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*(SPRINT (TRY ROB-SUM))
dekhkkhihkbthkihhirhkhkikhx INPUT R T L L et E LT Tt a T
((SuM ((LEAVE (AGT JOHEN)
(SOURCE LIQUOR-STORE)
(SC (ESCAPES830 (AGT JOHN)
(SOURCE LIQUOR-STORE)
(SC (GETAWAY833 (AGT JOHN)
(SOURCE LIQUOR-STORE))))
))
(GET1 (AGT JOHN)
(0OBJ GUN)
(SC (GET2#759 (AGT JOHN)
(OBJ GUN)
(CONSQ (HAVE2#769 (AGT JOHN) (OBJ GUN))))))
(ROB764 (INSTR GUN)
(OBJ MONEY)
(AE OWNER)
(AGT JOHN)
(LOC LIQUOR-STORE)
(ANTE (TRAVEL778 (AGT JOHN)
(DEST LIQUOR-STORE)
(SUBSEQ (MOVE1#775 (OBJ JOHN)
(DEST LIQUOR-STORE)
(sC (WALK1 (AGT JOHN)
(DEST LIQUOR-STORE
23D
(PREC (WANT1 (AGT JOHN)
(OBJ MONEY)
(CONTINUATION (WANT2 (AGT JOHN) (OBJ MONEY)))))
(SUBSEQ (SAY819 (TO OWNER)
(AGT JOHN)
(THM WANT2)
(sC (TELL1 (TO OWNER)
(AGT JOHN) (THM WANT2)))))
(PREC (HAVE2#769 (AGT JOHN) (OBJ GUN)))
(SUBSEQ (GIVE (REC JOHN) (OBJ MONEY) (AGT OWNER)))
(SEQ (GETAWAY833 (AGT JOHN) (SOURCE LIQUOR-STORE)))))
ddekhhdhkhkkhhkhhhkhhhhhik OUTPUT khkkkhikkkrhkkAikhhkhhhhhkhhkhhiks
((ROB764 (INSTR GUN)
(0BJ MONEY)
(AE OWNER)
(AGT JOHN)
(LOC LIQUOR-STORE)))))

Figure 5-23: "Robbing a Liquor Store" - Summary
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*(SPRINT (TRY PIG-SUM))
((suM
dhkh Rk kA hkkAhbhhbhdthhhrddsh INPUT AEARAARRAR AL AL EA XA AA R kA AhAhhddn
((GATHERL (AGT PIG) )
(OBJ LAUNDRY)
(CONSQ (HAVE2#96 (AGT PIG) (OBJ LAUNDRY))))
(APPEAR26 (PERCEPTOF PRINCE)
(0BJ PIG)
(LOC WATER)
(COORD (SEE23 (THM PIG)
(PERCEPTOF PRINCE)
(LOC WATER)
(sC (spYl (THM PIG)
(PERCEPTOF PRINCE) (LOC WATER)))
(CONTINUATION (WATCHL
(THM (AND SOAK1l SCOURL))
(PERCEPTOF PRINCE)
(LOC WATER)))
(CONTINUATION (WATCH2 (THM HANG1)
(PERCEPTOF PRINCE)
(LOC WATER)))))
(PREC (COME4O (AGT PIG) (DEST WATER))))
(CLEANS3
(AGT PIG)
(LOC WATER)
(OBJ CLOTHES)
(ANTE (MOVE2#88 (AGT PIG)
(OBJ LAUNDRY)
(DEST WATER)
(SC (CARRY1 (AGT PIG)
(OBJ LAUNDRY)
(DEST WATER)
(COORD (TRAVEL17
(TWD STREAM)
(AGT PIG)
(DEST WATER)
(SUBSEQ (MOVE1#20
(DEST WATER)
(OBJ PIG)
(TWD STREAM)
(SC (TROT1 (EST WATER)
(AGT PIG)
(TWD STREAM)))))
(SC (COME40 (AGT PIG)
(DEST WATER)))I))))

