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makes use of this indexed memory organization to efficiently arrive at
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A plausible inference may turn out to be erroneous. ARThUR’s second basic
understanding process is the ability to recognize and resolve contradictions
that may arise among its own inferences during understanding.

Finally, understanding a totally novel story may require the use of some
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AURTHUR ’s third major understanding process is the ability to integrate new
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ABSTRACT

ADAPTIVE UNDERSTANDING :
CORRECTING ERRONEOUS INFERENCES

Richar d Horace Granger , Jr.
Yale University

Understanding a story requires the reader to make
inferences about things impl ied by, but not explicitly
s tated in a story. A reader infers whatever he believes the
text implies , but such inferences can turn out to be
erroneous. An erroneous inference is one that is
contradicted by a subsequent story statement. A reader must
be able to correct such erroneous inferences as the story
progresses , in or der to end up wi th a consistent and correc t
understanding of the story . This is especially but not
exclusively true of stories with surprise endings, such as
mystery stories , fa b les , jokes.

This thesis is about understanding potentially
misleading stories. A rea der cannot know ahead of time
whether or not a story will turn out to contradict one of
its own previous implications. Therefore , virtually every
story is potentially misleading . Unders tand ing a story
requires the reader to be able to recognize when a story
contrad icts a previous inference , and to correc t the
erroneous inference by replacing it with a better inference.

ARTHUR (A Reader THat Understands Reflectively) is a
computer program that understands stories by inferring
unstated connec tions among the statements in the tex t, and
producing a representation of the story which includes these
inferences. The inferences in this story representation
must be continually updated in light of each new story
statement read . ARTHUR can recognize and correct its own
erroneous inferences during understanding , and hence it can
understand stories which contain entiL’ely novel information.
ARTHUR demons trates its understanding of a story by using
its story representation to answe r questions about the
story.

ARTHUR embod ies a theory of adaptive understanding :
it’s own understanding processes are affec ted and altered by
what it reads. ARTHUR ’s ability to unders tand depends on
its knowledge of the situations that can appear in stories ,
and, reciprocally, its knowledge can be increased according
to what ARTHUR reads. ARTHUR ’s operation is based on a
theory of the organization of situational knowledge in an
understander ’s memory, and a theory of the processes by
which that knowledge is applied during story understanding .
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There are three basic processes underlying ARTHURIS
understanding behavior. First , ARTHUR must be able to come
up with plausible inferences to connect the statements in a
story, while avoiding an exhaustive search through
irrelevan t information. This is accomplished by using a
memory organization in which inference paths are indexed
according to their even tual outcomes , thereby allowing
appropriate paths to be examined and inappropriate paths to
be ignored in any given situation. ARTHUR ’s first
understand ing process makes use of this indexed memory
organization to efficiently arrive at appropriate plausible
inferences.

A plausible inference may turn out to be erroneous.
ARTHUR ’s second basic understand ing process is the ability
to recognize and resolve contradic tions that may arise among
its own inferences during understanding .

Finally , understanding a totally novel story may
require the use of some previously unknown information ,
without which the story cannot be understood . ARTHUR ’s
third major understanding process is the ability to
integrate new information into its memory, such that that
informa tion can be applied in. ARTHUR ’s subsequent
inference—ma king processes.

- -h~ 4,’- .-.

-~~~ - — .,~-~~~ ---- - -.- — -- -.

~~ II



® 
Copyr ight by Richard Horace Granger , Jr. 1980

ALL RIGHTS RESERVED

F - t

_ _  

~
‘
.; :  

~~~~~~~ 
- H .

~~~ 
A



Preface

In or der to unders tand language , we must first have
some knowledge about wha t we are read ing. But in or der to
have that knowledge , we must have understood it at some
previous time. Hence understanding is a “circular ” p rocess ,
in the sense that we mus t know some thing before we can
unders tand , but we must be able to understand in order to
know things. Understanding a story not only requires a
large amount of knowledge about the situations that may
occur in the story, but also requires the knowledge that
totally unexpec ted and novel situations may occur in a
story. Such novel situations must be both understood and

- remembered , since they may provide knowledge which is
applicable to subsequent understanding . Theories of
understanding often presuppose a large body of built—in
knowledge on the part of the reader , but those theories
rarely if ever specify how that knowledge is affected by the
understanding process itself. In particular , when we try to
program a computer to understand language , we discove r that
apparently simple and straightforward processes are in fact
immensely complex.

To give a computer the knowledge it needs to understand
stories, we need to know wha t that knowledge looks like .
Since stor ies themselves can contain new knowledge , we need
to understand how that information is encoded in language,
and how a reader can extract new information from what is
read , and how that information can be included in the
reader ’s memory in such a way that it can then be applied to
subsequent understand ing. Hence , understanding is
inherently adaptive: an unders tander mus t have a mechanism
for extrac ting new information contained in stories , and a
mechanism for then using that information as part of the
ongoing understand ing process. 8y equipping a computer
program with these abilities , it is possible to build a
machine that understands stories which contain entirely
novel information.
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CHAPTER 1

WHY ARTHUR?

1.1 P r e f a c e  -

Stories are of ten mislead ing: an implication at the
beginning of a story can be contradicted later on in the
story. This is especially true of stories with surprise
endings , e.g - , mys tery stories, jokes, fables.
Understanding a story requires the reader to make inferences
about things that are implied by, but not explicitly stated
in a story . Such inferences are only plausible assumptions
about a story , based on what has been read so far. Any such
assumption may turn out to be wrong , and will then have to
be revised as more of the story is read . Hence a story
understander must be able to change its mind about its own
inferences as the story progresses. Building a computer
program that unders tands stories there fore requires
spec ifica tion of an algorithm for changing one ’s mind , and
the knowledge needed by such an algorithm.

This thesis is about understand ing potentially
misleading stories. A reader cannot know ahead of time
whether a story will turn out to be misleading or not.
Therefore , virtually every story is a potentially misleading
story. Hence understanding a story requires the reader to
f irst of all be able to determine if and when the story
contradicts any previous inferences. This requires the
reader to have knowledge about wha t infer ences it has made ,
what alterna tive inferences could have been made instead ,
and a wa y of measuring wh ich of those alternatives could
best account for a new story input. Most of this thesis is
concerned wi th describ ing the nature of this knowledge, and
presen ting algorithms that use this knowledge to continually
update a reader ’s interpretation of the story on the basis
of what has been read so far.

These algorithms were used to build a story
understanding program called ARTHUR (A Reader THat
Understands Reflectively) . ARTHUR reads stories in English ,
and produces representations of the st.ries that include
inferences about information which was not explicitly stated

~~~~~



2

in the story . ARTHUR demonstrates its understand ing of a
story by us ing this represen tation to answe r questions about
the story .

This  ch apter in troduces the pro blems inv olved in
understanding misleading stories. Several previous theories
of stor y under stand ing are examine d to see how they deal
wi th these problems . It is concluded that the knowledge
needed to un ders tan d ref lec tively is la cking in those
previous theories. A brief description of this knowledge is
presen ted , an d some pro b lems tha t arise in its appl ica tion
are discussed .

1.2 Introduction

Unders tan d ing a na tural  language tex t requires  the
reader to make inferences to fill in events and information
not explicitly stated in the story. For example , consider
the fol lowing story :

[1] Ralph Hammond went into the Chesapeake
Restaurant. He asked to see the manager,
George Jameson. George immediately
recognized Ralph as his old high school
buddy . Ralph told George that he was in town

- 
on bus iness , and he could only stay for a
while. They talked and reminisced up until
closing , and then Ralph said he had to go.
As he was about to leave , Ralph suddenly
turned and pulled out a gun . “Sorry, old
buddy, ” he said , an d he sho t Geor ge six
times. He ran out to his car , an d drove to
the pre—arranged payment location. Counting
up his money later on , he thou ght back on the
evening ’s events. He felt depressed for a
while , but it didn ’t last. Being a
professional  hi t man , he didn ’t have much
time to waste on things like feelings.

Q) Why did Ralph go into the res tauran t?
A ) To find George and shoot him.

To answe r question Q, a reader must infer that Ralph
wen t to the res tauran t with  the plan of shooting George.
This connection is not expl ici t ly  stated in the story,  but
human understanders seem to have no trouble inf er r i ng it
from the events in the story.  Howeve r , most existing
na tura l  language understanding systems would be incapable of
reading story [1] and correct ly  answering question Q. The
would not understand the story because they are incapable o

- - -
~~~~~
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3

find ing the correc t inferences to accoun t for the events in
the story .

Consider wha t is involved in arriving at the inference
that Ralph ’s reason for going to the res taurant was to shoot
George. First of all, the reader probably made other
inferences about Ralph ’s reasons for going , before making
this final inference. To see this, consider wha t would
happen if we aske d the reader the same question Q at
different points in the story:

[1] Ralph Hammond went into the Chesapeake
Rest a u r ant.

Ql) Why did Ralph go into the restaurant?
Al) Perhaps to eat there.

He asked to see the manager , George Jameson.
Geor ge immed iately recognize d Ralph as his
old high school buddy . Ralph told George
that he was in town on business , and he could
only stay for a while.

Ql) Why did Ralph go into the restaurant?
A2) To talk to his friend George.

They talked and reminisced up until closing ,
and then Ralph said he had to go. As he was
about to leave, Ralph suddenly turned and
pulled out a gun. “Sorry, old buddy ,” he
said , and he shot George six times. He ran
out to his car , and drove to the pre—arranged
payment location . Counting up his money
later on, he thought back on the evening ’s
events. He felt depressed for a while, but
it didn ’t last. Being a professional hit
man , he didn ’t have much t ime to was te on
thing s like feelings.

Ql) Why did Ralph go into the restaurant?
A3) To find George and shoot him.

In or der to answer question Ql at each point in the
story, the reader had to have made inferences about Ralph ’s
reason for going to the restaurant. However , the answers
Al , A2 and A3 are all different answers to the same
question , based on what events the reader had read so far.
Answe r Al , for example, reflects simply a default inference
which we infer in the absence of any other information.
Answe r A2 involves the knowledge that people may want to see
people who they were friends with at one time but who they
haven ’t seen for a while. Finally, answer A3 is based on
the story saying that Ralph killed George and got paid for

~~
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it , along wi th our knowledge that someone who gets paid for
some action probably performed the action intentionally .

These three answers to question Ql are d if ferent
because the s tor y implies d i f ferent reasons for Ralph ’s
action at each of these three points in the story.
Generating the above answers to que stion Ql requires the
reader to make each of the implied inferences about Ralph’ s
intentions in turn , wi th each new inference rep lac ing its
predecessor.

1.2.1 The scope of the problem

Understanding story [1] required the reader to generate
a series of inferences about a charac ter ’s intentions , wi th
each new inference replacing the previous one in the
reader ’s overall interpretation of the story. If [1] is
representative of a significant number of stories , then it
means that our theories of unders tand ing mus t take into
accoun t readers ’ ability to change their minds about their
own inferences in light of subsequent input. Before I
elaborate on the elements of this ability and its
implementation, it is impor tant to show what types of
stories require this abili ty, and how common such stories
are. This section outlines some major categories of stories
which contradict their own initial implications. In the
process of presenting these classe s of stories , the scope of
the prob lem of correc ting erroneous inferences will become
clearer.

Consider the following:

[2] John went into the movie theater. He went up
to the balcony , where Fred was wa it ing wi th
an ounce of cocaine. John paid him in
hun dred—dollar bills and left quickly.

Unders tandi ng th is exam pl e requi res the reader to realize
that John wen t into the mov ie theater for the purpose of
consumma ting ~. drug deal. This ~.iference is not ordinarily
among the mos t lik ely poss ib le reasons for entering a movie
theater. After the first sentence , the reader ’s answe r to a
ques t ion about John ’s inLen tion would reflect the default
inference that John probably wanted to see a movie. Like
story [1], this story implies a charac ter ’s intent ions , and
then subsequently implies a contradictory intention .
Unders tanding this story requires the reader to replace the
ini tial inference with the new one.

This story, and story [1], can be loosely categorized
as TM mystery stories ” : they intentionally hide certain
information so as to lead the reader to make inferences that 
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later turn out to be erroneous. Mystery stories constitute
one example of the class of stories that are intentionally
misleadina. That is, stories which are wri tten wi th the
intent of lead i ng the reader down a “garden path” , and then
suddenly causing the reader to change his mind about the
interpretation of the story.

Intentionally misleading stories are very common.
Following is a list of some common subcategories of
intentionally misleading stories:

(1) A story which surprises a reader for his
enjoyment, such as an 0. Henry story;

(2) A story wh ich d ramatically makes a log ical or
moral point by reaching a conclusion via a
non—in tuitive route , such as an Aesop ’s
fable;

(3) A story that startles or frightens a reader ,
such as a horror story ;

(4) A story that sets out a logical puzzle on the
basis of a sparse se t of clues , such as a
detective or mystery story ;

( 5) A s tory tha t  amuses a reader , such as a joke.

For example , consider the following version of one of
Aesop ’s fa bles:

[3] The crow was sitting in her tree holding a
p iece of cheese , when along came the fox.
“Sing for me, Crow ,” implored the fox, “for
you have the most lovely voice in all the
world. ” The crow was much impressed by this
flattery. She opened her mouth to sing.
When she did so , the cheese fell out of her
mouth, and the fox ran away with it, laughing
as he ran. The cheese was what he wanted all
along .

When we first read the fox ’s request that the crow sing , we *

can only infer that the request is genuine , and that he
wants to hear her sing ing. We may suspect that the fox has
some hidden plan in mind, but we certainly cannot tell wha t
that plan is from the story at that point. When we
eventually see that the cheese falls and the fox grabs it,
we can then recognize that the fox ’s actual goal was to get
the crow to drop the cheese. Had this goal been stated at
the beginning of the story, we would have made different
inferences from the fox ’s actions.
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Consider the following version of the old I-lenny
Youngman joke:

[4] “I took my vdfe to the Bahamas , but
unfortunately she found her way back home .”

When we hear the first part of this sentence we infer that
the speaker took his wife with him on a vacation. However ,
the second hal f of the example says that his w ife found her
way bac k home , and implies that he didn’t want her to do so.
Upon hearing this , we abandon our initial inference , and
infer instead that the speaker took h is w ife to the Bahamas
so that she would stay there and be out of his proximity
from then on.

If the example instead said “I took my wife to the
Bahamas , and we had a wonderful vacation ” , the natural
inference from the first part of the example is
substantiated by the second part of the sentence, and no
surprise occurs.

