase
combinations, while the network itself serves as the medium for
tecording interpretations of utterance fragments during parsing.
The structure of this network differs from that of conventional
nets in that nodes and arcs are partitioned into "spaces", These
spaces, playing in networks & Trole® roughly analogous to that
played in strings by parentheses, group information into bundles
that helpP to condense and organize the network’s knovwledge, An

introduction to net partitioning is provided elsewhete (Hendrix,

197%).

An {llustrative portion of the permanent Kknowledge section
of the semantic network is depicted in Figure i1, In the upper
left corner {s.node ‘U’, representing the unjiversal set U, To

the right is node “PHYSOBJS’, representing the set PHYSOBJS of
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physical objects. That PHYSOBJS is a subset of U {5 indicated by
the searc from “PHYSOBJS® to ‘U’, A subset of PHYSOBJS is BSUBS,
the set of all submarines, A particular element of 8SUBS, as

indicated by the e-arc from ‘DOLPHIN’ to “*SUBS’, is tne DOLPHIN,

The DOLPHIN i{s a partic¢irant in a particular situation, HB,
the sgituation in which the DOLPHIN has a beam of 19 feet, HB {s
an element of <HAVE,BEAM>, the set of all gituations in which a
physical object 1s characterized by a measure of its breadth,
Certain outgoing arcs from a node representing a situation are
ugsed to specify situation attributes through deep semantic cases,
For examplie, the outgoing obj~arc from “*HB’ specifies <the Value
0f the "objy" (object) attribute of HB to be DOLPHIN, Hereatter
the notation "#8obj" will be used to indicate "the valUe (%) of
the attribute (@) obj,”

The network of Figure | has been divided into five spaces,
kS, S84, 85, 86, and 87, Plctorially, each of these spaces {3
tepreSented by & box, The most global information in the network
is encoded in space K8 (the outermost box, sometimes called the
"Knovledge Space™) which includes such entities as nodes ‘U’ and
“PHYS0BJS’ and the s=-arc connecting them, The boxes representing
spaces 84 through 37 may be thought of as holes in the boXx of K8,
Paralleling ¢the relationship between an inner and an outer block
of an ALGOL program, each of these sSpaces specifies a more Jocal
area of the net than is specified by KS§, From the perspective ot

85, for example, it {s possible to access both local node “*P’ and
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(relatively) global node ‘PHYSOBJS’, However, from K8 the nodes
and arcs inside 85 are not accessible, The hierarchy of space
localization may be represented by a partial ordering such as
that of Figure 2, From any space &, the nodes and arcs are
accessible that 1lie in 8§ or {n any space §° above 8 {n the
hierarchy., For example, from 53 only nodes and arcs in 83, 8§82,

S{, and KS are accessible,

Pictorially, it may be necessary to dray an arc cressing box
boundaries, In such cases, the arc belongs to the space (or
spaces) {n whose box the _arc label is written, Spaces may
overlap, For example, in Figure i, node *ED,HB’ lies in both
space §4 and space 5%, Further, a space may serve as a node in a
more ¢global space, Both %4 and S5 behave a8 nodes in KS and are

connected by a conse~arc (consequence),

51 52 '}4]

s9

S/ 3804 14

FIGURE 2 SPACE LOCALIZATION HIERARCHY
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Typically, localized spaces such as S4 and 85 are used to
encode higher=order "predicates," such as quantifiers, logical
connectives, and hypothetical data, Here, 54 and 5% are used to
encode an {mplication, The space 54, douybling as a node {n space
K8, 15 connected by an e=arc to “<IMPLY>’ and by a conse=ar¢ to
*s8%°, The {nterpretation of any element of set <IMPLY> {s that
{f entities can be found matching the structure of the element
space, then the existence of entities matching the structure of
the associated conse space may be inferred, The only structure
encoded 1in element space S4 is a node (*ED,HB’) with an e-arc to
‘<¢HAVE ,BEAM>’, This structure matches any concrete instance of
<HAVE ,BEAM> (such as HB), Thus, for any instance of <HAVE,BEAM>,
entities matching the structure of S5 must exist, The Structure
of 85 indicates that the element of <HAVE,BEAM> will have a
#éobj, which is an element of PHYSOBJ3, and a %@measure, which {s

an element of LINEAR,MEASURES,

The implication encoded by 54 and 55 Serves to delineate the
set <HAVE,BEAM>, That {s, the implication indicates all the
attributes (deep cases) of a <HAVE,BEAM> gituation and their
ranges of acceptable values, This delineation may be used during
parsing to test the plausibility of a given group of entities
being united in a <HAVE,BEAM> situation or, in a predictive mode,
to suggest possible sentence participants, S8uch de11neatxohl are
encoded for every situation and event set known to the system, a

second example in Figure 1 being the delineation of set <BUILD>,
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THE SYSTEM IN ACTION

The use of the SCRs and semantic network in translation may
be seen by considering the parsing ot

"Ihe power plant of the sub was built by Westinghouse,"
The ult{mate result of the translation process for this utterance
is the netwerk structure recorded in the SCRATCH space of Figure
3, Structures representing new {nputs are constructed {n a
scratch space (or spaces) to prevent them from becoming confused
with the system’s Permanent knovledge (recorded in K8), 8ince
the system understands new {nputs by appealing to previous
knowledge, there are many links, in the form of e=arcs, from the
SCRATCH space into K8, (Notet!: Only a fragment of K5 {5 shown in

the varjous figures of this paper,)

KS

<HAVE PART>) (POWER PLANTS
[} [ [} [}

e e SCRATCH
B
% e
@
SA-3804-35

FIGURE 3 PARSE TARGET STRUCTURE FOR "“THE-POWER-PLANT OF THE-SUB WAS-BUILT
BY WESTINGHOUSE"
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The interpretation of the network in the SCRATCH space is as
followst Node ‘B’ represents an element of the set <BUILD> of
building events in wnivn a #@agt W built a #2ebj P, The agent W
of the bullding event is an element of the set of WESTINGHOUSES,
The #8obj built by W {8 P, an element of the set POWER,PLANTS,
According to node ‘H’, this power plant is the #s@subpart in a
<HAVE ,PART> relationship in which S, the particular member of
SUBS currently in context, is the #@suppart (superpart),
Discourse analysis mechanisms discussed in Deutsen (1975) and,
more fully, {in wWalker et al, (1975) will be used toc associate W
with the unique Westinghouse Corporation known to the Ssemantic
net in space KS§, The other definite NPs ("the sub™ and "the

povwer plant of the sub") will likewise be resolved,

To "suppress secondary details while considering the building

of this structure, assume ¢the nighly simplified language

definition:
Grammar Lexicon
Rl 5 => NP VP NPy the=-powereplant,
R2s NP => NP PREPP the~sub, Westinghouse
R3s VP s> VP PREPP VP: was=built
R4s PREPP => RREP NP PREP: of, by

