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TRUMP: A Transportable Language
Understanding Program

Paul S. Jacobs

Artificial Intelligence Laboratory, GE Research and Development Center,
Schenectady, New York 12301

domain. The information about words, word meanings, and linguistic relations in this
generic knowledge base guides the conceptual framework of language interpretation in
each domain. Trump uses this core knowledge to piece together a conceptual representa-
tion of a natural language input by combining generic and specialized information. The
result has been a language processing system that is capable of performing fairly exten-
sive analysis with a minimum of customization for each application.

I. INTRODUCTION

Natural language should be a component of most computer systems. It is
the natural way people communicate, so clearly the reason language is absent
from most computer software is not because any menu, icon, or command
language is any substitute. It is because natural language is so unnatural for
computers: Human-like communicative capabilities require a wealth of knowl-
edge far beyond what machines will master in this century. Thirty years of
natural language research has failed to produce much more than a series of
small-scale demonstration programs.

The heart of the natural language problem seems to be in the difference
between the way human beings use language and the way programs operate.
People use essentially the same grammar, vocabulary, and basis for language
regardless of the topic of discussion, while computer programs are brittle,
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degree of common benefit to text processing, language analysis, and genera-
tion.

The section that follows briefly covers some of the applications of TRuMP;
the next sections deal with the essential elements of TRuMP’s transportability:
the ‘‘core’’ lexicon and knowledge base design and the semantic interpretation
mechanism.

II. APPLICATIONS OF TRUMP

Trump currently serves as the cornerstone of a set of natural language tools
used in a number of locations within the General Electric Company. Two
experimental applications, an interface to an on-line directory and a text-based
information retrieval system, illustrate the flexibility of the language processing
mechanism.

A. DEUCE

The directory system, DEUCE (Directory Extraction Using Common En-
glish)!" provides a simple natural language interface to an existing on-line tele-
phone and organizational directory for the GE R&D Center. The installation of
DEUCE required approximately six person-months, including porting the data-
base from an IBM to a UNIX environment and integration of database code in
the C language with natural language software written in common Lisp. The
system is accessible through a shell command to most workstations on the local
network. An example interchange is the following (user input is typed to the
“DEUCE>"’" prompt):

% deuce
DEUCE> Who's the manager of the artificial intelligence branch?
ARTIFICIAL INTELLIGENCE BRANCH's manager is LARRY M SWEET
DEUCE> What's his phone number?
LARRY M SWEET's telephone number is 5362
DEUCE> Who is Sieter?
no record for SIETER exists
IRA L SIDER is located at building K-1 room 5C40
IRA L SIDER's telephone number is 6888
STEPHEN O SUTTER is located at building K-1 room GATE
STEPHEN O SUTTER's telephone number is 6041
other closely related names:
TIMOTHY L SAUTER, REINHARD SIDOR
DEUCE> In what lab does Sider work?
IRA L SIDER's laboratory is the INFORMATION SYSTEMS LABORATORY

This sort of exchange is not sensational in that a variety of commercially
available products (cf. Ref. 22), as well as research systems (cf. Refs. 3-5),
provide similar database front ends. The main unusual characteristic of
DEUCE is that the natural language interface, including the semantic compo-
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B. Scisor
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The following is an example of the operation of Scisor on a simple news
story:

W ACQUISITION UPS BID FOR WARNACO
Warnaco received another merger offer, valued
at $36 a share, or $360 million. The buyout
offer for the apparel maker was made by the
W Acquisition Corporation of Delaware.

User: Who took over Warnaco?
System: W Acquisition offered $36 per share for Warnaco.
User: What happened to Warnaco last Tuesday?
System: Warnaco rose 2 2 as a result of rumors.
Scrsor nrocesses stories from the Dow Jones news service. handling
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dress the problem of accessing information from arbitrary texts, while Scisor to
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processing and question answering. TRump performs the analysis of both the
texts and the queries, and KING generates the system’s responses. SCISOR is, to

how it affects TRumP.
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III. THE CORE KNOWLEDGE BASE
The theme of TruMP is that a powerful base of knowledge about language is

the key to transportability in natural language. This knowledge must be in a
declarative form, to apply to both language analysis and generation, and must

ot known words; the richness of inftormation about each word; the treatment ot

lexical compounds or phrases; the representauon of grammatical relations;
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phrases with other similar constructs, such as “‘Italian restaurant,”’ ‘‘answer
the phone,’’ and ‘‘get a kiss.”’
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aspects of TRuMP’s knowledge base:

® A uniform representation for linguistic and conceptual knowledge
® A hierarchical phrasal lexicon.
® Explicit associations between linguistic and conceptual structures

. A. Uniform Knowledge Base Design . ‘
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Figure 1. Trump system organization.

