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A TUNEABLE PERFORMANCE GRAMMAR

SUMMARY

This 'paper describes a tuneable performance grammar
_cﬁrréntly being developed for speech understanding, It shows how
attributes of words are defined and propagated to successively
larger phrases, how other attribuytes are acquired, how “factors*
reference them to help the parser choose among competing
definitions in order to interpret the utterance correctly, and
how these factors can easily be changed to adapt the grammar to
other discourses and contexts. Factors that might be classified
.as “syntactic’ are emphasized, but the attributes they Treference

.need not be, and seldom are, purely syntactic,
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A performance grammar (PG) defines the form and meaning of
'ﬁhé' kinds of utterances that occur in spontaneous dialog, When
the definitions of the grammar provide information that helps a
.parser choose those rules most 1likely to lead to correct
interpretations of utterances, the'gfammaf’is:séid'to be “tuned”,
When the tuning {3 easily changed when the domain of discourse
changes, the grammar is said to be “tuneable’, The ability to
tune a grammar §s particularly important {n speech understanding
where the inherent uncertainty of the input causes false paths
through the grammar to be multiplied,

This paper describes a tuneable PG being developed Jointly
by SRI and SDC for a computer=based speech understanding systen,
Its vocabulary and phrase‘typeSp selected from protobols' are
appropriéte for asking and answWering guestions$ about properties
0of submarines, The PG now defines over 70 word and phrase
categories. Its scope extends far beyond syntax. A discourse
-component enables it to handle anaphora and ellipsis, as in:

"What 1is the surface displacement of the Lafayette?...,, What is

its draft?", and "What {5 the length of the . Lafayette?,,,, . The

;Ethan Allen?" A semantics component defines a common meaning for

‘paraphrases, as in "the speed of the Lafayette 15 30 - knots" and

' "the Lafayette has a speed of thirty knots", . (See Walker et al,,

19753 Paxton and Robinson, 1975; Hendrix, 19753 Deutsch, 1975,)
" Each definition composing the PG has three parts, The first
names a word category or a phrase category and provides a

c0ntext~frée'production for its composition, The second part,
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called ‘attributes”, tells how to determine the properties of an
instance of the category., Any definition can reference multiple
Sources of knowledge==acoustic, syntactic, semantic, discourse,
or- pragmaiic--for information needed to determine attribute
values, The third part, *factors”’, defines scores for
Eombinations of attributes, indicating how well they “fit’, It
is through factor scores that the grammar is tuned, The
individual scores are combined into a Ccomposite score WwWhich 1is

used by the parser to choose among competing parsings, A

purported instance of the definition with a score of OUT for any

factor s immediately eliminated; a low score may eliminate a
parsing path; a high score enhances the priority of a parsing
path that applies the definition,

Our mnemonic terms for factor scores are VERYGOQD, GOOD, OK,

POOR, BAD, and QOUT, These are estimates of likelihood, They are -

necessarily vague, because we are dealing with gradual phenomena

and probabilistic tendencies, They mean something like "quite
likely", fexpected", "ordinary", "odd but possible",
:"unlikely--listen again”, and "so special that we do not define
“it", Rigid, vprescriptive judgments are avoided, Combining

'_"foot“"with ‘Pws® as a plural noun is% indeeg wrong -and therefore

-_ DUT;, On the other hand,_"fuel" does - 'combine_ with plural -s"
with hef_specialized meaninq _"kindsf of fuel" ) At presentr_'

 -“£ue1s" like "foots"-is judqed to be OUT for our 'language,-ﬁbut'

this judgment :an easily be altered. if we find that our -language

users refer to Kinds of fiyel as "fuels",
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Since factor scores can be changed without affecting the
rest of the definition, the grammar 1§-tuneable to different
discourse domains and styles of spéakiﬁd. Also, 1if one  factor
defines a low score for an instantiation, others ma?'still raise
‘the comngité score, A statistically improbable phrase that
. makes sensSe and LS uttered intelligibly should not be unduly
difficult to recognize and interpret,