(Note: "thewpovwer=plant" s not treated as an NP §n the actual
systenm, Rather, NOM "pover plant" is first combined with PREPP
"of the sub" and only aftervard is "the" appended to produce the

NP "the power plant of the sub",)



In the translation process, spaces are created to

the

total utterance,

semantics
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These spaces are shown {n Figure 4

arrows indicating the space hierarchy,
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MULTIPLE SCRATCH SPACES FOR “"THE-POWER-PLANT OF THE-SUB WAS-BUILT
BY WESTINGHOQUSE"
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At the start of processing, space K8 contains Kknowledge
about pover=plants, <HAVE ,PART> Telationships, submarines,
<BUILD> events, anéd Westinghouse, On spotting the noun phrase
"the=power=plant®, an SCR is called to set up a space, NP1, below
KS in the partial drdering, Within this space, a structure {is
created representing the meaning of "the=powere-plant®,
Bimilarly, riev spaces are set up to encode the other Sentence

constituents that correspond to explicit lexical entries,

AsS the parser groups subphrases into larger units, SCRs are
called to aid in the process, Using rule R4, PREPP!1 ("by") and
NP3 ("Westinghouse") are ¢combined to form  PREPP1 ("by
Westinghouse"), * PREPP! s allcocated {ts own space, put no new

structures are created within {t.

When syntactic considerations suggests combining VPt
("was=builit") with PREPP1, the appropriate SCR {s called,
Consulting a surface~to=deep=case map associated with the lexical
entry for the verb "build", the SCR determines that a "by" PREPP
follovwing the verb often gignals the deep agt case {n a passive
construction, Operating under this hypothesis, the BCR checks
the Voice of VP, Passing this test, the SCR next checks the
semantic feasibility of the NP of PREPP]1 gerving as the séagt in
a <BUILD> event, To d0o this, the SCR Consults the #@delineation
of <BUILD> in space K8 (see Figure 1), The delineation is

encoded as an <IMPLY> situation in terms of spaces 86 and 87, As
digscussed earlier, this delineation indicates that any Qeaqt'ot a
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<BUILD> situation must be an element of LEGAL,PERSONS, The
candidate for the #8agt position {s W of space NP3, Since W {3
an element of WESTINGHOUSES and WESTINGHOUSES (s a subset of
LEGAL,PERSONS, W s accepted, A construction such as "built by

the sybmarine" would have been rejected,

Onece VPl and PREPP! have passed the acceptability tests, a
nev space, VP2, is constructed to encode the resultant VP, This
new gpace links node ‘B’ of VP{ with node *W’ of NP3 via an
agt=arc, This new arc s accesgible only from space YP2 (and
lower spaces in the hierarchy) and i{s not accessible from either
VPL or NP3, This leaves the compPonents encoded in VP! and NP3

free to combine in alternatives to VP2 {f need be,

Continuing the parse, NP2 ("thewsub") is combined with VP2
("was-built by Westinghouse") to form Si, after passing tests
similarl td thoSe above, The obj~arc 1linking the constituent
phrases of §1 is contained (n space S! and hence s inaccessible
from the spaces of the constituents. Notice that the construce
"the=sup vwas=built by Westinghouse" which is encoded by 81 is a

spurious interpretation of utterance components,

Using rule R4, PREP "of" maY be combined with NP2 to form
PREPPZ2, The network structures accessible from PREPP2 do not

include the (spurious) obj=-arc from ‘B’ to “85° that lies in space
81,

When the syntax of rule R2 suggests combining NP{ and PREPP2
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to form a new NP ("theepower~plant of thee-sub"), an SCR {is
called, This SCR checks NPl to see if it s relational in nature
(as is "beamn" {n "beam of the Dolphin") and hence expecting an
argument to be supplied, 8ince NPl fails this test, the 8CR
checks the properties of the PREP "of" and discovers that it may
be used to encode <HAVE,PART> situations, Calling upon the
delineation of <HAVE,PART> and appropriate surfacesto=deepecase
mapss, the SCR determines this to be a legitimate interpretation
and hence Dbuilds space NP4 with a node “*H’ and three arcs as
shown, While these new constructs are accessible from space NP4,
they are inaccessible from constituents NP1 and PREPP2 (and NP2).
Furthermore, they cannot be accessed from spurious space 51

henCe the construction of NP4 has not Altered the Vvie¥ of the net

from Si,

Using rule Ri, 52 {s constructed from NP4 and VP2, In
addition to the ebj=arc contajined in space 32 {tself, the view of
the net from 52 {ncludes all the {nformatfion accesfible ¢from
either space NP4 or space VP2 and hence is identical to the view
from space SCRATCH ot Figure 3, Since the Parse corresponding to
space S1  does not successfully account for the fragment
*the=power=plant of", it is rejected, and 82 {5 accepted as

expressing the meaning of the input,

The partial ordering of spaces from S2 to KS indicated in
Figure 4 {s identical to that represented more clearly in Figure

S, which, because of the choice of space labels, may be
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recognized as the parse tree of the input sentence, The syntax
of the {nput and the association between each syntactic unit and
its corresponding semantics has therefore been captured in the

structures built by the SCRs,

NP1 PREP2 NP2 VP

N/ N/
\

PREPP2 FREPPY

SL 2B04-23F

FIGURE 5 SPACE HIERARCHY ABOVE 52

DISCUSSION

Partitioning (s a recent innovation in semantic networks,
As shown apove, this nev feature enables networks to maintain
alternative hypotheses (e,9.,, 8! and 82) concerning the use of
Utterance constituents and enables such competing hypotheses to
share network subparts (e,q9,, VP2), Without partitioning, the
back=linked nature of networks causes a constitUent to be altered
wvhen it {s {ncorporated {nto a larger unit and hence renders it
unusable {n alternative constructions, The highly ambiguous

nature of acoustic {nput makes these abi{lities Yo maintain
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alternative hypotheses and share substructures especially

important in speech understanding,

Partitioning also allovws selected portions of a network to
be associated with syntactic units, showing the correspondence
between network entities and the syntactic structures that were
used to communicate thenm, s discussed {n the section on
"Discourse Analysis and Pragmatics” in Walker et al, (1975), this
association {s crucial {n analyzing the elliptic utterances that

are so characteristic of speech,

Reterences

Deutsch, Barbara G, Establishing Context in Taske-Oriented
Dlalogs, Presented at the Thirteenth Annual Meeting of the
Association for Computational Linguistics, Boston, MassaCchusetts,
30 October « §{ November 1975,

