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We have begun work at evaluating the overall effectiveness of techniques
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Nevertheless, the practice of ‘‘skimming’’ by avoiding parsing, where a seman-
tic model deems it unnecessary, seems to be a new and useful method that we
are currently extending and testing.

B. The Analysis Process
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Figure 10 is a sketch of the operation of the Trump system, showing the l
results of the svntactic. mannine. and concretion nrocesses. Fach of the three

since this is the unusual element of analysis in TRUMP.

1. Grammatical Analysis

Grammatical analvsis matches the innut text to TriiMP’s orammar. which

2. Mapping

Each time TrumP completes the analysis of a linguistic structure, such as a
noun phrase or verb phrase, it maps the linguistic relations it has produced into
pieces of conceptual structure. This mapping process consists of applying
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Figure 10. Operation of Trump.

VIEW and REF associations in the hierarchy to derive concepts. Since VIEW

Except for VIEWs, which apply only when the context provides a *‘trig-
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ger’’ or information supnorting a narticular VIEW. the manning nrocess tries to

enough information to produce a more specific concept. This topic, at the heart
of the semantic interpretation problem, is next.
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3. Concretion

Ambiguity and imprecision in language are the key problems in building

1 ol S o RIS Y SR e RS S S S S

ment.
For example, consider the following potential inputs:

(1) John cut the salami
cut = sliced (NOT chopped or shortened)
(2) John gave a kiss to Mary
gave a kiss = kissed (NOT presented)
(3) The investor group seeking control of Warnazco. . .
seeking = trying (NOT searching)
(4) The “‘rm’’ command takes three arguments.
takes = requires as input (NOT moves)
(5) Move back to the last position.
Move back => return (NOT move backwards)
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large, and there are too many common characteristics of various senses. To
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deal effectively with the complexity of this process, the semantic interpreter
must do the following:

e Identify prospective interpretations—The system must use linguistic in-

farmatinn tn celart intarnratatinne that ara ~rancictant with tha inant
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more precise interpretations from the combination of knowledge
sources.

e Assume a specific interpretation—As in the above examples, a practical
understanding of the input must be somewhat more than the maximum
that can be ‘‘safely’’ inferred. The system must produce some knowl-
edge structures that are likely candidates but are not certain from the
linguistic description.

e Fail gracefully on contradictions—If an assumed interpretation results

one, tnese€ 100 must b€ aiscaraea.
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the mvestor group is the searcher, and control of Warnaco is bemg sought.
Domain-independent conceptual knowledge suggests that looking for a state

pretation of this specificity is necessary to drive inferences and cooperative
responses.

tic analysis is essential because it derives conceptual relations that would apply
also to “lookmg for,” “‘searching for,”” and even ‘‘pursuing’’; this analysis thus

CeAsmw s A AR VEAAE W W T AAA VAL AAN) SEUALALS WL ASAVSASA UJs w wARAW ARAAW V1AW eIy U lswesswvew o wasas

general conceptual knowledge from assumptions that depend on an implied
context, the domain of corporate takeovers in this example.

Types of concretion. Concretion is the specialization of an abstract con-
cept to a more precise interpretation in a given context. As the examples
illustrate, concretion can involve a combination of linguistic and conceptual
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‘“The investor group seeking control of Warnaco’~’

Lexical/syntactic The sentence is about a seeking;
mechanism what's being sought is control
Conceptual Seeking a state is usually
knowledge trying to achieve the state

Contextual/
domain
knowledge

Y Y

Concretion
mechanism

Attempts to control
companies are takeovers

The investor group is probably trying to acquire Warnaco.

Figure 11. Concretion integrates knowledge sources.

knowledge, and can result in either a direct specialization or a metaphorical
extension. In all cases, concretion requires four ingredients:

e An instantiated concept to be specialized

e A linguistic or conceptual ‘‘trigger’’

e A target concept type

e A conceptual relation between source and target

theviarget ca;lcept is slicing (indicated by the trigger), and the relation is subca-
tegorization, or DOMINATE:.

shows the concretion of the concept cutting to the concept severing in the
phrase cut the tip off. In this case, the knowledge base contains the information

cutting.

TruMP often reaches a specific interpretation through a series of concre-
FRY e Sl LR L S i R B R e N 1~ NS R e SR LS Wi S S s
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VIEWs (cf. Section III-C.2). Figure 14 illustrates the application of a VIEW in
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The doctor cut the tip off.

:

Instantiated
oncept:

cutting

severing

Knowledge Result: object
Base:

D
severing

Figure 12. Concretion with linguistic trigger.

the concretion process. In this example, the use of the noun kiss to describe the
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being kissed and the surface being kissed—and the concretion mechanism must
use constraints on these roles to determine the correct role.