The rest of this paper examines sequences o¢f 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 underly¥ing sSemantic distinctions
constrain the surface syntax of an uytterance, Because
superficial syntactic properties signal those constraints, it {is
.often economical to use syntactic facters i{n order to disconfirm
a wrong parsing path or confirm a correct one, avoiding calls on
semantics, discourse, and acoustics for expensive 1in-depth
evaluations, For example, 1f Someone Says "fuel supplies”, we do
not want the parser to explore in depth the'appliéation 0f rules

that build ga'-piural"ndhn-phrése' from "fuel Saes” . without

. considering . an altérﬁative:jdefinitibn._1h‘”ﬁhICh"?fUéI*i_iS'a

modifier ot a countable nominal beginning with "s", To this end,
we include a factor that checks the countablenhess of "fuel" by

. referencing a count/mass/unit (CMU) attribute, which is syntax
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oriented but essentially semantiecs based,

| Examples of some useful syntax=oriented attributes defined
for the word category N (noun stem) appear in (1) below, Every N
‘has a Value for the CMU attribute drawn from the set (COUNT MASS
UNIT). Ns with the CMU value UNIT (such as "foot", "ton",
"xnot") combine easily Wwith plural sutfixes and number
.expressions (e,g,, "two Kknots", "five feet"), but not so well
with definite determiners ("those two Kknots"}, or genitive

suffixes ("the twenty knots’ speed"}, (C£, "the Ethan Allen’s

speed",)

(1) WORDS,DEF N

\ FUEL CMU = (MASS):
FooT ’ . CMU = (UNIT), PLSUFF = NOj
LAFAYETTE CMU = (COUNT):
SURFACE, DISPLACEMENT CMU = (COUNT), RELN = T
TON CMU = (UNIT);

Like the CMU attribute, the RELN attribute s essentially
semantic, 1t marks such W¥Words as "surface displacement",

"speed”, "length", and "draftt" as special ‘relational’ noun

. words, Syntactically, relational Ns do not combine readily with

plural suffixes and number expressions, and when they do, the

meaning {is speéialized. To some degree, they are 1ike mass Ns;

fﬁthrée-spééds" (three rates of ISpeed) 1s nalogous_fto: "threé- :;;”

f'_fuel#":{thréé'kindsVof'fuei).f Howeverr “a Speed of twenty Knots"'
18 acceptable. while * fuel of two tons" is 111 formed._- _
The attribute PLSUFF distinguishes irregular"plhrais' like -

"foot", Unlike the CMU and RELN attributes, it is purely
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syntactic,

Attributes affecting the ability to combine with the plural
suffix "=s" are referenced in the two composition rules of (2),
.defining the category NOUN, The attribute .statements Ppropbagate
the attributes of the stem, adding a number aftribute (NBR). The
£irst factor of N1 references the CMU attribute and states that
"if the value is MASS, then the score i{s GDOD, This judgment

incorporates our knowledge that the other rule, N2, cannot apply
to mass noun-stems, If the token {s a mass noun=stem, N1 is the

right composition rule to apply.

T q2) RULE.DEF N NOUN = N
ATTRIBUTES
CMU,RELN,PLSUFF FROM N, NBR = "(SG);
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 OKy
EXAMPLES

SURFACE DISPLACEMENT, FOQOT, 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 OK,
CMU = IF CMU EQ "(MASS) THEN OUT ELSE OK,
_UNIT = IF "UNIT IN CMU THEN GDOD ELSE 8K,
~_RELN = IF RELN EQ "T THEN POOR ELSE OK; .
EXAMPLES
: FOOT =S, FUEL =S (OUT), TONS (GOOD) = - |
| SURFACE DISPLACEMENTS (Poon). SUBMARINES (UK),

Like the CHU7fa¢tdfs;.the PLSUFF'factofS'enhaﬁce';thé ‘score
for applying N1 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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Ni is aprplied to a relational noun stem, and lowers the score
when N2 is applied. Plurals of such stems are less 1likely than
: singulars, but are possible, The UNIT factor of N2 enhances the
score when the composition rule applies to an N with the value
UNIT in its CMU attribute, This judgment is based on the fact
that, in our current task domain, all the measured properties
have measurements exceeding one unit and on the reasonable
expectation that exactly one unit is a speclal case.

The attributes of the Ns continue to be propagated through
successive composition rules so that noun phrases acquire the
attributes, with some exceptions and additions, of the Ns that
are their heads, One of the additional attripbutes of NPs is
FGCUS: 4 noun phrase is definite (DEF) or 1nde£1n1te (INDEF),

Combining definite focus with a unit 15 unusual. Compared
with "which submarine", "which seven thousand tons" seems odd, as
~does "those twenty knots" and "a draft of the filve feet",
Indefinite focus s more common for units: "a ton", "a dratt of
five feet", "twenty knots", It does hot suggest a uniguely
determinable object or set of objects, pointed to in the
discourse.