Hendrix, Gary G, Expanding the Utility of Semanti¢ Networks
Through Partitioning, Advance Papers of the Fourth International
Joint Conference on Artificial Intelligence, Tbi{lis!i, Georgla,
USSR, 3-8 September 1975, 115«1{21%,

Paxton, William H,, and Robinson, Ann E, System Integration
and Control for Speech Understanding. Presented at the
Thirteenth Annual Meeti{ing of the Association for Computational
Linguistics, Boston, Massachusetts, 30 October = { November 1975,

Robinson, Jane J, A Tyneable Performance Grammar,
Presented at the Thirteenth Annual Meeting of the Assoclation for
Computational LingGistics, Boston, MassaChusetts, 30 October = |
November 1975,

Walker, Donald E,, et al, Speech Understanding Research,
Annual Report, Project 3804, Artificial Intelligence Center,
Stanford Research Insti{tute, Menlo Park, California, June 1975%,



American Journal of Computational Linguistics  wicroricne 34 : 45

SPS : A FORMALISM FOR SEMANTIC INTERPRETATION AND ITS USE
IN PROCESSING PREPOSITIONS THAT REFERENCE SPACE

NORMAN K. SONDHEIMER AND DOYT PERRY

Department of Computer and Information Science
The Ohio State University
Columbus, OChio 43210

Introduction. This paper presents a formalism called Semantie Processing

Scheme, SPS, for use in describing semantic interpreters. SPS is a rule-based
system with a rule-ordering scheme that can produce deep case structures

from phrase-structure trees. It was originally developed to demonstrate

how English prepositions, such as "up", "down", and "through", which refer-
ence location, motion, and orientation in space could be semantically
interpreted. This paper presents SPS in its current form and shows how it

can handle these prepositions, called the lotative prepositions.  SPS 1s

continuing to be used in studies of semantic processing.

Computational linguistics has seen a considerable smount of work on the
development of general models for language-understanding systems. Among the
most well-known examples of this is the work of Schank4, Simmonss, W1nograd7,

3,9

and Woods On the whole, these models have been tested on broad but

shallow subsets of English, in that they have been applied to many different

phenomena but few extensively. The authors of this paper are taking a
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different approach. We are studying a few phenomena and attempting to allow
for them in considerable detail. At the least, this approach should lead

to better treatment of the particular phenomenon. It can also lead to the
development of new general models or the revision of old ones.

The paper is written in five sections. The first describes the overall
interpretative framework. A second indicates some of the difficulties
inherent in the processing of locative prepositions. An overview of SPS
is given in the third section. The last two sections expand on the SPS

description and discuss how the locatives are allowed for.

Syntax, Semantics, and Pragmaties. SPS is developed for a traditional

three-level system, with syntactic, semantic, and pragmatic stages. Based
on the level of abstractness, these stages compare most closely to
Winograd's and Woods'.

The syntactic processing stage is assumed to take strings of text and
produce underlying syntactic structures in the form of canstituent
structure trees. We are attempting to keep these as close to surface
constttuent structures as possible. However, some divergence from the
surface form is currently assumed. For example, imperatives, interrogatives,
and relative clauses are assumed to be shown in a declarative-like form,
and prepositions are assumed to have their complement immediately following
them.

An SPS based interpreter takes these syntactic structures and produces
output which reflects underlying semantic structures. The form of the
semantic structures is also a topic of our research. We are using Case

1,2,4,5

structures and Planner-1ike assertional forms7. It is interesting



51

to note that our results to date tend to indicate the need for a level of
abstraction somewhere between Simmon's and Schank's semantic nets.

In developing the semantic lewel, we are trying to make it the one
where “general knowledge of language and its relation to the world" is
applied. This is in contrast to the pragmatic level, where situation-
specific information is used to interpret the semantic structures.

In summary, a system employing SPS would construct syntactic trees,
use SPS for the production of Casestructures, and employ a pragmatic

processing scheme to interpret these sTructures.

Problems in Processing Locative Prepositions. Part of the problem with the

semantic interpretation of locatives is the complexity of the structures
necessary to represent them on the underlying syntactic and semantic levels.
This section discusses these problems and introduces our semantic

structure notation.

The representation of locative prepositional meaning in Case structures
has been problematic. The number of cases that Fillmore has postulated for
them has risen to four--Location, Source, Goal, Path. He also features
Tocatives in a paper on problems within Case grammarz. The worst of the
problems involves not being able to interpret the semantic weight or meaning
of the representation. An example of such a problem comes in the represen-
tation of the following: "Bill held his daughter on his lap in the tunnel.".
Both of the locative phrases would be assigned the same case - Location.
However; they actually locate different objects. Bill's daughter was said to
be on his lap while both of them were said to be in the tunnel. Similarly,

the use of an unordered set of cases fails to allow for the difference in
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meaning of the following two sentences, where the first two prepositional
phrases in each would be in the Path case: 'He went down the hill across

the bridge to the chapel.”, and "He went across the bridge down the hill to
the chapel.”,

The Case representation we are using deals with these problems. This
representation uses only one gase for all spatial references. This case, the

Place case, identifies spaces which derive from the location of participants

in its action, event, gr state of affairs (or event/state). Which participants

and how each space relates to them depends on the type of event/state.

The basic structure of the assertional notation can be seen by showing
how a Place case would be represented: (:PLACE #E/S $P0). The ":"
identifies a relation, the "#" an event/state, and the "$" objects (note that
many of these will be replaced by variables in the actual assertions
produced). The first element of any assertion is always a relation, which
forces interpretations on the other elements. With the relation :PLACE, the
last two elements must be references to an event/state and a spatial object

(space), in that order. The specific spatial objects that are referred in

Place assertions are called Place objects.

The prepositional elements on the semantic level can relate Place
objects directly. An example of this is the representation of "She died
away from where she 1ived.", i.e., (:PLACE #E/S1 $P0O1)(:AWAYFROM $P01 $P02)
(:PLACE #E/S¢ 3P0G2). Here a prepositional element relates the Place
cbject of the two event/states corresponding to "she died" and "she 1ived".
Prepositional elements can also relate spaces derived from Place objects.

This is seen with the representation of motional meanings, such as in the
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multiple Path sentences above. The Place object of "go" and other rotional
event/states are taken as indicating the space traversed by the moving object
or objects. For the example sentence, the Place object would show the space
through which the person travelled. This is acceptable since the static
positioning of these spaces (or paths) as "across" the bridge is logically
equivalent to his going across it. The predication of derived spaces
arises in the handling of the ordering problem. The motional Place object
can be taken as composed of parts that are ordered like the parts of other
objects (from front to back or top to bottom). The ordering here is based
on the time the component spaces were occupied. Using relations to select
segments of the path and the end points of these segments, simple mathe-
matical relations compare the ordering of the component spaces, comparing
parts of the journey in time. A semantic structure might look 1ike the
follawing: (:PLACE #X108 $X109) {:SEG $X109 $X110) (:SEG $X109 $¥111)
(tFINAL $X110 $X112) (:INITIAL $X111 $X113) (:LE $X112 $X113).