))
Figure 5-24: "The Tale of the Pig" — Summary



(SEQ (MOVE2#103 (AGT PIG)
(OBJ LAUNDRY)
(DEST HOME)
(SOURCE WATER)
+ (SC (CARRY166
(AGT PIG)
(OBJ LAUNDRY)
(DEST HOME)
(SOURCE WATER)
(COORD (TRAVEL140 (AGT PIG)
(SOURCE WATER)
(DEST HOME)
(SUBSEQ (MOVE1#137
(OBJ PIG)
(SOURCE WATER)
(DEST HOME)
(SC (TROT2 (DEST HOME)
(SOURCE WATER)
(AGT PIG)))))))))
(ANTE (HAVE2#96 (AGT PIG) (OBJ LAUNDRY)))))
(SUBSEQ (WASH80 (AGT PIG) ‘
(OBJ LAUNDRY)
(LOC WATER)
(SUBSEQ (SOAK1 (AGT PIG)
(OBJ LAUNDRY) (LOC WATER)))
(SUBSEQ (SCOURl (AGT PIG)
(OBJ LAUNDRY) (LOC WATER)))))
(SUBSEQ (DRY94 (AGT PIG)
(LOC WATER)
(0BJ CLOTHES)
(SC (HANG1 (IN SUN) (LOC WATER)
(0BJ CLOTHES)))))))
hhihhkhhhhhhhikhki SITMMARY khhkAhhkARrhdhbrhhihhhihxx
((APPEAR26 (PERCEPTOF PRINCE) (OBJ PIG) (LOC WATER))
(CLEAN83 (AGT PIG)-(LOC WATER) (OBJ CLOTHES)))))

Figure 5=24 concluded
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Researcher Summarization Programmed Method
Base Examples
Rumelhart Story Trees No By level of tree ~

+ rewrite rules.

Kintsch & Macro-structures No Macro-structure rules.

Van Dijk

Correira & Story Trees ’ Yes By level of tree.

Simmons Schema/Narrative

Trees

DeJong Sketch Scripts Yes Extract from text by
top~down script
application.

Lehnert Plot Units No Analysis of Plot Unit

Graph.
Alterman Concept Trees Yes ~ Single/Multiple Concept

Summarization Rules

Table 5-2: Theories of Summarization
subtrees according to a set of semantic summarization rules. Simmons
& Correira work with a single tree which represents a combination of
the syntactic and semantic structure of the story. Any level of
their tree represents a summarization of the story. No extra rewrite

rules are required.

There are a couple major differences between the work of
Rumelhart and Simmons & Correira, and SUM. Instead of working with a
structure which represents the story as a whole, SUM works with a
series of intercomnected structures (concept trees) that represent
the event concepts used in the text. Where the others summarize a
story according to its overall structure, SUM summarizes a story by

summarizing the event concepts it uses.
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Kintsch & van Dijk [Kintsch and van Dijk 75a, Kintsch and van
Dijk 75b, van Dijk 76, van Dijk 77] summarize text by using a set of
macro=-structure rules. An example of a macro—structure rule 1is

generalization; concepts are generalized by abstracting them. So

"John is hitch-hiking" wold be generalized to "John 1is travelling".
Another rule is deletion, which abstracts accidental properties. So
"™ary was playing with the red ball" could be progressively
summarized as '""Mary 1s playing with the ball" and then just "Mary is

playing". A third example of a macro-structure rule is construction,

which replaces the components of a concept by the concept. So 'John
laid the foundation. He built the walls ..." would be summarized

"John built a house".

One interesting difference between SUM’s summarization rules
and Kintsch & van Dijk’s macro=structure rules has to do with how
they would summarize two event concepts 1if one was a subclass of the
other. Citing psychological evidence Kintsch and van Dijk choose the
class concept because it represents a more general concept. SUM
takes the other tack, choosing the subclass concept because it tells
the reader more about what occurred in the story. The first
technique results in a broad overview of the text, the second a
short, more precise, abstract~like, description of the events which

occur in the text.

DeJong produces representations of text by applying in a top-
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down fashion sketchy scripts (e.g. accidents, terrorist acts ess)a
His system extracts from wire-service newspaper stories just enough
facts to fill in the arguments of a sketchy secript. Because the
stories that DeJong works with are so stereotyped he can summarize
text by wusing a set of fill-in~the~blank type summarization
statements attached to each sketchy séript. The text that SUM works
with 1is much less stereotyped and therefore a more general

summarization technique is required.

Lehnert [Lehnert 8la, Lehnert 81b] has sketched out a scheme
for summarizing text based on plot units. Plot units are an attempt
to represent affect-state patterns; Lehnert identifies a number of
basic plot wunits (e.g. motivation, success, hidden blessing).
Associated with each basic plot is a canned program for
summarization, which she calls a generational frame. Na;rative text,
in her proposed system, is represented by interconnected plot units.
Summaries are generated by first identifying pivotal plot units (i.e.
units which are maximally connected), then by generating a base-line
summary from the generational frame associated with that particular
plot unit, and finally by augmenting the summary with information

from the plot units related to the pivotal unit.