In both examples [3] and [4], the story was wri tten in
such a way as to lead the understander to first make a
“gar den path ” infer ence , and then to recognize that that
inf erence was wrong, and finally to rep lace the inference
with a new inference based on new information in the story.
Given that a story may be written with the intention of
lead ing the reader down a garden path , we can then ask what
types of infer ences can turn out to be spurious in such a
story.

Even when a story is not intentionally meant to be
mislead ing, a reader may have to make an inference and then
change it in light of subsequent input. This can occur when
a non—standard activity is performed in an otherwise
stereotypical setting . For example , consider the follow ing:

[5] Kathy and Chris were playing golf. Kathy hit
a shot into the rough. She wanted to let her
good friend Chris win. -

Ql) Why did Kathy hit a shot into the rough?
Al) She wanted to let Chris win , so she

intentionally put herself at a disadvantage.

Answe r Al requires the reader to infer that Kathy ’s
action was intentionally performed as part of a plan to help
her opponent win the game . This inference is not the
initial inference that a reader makes from the action of
hitting a ball into the rough , as illustrated by the
following example:

-e -,- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ——— — - - 
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[6] Kathy and Chris were playing golf. Kathy hit
a shot into the rough.

Ql) Why did Kathy hit a shot into the rough?
A2 ) It wasn ’t on pur pose , she just hit a bad shot.

Example [6] is identical to the first two sentences of
[5]. Having read just these two sentences , the reader
answers question Qi differently than after reading the final
sentence of [5]. Hence giving answer Al indicates that the
reader must have replaced the initial “not on purpose”
inference by the “intentional d isadvantage ” inference after
reading the final sentence of [5].

Previous theories of text understand ing , e.g., Charniak
[1972], Schank [1973), Schank et al. [1975], Culling ford
[1977] , Wilensky [1978], have assumed that people make
infer ences while reading . Furthermore , all of these
theor ies acknowledge that an inference made while read ing
might turn out to be wrong. However, no p revious theory of
text understanding has included a method of either
recogniz ing when a prev ious inference is w rong nor a method
for replacing one inference by a subsequent one based on new
information in a story.

1.3 ARThUR

ARTHUR (A Reader THat Understands Reflectively) is a
program that can understand misleading stories by
re—evalua ting its own inferences in light of subsequent
input, and correcting inferences which are found to be
erroneous. The program understands stories by exercising an
abili ty to change its mind about the inferences it makes in
the course of understanding a story. ARTHUR illustrates its
unders tand ing by answering “why ”— type questions about the
stories it has read. Following is some sample input and
output from the ARTHUR program :

* * * * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
INPUT STORY :

MARY PICKED UP A MAGAZINE.  SHE SWATTED A FLY .

INPUT QUESTION :
WHY DID MARY PICK UP A MAGAZINE?

OUTPUT ANSWER:
AT FIRST I THOUGHT IT WAS BECAUSE SHE WANTED TO READ

IT , BUT ACTUALLY IT’S BECAUSE SHE WANTED TO USE IT TO
GET RID OF A FLY.

— - -  -— - - -—--——-~~ — ——--V.—--- — —
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* * * * * * * * *  ****  ** * * * * * * * * * *  * * * * * * * * * * * * * * * *  ** * * * * * * * * * * * * * * * * *
INPUT STORY :

A MAN CAME TO JOHN’S  DOOR. THE MAN SAID HE WANTED TO
TALK TO JOHN ABOUT INSURANCE POLICIES. JOHN LET THE
MAN IN. THEN THE MAN PULLED A KNIFE AND ORDERED JOHN
TO GIVE HIM ALL HIS MONEY.

INPUT QUESTION :
WHY DID THE MAN COME TO JOHN’S  DOOR?

OUTPUT ANSWER:
AT FIRST I THOUGHT IT WAS BECAUSE THE MAN WANTED TO
TALK TO JOHN ABOUT INSURANCE POLICIES , BUT ACTUALLY
IT’S BECAUSE THE MAN WANTED TO STEAL JOHN ’S MONEY.

INPUT QUESTION : J

WHY DID JOHN LET THE MAN IN?

OUTPUT ANSWER:
JOHN WANTED TO LISTEN TO THE MAN TALK ABOUT INSURANCE

POLICIES.

* * * * * * * * * * * * * * * * *  * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
INPUT STORY:

JOHN WAS HUNGRY. HE WENT INTO MCDONALD ’S. HE DIDN’T
EAT ANYTHING. JOHN ONLY EATS MACROBIOTIC FOOD.

INPUT QUESTION:
WHY DIDN’T JOHN EAT ANYTHING?

OUTPUT ANSWER:
BECAUSE HE WANTED TO EAT MACROBIOTIC FOOD , AND

MCDONALD’S DIDN’T HAVE MACROBIOTIC FOOD.

* ** * * * * * * * * * * * * * *  *** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

In or der to build the ARTHUR program , I had to develop
a theory of how understanoers re—evaluate their own
infer ences to account for new story input. The theory gives
the knowledge an understander needs and the rules for
applying this knowledge. The theory is embodied in the
implementat ion of the ARTHUR program , but it is also
intended as a possible model of how human understanders
migh t perform these processes.

I-
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1.4 Br ie f  ove rv i ew  of o the r  w o r k  on i n f e r e n c e

Many previous research efforts in natural language
processing have involved inference mechanisms for story
understanding . The notion of the role of inference in
understand ing dates back at least to Raphael [1964], and has
been enormously elaborated iri the subsequent work of
Charniak [19721 , Winograd [19721 , Schank [1973] , Rieger
[1975], Cullingford [1977], Schank and Abelson [1977] and
Wilensky [19781 , to name but a few. The work in this thesis
is very much in the Conceptual Dependency paradigm of
representations of natural languag e texts. Hence , this
tnesis draws heavily on much of that previous work , and some
knowledge of that work will be very helpful in understanding
the work presented here.

1.4.1 Rieger 11975]

Rieger [1975] describes a theory of understanding
implemented in the MEMORY module of the MARGIE system
(Schank et. al. [1973]) Rieger ’s theory suggested that a
reader could potentially make sixteen inferences from every
statement of an event , and that each of those inferences
then became input to the inference process again , resulting
in 16 X 16 or 256 inferences , each of which again became new
input to the process. Each generation of inferences had an
associated numerical “strength” , which diminished with each
iteration. The inference process finally halted when the
strength of the inferences fell below some arbitrary level.

Rieger ’s program generated these inferences in order to
find implied connections between statements in a text. The
connections were based on Schank ’s [1973] theory of causal
chains as a representation of connected text. There are two
basic problems with this approach:

1 — The number of inferences generated to find a
simple connection is as tronom ical. Rieger
estimated that 500—1000 inferences would be
generated from a simple utterance .

-
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2 — The type of i n f e r e n c e s  gene ra t ed  are  v e r y
l o w — l e v e l  i n f e r e n c e s  about the immedia t e
antecedents and consequents of events. No
larger inferential frameworks containing
general information about story situations or
human intentions are di scussed in Rieger ’s
work. Some stories presuppose knowledge of
typical situations and interactions between
people. Rieger ’s inf erence classes could not
be used to understand stories which required
such knowledge.

1.4.2 Cullingford [1978]

Some of the problems with Rieger ’s work were add resse d
by the SAM system , described in Cullingford [1978]. SAM had
knowledge of the event sequences implied by cer tain
stereo typical situations. These event sequences , called
scripts , were used to fill in the unstated events implied in
stories involving stereotypical situations such as taking a
plane trip or going to a restaurant. For example , consider
the following :

[7] John was going on a business trip to New
York. He went to the airport and got a
ticket. When the plane landed , he went to
his hotel and asked the porter to carry his
bags. The next day , he was back home in L.A.

SAM ’S inference mechanism worked by attempting to match
every new input in a stor y wi th some known event in the
script . Script events that were not mentioned in the text
were inferred to have been performed. Hence in the above
story SAM would infer that John boarded the plane , that the
plane took off , and that the porter carried John ’s bags to
hi s room . These inferences can only be made by using
specific knowledge about plane trips and hotels. This
script knowledge is an example of the sor t of inference that
Rieger ’s theory does not model. The advantage of the script
approac h is that few inferences need to be genera ted from
the s tory statemen ts in or der to builo a story
representation that includes implied but unstated
information.

There are two main problems with a script—based
understander like SAM :

- - -
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1 — SAM understands only stories which conform
closely to the stereotypical event sequence
defined by the script. Hence SAM cannot
unders tand nove l stor ies , i.e., stories which
diverge in any significant way from the
scrip t.

2 — SAM has no kr.~ w1edge of ~~~ 
the even ts in the

script are taking place. For example , in the
abovE story, SAM does not understand the
relationship between John ’s plane trip and
his intention to keep a business appointment.
Hence SAM cannot understand complex
interactions between story characters ,
without having pre—defined scripts for every
such interaction that might take place.

1.4.3 Wilensky [1978]

Wilensky ’s [1978] PAM program addressed some of the
difficulties with the script—based approach. PAM had some
knowledge of human intentionality , based on Schank and
Abelson ’s [1977] theory of the goals and plans underlying

r purposeful actions. PAM was much more flexible than SAM ,
and could understand non—stereotypical situations by
inferring the intentions underlying story characters ’
actions. Consider the follow ing example:

[8] John had a business meeting in New York.
The planes were all grounded because of fog.
He decided to hitchhike . When he finally--~~otto his hotel , the por ter re fused to carry his
bags. John slipped him twenty dollars , and
the porter became more friendly.

PAM could understand John ’s ac t ions as being nove l
methods of achieving his goals. His first goal was to get
to New York , and his next was to get his bags moved to his
room . John experiences difficulty with achieving these
goals by the stereotypical methods , and resor ts to other
plans to achieve his goals.

PAM works ~y inferring story charac ters ’ goals , and
then attempt ing to find a sequence of inferences from a
charac ter ’s actions which can connect each action to his
goals. In this way , the PAM program attempts to explain
eac h of the charac ter ’s ac tions as having been performe d in
service of a certain goal. -

- - - —~ - ~~~
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1 . 4 . 4  Problems

One problem wi th PAM as an unders tander of novel
stories is that it cannot change its mind about its
interpretation of a story. Hence it cannot correctly
interpret a story which is misleading . Section 1.1.1
illustrated the fact that a number of classes of novel
stories are misleading by nature. Since PAM never takes
back an inference once it has been generated , it would be
unable to understand a story which contradicted one of its
own previous implications . For example , cons ider the
following :

[9] John went to the gas station. He robbed it
and got away with $50.

A reade r could answe r a ques t ion about John ’s intent ions
after the first sentence, and again after the second
sentence of [9]. The answers to the question would be
different dependi:.g on when it was asked. This is because
the mos t likely in ference from the first sentence is that
John wanted to use the gas station for its typical purpose
of supply ing gasoline. A reader ’s answer to a ques tion
about John ’s intent ions after the f irs t sentence would
reflect that inference. After the second sentence, the
reader would answer that John went to the station in order
to rob it.

Example [9] poses a number of serious problems for an
understander like PAM . PAM is capable of uhderstanding
stories in which a story character changes his mind . For
example , if John first wanted to get gas, and then decided
to rob the station instead , PAM could Infer that John may
have had two mutually exclusive goals , and he decided which
one to act on. Schank and Abelson [1977] describe goal fate
~~~~~~~~~~~~~~~~~~~ wh ich trace the hi story of a charac ter ’s goals as
they change in the course of a story . In example [9], it is
c learly a misunders tand ing of the story to inf er that John
had the intention ~f getting gas , and then changed his mind
and deciaed t~ rob the station instead . Rather , it is we ,
the readers7 who first attribute one goal -to John on the
basis of our default knowledge about gas stations , and we
then change our minds about that inference. A
rep~esentation of this change constitutes an inference fate
graph , corres pond ing to the inferences we made and d iscar ded
in the course of understanding tne story. This thesis
proposes a method of maintaining and updating a type of
inference fa te graph , called an explanation g~~~~ , during
unders tanding . Explanation graphs are introduced in Chapter
2.

I
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1.5 Chang ing  your  mind

What  can be done to bu i ld  a story uncierstanding system that
can read and u n d e r s t a n d  p o t e n t i a l l y  m i s l e a d i n g  s tor ies?  In
or der to see what is necessary to build suc h a sys tem , it is
useful to examine the problems that PAM has with such
s to r i e s

The m a j o r  l i m i t a t i o n  of the PAM system is tha t  i ts
i n f e r e n c e  mechan ism is based on the assumption that stories
will not contradict their own previous implications. The
problem is that virtually any story might contradict one of
i ts  own ear l i e r  impl ica t ions , and under stand ing suc h a story
requires th e read er to be able to re—evaluate the validity
of its own previQus inferences. For example , recall the
following:

12] John went into the movie theater. He went up
to the balcony , where Fred was waiting with
an ounce of cocaine. John paid him in
hundred—dollar bills and left quickly.

To understand [2], the reader mus t recognize that one might
enter a movie theater for almost any purpose . In the
absence of any other informa tion, the best default guess is
that Jonn wanted to see a movie , since that is known to be
the pr imar y pur pose of movie theaters. However, other
information in a story may contradict that inference. The
reader must be able to recognize when suc h a contrad iction
occurs , and mus t be able to update its own inferences to
ta ke the new i n f o r m a t i o n  in to  account .

The PAM program could not have understood [2] because
PAM does not ever consider the possibility that one of its
own inferences might have been erroneous. Once PAM has made
an inference about a charac ter ’s probab le intention, it
never re—evalua tes the validity of that inference. To
understand story [2], the reader must know that its own
previous inferences are only plausible assumptions about
John ’s intentions. Behind each such plausible assumption

• are myr iad other alternate possible inferences that could
have been genera ted , but which were deemed less likely at
the time the inference was made.

To account for an apparently contradictory story input ,
one possibili ty that the reader must consider is that one of
its own previous inferences may have been erroneous. This
requires the reader to be able to re—evaluate its own
inferences. This re—evaluation ability is one important
aspect of adaptive understanding . Ad aptive understanding
includes being able to make inferences about what is not
statea in the story, re—evalua ting those inferences in light
of subsequent input , replacing an inference to account for
an apparent contradiction , and updating the overall

~~~~~~~~~~~
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interpretation of the story to be consistent with the new
inference .

1.6 When to change your mind/ What to change it to

In story [21 above , the reader ’s initial inference was
that John was going to the movie theater to see a movie.
The reader then decided that that inference was erroneous ,
and that John was actually going to the theater to make a
coke deal.