The Place case proposal avoids problems 1ike that with
the Location case example, through the representation of certain syntacti-
cally simple clauses with more than one event/state. The representation of
"He held her on his lap in the tunnel." shows an event/state corresponding
to "he held her" and one corresponding to "she was on his lap". These are

constituents in a causative event/state, with the first causing the second

*Fillmore moves in this direction in [2], Similarly, the representation
resembles those of Rumelhart and Norman 3 and Schankd. We Have attempted

to systematically work out the event/state ana]ysig, as far as it concerns
Tocatives, for all verbs taking locative objects.
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This complex structure solves the case problems by allowing each preposition
to predicate a different Place object. "On his Tap" predicates an existen-
tial event/state showing where the femalewas located. "In the tunnel” can
predicate the Place object of the causative event/state. The interpreta-
tion that space is that it is composed from the Place objects of its two
constituent event/states. Hence, both people will be predicated by it.

While these last two devices enable us to avoid representational
problems, it should, of course, be remembered that semantic interpretation
must support these forms.*

Tied in with semantic complexity is also complexity on the syntactic
Tevel. Assuming sentences are normalized in underlying syntactic structures as

specified, locatives appear in four positions: as the qualifier of a head noun

in & noun phrase; as the complement of a ¢opula; as the adjunct to a clause;

and inside a clause as a locative object. The adjunct usage can be differ-

entiated from the locative object by its tendency to give overall predication
to the event or state referenced by the clause. In "He held her on his lap
in the tunnel.", the first phrase is a locative object and the second is an
adjunct. |

To summarize this section has presented a variety of points about the
semantic interpretation of Tocative prepositions- that they can require
complex case representations, and that they appear in a variety of syntactic

environments. SPS has been designed to relate the syntactic to the semantic

*There are other phenomena for which the Place case proposal allows. The
complete representation is described elsewhere.®6 What has been given
here is enough to show the difficulty of interpretation.
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environment of locative prepositions. How it deals with these problems will

be described after a brief overview of the formalism.

SPS. The SPS formalism is most closely related to a family of semantic

interpretatian schemes derivimng from Woods' 1968 work.8

The close similarity
to that work lies in the basic form of rules. These rules have the form
"pattern > action", where the pattern side specifies tests to be made on

the syntactic structures, and the action side specifies forms to be added

to the semantic structures. The tests are mainly based on the matching of
tree fragments against syntactic structures and the testing of semantic
features associated with those elements matched. In SPS, sets of features
can be directly examined or compared to other sets of features. Each lexical
entry may have multiple sets of features associated with it. SPS also allows
these tests to be made against features associated with registers by other
rules.

If the tests are successful, the action element is executed. This
principally adds assertional forms to the semantic structure, but can also
set values of registers. In the assertional forms, means are provided to
allow references to the syntactic constituents and lexical entries matched,
as well as to other forms through the registers.

SPS uses a finite state transition net for ordering the application of
rules. Each noun phrase and sentence is analyzed under the control of a net

associated with it. The process of forcing interpretation through constituents

is guided by marking completely interpreted nodes. The overall tree is

processed from the bottom up.

SPS Rules and Locative Prepositions. To see how SPS works in detail, and wu
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explain how it allows for locative prepositions we look at a typical rule:

Rule 2-STAT-LO:
((*1-S5 (1 2-34) 1I(4) *1-57
(( EQ #2STAT 1-1) (COMPATIBLE 1-1 2-1)
(COMPATIBLE 1-2 0BJ(1-1)) (COMPATIBLE R(SS) SUBJ(1-1))))

(((:PLACE R(CAUSED) IX(1)) (1-1 IX(1) !X(2))
(:PRED !X(3) $BE) (:0BJ !X(3) !1-2) (:PLACE !X(3) !X(2)))))

This is a rule that might be applied to interpret the prepositional phrase in
the sentence "He held her on his lap.". The rule is identified as
2-STAT-LO. This particular name indicates that it deals with a preposition
with a certain static type of meaning (2-STAT) used as a Tlocative object (LO).
The pattern portion of the rule consists of two parts. The first
describes the syntactic environment in which it applies, while the second
gives the semantic feature tests.
The specification of the syntactic environment is done through reference
to tree fragments that must be matched in the syntactic structure in order
for the rule to apply. The reference is made through the asterisk-number-

dash-1iteral forms in the rule, e.g., "*7.S5", where the literals identify

fragments such as the following:

S5 ? S7: S
|
PR?P PR?P
YP YP PROP = proposition
PP V
/7 \ I

P?EP N? (1)
(1) (2)

These.fragments would match a locative object use of a preposicivn anu ine

verb of that sentence. Other fragments are needed for other usages. The

two forms in the rule after the reference to the first tree fragment will be
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described in the next section.

The second part of the pattern side is a set of triples used to test
semantic features. These tests are of two types, EQ and COMPATIBLE. The
EQ or "equal" tests ascertain the presence of a single feature in a set. Its
first parameter is the feature and its second the set. The primary use of
this test with locatives is to identify the cases where the prepositional
tree fragment has actually matched a locative use of a preposition, since
the syntactic parser can only be assumed to identify prepositions and not
differentiate their senses. SPS allows for this discrimination by providing
reference to the lexical entries associated with a preposition.* These
references are made through the number-dash-number forms where the first
number refers to the number associated with an occurrence of a tree fragment
in a rule, while the second refers to the leaf number in the fragment.

The COMPATIBLE test is meant to allow for the semantic co-occurrence
restrictions. It takes two sets of features as arguments and evaluates to
true if the sets share at least one element. The above rule illustrates how
this test can be used to allow for three types of restrictions affecting
Tocatives. These are between a verb and its prepositional object and
between a preposition and the two elements it relates (Winograd's semantic
subject and semantic object).

The fact that SPS allows three sets of features to be associated with
Texical entries is used for the three restrictions on locatives. One set,

accessed through number-dash-number, is for restrictions placed on the

*With ambiguous entries, SRS tests each sense individually, therefore, any

of the texical references can be considered to have a unique meaning - at
any one time.
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preposition by the verb. The other two sets, identified by the 0BJ and SUB
prefixes are for restrictions on the elements related.*

The final triple in the pattern differs from the others in that the test
is against a register. SPS allows for registers that can have set$ of
features associated with them. The registers provide communication between
rules to allow for some contextual effects. Tests may be made against
registers both before and after they are set, with the test held in abeyance
in the former case.