The summarization technique she outlines is by far the most
complicated. Her research program is still in the early stages so it

is difficult to evaluate. Her summaries will be limited to narrative
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text. The same limitation applies to SUM, but SUM’s could be applied
to a wider range of text by extending the dictiondry beyond
event/state concepts. The types of summary produced by SUM differs
from the types of summaries suggested by Lehnert; one bases its

summaries on an analysis of the event/state concepts, the other on an

affect analysis.



Chapter 6

Conclusions

6.1 Summary

NEXUS represents a theory of event/state conceptual coherence
in text. The theory is: representations of narrative text can be
generated by a process of matching text against a dictionary of
concepts, which are related by a small set of relatlon-types, and
using the organization of the concepts in the dictiomary to organize
the instances of event/state concepts which appear in the text. The
dictionary was compiled by an analysis of ten folktales. The theory
was tested by a program which produced coherence representations for
eight samples of text. The utility of the scheme was validated by

performing experiments in question answering and summarizing.

There are seven event/state coherence relations that NEXUS

uses. They are: class/subclass, sequence/subsequence, coordinate,
antecedent, precedent, consequent, and sequel. Class/subclass
represents an inheritance relationship between concepts.

Sequence/subsequence and coordinate are two kinds of  part

relationships: a subsequence of an event occurs for a subinterval of
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the event, and a coordinate occurs for the entire interval. The
other four relations are temporal (see figure 6-1) and can-be diviied
into before and after categories, and then further subdivided into
necessary and plausible connections.

Temporal Relations

/ \

/ \
Before After
/A /A

/ \ / \
/ \ / \

antecedent consequent consequent sequel

Figure 6-1: The Temporal Relations

NEXUS’ relation scheme can be used to hierarchically organize
a wide range of textual phenomena. A number of interesting
characterizations resulted from comparing NEXUS® representations to

other representation schemes.

When NEXUS was applied to a script example, the subparts of

the script were related by subsequence arcs, and the entry and exit

conditions by temporal relations.

Plans were represented by one of two techniques. Plans which
were not concept oriented were represented in NEXUS by chains of
temporal relations. Plans which were concept oriented (e.g. robbing)
were represented in the same manner as scripts; the difference is
that the default values for scripts are tightly constrained, while

the default values for plan concepts are not.
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When NEXUS was applied to a story tree example, '"The Margie
Story", a number of important features of the scheme became apparent.
First, NEXUS was able to represent phenomena which neither scripts
nor plans could account for; using the temporal relations it was able
to connect the ‘winds catching the balloon” to the ‘balloon
bursting’. Furthermore temporal relations could be used to connect
Margie’s reaction to the balloon bursting to the other events of the
story. Finally where a story tree approach accounted for the story
by construc%ing a tree of its overall structure, a NEXUS-type
analysis produced several interconnected concept trees which
represented the event/state concepts used in the construction of the

text.

When NEXUS was applied to a schema/narrative tree example,
"The Black and Yellow V2 Rocket", it was shown NEXUS could account
for the events of the story but not the descriptive passages. This

emphasized the fact that NEXUS was a theory of event/state coherence.

Finally, the comparison to Hobbs’ coherence representation
explicated the difference between rhetorical coherence and concept
oriented coherence. Rhetorical coherence introduces meta-relations
which describe the discourse relationships between sentences. NEXUS’
concept oriented coherence captures the‘implicit relationships among

event descriptions in the text.
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The theory of coherence was tested. First, ten folktales
were analyzed and used as a basis for compiling a dictionary of
event/state concepts. Attached to each concept in the dictionary was
a list of default values for its case arguments, and attached to each
relationship a 1ist of constraints. An interpreter, TRACE, was
written which matched case notated versions of input text against the
dictionary of event/state concepts and produced as an output
interconnected concept trees. Both the constraints attached to each
relationship in the dictionary and the default values for case
arguments of concepts were used to control the representation

building process.

TRACE was successfully applied to eight samples of text.
Three of the samples come from the literature; these include stories
which had been accounted for by either scripts, plans or story trees.
The other five samples came from the folktales that had been used to

compile the dictionary.