How these syntactic tendencies are handled in  three
composition=rule definitions is shown in ;3)..:Fac£6fs_1h NP4
.éliminéfé“expréﬁéiOnS 1ikeLﬁfiveltﬁélsﬁr'ifiﬁe:,subﬁéfﬁédv;épéeﬁg }
of three knots", "how much submarine’; "one Smeéfiﬂéé"t;nd'ﬁhaw'.
‘many fuel", They scofe expressions like "five feet" as VERYGOOD

and "five submarines" as 0K, Factors for NP7 eliminate "those
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submarine®, "those fuels” and accept "what fuel® as 0K, while
:5which tons" and "that dratt of five feet" are POOR, Factors for
| :N§11 eliminate "a fuel", "a draft of the Lafayette", and "a
-submarines®™; accept "a submarine™, "a ton", "the sgbmarine”, and
"the supmerged speed", and score "the ton" and "the draft of five

feet" as PUOR,

(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 = IF NULL CMU THEN OUT ELSE OK,
HUN = IF FSTWD(NUMBERP) IN "(HUNDRED THOUSAND MILLION)

THEN OUT ELSE OK,
NBR = IF NULL NBR THEN OUT ELSE OK,
CUNIT = IF "UNIT IN CMU THEN VERYGOOD ELSE OK,
RELN = IF RELN EQ T THEN OUT 'ELSE OKj

RULE,DEF NP7 NP = DET NOM;

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

FACTORS
CMU = IF NULL CMU THEN OUT ELSE OK,
UNIT = IF "UNIT IN CMU THEN POOR ELSE OK,
NBR = IF NULL NBR THEN OUT ELSE 0K

RULE,DEF ‘NP1t NP = ART NOM;
ATTRIBUTES ' . . )
RELN FROM NOM, FOCUS FROM ART, MOGD = "DEC,

:CMU = GINTERSECT{CMU(ART)},CMU(NOM)),
- NBR = GINTERSECT(NBR(ART} NBR(NOM));
FACTURS :
: CMU = IF NULL CHU THEN UUT ELSE OK,

 NBR =" IF NULL NBR THEN OUT ELSE 0K, -

UNIT = IF "UNIT -IN CMU AND FGCUS EQ ”DEF-

.. ° THEN PQOR ELSE GOOD, .. - oo

RELN = IF RELN EQ T AND FOCUS E@ "INDEF AND
CMU EQ@ *(COUNT) THEN OUT ELSE OKy

In each definition, a UNIT £factor references the CMU



A Tuneable Performance Grammar Page 8

attribute of the NP, If the value is NIL, the definition is not
."applicable. If UNIT is a value, then the UNIT factor for NP4
.scores the application as VERYGOOD, There are two reasons for
‘this judgment., Number expressions are typically found with unit
expressions to form meaSure expressions, and Uunits are more
likely to occur with indefinite than with definite focus, as the
preceding examples ("twenty Knots" and so on) have indicated.,

Since the focus for NP7 {5 always definite, the UNIT factor
decreases the score for applying 1t when the UNIT value appears
in the CMU attribute, For NPll, the UNIT factor scores the
application GOCD if the article is "a"™ and UNIT appears in the
CMU values, but POOR 1f the article is "the",

NP4 applies especially well to {nstances in which units are‘
present, but does not apply at all 1f the head of the nominal
constituent s a RELN stem., In discourse about washing machines
and bicyecles, "three speeds"” might occur in an ordinary way, but
for our current discourse, we do not anticipate such a
combination, Certainly, we do not expect "three surface
displacements",

Such constraints relleve the need for -detailed analysls,
For 1instance, assume that the acoustic mapper has tentatively
- foeréd both "supmarine" and'"Submerged speed" as - acoustically

'ﬁiausibie::éltérﬁati§es'5f6r' £111159  thé”'gab  1n'thé?bérfi&il?
" analyzed phrase "three ;#4;- -s of the ﬁ;S.- Név9";.;This:is" ﬁot .
{mprobable since "submarines" and "submerged speeds” resemble

each other in many ways. They both start with "s"; their first
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syllables have central vowelsy their last syllables have high
_sfront vowels, and so forth, If NP4 is to be applied, however,
| the RELN téctor will resolve the doubt {n favor of "submarine",
-and there will be no need to test in depth how well "submerged
speed™ maps onto the acoustic data or fits the semantic and
discourse constraints, |