The use of the register here is to identify the semantic subjest of the
preposition. This is necessary since it can not be immediatelv said where
the subject is situated in the sentence. In the following sentences it is
initial, median, and final: '"He held onto the rope.", "He held her ¢n his
lap.", and "He held in his hands the letter I sent Mary."

Given that everything is successful on the pattern side, the action

side is executed. An example of rule application is given below:

S
| produces (: PLACE 1X21 1X100)
PROP (:0 1X100 1X101)
PN (: PRED 1 X102 $BE;
NP VP (:080 1X102 IX4
L AN (:PLACE 1X102 4X101)
V'ONP PP
R ~__
he N PREP p
held | |
her on hiv lap

Note that ":PRED" identifies the predicator of an event/state, ":0BJ" identifies

the element in the object case,and that the 1iterals beginning with "!" are

*Note that the test using 0BJ is an & noun phrase. At the moment SPS takes
references to noun phrases and sentences to be to the Texical entries of
their head noun and verb, respectively.
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variables representing some event/states or objects. The purpose of the rule
js to relate the location of the object being held to the location of the
complement. These locations are available through event/states which
identify where each of the two objects were. We use the predicator $BE for
these event/states, such as in the one for "his Tap" which is produced by the
rule. How the correct assertions are produced from the assertional forms is
illustrated in the above rule.

A1l the direct references to relations and objects that start with ":"
"#, or "$" are inserted directly. The number-dash-number forms provide a
reference to a literal stored in a lexical entry . For prepositions this
1iteral gives the physical relation that the term refers to;

The two Place objects are formed by the use of a variable generation
feature using the "!X("-number-")" form. References to the $BE event/state
are also formed in this way. The other event/state is referenced through a
register. SPS allows registers to hold variable names as well as feature
sets. The register used here must be set with the variable name used when
the event/state was constructed.

As the above example shows, the registers are used here in situations
where more than one event/state results from a clause. When only one event/
state exists, a simple reference to the major constituents of a sentence is
necessary. SPS allows for this by automatically associating variables with
the S and NP nodes in trees. These are referenced through forms 1ike "!1-2"
which here gets the variable associated with "his lap" (presumably !X4).
This variable will also appear in the assertions describing the object;

hence co-reference is achieved.

A facility of SPS missing from the example is register setting. Two
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operations can be accomplished. Either a variable is loaded, or both a
variable and lexical entry are loaded.

These registers are essential to the development of the complex
structures that must be produced at the semantic level. Besides helping
produce multiple event/state structures, they also provide the means for
ordering the partial predication of a path. In any 1ist, the variable identi-
fying the location of the Tast mentioned space can be loaded in a register.
Then with the next phrase on the list, the variable can be referenced to

form the comparison. The new final value can then be loaded in the

register.

The Ordering of Rules and Locative Prepositions. The SPS system applies its

rules im a strictly orderea fashion. Major constituents have rules applied
to them on the basis of an ordering shown by a finite state transition net-

work. The following is a hypothetical network for ordering the application

of some rules:
_ R1
———>O Initial State

RZ2 R3 R4 N
5 >G >@ )@ @ Final State

RS

The 1iterals on the arcs name rules that must be successfully applied before
a state change can occur. These nets are set up for noun phrase and senten-
tial elements, and are used with a marking scheme such that interpretation:
of a constituent is complete only whien its net is in a final state and all
its constituents are marked as interpreted

These nets are set up for each head noun or verb to interpret noun
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phrases and sentences. Their utility is in allowing for the orderings among
case elements. The constituents filling semantic roles in sentences can
only appear in certain positions with respect to each other. This is
particularly true with respect to verbs since the roles and orders differ
from verb to verb. Hence, the net used depends on the head noun or verb.

There would be no need for a net if the nuniber df constituents were
strictly limited. However, with locatives there can be no Timit on the number
of intermediate points or on the syccessively finer specification of
location, e.g., "He 1ives in New York near the Battery by a park...". RNets,
with their ability to loop, are useful for these structures.

Interpretation proceeds from state to state until success or inability
to progress further. 1In the latter case, SPS can back up to the last state
that still had rules to apply, a fact useful in allowing for sematnic
ambiguity.

Register tests have been mentioned as being postponed until the register
is set. It could happen that the register never gets set, e.g., "He hits
into the stands." does not specify what went into the stands. This is a
case of semantic ellipsis. SPS allows default conditions to be associated
with registers that are left tested but unset.

The means of progressing through a constituent and assuring its complete
interpretation is provided by forced anchoring and marking schemes embedded
in the rules. An example of each is seen in the rule shown in the previous
section, f.e., "*1-S5(1 2 3 4)I(4)". Both schemes refer to nodes in the
tree fragments using a preorder - root first, then subtrees left to right. The

numbers in the parentheses in the example rule refer to nodes of $5. The
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anchoring scheme restricts these nodes to beingmatched to the leftmost unin-
terpreted nodes in the structure being processed. When a node is prefixed

by "I", it and the nodes it dominates are marked if the rule succeeds. Hence,
the example rule marks the prepositional phrase as interpreted. Because of

this marking scheme the noun phrases and sentences of a tree are interpreted

from the bottom up.*

Conclusion. A formalism for writing semantic interpreters, SPS, has been

described. It allows for a semantic feature scheme that can describe the
restrictions on locative prepositions. SPS also has registers that can bde
used for these restrictions and for building up the case structures that
represent the meanings of locatives. A rule-ordering scheme is also

helpful here. It can be said that SPS is a good vehicle for

riterpreting locative prepositions, and that any system for semantic
interpretation with these features will be able to analyze locatives. We do
not claim that SPS is a completely successful semantic interpreter. However,
the formalism seems to be clear and expressive and it does work for locative pre-
positions which, to the authors' knowledge, have not been as effectively dealt
with elsewhere. It could well provide the basis for a uniform, coherent
structure for semantic interpretation, especially for Case analysis. The
authors intend to continue to experiment and develop it as a tool for language
understanding.

SPS is implemented in LISP 1.6 on the DECSystem 10.

*MoEe]detail on a somewhat earlier version of SPS can be found in Chapter VII
of [6].
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THE NATURE AND CoMPUTATIONAL USE oF A MEANING REPRESENTATION
FOR WorRD CONCEPTS

Nick CERCONE
Department of Mathematical and Computing Sciences
0ld Dominion University, Norfolk, Virginia 23508

ABSTRACT

Various representations have been used to portray the meanings of word
(notably action) concepts. The most praminent of these include decamposition
trees, linear representations such as the Predicate Calculus, and semantic net-
works. The proposition-based semantic network notation developed by Schubert
(1974) is especially well suited for including pragmatic and semantic informa-
tion as part of the meaning representation of individual word concepts. The
attempt is made in this paper to explore the nature of word concepts whose mean-

ings are represented as semantic networks and to investigate their computational
use within the framework of a natural language processing system.