Consider what is involved in this decision. First , the
reader must recognize that the initial inference is
erroneous , i.e., John did not go into the theater to see a
movie. There is no obvious reason why th is inference should
not still be considered valid . For example , the story might
have been as follows :

[10] John went into the movie theater. He went up
to the balcony , where Fred was wai ting wi th
an ounce of cocaine. John was surprised to
see him. He hadn ’t known there was any good
coke in town at all. He decided to take
advantage of the opportunity. John paid Fred
in hundred—dollar bills and left quickly.

This story is identical to [21, w ith three sentences
inser ted into the middle of the story. These three
sentences state explicitly that John had not gone to the
theater for the purpose of making the deal. Hence , the
ini tial inference is still perfectly valid: John probably
did go to the theater to see a movie.

The point here is that John ’s action of buying coke
from Fred does not explicitly contrad ict the ini tial
inference about John ’s intention. It is possible to infer
that John showea up at the theater fortuitously, and then
decided to buy some coke. This is true of the original
s tory as welL it is pos sible that John went to the theater
to see a movie , then ran into Fred , and decided to buy some
coke from him . There is nothing in the story to rule out
this possibility . Yet we would all agree that the story
seems to imply that John went to the theater for the purpose
of meeting Fred there.

Hence the decision to replace a previous inference by a
new one is not base d on the explicit contradiction of that
inference by subsequent information in the story. Rather ,
the subsequent information implies that another inference
might be preferable , and the reader responds to this
im~1ication b~ replacing the old inference with the new one.
This results in a story representation containing a single
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inferred goal wh ich accounts for both of John ’s actions ,
rather than two separate inferred goals each accounting for
one of his actions.

The reacer prefers this mor e parsimonious story
represen tation over the alterna tive less parsimonious one ,
in spite of the fact that this requires the reader to do the
extra work involved in replacing one of its previous
inferences. This is not an isolated phenomenon; it is
applicable to virtually all misleading stories. Consider
the following deceptively simple example:

[lii Mary picked up a magazine. She swatted a
fly. 

-

If asked why Mary picked up the magazine , a reader would
answer  a f t e r  the f i r s t  Sentence tha t  Mary  probably wanted to
rea d the magaz ine , but after the second sentence , the answer
would be that she wanted to swat a fly with the magazine .
There is nothing in the story to make the re ader prefer th is
inter pre tation over the inter pre tation that Mar y may have
picked up the magazine to read it, and then she was bothered
by a fly so she swatted it with the magazine . In fact , the
story doesn ’t even say tha t she used the magaz ine to swa t
the fly. Hence , the following three interpretations are all
valid on the basis of what the story says :

(h a) Mary pickea up a magazine to read it. She
then was annoyed by a fly , and she swatted it
with the magazine she was holding .

(llb) Mary picked up a magazine to read it. She
then was annoyed by a fly ,  and she swatted it
with a flyswatter that was nandy .

(llc) Mary p icked up a magaz ine to swa t a fly wi th
it.

The last interpretation (llc) reflec ts a story
representation wh ich consis ts of a sing le goal , getting rid
of a f ly,  whic h both of Mary ’s actions were per f o r m e d in
service of. The other interpretations both consist of two
separa te goals , each of which explains one of Mary ’s
actions.

In [11], as in [2], the interpretation generated by the
reader is the most Qarsimonious of the possible
interpretations. That is , the preferred interpretation is
the one in which the fewest number of inferred goals of a
story character account for the maximum numbe r of his
actions. We summarize this observation in the following
principle:
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The Pa r s imony  P r i n c i p l e

The best r e p r e s e n t a t i o n  of a s to ry  is the one
r e q u i r i n g  the fewes t  number of goals  to explain
th e act ions  of a s to ry  c h a r a c t e r .

1.7 M a i n t a i n i n g  a pa r s imon ious  e x p l a n a t i o n

ARTHUR can understand stories which  r e q u i r e  it to
change its mind about inferences as it reads. In order to
build ARTHUR , I had to aevelop a theory of how the
information in a story could be represented in oraer to
allow the program to understand stories which required it to
change its mind about its own inferences.

We will use the term explanation to mean the completed
representation of a story which contains information implied
by but not-- explicitly stated in the story. An intuitive
notion of an explanation for a story statement involves
“accounting ” for the presence of each statement , by relating
it to other parts of the story, both stated and implied.
ARTHUR recognizes a subset of this general notion , in which

r every event must be explained by its connection to a stated
or inferred goal in the story , via an inference path
consisting of plans , scripts or causal state changes.

Since understanding a story correctl y requires finding
the most parsimonious explanation , an understander must have
a me tr ic  f o r  dete r m i n i n g when an explana t ion is pa r s imon ious
and when it isn ’t. In ARTHUR’s taxonom y of exp lan at ions , a
parsimonious explanation is one in which the fewest goals
are needed to explain all of the events in a story
repres entation. Ma intaining a parsimonious explanat ion
therefore requires ARTHUR to continuall y update its
representation of a story in such a way as to parsimoniously
incorporate each new story statement into the
representation.

There are many different types of statements that can
occur in a story : for example , events , goals , states ,
causal chains. Depending on the type of input statement ,
ARTHUR will react differently. Different types of input
requ i r e  d i f feren t types of in f e r ences to be made to accoun t
for the input satisfactorily.

ARTHUR recognizes three broad categories of story
statements:

1 — actions and states
2 — go a l s
3 — inference rules
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In this section , we will outline the scope of the story
statements that can be described by these three categories ,
and we will examine the behavior of human understanders ana
ARTHUR in reaction to statements in each of these three
categories.

1.7.1 The s tory  input  is an ac tion or a state

Consider the following :

[12] John picked up a cigarette .

[13] John wanted to give a cigarette to his friena
Jim. John picked up a cigarette.

Once we have read the statement of John ’s intention in [131,
we then interpret his action of picking up a cigarette
aifferently than in the absence of that statement , as in
[12]. Example [13] leads us to infer that John picked up
the cigarette in order to give it to Jim , but [12] leads us
to infer that John may have wanted to smoke the cigarette
himse lf .

In general , when both a goal and an action of a
character have been stated in a story, then an understander
attempts to interpret the action in terms of the goal: that
is , the action may have been in service of the goal.
Arriving at such an interpretation involves determining
whe ther there exis ts a sequence of inferences wh ich can
connect the action and the goal. Since there are many such
inferences from any given action and goal , interpreting an
ac t ion in terms of a goal involves specifica tion of the
correc t inference path from among the myriad alternative
paths.

Spec i f i cation of a connective in fe rence  path is
essentially a searc h procedure through the space of possible
inferences from a goal and an action. The problem with
specification is to avo id the potential comb inator ial
explosion that can result from searching such a large space.

To give a feel for what statements are considered by
ARTHUR to be events or states, the following is a list of
some examples of Story inputs that are in this class:

“Mary picked up a magazine .”
“John sold his watch at the pawn shop.”
“Sam was at the store.”
“Joanie went to Boston.”
“Bob ate a hamburger. ”
“Roses are rea.”
“I sat down .”
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1.7.2 The story input is a goal

Consider  the fo l lowing :

[14] John wantea  to w in  the  backgammon
ch amp ionsh ip .

This is a statement of John ’s goal , with no mention of any
ac t ions  on h is  p a r t .  We know , however , t h a t  t h i s  goal  may
be used to i n t e r p r e t  subsequent  ac t ions  tha t  Jot in may
p e r f o r m .  In an t i c ipa t ion  of th i s  use of the goal , we can
make p red ic t ions  f r o m  the goal as to wha t  m i g h t  happen next
in the story. These predictions aid us in interpreting
subsequent actions. We might predict that John w i l l  p e r f o r m
some act ions to aid him in the championship. Hence if the
next sentence in this example said that John decided to
w e i g h t  some dice , we would be able to i n f e r  tha t  he was
intending to cheat in a game of backgammon , in order  to w i n
the championship.

The fol lowing is a list of some stor y inpu ts that are
statements of goals , ex pl icitly or implicitly:

“ John wanted to own a Mercedes. ” -
“Willa was hungry. ” 

I

“Bill wanted to win the stockcar race.”
“Sandy was horny .”
“Jack was bored. ”
“ I was t i r ed . ”

Predic t ions  f r o m  a goal are not absolute asser tions
about what  w i l l  happen in the story. For example , if John
we ights some dice it may be that  he is intending to plant
them on h is  opponent , to d i sc red i t  h im , as opposed to us ing
them f o r  h is  own d i r ec t  b e n e f i t .  This is simply ano ther way
of saying wna t we have been saying all along: that
subsequent input in a story may force us to change our minas
about the validity of a previous inference.

Chang ing our minds about a previous inference involves
supplanting that inference by a new replacement inference.
The pro blems involved in supp lanting an inference  a re
threefold; the understander must be able to:
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(1) reco gnize that a prev ious inference was
erroneous

(2) find a corrective replacement for that
inference

(3) update the story representation to reflect
the correc tion

1.7.3 The story input is a new ru l e  of i n f e r e n c e

Consider the following :

[15] John eats an ts .

This  story conta ins  a p rev ious ly  unknown f a c t  about the
world: that a par ticular ac tor , John , eats an object which
is not known to be a foo d, ants. This fact contains
i n f o r m a t ion abou t an object (an ts), and about an actor ’s
plan (ea t ing ) in service of a goal (satisfying hunger).

Facts about objects and about ways of satisfying goals
are encoded in ARTHUR as i n fe rence  ru les : ARTH UR genera tes
inferences from what it reads based facts such as these.
For exam ple , the fac t tha t a gun can be usea to th rea ten
people is encoded as an inference rule , which can be
expresse d as follows :

If a charac ter gets contro l of a gun
then infer that he may intend to threaten someone

- with the gun.

Hence , new facts in a story can be encoded in ARTHUR in the
form of new inference rules. For example , once the rea der
knows the above fact about John and ants , then whenever the
story nex t says that John got some ants, the reader can
infer that John may plan to eat the ants. This inference is
no t one tha t woul d have been made p r io r  to the in tro duc t ion
of this new fac t, because the reader had no inferenc-e rule
which would generate eating as a bottom—up inference from
the action of getting ants. Hence making this inference
requ i res  the reader to add a new i n f e r ence  ru le  to its own
memory, such that that ruTi wifl give Fiie to this new
inference.

Following is a l ist of some more examples of story
inputs that are interpreted as inference rules: 

J
“Drinking hot chocolate makes John feel sleepy .”
“Grey mushrooms are poisonous.”
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“Billy always nur ts himself when he play s Ultimate Frisbee. ”
“Pomegranates are Jenny ’s favorite fruit. ”
“Wearin g bell—bottomed pants helps keep you warm in cold
climates. ”
“Most of John ’s in—laws are crooks.”

1.8 Subprocesses of the understanciing process

We have seen the ru les  by which an under stander reac ts
to the three types of story input: events , goals and
inference rules. I have identified three major subprocesses
which comprise the understand ing behavior outlined in the
previous sections. These processes are as follows:

1 — Spec i f i cat ion of an infe rence  path
2 — Supplant ing an inference
3 — Forc ing  an interpretation

The processing of each new s t a t emen t  in a s tory  may cal l  on
any or all of these subprocesses. The following flowchart
of ARTHUR ’S processing algorithm outlines the use of these
three processes during understanding . The rest of this
thesis consists of a detailed investigation of these three
subprocesses of the understanding process.
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ARTHUR’ s processing a l g o r i t h m

Read next
s tory s ta tement  I

V
SPECIFICATION OF INFERENCE PATH I

See if a new statement can be
incorporated into existing > Update the
story representat ion by YES re presen tation
speci f ica tion of an in fe rence
path connecting the statement
to the representation. I I

I I I
I I
I N O  I
V

SUPPLANT AN INFERENCE I

See if any in ference in the I
existing story representation > Supplant I
can be changed (supplanted) YES an I
to allow a new s tory statemen t inference  I
to be incorpora ted  into the
representation. I

I N C  
_ _  

I
v !

FORCE AN INTERPRETATION

See if some improbable assumption
can be made which gives rise to a > Add new
new i n f e r ence  ru le  where by the new i n f e r ence
input can be incorporated into the YES rule
existing story representation.

I NO
V

FAIL

[Figure 1]
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CHAPTER 2

INDEX I NG INFERENCE PATHS

2.1 P r e f a c e  -

The previous  chapter in troduce d a se t of three basic
understand ing processes which a reader can use to uncierstand
po ten t i a l ly  mis lead ing  s tor ies :  indexing in f e r ence  paths ,
supplan t ing e r roneous  in fe rences  an d addi ng new in ferences
to memory. The rest  of this thesis is devotea to a
description of these processes and the knowledge needed to
implement them.

The f i r s t  and perhaps most basic of these three
u n d e r s t a n d i n g  processes concerns  a reader ’s ab i l i t y  to
choose the correc t in ter pre tation of an action f rom amon g
the myriad possible alternatives. Even the simplest of
even ts in a story  can imply m y r i a d possi ble interpre tations
of the reasons for or eventual consequences of the event.
“For want of a nail the kingdom was lost” , the story goes ,
ana we un ders tand the impu ted connec tion between these two
seemingly disparate occurrences. Since a story might imply
v i r tua lly an y of the poss ib le in ter pre tations of an even t,
understanding the event requires the reader to generate all
of these possible alternate interpretations. The problem is
tha t  th i s  can lead to a c o m b i n a t o r i a l l y  explosive numbe r of
inferences being generated from even a simple statement .

In th i s  chapter , we w i l l  presen t a me thod of or ga n i z i n g
an un der stander ’s memory suc h that the avai la ble in ferences
f r o m  an event are indexed according to the goals that they
can be connected to. Each of the inference paths between an
action and a goal is assignea an index. Thus , the index to
a par ticular inference path serves as a pointer to the
complete path. The understander stores these indices under
the concepts in memory that can give rise to the
corresponding inference paths. These indices then comprise
both the bottom—up inferences from actions and the top—aown
inferences from goals. By comparing these indices against
each other , the understander can tell whether or not an
inference path exists between an action and a goal. This
comparison process is called specification search.
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Indexing inferences allows ARTHUR to keep a trace of
its own understana ing processes. The representation of this
trace is in an ex plana tion ~~~~~~~~~~~~~~ We w i l l  see in Chapter  4
tha t  the un ders tander ’s access to this explanation graph is
a crucial pa!!t of the ability to “change its m m c i ” abou t an
i n f e r e n c e  i t  had p rev ious ly  made in a s to ry .