The UNIT factor of NP1l guides the cholce between M"a" and
'"tne", where acoustic evidence for a cholice is typically lacking,
Semantically, "a" resembles "one" in its ablility to combine with
numbers and units; e.g., "one ton", "a ton", "one hundréd“, "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 "am" i{s judged to be more likely than T"the", On
- the other hand, 1f the NOM {s "fuel" or "submarines", the article
| cannot be "a", The CMU attribute for "“a" is (COUNT UNIT), which
does not intersSect with the value (MASS) of the CMU attribute for
"fuel"; the NBR attribute Is (SG), which does not intersect with
the value (PL) for "sybmarines", The factors referencing these
sattributes rule out application when the intersection {s NIL,
‘These are typlcal syntactic agreement tests,

AS longer phrases ‘are built up, the varidus attributes
"infesact in otner ways. For 1nstance, the syntactic properties
 30£ relational expressions depend on which aspect of the re;ation':
"§s  present  in féh-: 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, the CMU attribute for the resultant phrase is defined
by taking the union of the values feor the two nominal
#onstituents. As a result, phrases like "surface displacement o¢f
the Lafavette® have the value (COUNT) and those like "surface
‘displacment of seven thousand tonsQ have the value (COUNT UNIT),
The difference in values marks the fact that the two examples do
not £it with equal ease in all syntactic environments, It is
referenced in the UNIT and RELN factors 1in (3) above, to
influence the chojice between the two articles, which are seldom
distingulshed <clearly by scund, The yrule is tuned to prefer
."the“ in the absence of the UNIT wvaluey as in "the surface
displacement of the Lafayette®, and "a" when it is present, as in
ha Surface displacement of Seven thoUsand tons", "A surface
displacment of the Latayette", which implies the possibility of
having more than one surface displacement, {8 ruled out
completely,

NPs also have a MOOD attribute, derived from their initial
constituents, It is either declarative (DEC) as {n "this
submarine™, or WH=interrogative (WH) as in "which  submarine",
The WH value {s probpagated to the larger phrases in which NPs are
tonstituents. Sentences (S} and utterances (U} take the value
'f.o'r their MOOD attribute €rom an initial NP, Our current

‘vocabulary does not include verbs like "know" and ' "tell",  Which

cah' émbed"WH"dueStiohé 1ike "Do you know what the Surface .

displacement is?" For the time being, we assume that noninitial

noun phrases are not likely to have the valye WH for MOOD., Echo
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queétions; e,9.s "You sald what?" are not ruled out, but have
lower scores,

The convergence of many attributes at the higher 1levels of
pnrase composition makes possible many discriminatery judaments.

Some ot them are shown in (4).

(4) RULE.DEF 83 S = NP:NP{ AUXB NP:NP2:

ATTRIBUTES
MOOD,FOCUS,CMU,RELN FROM NP{,
AFFNEG FROM AUXB;

FACTORS
NBRAGRY = IF CMU EQUAL "(UNIT) THEN
[IF NBR(AUXB)EQUAL "(SG)THEN OK ELSE QUTJELSE
1F GINTERSECT(NBR(NP{),NBR(AUXB))THEN OK ELSE 0UT,
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,
GCASE{ = IF GCASE(NP1) EQUAL "(ACC) THEN OUT ELSE OK,
GCASE2 = IF GCASE(NP2) EQUAL "(ACC) THEN OUT ELSE OK,
MOOD1 = IF MOOD EQUAL “(WH) THEN GOOD ELSE OK,
MOOD2 = IF MDOD EQUAL "(WH) AND MOOD(NP2) EQUAL "(WH)
THEN POOR ELSE OK,
AFFNEG = IF MOOD EQUAL "(WH) AND AFFNEG EQ "NEG THEN
BAD ELSE OK,
RELN = IF RELN EQ "T AND CMU(NP2) EQUAL "(UNIT)
THEN VERYGOOD ELSE OK,
PERSAGR = IF GINTERSECT(PERS(NP1),PERS(AUXB))
. THEN OK ELSE OUT;