I. INTRODUCTION
The meaning of a concept is explained in terms of other concepts and throug
its relationship to other concepts. Various representations have been used to
portray the meanings of concepts. The most praminent of these include decompo-—
sition trees (Lakoff, 1972; Wilks, 1973), linear representatipns such as the Pre
dicate Calculus (Sandewall, 1971), and semantic networks.

Natural language processing systems can conveniently utilize factual knhow-

ledge represented in the form of semantic networks. The visual suggestiveness
of semantic networks aids both® in the forrmulation and exposition of the computer
data structures: they resemble. The use of semantic networks can be found in the
works of many authors writing on natural language processing (including Schank
1972, 1973; Quillian 1968, 1969; Simmons and Bruce 1971; Rumelhart et al. 1973;
Anderson and Bower 1973; and Palme 1971) as well as other forms of understanding
(including Winston 1970; and Guzman 1971),

In utilizing semantic network representations, these authors have made use
of the following characteristics of semantic nets. First (and most important),

nodes that denote the same concept are not duplicated (in most cases)., It is
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then possible that distinct propositions may impinge on a node via arcs. Secord,
propositions are formed by linking predicate names to their argument nodes us-
ing arcs. Third, since oconcepts are not necessarily word concepts, particular
and general concepts are represented as labeled or unlabeled nodes of a graph.
Propositions may also have nodes associated with them. Finally, propositions in
a semantic net are not assumed to be asserted (even though same researchers treat
all nodes as implicitly asserted).

The proposition-based semantic network notation of Schubert (1974 is es-
pecially well suited for including pragmatic and semantic information as part of
the meaning representation of individual word concepts. These meaning representa-
tions are networks based on propositions that consist of an n-ary predicate with
a finite number of arguments. Terms used in the network to represent a given
word concept can also be represented by semantic networks. Thus there is no in-
sistence that a given set of "primitives" form the basis for the meaning of a
word. 1

The next section illustrates the use of semantic networks to represent the
meanings of word concepts. Subsequent sections sketch methods that involve the
camputational use of these meaning representations in parsing and interpreting
natural language text.

IT. MEANING REPRESENTATIONS FOR WORD OONCEPTS

Cercone (1975) divides his lexicon into open class items and closed class

items. Typically, closed classes have a strictly limited membership which can-
not be increased by adding new formations or loarnwords (which are words that have
been incorporated by one language fram another language). The significance of
closed class items is best expressed by their grammatical function. 1In contrast,

open classes have a large, readily increasing membership. New formations and
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loanwords are easily integrated.,

Associated with open class category words are meaning representations: one
for each sense of the word. The structure of &4 meaning representation is based
on the semantic network notation developed by Schubert (1974). Pragmatic and
semantic information are included in the meaning representation.

Figures 1 through 6 show networks that illustrate same of the main senses
of the word drink, concentrating on action aspects. For illustrative purposes
Figqures 1, 3 and 6 are divided into a pragmatic section and a semantic section.
The pragmatic section includes the tefplate(s) that guides the parse of the utter-
ance and two lists: the first list contains propositions that represent the im-
plications that are likely to be needed for the camprehensici of subsequent text;
and the second list contains propositions representing critical implications that
we expect to match in the surface structure. In Figure 1 this first list is (P3)
and the second list is (P1,P2). The semantic section contains the network that
represents the meaning of the word sense. Figures 2, 4, and 5 show various nomi-

nal senses of the word "drink".

Notice that Figures 1, 3, and 6 all have the notion of change in contain-

ment location in camon. This correspords to a general concept that subsumes not

only differing senses of "drink" but also other more specific concepts as well,
like "eating" or "receiving an enema". This observation has led to the follow-
ing consideration.

When creating the meaning representations (networks) for concepts it is de-
sirable to aveid the duplication of propositions in storage. If we extract more
general concepts fram the specific concepts that they subsume (totally or in
part), we can avoid duplication by associating the common propositions with the

more general concept.
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In a sense the work of both Schank (1972) and Wilks (1973) supports the con-
tention that the meaning of a concept is best represented by predications at the
highest level of generality that adequately explain the term's meaning. Thus we
extract from "drinking" (and eating, etc.) the structure shown in Figure 7.

We might reasonably label the coixept expressed by this structure "ingest".
It is important to note, however, that while Schank and Wilks might conclude that
"ingesting" is a primitive action, that I consider it a general concept. This
applies to all primitive actions put torward of Schank and Wilks. Examination

of Figure 7 shows clearly that ingesting is not a primitive action but one whose

meaning is expressed in terms of causes, motion, time, and other concepts.

At this point the original representations for the various action senses of
"drink", i.e., Figures 1, 3, and 6, can be replaced with simplified diagrams
based on the general concept "ingest". Figure 8 shows the representation of
"drink" expressed in Figure 1l redrawn in terms of the general concept "ingest".
In similar fashion Figure 9 diagrams one meaning of "eating", again based on the
general concept "ingest".

The key to making effective use of the meaning representation for comprehen-
sion centers on the propositions that contain arguments that we expect to match
in the surface utterance. The lexical item for "drink" would contain, among
other things, pointers to a list of propositions; these propositions contain the
argunents that we expect to match with words in the text and are most frequently
needed for comprehension. At times, however, other propositions may be required
for camprehension. For example, the word sense illustrated in Figure 1 shows
that we expect to find, in an utterance about drinking, an anim(x) and a liquid(y)
propositions P1 and P2. But the question can be posed, "What is the effect of

John's drinking”. To answer this question would entail a further investigation
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of the other propositions in the network, especially the first list of implica-
tions. Although it is implicit in the semantic structure, we make explicit in
the pragmatic structure the inference that "x - drink - y" necessarily implies
that it causes y's location to be in x at same time after x initiates the drink-
ing action. Of course, since this implication is common to all senses of "drink"
(and eats, inhales, etc.) it is abstracted into the same general concept "ingest"
as well, as shown in Figure 7.

The semantic structure for each word sense for "drinks" is represented as
properties attached to the word sense. The main properties include ARGS, the
argument list containing arguments used in the word sense; IMPLICS, a list of
implications :hat accampany ‘the word sense; the propositions P1, P2, etc. that
relate the arquments and predicates that make up the network explicating the giv-
en word sense; and templates of the form

argl arg2 ... argi WORD argi+l ... argn
The implications make the most commonly used inferences part of the meaning re-
presentation of word concept. The propositions, for example Pl and P4 are shown
Figqure 10. See Cercone (1975) for sample lexical entr®es, in particular the en-
try for "drink".