2 . 2  I n t r o d u c t i o n

Consider  the fo l lowing  s tor ies :

[16] “I’m so bored,” thought  M a r y .
She picked up the New Yorker magazine .

[17] “I need to jot down John ’s telephone number. ”
t hough t  M a r y .
She picked up the New Yorker magazine .

[18] “ This room is f u l l  of f i l t h y  f l i e s , ” thought
M a r y .
She picked up the New Yorker magazine .

[19] “Tnis  room is a mess , ” thought  M a r y .  “Time
to clean it . ”
She picked up the New Y o r k e r  m a g a z i n e .

A reader will infer a different reason for Mary ’s ac t ion of
pick ing  up the magazine  in each of these examples .  For
instance , if asked why Mary picked up a magazine after
read ing example [16], the reader would answer that she
probably wanted to read it. After [17] , the  answer is tha t
she probably wanted to use it to write John ’s num ber on.
Based on [18], she probably wanted to swat a fly with it ,
and from [19], she most likely planned to throw it away as
trash .

Hence , the correct inference as to why Mary picked up a
magazine depends on the previously implied goal. In order
to correc tly in terpre t a charac ter ’s ac tion , the reader must
be able to choose f rom among the myr iad possi ble reasons why
that action could be performed . This requires the reacier to
be able to gene ra t e  all  of the possible a l t e r n a t i v e
in ferences , since it cannot be known ahead of time which of
these al terna t ives m ig h t prove to be the correc t one in an y
par ticul ar ins tance. Fur thermore , the reader mus t be able
to choose the correc t in terpre tation from amon g th e
al terna tives , based on previous inferences.

There is on ly a f i n i te amoun t of i n fo rma t ion conveye d
by Mary ’s action of picking up a magazine. Specifically,
there  is an action , which we represent as the Conceptual
Dependency GRASP , an ac tor , M a r y ,  and an object , the
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magaz ine . Any i n fe rences  the reader  makes  f r o m  the ac t ion
mus t be der ive d f r om  some com bi na tion of these three
elements .  These bottom~~~ i n f e r e n c e s  f r o m  the action can
then be interpretea in many different ways when they are
considered in combina t ion  w i t h  the top—down i n f e r e n c e s  f r o m
the previous ly  i n f e r r e d  goals of the ac to r .  The problem is
to de t e rmine  what  i n f o r m a t i o n  a reader  uses to a r r i v e  at a
particular connection between the action of grasping the
magaz ine  and tne p a r t i c u l a r  goal ( e . g .  c leaning  up a m e s s ) ,
from among the many possible combinations of top—down and
bot tom—up in fe rences  that  can be genera ted .

2.3 Indexed inference paths

Consider  s tory [20 ]

[20] Willa was hungry. She picked up the New
Yorker magazine.

Having  read th i s  s t o r y ,  an unde r s tande r  could i n f e r  t h a t
W i l l a  may have p icked up the New Yorke r  in order  to f i n d  a
place to go out to eat. This explanation of course assumes
tnat  the un de r s t ande r  knows tha t  i n f o r m a t i o n  about
r e s t a u r a n t s  is in the New Yorker , but we also must
r e a l i s t i c a l l y  assume that  the u n de r s t a n d e r  knows tha t  the
New Yor ker con ta ins in fo rma tion abou t movies , sh ows , and
n i g h t c l u b  acts , as well as containing news stories ,
commen t a r y ,  fiction and poetry, none of whi ch is r elevan t to
s a t i s f y ing or~e-’s hunger. Furthermore , the un ders tander
p resuma bly al~so knows that  a New Yo rker ma gaz ine can be use d
for functrons other than read ing ; for example, it could be
tacked up on the wall , or used to swa t a fl y ,  or re—sold for
a profit. The problem is , how can the understander
recognize the connec tion between wan t ing to eat and looki ng
in the New York er , without having exhaustively predicted all
these possibi l i t ies?

The act of p i ck ing  up any f u n c t i o n a l  object implies the
poss ib i l i ty  tha t  the actor w i l l  use some f u n c t i o n  of tha t
object. This rule of understand ing was suggested by
Wilensky  [1978] .  The problem we are  faced w i t h  here  is tha t
we don ’t know what  f u n c t i o n  of the New Y o r k e r  W i l l a  is go ing
to use. Yet the i n f o r m a t i o n  tha t  she was h u n g r y  should help
us to pick the right function. How can this be done?
Consider some of the possible plans tha t  can be pe r fo rmed  in
service of a SATISFY—HUNGER goal:

I
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SATISFY—HUNGER

I I I I
I I I I

$R F STAURANT $GROCER F I N D ( F O O D ) EAT

Here  a re  f o u r  d i f f e r e n t  ( though  not m u t u a l l y  exc lus ive )
paths that an understander can follow from SATISFY—HUNGER:
doing the $RESTAURANT script , tne $GROCER script , the
FIND(FOOD) plan or tne EAT plan. (EAT is a plan described
in W i l e n s k y  [1978] .  It consis ts  of the fo l lowing  shor t
sequence of ac t ions :  GRASP food , PTRANS food TO mouth ,
I NGEST f o o d . )

These possible pa ths  are  all b u i l t  into an
understancier; i.e., they are already known in their
e n t i r e t y  be fo re  a s to ry  is read . This is t ru e  of PAM and
ARTHUR , and , we h ypothes ize , it is t r u e  of human
unOer s t ande r s  as wel l .  In ARTHUR we take advantage of th is
f a c t  by exp l i c i t ly s to r ing  th i s  knowledge under the memory
e n t r y  f o r  SATISFY—HUNGER.  In o ther  words , the f o u r  sc r ip t s
and plans  l i s ted  above , $RESTAURANT , $GROCER , EAT a nd
F I N D ( F O O D ) , a r e  s tored  d i r e c t l y  unáer  the SATISFY—HUN GER
entry in ARTHUR ’S memory. The only difference between this
implementa t ion  and t ha t  of the PAM p r o g r a m  is that  PAM must
more circuitously re—generate these four plans from
SATISFY—HUNGER , w h i l e  ARTHUR p r e — s t o r e s  them and t h e r e f o r e
can gene ra t e  them by looking  them up in memory d irec tly.

For every goal  in i ts memory ,  ARTHUR has a set of
TOP—DOWN INDICES wh ch aid in directing the processing of
stories. These indices can be any memory structure which
can connect a goal to an ac t ion .  According to the syntax  of
explanations offered by Wilensky [1978] and Schank and
Abelson [ 1 9 7 7] ,  the  only memory s t r u c t u r e s  which  serve to
connect an action to a goal are scripts and plans . Hence
the top—down indices from a goal consist of the set of
sc r ip t s  and plans that connec t th is goal to var ious  ac tions.
This  is summar ized  in the fo l lowing  two ru l e s :

Rule 1: Top—down script indices

If a goal can be satisfied by a particular script ,
Then that script is among the top—down indices
from the goal.
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Rule 2: Top—down plan indices

If a goal can be sat is fied by a par t i cu l a r  plan ,
Then that plan is among the top—down indices from
the goal.

The top—down indices under SATISFY—HUNGER are as
f 01 lows:

SATISFY-HUNGER: TOP—DOW N INDICES

$ RESTAURANT
$GROCER
EAT
FIND(FOOD )

Whenever a goa l is stated or i n f e r r ed in a story ,
ARTHUR genera tes  a r ep resen ta t ion  of both the goal and th i s
set of top—down indices , as predictive inferences. We call
such representations explanation—graphs. Following is the
explanation graph for the goal SATISFY—HUNGER:

SATISFY—HUNGER

$RESTAURANT —
$GROCER

EAT
FIND (FOOD)

[Figure 2]

These four top—down indices point to the possible plans that
could be predictea for an actor with a SATISFY—HUNGER goal.
The first sentence of [203, “Mary was hungry ” , impl ici tly
states the goal of SATISFY—HUNGER. ARTHUR predicts all four
of these plans af ter r ead ing tha t sentence and genera ting
that goal. We then go on to the second sentence: “She
pic ked up the New Yorke r ” .

The action in this sentence is GRASPing the New Yorker.
- - - In a similar example in Wilensky [1978], PAM attempted to

infer bottom—up from this action , i n f e r r i ng the possi ble
plans and goals that the action might have been in service
of. In this case , a GRASP is i n f e r r e d to be in serv ice of a
DELTA—CONTROL goal , which in turn is in service of a READ
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plan , which is for the purpose of DELTA—KNOWing some
information. The inferences thus far generated are depicted
in the f o l l o w i n g  f i g u r e :

(DELTA—CONTROL PLANNER ( W ILLA ) OBJECT (NEWYORKER) RECIP (WILLA) )

(TAKE PLANNER ( WILLA ) OBJECT (NEWYORKER) )

(GRASP ACTOR ( WILLA ) OBJECT (NEWYORKER) TO (WILLA))

[ F i g u r e  3]

In the case of the PAM example , the object GRASPed was
a M i c h e l i n  Guide , which was encoded in PAM as being a
f u n ct ional objec t whose func t ion was to prov ide in fo rma t ion
about the locations of restaurants. In the current case
however , we des i re  a rea sonably r ea l i stic encod ing of the
New Y o r k e r , which must  include its being something to read
f o r  en joyment , as well as a source  of i n f o r m a tion abou t
re cent wor ld even ts and the loca tions of res tauran ts , shows
and movies.  Al l  these f u n c t i o n s  of the New Yor ker coul d
lead to different possible bottom—up lines of inference once
the understander has gotten past the DELTA—CONTROL
i n fe rence .

PAM handled all this information by generating all
alternative bottom—up inference lines and keeping track of
all the possible lines in parallel. When one of those
in ference  lines resul ted in a connec tion wi th an exis t ing
goal , namely the one about r e s t a u r a n t s , then all of the
other para llel lines wou ld be di scon t inue a, and a single
satisfactory explanation would have been found. However , it
would be nice if at the time the alternative possibilities
were noticed, the understander had some information which
might pare down those possibilities. Just as we have
postulatea top—down indices for goals , which con tained
i n f o r m at ion abou t wha t plans coul d be in service of those
goals , we pos tulate s i m i l a r l y  indexed in forma tion fo r
ac tions , nam ely,  what plans they may be in service of. This
information is encoded in BOTTOM—UP INDICES from actions.
In th is case, the action is GRASP , an d we can rel iably in fe r
that the GRASP is in service of a TAKE plan , which is for a
DELTA—CONTROL. goal as shown above in Figure 3. However ,
then there are a number of possible reasons why Willa might
have wanted to DELTA—CONTROL the magazine . The following
figure gives the possible bottom—up inferences from the
GRASP action:
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ENJOY-SOCIAL, SATISFY-HUNGER ENJOY—ENTERTAINMENT (SHOW)
(e.g. visit (e.g., eat at (e.g. enjoy a show)

a f r i e n d) a res tauran t) /
\ / /
\ / /

* GO * * $RESTAURANT * * SEE(SHO W ) *
(TO RE STAU RANT ) / /

\ / / ACHIEVE — KN O WLEDGE(NE WS )
DPROX / DPROX (e.g. read some news)

(TO RESTAURANT ) (TO SHOW ) /
\ / /

\ /  /
ENJOY—ENTERTAINMENT(READ ) \/ /
(e.g. enjoy reading) D—KNOW(INFO) / FIX—PROBLEM(PEST)

\ I / (e.g. swat a fly)
/ /

* READ * /
\ /

/
DELTA-CONT

TAKE

GRASP(NEW YORKER)

[Figure 4]

(We adopt the convention (from Wilensky [1978]) of
i n f e r r i n g a “TAKE” plan between the GRASP action and the
DELTA—CONTROL goal. This plan actually adds no new
in forma tion , but it keeps the “syntax of explanation ”
straight: action — plan — goal — plan — goal etc.)

We can see that the first two bottom—up inferences from
the GRASP involve no choices and there fo re  they also add no
new information. Then a tree of possibilities develops from
the DELTA—CONTROL inference. We want to index each of these
possible paths by plans or scri pts, such tha t each index
denotes a different possible explanation for this action.
The penultimate plan in each bottom—up explanation sequence,
i.e., the plan imme d ia tely before the f i na l  goal
explana tion , provides such an index. These plan indices are
marked by a star (*) in the figure. In this case those are
$RESTAURANT , SEE(SHOW ) and READ . (SEE(SHOW) consists of
mu tual ATRANSing a ticket at a box—office , PTRANSing to a
sea t, and ATTENDing eyes to the movie or show. READ denotes
GRASP book or other readable material , ATTEN D eyes and 4
MTRANS from the book to the actor. The reason READ is a

I-

- - 
- - _Ir 

~~~~~~~ 
_
~
I
~ 

- 
~~~~ 

I~~ - - 
- - - -- ~~~~~~~~~~~~

. *

5— — - — —— - -  - _ • _ ~_ - —— — — - -



29

separa te index is tha t it can lead to an explana tion of
ENJOY—ENTERTAINMENT all by itself , without passing through
any other subsequent plan.

Rule 3: Bottom—up indices

If an act ion can be par t of a par ticu lar plan or
script,
Then that plan or script is among the bottom—up
indices from the action. 

-
~

Of course , an unoerstander can never hope to pre—store
all of the possible i n f e r ences  that  could be made f r o m  a
given action. To illustrate this, consi der some of the
possible actions that can be per formed with a magazine. The
fol lowin g is only a smal l su bset of the total set of
possible actions:

1 — To read
2 — To wr i te a note to yourse l f  in a mar gin
3 — To swat a f l y
4 — To l ine the garbage can
5 — To decora te your wall
6 — To prop up a leg of a table
7 — To wipe up a spill
8 — To th row a t someone

There  is no poin t in continuing to add possi ble uses to this
list; the point is that there are a large number of
non—standard uses of magazines. Understanders are capable
of understanding stories which contain non—standard uses of
objects. A later section of this chapter will introduce the
notion of precondition indices, which are used to understand
non—standard uses of objects.

The basic idea un de r l y i n g precon d ition indices is tha t
an ac tor can plan to have any object, func tional or
non—func tional. If an actor gets control of an object , but
then the actor doesn ’t use the standar d funct ion  of that
object (if any), then the action of get ting the object can
still cie interpreted as being p~ r t of ~~~ plan in which thatobject plays an~ role whatsoever. For example , consi der the
follow ing:

[21] John got a dictionary. He stood on it so he
could reach the top shelf.