1. System Organization

Part of the design of TruMp is to encode information within the knowledge
base rather than as part of the program, wherever possible. Many natural
language analyzers augment their knowledge of language with ‘‘mapping
rules’’—procedures that guide the production of conceptual structures from a
linguistic input. A declarative representation in TRUMP replaces these mapping
rules.

Figure 1 shows the overall structure of TRuMp. The parser and semantic
interpreter share with the generator (not shown) a knowledge base consisting of

of that shared knowledge base.

2. Basic Knowledge Representation Structures

TRrRuMP uses the Ace knowledge representation framework. Many of Ace’s
basic elements can be found in other knowledge representation schemes (e.g.,
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Ace hierarchy include the following:

DOMINATE—defines as isa link between two categories. This relation is
labeled with a “D” in the figures.

(dominate action running) means that running is an action—i.e.,
action dominates running.
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constituent.
(dominate action running
(role-play actor runner))

means that in running, the role of actor (inherited from action) is played by

the runner.
‘ REF—defines a mapping between an entity in the linguistic hierarchy and
1 an entity in the conceptual hierarchy. This relation is labeled “‘REF’’ in
{ the figures.
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In the rest of this article. diagrams will show sections of TrRumr’s knowl-

meaning—making use of these knowledge structures.

B. The Hierarchical Phrasal Lexicon
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pnrase.  FOr example, eXpressions sucn as ““send a message,  ~"give a hug,
“working directory,’’ and ‘‘pick up’’ may be handled as specialized phrases,
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unique word roots, a set of word senses grouped into semantic categories using
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® word sequences

® [exical relations

@ linguistic relations

® linguistic/conceptual relations

apply.

1. Word Sequences

internall)-/ grammatiéal, but :‘by and large” is not).‘ Because this type of com-
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pound lexeme is very specialized, word sequences do not benefit from the
hierarchical lexicon organization, as do the other three types of relations cov-
i ered next.

2. Lexical Relations

Lexical relations include compound lexical entites such as ‘‘pick up’’ and
{ ‘“‘sell out”’ that can appear in a variety of surface forms, but have some general
relationship among their simple lexeme constituents. These relations also in-
clude many compound nomials, where a general lexical semantic relation can
describe the behavior of a group of compound lexemes.

formly.
As Figure 2 shows, knowledge in the lexical hierarchy may be redundant. :

The semantic interpreter could apply the verb-object relation to determine the f

relationship between ‘‘branch’’ and ‘‘manager’’ without the specific lexical .
5
: T
: t
| compound-noun =l_fustn ] 3

D m second-n

noun manager

Figure 2. The compound lexemes cn-XXX-manager.
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;s"w“ o j ify verb phrases and noun phrases differently are represented underneath these
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tion where the preposition in the modifier is prep-to. Example uses of this

prep-root

Figure 3. The modifying-relation compound-lexeme hierarchy.
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C. Associating Language and Meaning

TrumMP’s knowledge representation, Ace, emphasizes knowledge about

DEIWEEN language ana Meanng. 1wo SuUcn assoclalons, KEF and V1B, 1K
linguistic structures to their conceptual structures and associate concepts with
other concepts that they help to express.

1. The REF Association

Linguistic relations provide a hierarchy of linguistic roles that are associ-
ated with conceptual interpretations. REF provides both analyzer and genera-
tor with an explicit link between linguistic and conceptual roles. This explicit

1 WO 1mportant KEF relauonsnips In ACe are NIuSirdled In rigure d>. 1ne
association of the to-pmod-relation at the level of g-trans-event for ‘‘general-