Many advantages accrue by representing meaning formulas in this way. First,
unlike Wilks' (1973) meaning formulas, the representation is suggestive of the
meaning of a word. I see no Jjustification for .(binary) lexical decamposition
trees as meaning representations for words as such trees are neither suggestive
of the type of processing required nor of the propositions they encoce.

A secord and major advantage is this. The meaning representation for a word
is not required to be explicitly in terms of "primitives". Rather, each of the

predicates in the propositions that form the network representing the meaning of
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the word can, in turn, be represented in an analogous mamner. In particular the
notion of a "cause" seems to me to be no more "primitive" than "drink". This met-
hod of representing word meanings enhances the representational schema for the
purpose of camprehension since any amount of detail can be included in the mean-
ing representations by adding propositions to the networks.

Third, inference mechanisms, heuristic processing algorithms, and superim-
posed knowledge-organizing schemas can be incorporated using this representation
for word meanings as easily as in,any other representation. Incamplete informa-
tion in surface text can be inferred, when necessary, directly from the meaning
representation, in same cases as a missing argument.

The use of this type of meaning represerntation for lexical items is further
explained in the next two sections.

III. PARSING AND INTERPRETATION USING NETWORKS

Traditionally, the object of parsing sentences has been to output syntac-
tic trees. These trees served as input to semantic routines charged with the gen-
eration of meaning structures. Winograd (1972) and Woods (1970) tried, with same
degree of success, to integrate the two processes and use each process to guide
the other process. Schank (1972) and Wilks (1973) have stressed that syntactic
processing was secondary to meaning analysis and should be necessary only when
the resolution of ambiguity by meaning analysis alone had failed. Utilizing net-
work meaning representations the parsing phase is ~lmost campletely semantically
oriented. One important by-product in the method to be described is the detection
of the correct sense of nominals, modifiers and actions.

The parsing proceeds as follows. Words, in a clause that has been classi-
fiedz are scanned fram left to right in search of a suitable candidaté for an

action. Once found, the sentence is separated into ((FIRST PART) (ACTION CANDI-
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DATE) (SECOND PART)). The action candidate contains, among other things, a list
of possible action senses that this particular root form may have. These senses
are ordered by a scheme, albeit a very superficial scheme, described in Cercone
(1975). Associated with word senses are templates as described above. For exam-
ple, the sense *GIVEL of the root form "give" has a template "X GIVE Y Z" ard an
alternative (ALTERN) template "X GIVE Z TO Y" associated with it.

The template, e.g. "X GIVE Y 2", is used to guide the parsing. In this ex-
ample X, Y and Z are variables representing the argtiments of the predicate "give"
that we expect to find in the surface utterance in the given order. More detailed
information concerning the arguments is obtained by examining the network proposi-
tions, for the sense of "give" in question, that involve the arguments. Thus X,
in this case, would represent an ANIMATE nominal capable of "giving".

This is very similar to what Shcank does when parsing in conceptual dependen-—
cy theory. If the words in the surface utterance do not satisfy the constraints
for arguments of the predicate being examined, it is due to one of four reasons.

First, alternate syntactic constructions could exist. Second, a different sense

of the action is "correct". Third, the particular action candidate in question
is not the action of the clause. Finally, same other reason, like slang expres-—
sions might be the cause.

Whenever arguments fail to satisfy predicates, a search for alternative
implication templates begins. The result of this search is shown quite clearly,
in Figure 11 of Section IV for the ternary predicate "give". In that example
"give" is used syntactically in two different forms to distinguish the indirect
object, one with the preposition TO and one without. If this approach fails
then the list of senses for the root form is further examined. If other senses

of the action candidate exist, they are examined further to see if arguments of
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the action candidate in the surface utterance match'variables in the template.
This procedure is repeated until the correct sense of the actidn candidate is
fourd or the list of senses is exhausted. If the sense list is exhausted, scan-~
ning continues in the surface clause for another suitable action candidate and
the process is repeated.

Part of the process of matching argumepts of predicates in surface text to
variables in implication templates involves finding the correct sense of naminals
and modifiers as well. The sentence "A drinker drinks many drinks" has as the
second argunent of the predicate "drinks" the word "drinks", Possible naminal
senses for that "drinks" include an alcoholic beverage, a body of water (throw
John into the drink), or a thirst quencher. Thus, if the first sense of 'a nomi-
nal fails as argument, all other senses must be examined before deciding not to
accept it as atgument. This reasching applies with respect to modifiers in a
similar but not identical fashion. For instance, a "yellow cake" is a type ot
cake much like a chocolate cake whereas a "yellow car" is samething that is yel-
low and samething that is 1 car. Using these methods, sentences such as "A drink-

er drinks many drinks" and "The pilot banked his plane near the river bank over

the bank that he banks on for good banking service" present little difficulty.
Morphological analysis is important since only those forms that ¢an authen-
tically be considered as actions need be examined. In the example, "A drinker
drinks many drinks" the word "drinker" is eliminated immediately as an .action
cardidate due to morphological analysis. Thus, we are very quickly able to get
a right choice for an action candidate.
The next section shows an example of parsing and the resulting semantic net-

work constructed using meaning representations of the type described.



The following example is taken fram Cercone (1975).

be found there.

IV. SOME EXAMPLES

parsing phase, clause by clause, under the heading ++H ASSOCIATED

VARTABLE  TRIPLES +++.

12:23.49

|

R NEW:MACLISP

(RESTORE 'CHKPT)

JOHN GAVE JUDY THE
RED BOOK. THEN, JUDY GAVE
THE BROWN BOOK TO MARY,

O T T TN

+++ ASSOCIATED 'ACTION-ARGUMENT-VARIABIE  TRIPLES +++
({*GIVEL *BOOKL 2) (*GIVEl *JUDYL ¥Y) (*GIVEl *JOHN1 X))

++MODTFTERSHH+

((\WM (ADJ CLASF ((0 0) (*REDL)))) 2)

*+++ THE SEMANTIC NET +++

rméigfmp < RO "
001 *JOHN1 X
PROPGOOL *JUDY1 Y
PROP0002 *BOOK1 PRED
PROP0002 INST0003 ARG
PROP0004 INST0003 ARG
PROP0O004 *UNS0005 PRED
PROP0OOOL INST0003 2
PROP0O006 *REDL PRED
PROP0O006 INST0003 ARG
PROP0OQ01 *GIVEL PRED

++H ASSOCIATED ACTION-ARGUMENT-VARIABLE  TRIFLES +++
((*GIVEl *MARY1l Y) (*GIVEl *BOOK1l Z) (*GIVElL *JUDY1l X))