The normal function of a dictionary is to find out some
information. Standing on the dictionary is not a standard ,
pre—compiled known function of a dictionar~~. However , since
the dictionary appears in the second action , as the object
stood on , the first action of getting the dictionary can be

I
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inferred to satisfy a DCONT PRECONDITION for the action of
standing on it. Simply by virtue of an object’s being use d
in any way , tha t  use can be recognized as a va l id  reason for
having gotten control of the object. Similarly, getting to
a location or finding out some particular piece of
information can be interpreted in a non—standard way by
using precondition indices. More will be said about
precondition indices in a later section , and in Chapter 3.

2.4 Looking up indices in memory

We have seen that the bottom—up indices from picking up
a New Yorker  magazine are READ, SEE(SHOW) and $RESTAURANT .
We do not wan t the un ders tander to store these ind ices un der
the GRASP action directly; the indices are much too
specific to arise from the much more general GRASP action .
The action of GRASPing might give rise to any number of
bottom—up inferences , depend ing on other f ac tors such as
what was grasped and who did the grasping .

In fact the bottom—up indi ces g iven here depend
d irec tly on the OBJECT slot of the GRASP, i.e., the
magazine. Hence the indices under GRASP must exist in the
form of ru les which tell the understander where to look up
the appropriate inaices in memory. These rules will specify

F which of the rolefillers in the instantiated GRASP
conceptua l i za tion shoul d be accessed to a r r i v e  at the
correct bottom-up index in a given instantiation. Hence the
bottom—up indices for GRASP are generated by the following
ru les :

Rule 4: Con tro l l ing a func tiona l object

If an actor performs an action which results in
his having control over a functional object,

Then infe r tha t the action may be par t of a plan
to perform the function of the object.

Rule 5: I n f e r r ing a known plan

If a character has a known plan ,
and that character performs an action ,

Then infer that the action may be part of the
plan.

ARTHUR has some pre— defined attributes of certain known
objects and actors stored in its memory. Implementing the
above rules therefore consists of looking up these
attributes in memory, and generating whatever inference is
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stored there. In particular , ARTHUR stores the f u n ct ions of
functional objects under the FUNCTION attribute of the
memory entry for the object; and it stores the known plans
of characters under the PLANNER attribute of the memory
entry for that character. Since the above rules are
implemented in terms of simply looking up these attributes
of memory en tries , the rules can be ex pressed in tne
fol lowin g way :

GRASP: BOTTOM-UP INDICES

Rule 4a : Func t ional objec ts
Infer indices in FUNCTION attribute of OBJECT slot of GRASP

Ru le 5a: Known plans
Infer indices in PLANNER attribute of ACTOR slot of GRASP

In th is case , the OBJECT slot of the GRASP is the New
Yorker , wh ich we said had in forma tion abou t res tauran ts,
movies and shows as well as fiction entertainment. That
information is encoded statically under the entry in memor-.’
for the New Yorker magazine. The memory entry for “New
Yorker ” already exis ts, an d con ta ins precisely the
functional information needed by the above rule for GRASP.
All the ru le does is to look up that informa tion un der tne
memory entry for New Yorker. Hence the application of the
above INDEX RULE will access the list of pre—computed
FUNCTI ONs of the New Yorker  magazine  in memory, resulting in
the following indices for this GRASP conceptualization in
context:

(GRASP ACTOR (St4IL,LA) OBJECT (NEW YORKER)):
EXPANDED BOTTOM-UP INDICES

$ RESTAURANT
SEE (SHOW)
READ

Just as we represented the top—down predictive inferences
from goals in explanation—graphs , there is a correspo nd ing
explan ation—graph representation for bottom—up inferences
from actions. The above bottom—up index for GRASP is
represented in an explanation—graph as follows:
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RESTAURANT I
SEE(SHOW ) I

READ I

(GRASP ACTOR (WILLA) OBJECT (NEW YORKER))

[Figure 5]

Of cours e, many other actions could be performed with
the New Yorke r  as the OBJECT of the GRASP action. For
example , we could swa t a fly wi th it, or throw it away, or
hang it on the wall. The next chapter will illustrate how
these non—standard uses of an object are represented as
Precondition indices. These indices do not depend on the
functionality of the object, but rather on the states of an
actor knowing where an object is, being near it or hav ing
possession or control over it. Precondition indices will be
handled differently than the strictly functional cases.

2.5 Using Indices For Understanding

The bottom—up indices from GRASP indicate the possible
inf erences that could be made from the action of GRASPing
the New Yorker  magazine . That is , they are  plans and
scripts tha t  the GRASP migh t  be part  o f .  Correspondingly,
the TOP—DOW N indices f rom a goal are the possible plans for
achieving that goal. The next chapter , Chapter 3, will list
fifteen goals and eleven primitive actions and give the
top—down and bottom—up index rules from each of them.

If an unders tander were to infer all the possible plans
listed under the GRASP EXPANDED BOTTOM—UP INDICES, and then
INTERSECT this list with the list of TOP—DOWN INDICES from
SATISFY—HUNGER , a single intersection results: $RESTAURANT.
This process is the bas is for the unders tand ing mechanism
implemented in ARTHUR . We will see this process outlined in

- detai l  in the rest of th i s  chapter .