The above examples show several ways in which concretion results in the
creation of a specific interpretation using a combination of linguistic and con-

plicitly depends on its trigger and one other consequential relationships.

Concretion produces a specific interpretation and can help to avoid ambi-
guity, but TrRump still must generally select a final meaning interpretation from a
set of candidates. The next section covers this process.

The doctor cut the leg off.

severing severing

Trigger:

object object

Instantiated

oncept:
.
Knowledge Result: ghiect
Base: D

amputating

Figure 13. Concretion with conceptual trigger.




270 JACOBS

John gave Mary a kiss.

giving

Instantiated
Concept:

kissing

Knowledge
se:

transfer-even
o ~"_ 4

kissing

Result: kissee

Figure 14. Concretion using VIEWs.

. cation.

1. Obligatory Specification
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VERB-PART = HELPER VERB-PART
AUX-INV-S = HELPER NP NONFINITE-VP

The first production above treats the ordinary helper-verb construct, as in
‘‘John has sold the book.”’ The second handles inverted constructs. such as

of the main verb and the particular helper (according to whether it is a modal or
passive, for example). This distinguishes, for example, the following two sen-
tences:®

® (3a) Have the students take the exam.
e (3b) Have the students taken the exam?

In (3a) the system should discard the possibility that ‘‘have’’ is an auxiliary
for ‘‘take’’ and therefore consider (3a) as an imperative sentence. The augmen-
tation discussed above could rule out this possibility by asserting that the

B i R et T et

Trump invokes obligatory specification frequently. Even in the newswire
texts, where there are few inverted constructs, the requirement prevents con-

bility that ‘‘has’’ is an auxiliary verb for ‘‘leading’’:

CASTLE & COOKE HAS LEADING U. S. MARKET POSITIONS IN SEVERAL FRESH
AND PROCESSED FRUIT AND VEGETABLE CATEGORIES.

In these cases, obligatory specification is a purely syntactic phenomenon;

var wav guv il wisiy wiiv avus VUL WLV VI v JUU. 1

tSemantic interpretation must later rule out the invalid parse, [John][took][on the
jobl.
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2. Obligatory Concretion

Obligatory concretion dictates that the conceptual interpretation of a rela-

purely lexical or syntactic constraint on such noun phrases.

3. Scoring
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structures that contribute to that interpretation. Some of the heuristic features
of this scheme are the following:

(1) Every specification of a relation improves the score of the grammatical

tions).
(3) Every concretion (further semantic specification) improves the score of

1S, thos€ where meanings OI phras€s are associated with embeaded
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phrases. Otherwise, concepts with more roles specified are preferred
(This enforces some syntactic attachment preferences as well).

No theory motivates these rules, but they are presented because they have
evolved in exercising a real system. We are in the process of constructing a
more principled model of scoring preferences based on our experience with
TruUMP.

4. Role Resolution

The determination of conceptual role fillers influences both the selection of
a parse and the final semantic interpretation. Often a linguistic construct can fill
multiple conceptual roles, but one role is favored because that role is later filled
by another construct. This is important because (1) Role filling cannot be indeli-
ble, and therefore the parser often cannot rule out many paths due to selec-

tinnal ractrintinne and M T inomictin nrafarancrac ran alurave ha avarmilad hye
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® (6a) A court approved Acme’s purchase of Ace.
® (6b) A court approved Acme’s purchase by Ace.

pretations using CONCretion, and tne selection oI a ~"Desl ~ Inierpretatuon. 1ne
strength of these methods is that they use general linguistic and conceptual
preferences, thus limiting the amount of domain-specific knowledge engineer-
ing required to produce valid interpretations within a domain.

V. System Status and Current Projects

TruMP currently consists of about 10,000 lines of Common Lisp code,
including the parser, semantic interpreter, knowledge base manipulation, and
lexical acquisition mechanisms. The ‘‘core’” Ace knowledge base consists of
several hundred linguistic entries with about a thousand concepts, but this is
not large enough to select a new domain without coding a fair amount of new
knowledge. We have augmented this knowledge in a transparent manner with
the new lexicon and thesaurus of over 10,000 roots. The system is currently
being used, experimentally, in a number of very different natural language
projects, from research and aerospace to financial applications. Direct funding
from GE’s businesses has been the principal source of support for the project,
and over 100 trained users in these businesses have used TRump. While we are
far from having a program that can fit seamlessly into a new application area,
the exercise is proving useful in identifying natural language tools that do apply
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VI. SUMMARY AND CONCLUSION

Toimub ic an avnarimantal natural lanonaoce nraceccino nraoram that annliec
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manner.
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