+HMODIFTERSHH

((M (ADJ CLASF ((0 0) (*BROWNL)))) 2)

+++ THE SEMANTIC NET -+++

U U I | I (N T TN T T TN O 1 O [ o wunwuwn

(MT'S)

*ATOM*™ *VALUE* *PROPERTY ¥
PROPO007 *JUDY1 X
PROP0008 *BOOKL PRED
PROP0O008 INST0009 ARG
PROP0010 INST0009 ARG
PROP0010 *UNS0011 PRED
PROP0007 INST0009 yA
PROP0007 *MARY1 Y -
PROP0012 *BROWNL PRED
PROP0012 INST0009 ARG
PROP0QO7 *GIVEL PRED
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Many other examples can
The sample listing preceding Figure 11 gives the results of the

ACTION-ARGUMENT-



73

V. CONCLUSIONS
The above sections outline what I believer to be the correct approach to re-
presenting the meaning content of word concepts. Hopefully the use of meaning
representations such as these will simplify the problems inherent in representing
the conceptual content of natural language utterances in terms of meaning struc-

tures. In particular, I see the following desirable features inherent in this

approach.

(1) Interpretive directness

The meaning structures corresponding to natural language utterances are
tormed according to simple structural rules. Powerful heuristic criteria, based
on the central role of verbs and on preferred semantic categories for the sub-
jects and objects of verbs, guide each choice in the creation of meaning struc-
tures, Interpretation of utterances then takes on a "slot and filler" character,
rather than requiring extensive trial and error search.

(ii) De-emphasis of syntax

In ordinary discourse it would. be absurd not to accept "ungrammatical”
constructions like darigling participles or fanciful locations such as metaphor.
In the above approach a syntattic straightjacket is not imposed on admissible
utterances. Therefore the abnormal is not excluded as it is in many linguistic
systems.

(iii) Emphasis gn events

A major part of our interpretative effort in understanding natural lan-
guage is focused on events, i.e., time-dependent relationships. By contrast,
"static" relationships in the world are relatively easy to understand. Therefore
the search for fundamental semantic structures should concentrate on the repre-
sentation of events. The use of meaning representations as described above facil-

litates this emphasis on events.

The handling of vagueness, events, the lexical meanings of complex concepts,
and the problem of owverall knowledge organization may raise additional problems
when processing natural language with meaning representations such as the ones I
have used. However, the mearing representations used in this paper can be viewed

as an extension of several successful but superficially disparate schemata, such
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as Schank's (1972) conceptualizations or Winston's (1970) descriptions. This

indicates that their use should prove of real value in the desigh of understanding
systems.
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FOOTNOTES

1 Notable systems currently in vogue that utilize "primitives" in this way in-
clude those of Wilks (1973) and Schank :t al. (1973).

2 Words in clauses are morphologically analyzed and, based on that analysis, they

are classified to determine all of their possible syntactic functions in an
utterance.

3 1n Winograd's (1972) work, "gives" is recognized as a transitive action that
requires two objects: his classification is TRANS2.
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Semantic networks present special problems with respect to the use of logi-
cal comnectives, quantifiers, descriptions, modalities, and certain other con-
structions. Schubert (1974) has proposed systematic solutions to these prob-
lems by extending the expressive power of more or less conventional semantic net-
work notation. In this appendix only the elementary part of the formalism,
namely only as much as- is necessary to clarify any misconceptions than may arise
fram the figures used in this paper, is explained.

In semantic network notation, the distinction between labels designating
storage locations and labels designating pointers to storage locations requires
clarification. This distinction is used by Quillian (1968) to designate "type
nodes" (unique storage locations) versus "token nodes". The notation can be
made uniformly explicit as in Figure A.l1. Here "part-of", which in same nota-
tions corresponds to a token node, designates a type node (as suggested by
Winston, 1970). All encircled nodes correspond to storage locations and.all
arrows to addresses of storage locations. What formerly were token nodes are

now called proposition nodes; they serve as graphical nuclei for propositions
as a whole.

At times the explicit notation of Figure A.l will clutter the diagram lead-
ing to a loss in readability. Therefore, when the meaning is clear, binary
predicates will be represented as in Figure A.2 for visual effect with the under-
standing that the use of explicit propositions underlie the structure.

In Figure A.1, A, B, and REL are mere distinguishing marks. They are ana-
logous to parenthesis or cammas in the Predicate Calculus in that they serve to
relate denoting terms syntactically; they are non-denotative themselves. When-
ever possible they will be chosen to be meaningful, i.e. to enhance readability
and be suggestive, but they could be chosen as numeric labels as well.
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One advantage of the explicit.notation of Figure A.l is that it works for
n-ary (n»2) predicates. The sentence "John gives the book to Mary" involves
"gives" as a three place predica"t:e.4 It is diagrammed as in Figure A.3
Figure A.3 is appealing because of the significance we can attach to labels -
agent, object, and recipient. 3y no means is Figure A.3 a graphical analogue

of "case-structured" grammars. Cases are not viewed as conceptually primitive

binary relations as Fillmore (1968) and researchers influenced by him, notably

Schank (1972), view them. In a case structured system the central node would
denote a specific action or process with the property that it is a "giving"

and involves John, the book, and Mary as agent, object, and recipient respective-
ly. Case relations can be understood as camplex nonprimitive terms derived

fram such causally and teleologically related sequences of states. The whole
notion of a case derives from the syntactic and semantic similarities between
the role played by the arguments of many predicates. Nevertheless the notion of
an "agent" seems to depend in part on causal priority of a state of the supposed
agent in the sequence of states under consideration, and in part on the extent
to which purposive behaviour can be ascribed to the supposed agent in general,
and in part to the extent to which the particular sequence of states which he
initiated can be assumed to be intentional on his part. See Cercone and Schubert
(1974) for a further discussion of cases.

One final notational point by way of introduction needs to be made. The
"case" labels in Figure A.3 are to be regarded as mere mnemonics, although indi-
cative of more camplex relations. To avoid confusion, predicate names will be
designated-in small letters and markers by capitals. Other conventions that are
used include: solid loop for propositional nodes and existentially quantified
concept nodes; broken loop for universally quantified concept nodes; solid lines
to link the parts of a proposition to a proposition node; dotted lines for

dependency links joining each existentially quantified node to all universally
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quantified nodes on which it depends; and broken lines for logical links.

(Alberta— A AR Cahada,;

Fig. A1 "Alberta is part of Carada.

= : ! N
Zdmerion s nert of Alberia

(@) ot ()

Fig. A2 "Alberta is part of Canada

Fig. A.3. "John gives the book £¢ Maty."
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