Assuming for now that this intersection will work as
proposed , what good is this result? This alone does not
provide a connection between the GRASP action and the
SATISFY—HUNGER goal. What it does is to serve to select the
~~~~ that should be followed in order to connect these. We
have said that an explanation index uniquely specifies an
inferential path between action and explanation. Hence the
$RESTAU RANT index completely specif ies  an i n f e r e n t i a l  path
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from GRASP NEW YORKER to SATISFY—HUNGER, since it specifies
both the path bottom—up from the GRASP action to the
$RESTAURANT index , and the path top—down from the
SATISFY—HUNGER explanation to the $RESTAURANT index.
T h e r e f o r e, the understander need not expand the complete
chain of inference leading from the action to the goal; by
specifying the explanat ion index , the entire inference chain
has been specified , and coula be expanded on demand .

2.5.1 Comparison with PAM

Let us pause a momen t to compare ARTHU R ’s bottom—up
inference process with that of PAM . We have said that from
the GRASP action , ARTHUR simply infers the set of bottom—up
indices from the action: READ , $RESTAURANT and SEE(SHOW).
PAM , on the other hand , woul d have inferred a TAKE (NEW
YORKER) plan from the GRASP(NEW YORKER) action , then a
DELTA—CONTROL(NEW YORKER) goal from TAKE , then READ(NEW
YORKER) from DELTA-CONTROL , then both DELTA—KNOW (LOC SHOW)
and DELTA — KNOW( L OC RESTAURANT) ( i n  pa ra l l e l ) , then
DELTA — PROX ( LOC SHOW ) and DELTA-PROX(LOC RESTAURANT),
respec t ive ly ,  and f i n a l l y  $REST AURANT and SEE(SHOW).

At this point , PAM will have succeeded in generating
prec ise ly  the same set of usa ble p lan in fe rences  tha t ARTHUR
genera ted  in a s ingle  step: READ , $RESTAURANT and
S E E ( S H O W ) .  ARTHUR is able to gene ra t e  these in ferences in a
single step because ARTHUR con tains  a precompiled indexed
list of the possible bottom—up inferential paths that PAM
would generate from any given action. This precompiled list
is used as an index to the set of possible bottom—up
inferential paths.

Once PAM had generated the above tree of bottom—up
infer ences , its next bottom—up step trom $RESTAURANT will
lead to a connection with the SATISFY—HUNGER goal , there by
arriving at an explanation for the GRASP action. As we have
seen , ARTHUR has already generated a top—down index from the
previously inferred SATISFY—HUNGER goal , containing the
ind ices $RESTAURANT , $GROCER , EAT , FIND(FOOD). The only
index in common between the bottom—up index from GRASP and
the top—down index from S—HUNGER is $RESTAURANT , and hence
this becomes the explanation index for the action—goal pair
in this case. An explanation index is the intersection 

- 
of

bottom—up and top—down indices from an action and a goal.
Recall tha t the bottom—up index from the action is an inciex
to the possible bottom—up inferential paths from the action ,
and the top—down index from the goal is an index to the
possible top—down inferential paths from the goal.
Therefore , the intersection of the two indices , the
explanation index $RESTA URANT, in this case identifies two
inferen tial paths which if followed from the action and goal
will result in a connec ted path from the ac t ion to the goal ,
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via the inoex $RESTAURANT. We represent this path from
ac t ion to goa l v ia explanation index by the following
connected explanation—graph : -

SATISFY—HUN (ER

$RESTAURANT t

GRASP (NEW YOR KER )

[Figure 6]

Let us briefly outline what we have said so far. There
are many possible top—down inference paths from most goals ,
and many possible bottom—up inference paths fr om mos t
actions. An understander wishes to find connections between
goals and actions in a story, in order to explain the
ac t ions in terms of the goals , as described in Chapter 1.
Plans and scripts in this scheme are viewed as nothing more
than the possible connection points between goals and
actions. By INDEXing the possible top—down paths from goals
and bottom—up paths from actions all at the level of plans,
we can find the intersection between goals and actions. The
rest of this chapter will be devoted to showing this process
of using indices in understanding .

2.5.2 An Example

Recall the “New Yorker ” example :

[ 2 0 ]  Willa was hungry. She picked up the New
Yor ker.

We proposed in a previous section that in order to
understand this story, we should first predict all the
top—down indices from SATISFY—HUNGER , and then search all
the bottom—up indices from DELTA—CONTROL until an
intersection is found . In this section we will examine in
detail the process of using indexing to unders tand this
story, and present a set of rules which govern the
processing described here.
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GENERATING A TOP-DOW N INDEX FROM A GOAL.

Consider the first sentence of [20], “Wi lla was
hungry. ” This statement contains an implicit goal ,
SATISFY—HUNGER.  When the unde r s t ande r  reads th is  sen tence ,
it should i n f e r  the implicit SATISFY—HUNGER goal , an d
predict a set of top—down indices. We express this behavior
in the fo l low ing processing ru le:

Rule 6: Implicit statement of a goal

If a story statement contains an implicit goal ,
then infer that goal from the statement.

In th i s  s to ry ,  the concep tua l i za t ion  fo r  the sentence
implies the goal state SATISFY—HUNGER , so that goal is
inferred by Rule 6.

Once ARTHUR has generated this goal , it then generates
the top—down index from this goal. This top—uown index
constitutes the predictive inferences ARTHUR makes from this
goal.

Rule 7: Generating predictive inferences

If a goal is inferred in the process of
understanding a story,

then genera te a se t of pred ictive inferences from
that goal , in the form of the top—down index from
that goal.

As we saw previously, there are four such predictive
inferences from SATISFY—HUNGER. The explanation graph for
the example so far contains just the goal SATISFY—HUNGER and
the predicted inferences in the form of a top—down index.
No actions have yet been mentioned in the story. Hence the
explana tion graph so f a r  loo ks as fo llows :

SATISFY—HUNGER 

LI
$RESTAURANT

$GROCER
EAT

FIND(FOOD)

[Figure 7 ]
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GENERATING BOTTOM-UP INDICES FROM ACTIONS

We have so far generated an explanation of
SATISFY—HUNGER f o r  the f i r s t  sentence,  and we have genera ted
a top—down index from that explanation.

Now the second sentence is read : “Sh e p icked  up the
New Yorker magazine ” . This sentence is analyzed into the
f o l l o w i n g  Concep tua l  Depen dency ac t ion :

(GRASP ACTOR ( W I L L A )  OBJECT (NEW YORKER) TO ( W I L L A ) )

ARTHUR i n f e r s  the set of bo t tom—up indices f r o m  t h i s  ac t ion .
The bot tom—up indices f r o m  this action arise from the GRASP
i t se l f , and f r o m  the f i l l e r s  of the ACTOR , OBJECT and TO
slots.  The ru les  fo r  g e n e r a t i n g  bo t tom—up indices are  g iven
in the next  chapter , Chapter  3.

Rule  8: Gene ra t i ng  Bot tom—Up Indices

If a story contains a statement of an action ,

then i n f e r  a bot tom—up index f r o m  t ha t  ac t ion  v ia
the bo t tom—up index ru le s  cor responding  to the
ac t ion .

This  y ie lds  the bo t tom—up index l is t  g iven  p rev ious ly  f o r
t h i s  ac t i on :

(GRASP ACTOR ( W ILLA ) OBJECT (NE W YORKER) TO ( W I L L A ) )
EXPANDED BOTTOM—U P INDICES

$RESTAURANT
SEE (SHOW )
READ

Now we have generatea a goal and its top—down indices and an
ac t ion  and i ts  bot tom-up indices .  The exp lana t ion—graph  fo r
the example so far is as follows :
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SATISFY—HUNGER 

1
_

i III
$RESTAURANT READ I

$GROCER $RESTAURANT I
EAT SE E( SH O w)  I

- F IND(FOOD)  I

(GRASP ACTOR (WILLA)
OBJECT (NEW YORKER)
TO (WILLA))

[Figure 8]

SPECIFICATION SEARCH: INTERSECTING INDICES

The next step in the postdictive understanding process
is to attempt to find a connection between the action and
the goal : that is , to explain the GRASP action in terms of
the previously inferred goal of SATISFY—HUNGER. In order to
do this , ARTHUR intersects the two indices , performing what
we call a SPECIFICATION SEARCH.

Rule 9: Specification Search

If a charac ter in a s tor y has a goal and has
per forme d an action ,

then attempt to explain the action in terms of the
goal by per forming a specif ication search , which
consists of intersecting the bottom—up index from
the action with the top—down index from the goal.
The result of this intersection is called the
EXPLANATION INDEX.

What is the result of the specification search for the
curren t example ? Let us examine the two ind ices being
intersected : 
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( S — H U N G E R  PLANNER (WILLA) )
TOP-DOWN INDEX

F I N D  (FOOD)
$ RESTAURANT
$GROCER
EAT

(GRASP ACTOR (WILLA )  OBJECT (NEW YORKER) TO (WILLA) )
BOITOM -UP INDEX

READ
$RESTAURANT -

SEE (SHOW )

In this case , there is a single member of the intersection
of these two sets: $RESTAURANT. This is then the
exp lana t ion  index fo r  t h i s  ac t ion—goa l  p a i r .  This
e x p l a n a t i o n  index u n i q u e l y  spec i f i e s  the app rop r i a t e  path
f o r  the uriderstander to pursue from the GRASP action all the
way up to the S—HUNGER goal .  The e x p l a n a t i o n — g r a p h  for  the
complete explanation is as follows:

SA TI SFY -HUNGER

$ RE S

GRASP (NEW YORKER)

[ F i g u r e  9]

Recall that the explanation index uniquely specifies
the  i n f e r e n t i a l  path f rom the act ion up to the index ana the
path f rom the goal down to the index . Since both paths meet
at the explanation index , a complete path from action to
goal has been un ique ly  specif ied .

If the above e x p l a n a t i o n — g r a p h  were  expanded to
ins t an t i a t e  all  the in fe rences  f r o m  the GRASP ac t ion up
t h r o u g h  the $RESTAURANT index and on up to the
SATISFY—HUNGER g oal , the  e n t i r e  i n f e r ence  cha in  would look
as fo l lows :
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SATISFY-HUNGER

$ RE STAU RANT

D-PROX (L OC RESTAURANT )

D-KNO W(L OC RESTAURANT )

READ

DELTA-CONT

TAKE

GRAS P (N ew Y o r k e r )

[ F i g u r e  10]

2.6 More examples , more ru les

We have introduced three understanding rules which have
used indices to a r r i v e  at an ex plana tion for  exam ple [20].
In this section , we will expand the scope of the above rules
to account for some more complex stories.

2.6.1 Generating a Default Explanation

Consider what would happen if the “New Yorker ” story
were  reversed , i.e., if the GRASP NEW YORKER action was the
f irs t sen tence , as fol lows :

[22] Willa picked up the New Yorker. She was
h u n g r y .

In th i s  reversa l  of the W i l l a  s tory , the f i r s t  sentence does
not explicitly contain a goal. What is the understander to
infer from this sentence? We have seen that ARTHUR infers
the complete set of bottom—up inferences from actions in a
story. However , if a person rea ds th is fi rs t sen tence , he
is able to answer why Willa might have picked up the New
Yor ker magaz ine; namel y ,  she probably wanted to read it.
Hence , we propose that in the absence of any previous
applicable goal information in a story, an un ders tander
generates a default qoal explanation for actions in the
story.
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Rule 10: Defau l t Explana tions

If a bottom—up index is generated from an action ,
an d there is no ex isting goal in the story
representation to explain the action ,

then choose the aefault bottom—up index from the
ac t ion , and generate the default goal from that
index as the explanation for the action.

This r u l e  assumes tha t  the bot tom—up index f r o m  an act ion
contains a marked default index , and that that index has
stored a a e f a u l t  goa l .  ARTHUR has a mar ked defaul t index
f o r  every bottom—up index , an d each index has a de fau l t
goal .  Since some ac t ions ’ indices depend on the
functionality of the filler of the OBJECT slot in the
action , the functional aefinitions of objects must include a
d e f i n i t i o n  of the default function indices. Some examples
of d e f a u l t  f u n c t i o n  indices in ARTHUR ’s memory are :

OBJECT DEFAULT FUNCTION INDEX

GUN : THREATEN
NOVEL: READ
COOKBOOK: $COOK
M I C H . G U I D E : $RESTAURANT
MAP: FIND(LOC )
MUSEUM : $MU SE tJN
SANDWICH: EAT
CAR: $DRIVE

2.6.2 Constraining Top—Down Indices

Recall that we have said that ARTHUR generates the
top—down index from any goal it inferreu while understanding
a s to ry .  For example , f r o m  the SATISFY—H UNGER goal in the
or i g inal  “New Yor ker ” example , ARTHUR generated the top—down
index of four plans and scripts from that goal. It is not
always the case that all the known top—down indices from an
inferred goal will be generated . In that example , the
SATISFY—HUNGER goal is generated directly from the statement
of Wi l l a ’s being hungry. However , consi der wha t would
happen if the fi rs t sen tence of a story was the fo l lowin g:

[23] John went to a restaurant.

n this  case, the action of PTRANSing to a RESTAURANT causes
the func tional attr i butes of RESTAUR ANT to be loo ked up,
yielding a bottom—up index of $RESTAURANT. Since we have
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said tha t  th i s  is tne f i r s t sen tence of a stor y , a default
goal is i n f e r r e d  according to ru le  10. In th is  case the
goal will be SATISFY—HUNGER. In this case, however , we will
NOT generate the complete list of four top—down indices as
predictions from this SATISFY-HUNGER inference. If we did ,
that would be equivalent to predicting that John might use
any one of these four possib le plans to sa t isfy his hunger ,
wher eas in fact we know from the first sentence that he has
already selected a plan: going to a restaurant , i.e., doing
the $RESTAURANT script. Hence if we wish to make any
predictions from the SATISFY—HUNGER goal , we want to predict
that the $RESTAURANT script will be used . This accounts for
the fact that an unaerstander would notice the change in
plan if John decided to go to the grocery store instead , as
in the following example :

[24] John went to a restaurant. He decided to go
to the grocery store.

Once the $RESTAURANT script has been inferred as being in
service of SATISFY—HUNGER in this example , then the $GROCER
script is no longer a valid prediction from the
SATISFY—HUNGER goal. Hence- in example [24] we recognize
that John must be employing a new plan for satisfying his
hunger , and that the RESTAURANT script is no longer being
used. We propose the following rule:

Rule 11: Constraining Top—Down Indices (1st Cut)

If a theme—level goal is the explanation for an
ac t ion via  a spec if ic ex plana tion index ,

then the top—down predictive index generated
subsequently from that goal should consist of just
the explanation—index itself. The resulting
top—down index is calleá a constrained top—down
index .

If a story contains an implicit goal statement ,

then the top—down index from that goal is
unconstrained ; i.e., the complete set of top—down
indices shoula be generated from that goal.

Hence we see tha t  in examples [23] an-d [24], a cons trained
top—down index should be predicted : this constrained
top—down index will consist of the single script
$RESTATJRANT, since th a t is the sin g le ex plana tion index for
the first sentence of the each example. However , in the
case of the orig inal New Yorker story, example [20], an
unconstrained top—down index will be generatea , consis ting
of the four top—down indices given previously for
SATISFY—HUNGER , since the goal is implicitly stated in the
statement that “Willa was hungry. ”
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2.6.3 Compatible indices and the PERSUADE package plans

Consider [25]:

[25) John wanted to borrow bill’ s bicycle. He
askea Bi ll to lend it to him. Bill refused.
Then John of fere d to do Bill ’s laundry if
Bill would lena him the bike .

Schank and Abelson [1977] pointed out that the plans in the
PERSUADE package can only be used as an ordered set; i.e.,
they can only be used in the following or der, given by
Schank an d Abe lson: ASK , IN VOKE THEM E, INFORM REASON ,
BARGAIN OBJECT, BARGAIN FAVOR , THREATEN , OVERPOW ER, STEAL.
Hence story [ 25] above makes sense : John first tried the
ASK planbox , and then he tried the BARGAIN—FAVOR planbox.

If , after the ASK plan is used , we cons train the
top—down index from the ACHIEVE—POSSESSION(BIKE) goal , we
will then fail to match the subsequent BARGAIN—FAVOR plan.
What we should have done instead is to constrain the
top—down index to be only those plans which come after ASK
in the PERSUADE ~ackage.

Now consider [26):

[26] John wanted to borrow Bill’ s bicycle. He
offered to do Bill’s laundry if Bil l would
lend it to him. Bill refused . Then John
asked Bill to lend the bike to him.

This story seems oad , since John first tried the
BARGAIN—FAVOR plan and then tried the ASK plan.
Understanders have knowledge that says that if a given
PERSUADE plan fails, one of the subsequent plans in the list
might still work , but none of the previous ones will.

If , after the BARGAIN—FAVOR plan , we constrain the
top—down index from the ACHIEVE—POSSESSION(BIKE) goal to be
only those plans which follow BARGAIN—FAVOR in the PERSUADE
package , then we will have ruled out the ASK and a few other
plans. Hence the use of the ASK plan will initially fail to
be explained by the constrained top—down index. This
correspond s to the fact that people consider this use of the *

ASK plan to be anomalous.

In the above examples , the BARGAIN—OBJECT plan is a
valid plan in service of the ACHIEVE—POSSESSION goal , even
when that goal has a constrained top—down index of the ASK
plan. The reverse is not true : the ASK plan is not a valid
inference from the ACHIEVE —POSSESSION goal if that goal has 4

a constrained top—down index of BARGAIN—OBJECT. We call
plans that are valid inferences from a goal even though they
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are not in the const ra inea  top—down index f rom that  goal
“compatible indices ” .

2.6.4 Conjunctive plans

Ther e are goals which require more than one plan to be
implemented in order to achieve the success of that goal.
For example , consider [27]:

[27] John wanted to get his Ph.D. He took the
required courses. Then he wrote a thesis.

Af ter John ’s action of taking courses in service of his goal
of getting the Ph.D., we would constrain the top—down index
from that goal to includ e that action of taking courses AND
the ac tion of wri ting a thesis. These actions would be
listed in the unders tanders memory as both being necessary
for the goal , rather than as being alternative plans for
achieving the goal. Such a set of plans is called a set of
conjunctive indices.

We now modify our rule about constraining top—down
ind ices to read as follows :

Rule 11: Constraining Top—Down Indices

If a theme—level goal is the explanation for an
ac t ion via a specific explanation index ,

then the top—down predictive index generated
subsequently f rom tha t goal sho uld cons ist of jus t
the explanation—index itself , plus ind ices whic h
are compatible or conjunctive ind ices to the
explanation—index. The resulting top—down index
is called a constrained top—down index.

If a story contains an implicit goal statement,

then the top—down index from that goal is
unconstrained ; i.e., the complete set of top—down
indices should be generated from that goal.

I
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2.7 Precondition inaices

Consider the following :

[28] Mary wanted something to throw in a long and
c u r v i n g  a rc .  She picked up her  t ennis
racque t .

Understanding this example requires the reader to infer
that Mary was going to th row the racquet  in a long a rc .  The
problem is that this is not a known function of a tennis
racque t. If we included “being thrown in a long and curving
arc ” as a bottom—up index from ~gett ing a tennis  ra cque t,
then we would  e ssen t ia l ly  have an i n f i n i t e  numbe r of
possible indices  f r o m  every possible ac t ion .  This would
mean that sea rch ing  through the indices would be impossible
due to comb inatorial explos ion, ana all of the benefits that
we have claimed for indexed inference paths would be lost.

We clearly cannot infer indices like “ throwin g in a
long arc ” as bottom—up indices from the action of getting a
t enn is  r acquet .  However , an unders tander  must  be able to
recognize a use like that in [28] when it occurs in a story.
This is a potential dile~nma : the understander must be able
to recognize virtually any use of an object , but the
understander must not explicitly infer non—standard uses
ahead of time . This problem can be expressed as follows:

An understander must recognize non—standard uses
of an object ,

but  the unders tander  must  not exp l i c i t l y  i n f e r
such uses of an object .

The key to the solution of th is paradox is the wor d
“explicit ” . What the understander must do is implicitly
infer the non—standard uses of an object. What we mean by
this is that in addition to the known functions of an
object, the un ders tander in fers a “catch—all” index which
specifies that the object may be used in some non—standard
way. Then any plan in which the object appears can be
inferred to be a non—standard plan for that object.

This catch—all index can be adapted from Schank and
Abelson ’s [1977] notion of preconditions . For example , they
say that in order to perform a plan which requires a gun , an
actor must first get control of a gun. This is true even if
the ~~an involves a non—standard use of the ~~~~~~~~. Hence , in
[28], we infer that Mary ’s plan involves some object , and we
then infer that the tennis racquet can be that object.
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Notice that we mus t mak e two in ferences here : one ,
that Mary plans to throw an object to satisfy her goal , and
two , that the tennis racquet can be that object. The second
inference can be constra ined by specify ing some f eatures of
the object that is to be used in the non—standard plan. For
example , consider [29]:

[29] John wanted something to brush his teeth
with. He picked up his bicycle.

Most readers find themselves attempting to infer that John
is about to brush his teeth with his bicycle somehow , but
they also know that that is an absurd inference , in that a
b icycle can ’t be used in that way. Similarly, consider the
following :

[30 ]  M ary  wantea to swat a f l y .  She picked up a
glass of water.

Again , the story seems to imply that Mary is somehow going
to swat the fly w ith a g lass of wa ter , bu t we know tha t a
glass of wa ter is an inappropr i a te i n s t rumen t  wi th which to
swat a fly.

Specifying the “appropr ia te ” fea tures of a toothbrush
or a flyswatter is a very difficult task. For example ,
consider tne fo l lowing list of possi ble flyswa tt ing
instruments:

a piece of heavy fabric
a shoebox
a chalk erase r
your hana
a sandwic h

These aren ’t all normal flyswatters , but we can envision
using any of them as such. However , the fol lowing canno t be
so envisioned:

a shee t of paper
a tinder box
a penc il eraser
the bac k of your head
a plate of spaghetti

An unders tander needs a very good taxonomy of fea tures of
physical objects in order to adequately specify the rules by
which we decide the appropriateness of using a certain
object for a certain task. Without such a taxonomy of
objec t fea tures , an unders tander might infer a use of an
object that a person would not infer , or will fail to see a
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possible use tha t  a person would see.

Putting aside the problem of object features , we can
see that if an unders tander has some basis on which to infer
that an object might play some role in a plan , then the
action of getting that object can be inferred-i to be a
precond i t ion  for  the p lan .  In add i t ion , f i n d i n g  out the
location of the object , or going to that location can also
be consiaered pr econdit ions for a plan wh ich make s some
(non—standard) use of the object. These three preconditions
are called DELTA-CONTROL , DELTA-KNOW and DELTA—PROX by
Schank and Abelson.

Rule 14: Precond it ion i n fe rences

If an object fills some role in a plan ,

then the actions of finding out the location of
the object (MTRANS , ATTEND , MBUILD) , going to that
location (PT RANS) ,  or getting control of the
object (ATRANS , GRASP ) can be in terpre ted as
sa tisfy ing , respectively , DKNOW , DPROX or DCONT
preconditions for that plan.

Preconditions are used in ARTHUR for understanding
non—s tanaard uses of objects. Whenever one of the above six
CD ACTs occurs in a story, in addition to inferring any
standard uses of the objects included in the action , ARTHUR
infers the appropriate precondition index corresponding to
the act, according to Rule 14. Then if specification search
fa ils to f ind an explanation index using the standar d
ind ices from the action , ARTHUR checks the precondition
index against the top—down indices from the goal. This
search is more f l e x i ble than spec ificat ion search: if any
top—down index can account for all the elements of the
precondition index , then ARTHUR infers that that the action
may have been pe r f o r m e d as a precondit ion in service of the
goal.
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Rule 15: Preconditions in understanding

If specification search fails to y ield an
explanation index between an ac tion and a goal ,

and a precon dition in dex from the ac tion can be
accounted for by a top—down index from the goal ,

then infer that the ac tion may satisfy a
precondition for that top—down index in service of
the goal.

2.8 Loose—end explanations

Consider the follow ing examples :

[31] John whispered something to Mary.

[31] Sue picked up a blade of grass.

[31] Jack went to Boston .

Eac h of these statements consists of a CD ac tion wh ich
specifies too little to base a solid inference on. An
MTRANS without an MOBJECT, an ATRANS of an object which has
no known func tion , a PTRANS to a location wit h no par ticular
associated script. Consider the last of these , “Jack wen t
to Boston.” If we ask a reader “Why d id Jack go to Bos ton ” ,
the reader will have no specific default answe r , as he would
if Jack went to a res taur ant, or to a baseball game. The
best answer a reader can g ive is that Jack probably went
because he had something he wanted to do there. This is
equivalent to saying that Jack’s going to Boston was a
precondition for some as-yet—unspecified plan.

In other wor ds , the default bottom—up inference from
this PTRANS action is the DPROX precondition inference ,
which is so general that it can match vir tually any plan in
which Boston plays some part. Whenever such an action is
read in a s tory, the unders tander does not infer a defaul t
goal for that action , but only infers the bottom—up
precondition index , as yet unattached to any goal. we call
such an unattached bottom—up index a loose—end ex~ 1anation ,
denoting the fact that the explanation is stirl incomplete
and must be attached to some subsequent goal in order to be
fully explained .
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Rule 16: Leaving a loose end

If a statement speci f ies  an act ion wi thou t
specif ying all  of the impor t an t  r o l e f i ll e r s  of
tha t  ac t ion ,

Then oo not i n f e r  a d e f a u l t  explana t ion  fo r  the
action , but instead leave a “loose—end”
exp lana t ion , cons i s t ing  of the bot tom—up index
f r o m  the ac t ion .

The “ impor tan t  r o l e f i l l e r s” of an act ion are  specif ied by
the fo l lowing  table:

CD ACT IMPORTANT ROLEFILLERS

MTRANS MOBJECT
PTRANS TO
ATRAN S OBJECT
PROPEL OBJECT , TO
INGEST OBJECT
EXPEL OBJECT
ATTEND TO
MBUILD MOBJECT
SPEAK MOBJECT
MOVE OBJECT
GRASP OBJECT

This means , fo r  exam ple , that if a PTRANS is specified
without a destination , then ARTHUR will leave a loose—end
explanation for it. ARTHUR can perform specification search
between a loose—end explanation and the top—down index from
a subsequent goal. If the loose end is found to be a
precon dit ion index fo r  some su bsequen t goal by thi s me thod ,
we say the loose end has been resolved into a fu ll
explanation. More will be said about loose end explanations
in subsequent chapters .
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2.9 ARTHUR output

Following is an annotated run of ARTHUR on a simple
example which involves i ind ing a known connect ion between a
goal and an action by indexing .

[PH: Initiation. 16—Oct—79 7:31AM]

Yale TOPS—20 Command Processor 3A(4l5)—2

@RUN ARTHUR

* (ARTHUR)

Inpu t story:  *EX2

The story is:

JOHN WANTED MONEY.
HE SOLD A WATCH.

*- -4
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ARTHUR OUTPUT ANNOTATION

The s tory  is: I

JOHN WANTED MONEY.
HE SOLD A WATCH. I

Conceptual  Dependency:  I
( (A—POSSESS (ACTOR JOHN) I ARTHUR p r in t s  the Conceptua l

(OBJECT M O N E Y ) )  Dependency r e p r e s e n t a t i o n
(MUTUAL-ATRANS (ACTOR JOHN) I of the s t o ry .

(OBJEC T WATCH ) I
(FOR M O N E Y ) ) )  I