An analysis of the results provided some interesting
discussion. First, it was discovered that although some paths of arc
length six or seven were need to connect events in the text, the
average path length between a new event description and the concept
trees, as they had so far been derived, was two. Secondly, it was
pointed out that in a onoumber of cases TRACE had to use the

constraints to reject several bad interpretations before it could
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find one that was acceptable. Thirdly, remarked upon was the fact
that iIn the process of constructing the concept trees  TRACE had
resolved ellipsis and phoric references. Lastly, it was noted that
TRACE had produced some novel interpretations; that is, events which
nad not been connected by a hand analysis of the text were correctly

connected by TRACE using the dictionary of concepts.

The utility of the interconnected concept trees produced by
TRACE was demonstrated by showing their usage in answering questions
and summarizing text. Questions were answered by associating with
each question type a list of coherence patterns that QUEST used as a
basis for generating potential answers (The provisc was that the
answers QUEST produced were subject to further semantic testing.).
For example to answer enhancement questions QUEST descended subclass,
subsequence, and coordinate relations. To answer goal questions it
either ascended subclass, subsequence or coordinate arcs, or it moved

forward across temporal relations.

SUM tested both the coherence relations and the hierarchical
organization of the concept trees. Individual concepts were
summarized by selecting, after promotion, the top node in the
assoclated concept tree. For multiple concepts, SUM used heuristics,
based on the coherence relations, to delete some of the concept

trees. Two heuristics discussed were the deletion of identity trees

and preparatory trees.



163

To summarize: the findings of this research are seven
event/state coherence relations which provide a uniform approach to
representing a wide variety of textual phenomena. The experiments
with TRACE demonstrated that the relations could be used to organize
a dictionary of concepts, which, in turn, could be used as a basis
for representing instances of event/state concepts as they appear in
text. Experiments in question answering and summarizing demonstrated
the utility of the structure of these representations for developing

simple and elegant natural language processing heuristics.

6.2 Future Directions

6.2.1 The Dictionary

There are a number of ways in which the dictionary can be
extended. First by expanding the dictionary’s content by analyzing,
and computationally accounting for, more text. Since the dictionary
is, in some sense, an evolving organism, additions to the dictionary
would also, wundoubtedly, refine and improve some of the current

relationships between concepts.

For that matter the breadth of the dictionary could be
increased. Currently the dictionary only accounts for event/state
concepts. One obvious extension would be to incorporated thing

concepts. From a NEXUS perspective this could be accomplished in two
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stages. First, a dictionmary of thing concepts could be derived by
essentially repeating the experiments on event/state concepts over a
different domain of conceptual coherence. Again, text could be
analyzed to derive coherence relations, and a TRACE-like procedure
could be written which finds the implicit relationships between
“thing’ concepts used in the text. The second stage, and the hardest

part, would be trying to integrate the two dictionaries.

6.2.2 TRACE

Currently TRACE uses a smallest frontier breadth-first search
across the dictionary to connect event descriptions. With the arc
selection restrictions employed the size of TRACE’s search'space is
reduced, but further reductions would help. One direction of
research could be working out methods for controlling the visibility
of the dictionary using the context provided by the text. Here a
dictionary of ‘thing® concepts would come in handy; the two

dictionaries could supply contexts for each other.

6.2.3 QUEST and SUM

A number of additions could be made to QUEST. No attempt has
been made to address the issue of identifying questions. For the
purposes of this study it was reasonable to put the questions in a
canonical form, but the concomitant problems of question typologies

and question identification represent difficult research problems.



165

The categories of questions that QUEST retrieves answers for
could be expanded. The current version of QUEST emphasizeq questions
about relationships between events which are described in the text.
That leaves out a number of categories of questions. For example,
concept completion questions would represent a way Lo measure NEXUS’

reference and ellipsis resolving capabilities.

Also, no attempt has been made to answer questions which go
beyond the representation TRACE produces of the text. Ideally QUEST
could retrieve answers to questions in the context of the dictionary;
many questions require interfacing between the dictionary’s general
storehouse of knowledge and the TRACE-produced concept trees.
Working out the details of an intelligent interface between the two
sources of information available to QUEST is another interesting

research problem.

The number of spin-off research problems from SUM are fewer

than those of QUEST. One natural follow=-up on SUM would be tc add
more concept deletion heuristics. Another interesting problem would
be to integrate the concept trees for an entire story into a story
tree, and then investigate summarization heuristics that would work

on the resulting structure.
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