. ized transfer events,’’ a higher level than the verb-indir-relation, represents the
lﬁ knowledge that the object of the preposition ‘‘to’’ describes a more general
role, destination, than the recipient described by the indirect object of a verb.
. Generalized transfer events include physical transfers as well, while in transfer
Te g ; :
. events the recipient must abstractly receive .tlfe transferred ob_]ect: _
¥ REF addresses the problem of determining conceptual relationships by
s providing a general means of associating linguistic and conceptual roles. Unlike
i systems such as Hirst’s,”” such relationships are often derivable from the

knowledge structures in the network rather than being required explicitly for
each word sense template. For example, the relationship between the indirect
object of the verb ‘‘sell’”’ and the customer role is derived from the ROLE-
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relation

Figure 5. REF links linguistic and conceptual structures.
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2. The VIEW Association

The VIEW association is similar to REF, except that it represents meta-

is often viewed as a transfer, in which the patient of the activity is viewed as the
recipient.

e 1 ~ . . L mea e T . .s . ..

Figure 6. Capturing metaphorical generalizations.
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w ai of transfers. The concept of a merchandise-transfer, for example, is linked by a
- munication transter—one might substitute *‘tell’” or *‘give’’ for send.
“1‘,2“ . ‘ This sort of linguistic/conceptual hierarchy helps to illustrate how TrRump
ships ] can take advantage of knowledge about linguistic expression, such as the rela-
3 tionship between transfers and indirect objects, in analyzing more specific
artic- words and constructs.
CEE This section has covered the basic framework of TRuMP’s core knowledge
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tations and in refining its work into a specific meaning representation for an
input.
. IV. LANGUAGE ANALYSIS IN TRUMP
A language analvzer must determine the concent described bv each word
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edge, and the interaction of general ‘‘core’’ knowledge about language with

f ;
‘_ 1 A. Integrating Syntax and Semantics .

parse actually combines syntactic and semantic preferences. Also, it can poten-
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tially try all possible conceptually valid parses. This is inefficient, because
occasionally the same conceptual interpretation is supported by more than one
parse. Furthermore, it assumes that the ‘‘best’’ conceptual interpretation is a
local consideration, while later information might invalidate an interpretation
that fits best locally.

Like Lytinen’s program, TrRump allows semantics to take the lead in deter-

mining how sentences are parsed; however TRuMp also maintains multiple in-
ternretations and lets svntactic and semantic nreferences interact Fnrther-

before semantics, but uses the intermediate results of semantic interpretation
as a guide in parsing as well as for selecting the best final result.

The discussion that follows shows the basic framework for maintaining
linguistic and conceptual interpretations and describes how Trump deals with
some of the complications mentioned above.

1. Dynamic Structures

TruMP is a multiple-path parser, in contrast to some deterministic pars-
ers,*»* which account for many linguistic preferences without requiring com-
plex data structures to maintain the state of the parser. Like other multiple-path

interpretation. Because relationships between linguistic and conceptual struc-
tures are explicit, the program can easily prune paths from the structure as it
obtains new information.

Figure 8 shows an example of a dynamic chart structure, which links
possible linguistic interpretations to conceptual structures that depend on a
particular interpretation. The nodes labeled L1, L2, etc. are linguistic assump-
tions that produce concepts such as C1, C2, and so forth.

The extended chart structure permits some special ways of dealing with
ambiguity, including eliminating inconsequential ambiguity, taking advantage
of ambiguity, and delaying ambiguity handling. The examples that follow illus-
trate some of these methods.

2. Conceptual Structure Sharing

Resolving syntactic ambiguities is not always desirable in a semantic inter-
preter. These ambiguities may become inconsequential, or the application may
require a greater degree of ambiguity. Compound nominals can be some of the
most syntactially ambiguous constructs, but actually seem to require only lim-
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Figure 9. Joining structures with similar conceptual interpretations.

tences TruMP, in the Scisor application, processed from the Dow Jones ser-
vice, was the following:

REVERE SAID IT HAD RECEIVED AN OFFER FROM AN INVESTOR GROUP
TO BE ACQUIRED FOR $16 A SHARE, OR ABOUT $127 MILLION.

Tha ahava ic nat an nmuncnallyy Aamnlav cantancra it it hac Adaranc Af

: structure sharing in this example thus reduces the number of parses considered
~ by a factor of six by identifying linguistic structures with shared meaning.

pas€ INterrace,'* a User asks wnat s e mail room Numoer, Whnicn could
mean the phone number of the mail room, the room number of the mail room,
or the room number of the mail. Since the correct response depends on the
information in the database, it is important for the analyzer to preserve the
ambiguity until it finds an answer.