~~~ ARTHUR : UNDERSTANDING PHAS E I

NEXT SENTENCE: I

JOHN WANTED MONEY.

~~~ INPUT IS GOAL : F i r s t  sentence recognized
(A—POSSESS (ACTOR JOHN) I as a statement of a goal:

(OBJECT MONEY) ) I A—POSSESS.

NEW EXPLANATION A—POSSESS i s a theme—leve l
(A—POSSESS (ACTOR JOHN ) goal , so no further explan—

(OBJECT MONEY)) I ation of it is necessary.
ADDED TO EXPLANATION-GRAPH

UPDATING EXPLANATION-GRAPH :

EXPLANATION TRIPLE : The syn tax  of exp lana t ion
GOAL : ((A—POSSESS I graphs is that they state

(ACTOR JOHN) I a goal followed by all
(OBJECT M O N E Y ) ) )  I events explained by tha t

goal , and the exp lana t ion
EVENT: (A—POSSESS I index fo r  each event under

(ACTOR JOHN) I each goal. In this graph ,
(OBJECT M O N E Y ) )  I the story stated a goal

INDEX: NIL I directly, so the goal is
STATUS : ACTIVE I g iven as the explanation

I fo r  i t s e l f .

I
_ _  _ _ _  _ _ _ _  
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GENERATING TOP—DOWN INDEX: I Once the goal has been
((ASK I inferred , a top—down index

(ACTOR JOHN) (OBJECT M O N E Y ) )  I is genera ted , as a predic—
( INVOKE—THEME I t ion  of what  p lans  m i g h t  be

(ACTOR JOHN) (OBJECT MONEY) ) I p e r f o r m od  in service  of the
(INFORM—REASON I goal .  In th i s  case , the top

(ACTOR JO HN) (OBJECT MONEY) ) I —down inoex consists of the
(BARGAIN—OBJECT I plans in the PERSUADE

(ACTOR JOHN) (OBJECT MONEY) ) I package , along with the plan
(BARGAIN—FAVOR I of wagering .

(ACTGR JOHN) (OBJECT MONEY) ) I
(THREATEN I

(ACTOR JOHN) (OBJECT M O N E Y ) )  I
(OVERPOWER I

(ACTOR JOHN) (OBJECT M O N E Y ) )  I
(STEAL I

(ACTOR JOHN) (OBJECT M O N E Y ) )  I
(PLAY -GAME I

(ACTOR JOHN) I
(COMPETITION W A G E R ) ) )  I

FOR G L X L :  I
(A—POSSESS (ACTOR JOHN) I

(OBJECT MONEY) ) I

NEXT SENTENCE: I

JOHN SOLD A WATCH. I

~~~ INPUT EVENT ; I This story input is an
(MUTUAL—ATRANS I event , inter pre ted as John
(ACTOR JOHN) I performing a MUTUAL ATRANS :
(OB JECT WATC H ) I he ATRANSe 5 the watch to
(FOR M O N E Y ) )  I someone and they ATRANS

I money to him in re turn.

GENERATING BOTTOM-UP INDEX: I The bottom—up index from
((DELTA—CONT I the even t cons ists of two

(ACTOR JOHN) (OBJECT M O N E Y ) )  I plans:  John wants  to have
(BARGAIN—OBJECT I money , or else John wan ts

(ACTOR JOHN) (OBJECT M O N E Y ) ) )  I to persuade someone to give
FOR EVENT : I him money by b a r g a i n i n g .
(MUTUAL-ATRANS (ACTOR JOHN) I

(OBJECT WATCH) I
(FOR MONEY) ) I

________ - - .5 -
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PERFORMING SPECIFICATION SEARCH I The top—down index f r o m
I A—POSSESS is in te rsec ted
I wi th  the bot tom—up index

FOUND EXP LANATION INDEX:  I f r o m  MUTUAL—A r R A NS . The
(BA RGAI N—OBJECT I i n t e r s e c t i o n  process y ields

(ACTOR JOHN ) (OBJECT M O N E Y ) ) )  I a s ing le  exp lana t ion  index ,
I the plan BARGAIN-OBJECT.

UPDATING EXPLANATION-GRAP H : I

EXPLANATION TRIPLE: I

GOAL : ( (A—POSSESS I -

(ACTOR JOHN ) I -

(OBJE CT M O N E Y ) ) )  
-

EVENT : (A—POSSESS
(ACTOR JOHN) I
(OBJECT M O N E Y ) )  I

INDEX: NIL I
STATUS : ACTIVE

EVENT: (MUTUAL -ATRANS I The A—POSSESS goal now
(ACTOR JOHN) I serves as exp lana t ion  f o r
(OBJECT WAT CH ) I the MUTUAL-ATRANS ac t ion ,
(FOR MONEY) ) I via  the BARGAIN—OBJECT

INDEX: ((BARGAIN—OBJECT I index. In other words ,
(ACTOR JOHN ’~ I the  MUTUAL—ATRANS is i n t e r —
(OBJE CT M O N E Y ) ) )  I preted as hav ing  been

STATUS . ACTIVE I performed in service of the
I goal of A—POSSESS money.

~~~ E N ’  OF STORY I
~~~~~~~~ READY FOR QUESTIONS I

_  
_ _  

I
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Input  ques t ion : *EX2Q 1

QUESTION:
WHY DID JOHN SELL A WATCH?

ANSWER:
BECAUSE HE WANTED TO GET MONEY.

Input question: *EX2Q2

QUE STION :
WHY DID JOHN WANT MONEY?

ANSWER:
THE STORY SAID THAT HE WANT ED SOME.

[PH:  Te r m i n a t i o n .  16—Oct—79 7 :32AM . PS :< GRANGER.TH>WATCH.LOG. l J

2. 10 Summary :  Inc~ex ing  Exp lana t i ons

We have described a process whereby a connection
between an action and a goal can be found without generating
all possible bottom—up inferences from the action in
parallel , and without predicting a large number of top—down
i n f e r e n c e s  f r o m  the goal .  This was successful  even though
the process realistically took into account the many
alternate possible paths that could have arisen from the
action and the goal. This process was accomplished by the
process of indexing explanations. The following six
processing rules were introduced :

Rule 6: Implicit statement of a goal

If a story statement contains an implicit goal ,
then infer that goal from the statement.

Rule  7: Gene ra t i ng  p red ic t ive  in fe rences

If a goal is inferred in the process of
unaerstanding a story,

then genera te a set of pre d ic t ive i n f e r ences  f rom
that goal , in the form of the top—down index from
that goal.

It
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Rule 8: Generating Bottom—Up Indices

If a story contains a statement of an ac tion,

then infer a bottom—up index from that action via
the bottom—up index rules corresponding to the
ac t ion .

Rule  9: Spec i f i ca t ion  Search

If a charac ter in a story has a goal and has
pe r fo rmed  an act ion ,

then attempt to explain the ac tion in terms of the
goal by per forming a speci f ication search , wh ich
consists of intersecting the bottom—up index from
the action with the top—down index from the goal.
The resu l t  of th i s  in te r sec t ion  is called the
EXPLANATION INDEX.

Rule  10: D e f a u l t  Exp lana t ions

If a bot tom—up index is genera ted  f rom an act ion ,
and there is no existing goal in the story

F representation to ex plain the action,

then choose the default bottom—up index from the
action , arid generate the default goal from that
index as the explanation for the action.

Rule 11: Constraining Top—Down Indices

If a theme—level goal is the explanation for an
ac t ion v ia a specific explana tion index ,
then the top—down predictive index generated
subseque ntly from that goal should consis t of just
the explanation—index itself, plus indices which
are compatible or conjunctive indices to the
explanation—index. The resulting top—down index
is called a constrained top—down index.

If a story con tains an impl icit  goal statement ,
then the top—down index from that goal is
unconstrained ; i.e., the complete set of top—down
indices should be generated from that goal.

The explanation process described by these rules took
us through several examples , finding a connection between
actions and goals without requiring backup nor any parallel
bottom—up inferences. The only search mechanism employed
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was that  of spec i f i ca t ion  search th rough  two lists of
indices.

We have so far investigated only simple goal—based
stories in which the goal is stated before the action. We
shall see that the re are a g rea t many more processing rules
t ha t  w i l l  be necessary to accoun t for  more  complex s tor ies .
The rest o f this thes is presents progre ss ively more complex
stor ies  and in troduces pro g ress ively  more complex proce ssing
rules to account for ARTHUR’ s processing of these stories.

2.11 End of one chapter , beg inning of the next.

We have designed a process whereby connections between
goals and ac tions can be found by index ing the possible
top—down and bottom—up inferential paths that can be
followed from goals and actions. Only these indices need be
genera ted from ac t ions and goals , rather than the complete
se t of paral le l  inference  chains tha t wer e r equ i r e d in
ear lier explanation—driven understanding processes.

We have seen some examples of top—down and bottom—up
ind ices from goals and ac tions , but we have not yet seen how
these ind ices are generated or where they come from. The
next chapter , Chapter 3, presents the rules for genera ting
bottom—up and top—down indices from actions and goals.
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CHAPTER 3

THE INDEXED INFEREN CES OF ACTIONS AND GOALS

3.1 Introduction

The previous chapter presented a method of finding
connections between actions and goals. This was done by
generating bottom—up indices from actions and top—down
ind ices from goals , and intersecting the two to yield a
single index . That single index specified the inferential
path which would lead from the action to the goal. In this
chapter , we presen t the ind ices tha t are  genera ted f r o m
actions and goals.

We have already seen that the indices from an action
depend not only on the action itself , bu t on the f i l l e r s  of
the ACTOR , OBJECT and TO slots in the ins tant ia ted  ac t ion.
For example , if Willa picks up a gun, we do not genera te our
bottom—up inferences solely on the basis of her GRASP
action , but also according to what we know about guns and
their  uses , and Willa and her intentions. Hence the
bot tom—up indices f rom an action are  generated by ru le s
which instruc t ARTHUR where to look in its memory, according
to the slotfillers of an action.