EXAMPLES |
THE LAFAYETTE IS A SUBMARINE (OK)
THE LAFAYETTE IS SUBMARINES, WHAT IS THEM (OUT)
A LAFAYETTE IS THE SUBMARINE (POOR) |
THEM ARE SUBMARINES, IT AM A SHIP (OUT)
' WHAT IS 1T, WHAT IS THE LENGTH (GOOD)
“HOW MANY ARE WHAT (POOR) |
WHAT ISN*T THE SURFACE DISPLACEMENT (BAD)
" THE SURFACE DISPLACEMENT IS 7000 TONS (VERYGOOD);

The PERSAGR (personwagreement) factor tests for agreement

between the so=called pronouns and the auxiliary constituent,



A Tuneable Performance Grammar Page 12

The two grammatlcal case factors, GCASEl and GCASE2, require that
the grammatical cases of the two NPs are not accusative, These

_ttaditional syntactic agreement tests block application of the

. ecomposition rule to putative expressions like "it are" and "they

~is", "Tnem is" {s doubly blocked,

some of the remaining factor statements in (4) are less
traditional, One of these is the AFFNEG factor, which references
both the MOOD and AFFNEG attributes and reduces the score greatly
1f the instance is purportedly a negative WH question like "what
isn’t the surface displacement?" Genuine requests for negative
information occur in highly circumscribed situations, The
rhetorical question 1S not a genuine request for {nformation
(esges "who wouldn’t like to be rich and famous!"}, "Who isn’t
here?" (s reasonable only if thele is an established and limited
list of people who are expected to be present, as {n a classroom,
"What isn’t your name?" and "Where don’t you live?" are patently
absurd,

The constraint on negative WH questions is essentially due
to pragmatic forces as well as semantic ones, Similar forces are
at work in observed tendencies for the first NP {in the
composition defined by S3 to be indefinite Iin focus only when the
‘second one is also, Stated oversimply, 4in coherent discourse,
‘the :thihg§ éir§ady'ta1kéd abﬁut;?the "o1dn informatibh?-feﬁd$ £o :
cbme,--fifst; Whéﬁ _19'-”pféditated' vabﬁut ita-the  ﬁhew"'
_ ;nformation--tends to folldw. 0ld information is information

that has already been talked about and established in the
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discourse, so that it {s likelY to be encoded in definite noun
phrases, These are likely to be 1in subject position, so that the
sentence they introdure is c¢consistent with preceding sentences,
New {nformation tends te be {ntroduced in indefinite noun
phrases. The next mention of the "same thing” will then be old
information, eligible for definite focus, Consequently, ™A
Lafayette {s that submarine"” seems peculiar, relative to "That
submarine is a Lafayette", "A Latayette {s {t" is still more
peculiar., These discourseebased probabilistic tendencies are
| expressed in the FOCUS factoer of 83,

The CMU attribute, as previously noted, 1s not purely
syntactic. On the other hand, matters like number agreement have
'élways been central to syntax, It is particularly interesting,
therefore, that the number agreement constraints for S3 cannot be
properly stated without appeallng to CMU, To state number
agreement constraints, Ns denoting wunits must be marked
separately, Sentences like "TheSe are a submarine", "These is a
torpede tube", "These is missile laynchers®, and "This are subs"
are ¢learly ungrammatical, and the ungrammaticality 1is wusually
attributed to the fact that one of the constituents differs in
grammatical number from the other two, However, "The surface
displacement {s seven thousand tons" is Wholly Qréﬁmética1'even
‘though two of the constituents are singular  énd--£hé':£h1fd"'i$
;pluréi;3' Such.’dse' of sémantic atffibutes 1n'5yn£aéiicﬁfac£§f§'
points to the tonclusion that the integration of 1nformat16n from

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

Because of the high frequency of WH guestions in the
protocols from which the vocabulary and phrase types were
selected, the PG is now tuned to expect them, A sentence defined
bY ©S3 receives a higher score from the MOOD:i factor if its MOOD
is WH, This tuning can easily be changed without altering the
syntax or semantics of the language. If the user both extracts
‘data from the data base and enters data into 1it, with no
predictable pattern of alternation, factors like MOOD! can simply
be removed, A more interesting alternative 1s to Treset them
dynamically {n a discourse context where the computer sometimes
- asks questions for the user to answer, After each user question,
the grammar could be tuned to expect a declarative utterance

whose syntax and semantics were appropriate and relevant.
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