Consi der the ac tion of W i l la p i c k i n g up the New Yorke r
magazine . We saw in the previous chapter that the set of
bottom—up indices from that action was as follows:

- 5 6 - 
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(GRASP ACTOR (WILLA) OBJECT (NEW YORKER) TO (WILLA)):
EXPANDED BOTTOM-UP INDICES

$RESTAURANT
SEE (SHOW)
READ
DCONT

This means that ARTHUR predicts from this action that Willa
wi ll either go to a res taurant , go to see a show , simply
read the magazine for enjoymen t , or use some pure ly  physical
aspect of the magazine. Recall that we have said that the
set of bottom—up indices from an action is an index into the
set of bottom—up inference chains that can be generated from
this action. Every different bottom—up line of inference
correspond s to a different possible interpretation of the
reasons why Willa might have picked up the magazine .
Consider the follow ing tree of possible bottom—up inferences
from th is ac tion:

I

t 
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ENJOY—SOCIAL SATISFY—HUNGER ENJOY—ENTERTAINMENT (SHOW)
(e.g. visit (e.g., eat at (e.g. enjoy a show)

a friend) a res taurant) /
\ / /
\ / /

* GO * * $RESTAURANT * * SEE(SHOW) *
(TO RESTAURANT) / /

\ / /
DPROX / DPROX

(TO RESTAURANT) (TO SHOW )
\ - I

DKNOW DKNOW
(LOC RESTAURANT) (LOC SHOW )

/
\ _  /

ENJOY- /
ENTERTAINMENT (READ) /
(e.g. enjoy reading ) \ / FIX—PROBLEM(PEST)

\ \ / (e.g. swat a fly)
\ \ /  /
* READ *  /

\ /
\ /
DELTA—CONT

F TAKE -

(GRASP ACTOR (WILLA) OBJECT (NEW YORKER) TO (WILLA) )

[Figure 11]

Consider an unaers tander that generates th is tree , step
by step, from the action of GRASPing the New Yorker.
Consider in particular the bottom—up inference from READ.
At this step , there are three possible paths to follow ,
leading up to DKNOW (LOC RESTAURANT), DKNOW(LOC SHOW) and
ENJOY—ENTERTAINMENT . This means that once the understander
has inferred that Willa might want to READ the magazine , the
nex t step is to infe r exactly WHY Willa might want to read
it.

The understander has a rule that says that people read
things in order to get information about them , or simply for
enjoyment , with no higher aim in mind. The New Yorker
magazine is a source of two different kinds of information
(at least). For the purposes of this illustration , we just
focus on two kinds of information in the New Yorker:
information about the locations of restaurants and
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in formation about locations of shows. The understander
knows that a New Yor ker contains these two types of
informa tion. Hence at the point that the understander
infers what kind of information Willa might want to know , it
looks in its memory en try  fo r  the New Yor ker magazine , and
pulls out the information that the magazine contains info
about restaurants and shows. This knowledge about the New
Yorker is the knowledge that is responsible for the
understander ’s generating the two b-ranches of the bottom—up
inference tree : DKNOW (LOC RESTAURANT) and DKNOW(LOC SHOW).
The th i r d branc h , ENJOY-ENTERTAINMENT , is due to the
unders tanãer ’s knowle dge that any boo k or magazin e may be
read for enjoyment.

The fo l lowing d iag ram depic ts the three in fe rences  f r o m
READ(NEW YORKER) along with the information the understander
used to genera te those inf erences :

- 

DKNOW(LOC RESTAURANT)

ENJOY-ENTERTAINMENT - I .  DKNOW (LOC SHOW)
\ I .  /
.\ I .

I . /

\ I ./
\ I /.

People read \ I /
magazines for READ (NEW YORKER)
enjoyment, and
New Yorker is People read magazines
a magazine, to get information , and

New Yorker  con ta ins
informa tion about the
locations of shows and
restaurants.

This diag ram illustrates that the understander is
appl ying its rules about why people read to specific
attributes of the New Yorker. This is the case for every
i n f e r e n tia l step: at each i n f e r e n tial step , the
unders tander chooses a par ticular attribute of one of the
elemen ts of the ac tion: GRASP , WILLA and NEW YORKER.

Instead of only mak ing use of one piece of informa t ion
in the action at a time to generate step—by—step bottom—up
inferences , ARTHUR looks up all the information contained
under each of the par ts of an action and generates the
bottom—up indices that are pre—storea there. We hypothesize
that since an understander can generate the entire tree
shown in Figure 11 on demand , it could instead have the
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paths of that tree stored under the appropria te elements of
the action itself. The “appropriate ” place to store a given
p iece of i n f o r m a t ion simply means the slo tf i l ler that woul d
have given rise to the information in a step—by—step
understander.

Th is chapter presen ts the ru les  fo r  genera tin g
bottom—up indices from the eleven primitive actions of
Conceptual Depenaency theory. We will see that these rules
depend on the slotf illers of an instantiated ac tion, just as
they would for a step—by—step inferencer. The difference is
that in ARTHUR , the tree that would resul t from a
step—by—step analysis is pre—stored under the actions and
objects known to ARTHUR , and tnis pre—stored information is
generated all at once from an action. The information
generated in this manner comprises the bottom—up index from
an action.

3.2 Bottom—Up Indices from Actions

The follow ing eleven Concep tual Dependency ac ts are
identified by Schank [1975]: 

-

PT RAN S
ATRANS
MTRANS
PROPEL
INGEST
EXPEL
MOVE
GRASP
ATTEND
SP EAK
MBUILD

The following table gives the BOTTOM—UP INDICES for
eacri of the 11 Conceptual Dependency actions in the above
list. Notice that the table refers to indices which are
rules specify ing par ticular memory attributes of filler s of
the ACTOR , OBJECT and TO slots in the instantiated action.

I
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ACT BOTTOM-UP INDEX

PTRANS LOCATION-INDICES (TO SLOT) + PLANNER(ACTOR SLOT)
i- DPROX(ACTOR ,TO)

ATRANS FUNCTIONS(OBJECT SLOT) + PLANNER(ACTOR SLOT)
+ DCONT(ACTOR ,OBJECT)

INGEST FUNCTIONS(OBJECT SLOT) + PLANNER(ACTOR SLOT)
EXPEL BREATHE
MOVE LOCATION-INDICES (TO SLOT) + PLANNER (ACTOR SLOT)

+ FUNCTION (TO SLOT ) + GESTtJRE (If OBJECT = HAND)
GRASP FUNCTIONS (OBJECT SLOT) + PLANNER(ACTOR SLOT)

+ DCONT (ACTOR,OBJECT)
ATTEND INFORMATION (TO SLOT) + PLI ANNER(ACTOR SLOT )

+ DKNOW(ACTOR ,TO)
MBUILD INFORMATION (OBJECT SLOT) + PLANNER(ACTOR SLOT)

+ DKNOW (ACTOR ,MOBJECT)
MTRAN S Any of the plans in the PERSUADE package

+ TELL ( I f  ACTOR TO and INST = SPEAK)
+ READ (If TO = EYES of ACTOR)
+ INFORMATION(MOBJECT SLOT) + PLANNER (ACTOR SLOT)
+ DKNOW(TO,MOBJECT)

SPEAK Any of the plans in the PERSUADE package + TELL
+ PLANNCR (ACTOR SLOT)

PROPEL CHANGE—PHYS-STATE (NE G) + PLANNER(ACTOR SLOT)

There is more than one bottom—up index rule for each action ,
corresponding to the different inferences we generate
depending on the various slotfillers in a conceptualization.
For mos t of the ac tions , the d i f ferent rules correspond
directly to different slots in the instantiated action.
These rules correspond to ARTHUR’ s implementation of them :
that of looking up the attributes of the slotfillers in the
instantiated action. In the following discussion . we will
present alternate expressions of some of these rules , to
give a feel for the knowledge embodied in these rules. We
will discuss first the OBJECT and TO slot rules , and then we
wil l discuss the ACTOR slot rules.

3.2.1 The OBJECT and TO slots of actions

Consider the rules given above for generating bottom—up
inferences from a PTRANS action. The first rule says
“LOCATION—INDICES(TO SLOT)” . This rule can be expressed as
follow s: -

Rule 23: Location indices

If an actor PTRANSes to a location which has a
stereotypical activity associated with it,

Then infer that the action may be part of a plan
to perform that stereotypical activity .
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This means that when an instantiated PTRANS action
occurs in the representation of a story, ARTHU R looks at the
filler of the TO slot in the ac tion, and examines the
LOCATION—INDICES attribute of that filler in its memory.
ARTHUR has LOCATION—INDICES attributes stored in its memory
entries for certain locations. For example , consider the
fo l lowing  sen tence :

[34] “John went to the racetrack. ”

Th is statement is represented in Conceptual Dependency (see
Schank [1975]) as a PTRANS with the ACTOR and OBJECT both
being John , and the TO slot being the racetrack , as follows :

(PT RANS ACTOR (JOHN) OBJECT (JOHN) TO (RACETRACK))

Once this PTRANS action has been represented , the
unders tander p e r f o r m s  the bot tom—up index rules  f r o m  this
instantiatea action. In this case , the TO slot is filled
with RACETRACK. ARTHUR ’s conceptual de f i n i tion for the
concept RACETRACK has the attribute LOCATION—INDICES defined
as follows :

RACETRACK
LOCATION—INDICES (SEE(HORS ERACE), PLAY—GAME (WAGER) )

This slotfiller has two LOCATION—INDICES. Hence they both
become bottom—up indices for this PTRANS action . This means
that these ind ices are the inferences ARTHUR makes from the
fac t that the race track was John ’s destination. To see how
these bottom—up indices affect the explanation of a story,
consider the following:

[35] John went to the racetrack. He wanted to win some
money.

The bottom—up indices from the first sentence are the two
location—indices given above , SEE(HORSERACE) and
PLAY—GAME(WAGER) . The second sentence states a goal , namely
possessing money. This goal then serves as the explanation
for the action of going to the racetrack , via the
PLAY—GAME(WAGER) index , as in the following explanation
graph: -

-
. 
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(ACHIEVE—POSSESSION
ACTOR (JOHN)
OBJECT (MONEY))

PLAY-GAME (WAGER) T

(PTRANS ACTOR (JOHN) TO (RACETRACK))

[Figure 121

Now consider the actions MTRANS , MBUILD and ATTEND.
They all have in common the bottom—up inference rule
INFORMATION(OBJECT SLOT). This rule can be expressed as
fo l lows :

Rule 24: Information indices

If a character is the RECIPIENT of an MTRANS ,
MBUILD or ATTEND action concerning an object which
has a plan associated with it in memory,

Then in f e r  that the ac tion may be par t of a plan
to perform the associated plan.

This says to look at the INFORMATION attribute of the filler
of the OBJECT slot in the instantiated MTRANS , MBUILD or
ATTEND action. For example , consider the following
sentence:

[361 John was looking in his cookbook.

This sentence is represented as an ATTEND of John ’s eyes
towards the cookbook , as follows

(ATTEND ACTOR (JOHN) OBJECT (EYES) TO (COOKBOOK))

The INFORMAT ION attribute under the definition for COOKBOOK
in ARTHUR ’ s memory looks as follows .

I,.
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COOKBOOK
INFORMATION ($COOK , EAT)

Hence these two scripts become indices for this ATTEND
action. Notice that although cookbooks don ’t tell one how
to eat , that eating is nonetheless an expected plan that
should be i n f e r r e d  bot tom—up f rom the action of looking in a
cookbook.

Consider the following example:

[37] Cindy was hungry. She looked in her cookbook.

The first sentence contains a SATISFY—HUNGER goal , and the
second sente~-ice mentions an ATTEND EYES to COOKBOOK action.ARTHUR finds a connection between the goal and the action
via the EAT plan contained in the bottom—up index generated
f r o m  the INFORMATION a t t r i b u te  of COOKBOOK. The explana t ion
graph  fo r  th is  example is as fo l lows:

(SATISFY—H UNGER ACTOR ( CINDY ) )

EAT T

(ATTEND ACTOR (CINDY)
OBJECT (EYES PART (CINDY))
TO ( COOKBOOK))

[Figure 13]

Here is some abbreviated output of ARTHUR understanding
this example , presented to give a feel for ARTHUR ’s use of
indices in understanding :

*** INP UT GOAL:

(S—HUNGER (PLANNER CINDY))

GENERATING TOP-DOWN PREDICTIVE INDEX:

-- - . 5  - - —~~~~~~~~~~ - - - - . - - .~~~~~~~-~~~~~~~~~~~~~~~
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( (EAT (PLANNER CINDY) (FOOD NI L ) )
($RESTAURANT (PLANNER CINDY) )
($GROCER (PLANNER CINDY))
(F IND (PLANNER CINDY)  (FOOD N I L ) ) )

~~~ INPUT EVENT :

(ATTEND (ACTOR CINDY)  (OBJECT EYES (PART C I N D Y ) ) (TO COOKBOOK) )

GENERATING BOTTOM-U P INDEX:

( ( $COOK (PLAN NER C I N D Y )  (FOOD N I L ) )
(EAT (PLANNER CINDY ) (FOOD N I L ) ) )

PERFORMING SPECIFICATION SEARCH

FOUND EXPLANATION—INDEX:

( (EAT (PLANNER CINDY) (FOOD N I L ) ) )

UPDATING EXPLANATION GRAPH

To summarize , every Conceptual Dependency action has a
set of ru les for genera ting bottom—up indices. Each rule
r e f e r s to the attr ibutes of at least one f i l l e r  of one of
the slots in the instantiated action. Every object known to
ARTHUR has c e r t a i n  a t t r i b u t e s  associated wi th  it in ARTHUR’ s
memory. Among those attributes are FUNCTION and
LOCATION—INDICES. Stored under those attributes of objects
in ARTHUR ’s memory are lists of the scripts and plans that
are to be generated as part of the bottom—up index for the
ac tion that causes tnem to be accesse d .

3 . 2 . 2  The ACTOR slot of ac t ions

All of the actions in the above bottom—up index table
have the same ru le  r e f e r e n c i ng the ACTOR slot: the ru le
says to look up the indices under the PLANNER attribute of
the filler of the ACTOR slot in the action. This rule can
be stated as follows:

I 
_  
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Rule 25: Inferring a known plan

If a c h a r a c t e r  has a known plan ,
and tha t  c h a r a c t e r  pe r fo rms  an ac t ion ,

Then i n f e r tha t  the ac t ion  may be pa r t  of the
p lan .

Cons ider  the PTRANS ac t ion , f o r  example .  Consider  the
fo l lowing  sentence .

[38] “John went to Connecticut. ”

This is a PTRANS action , where the ACTOR of the PTRANS is
John:

(PTRANS ACTOR ( JOHN)  OBJECT (JO HN )  TO (CONNECTICUT ) )

What  does ARTHUR have in i ts  memory e n t r y  fo r  John , under
the attribute PLANNER? The answer is nothing : no
information. ARTHUR has never heard of John before , jus t as
we have never heard  of h im before either. Hence neither we
or ARTHUR have any special PLANNER information stored for
him , as opposed to an object like a racetrack , which an
understanoer does know the FUNCTIONs of. Now consider the
fo l low i ng :

[39] “President Carter went to Connecticut. ”

Again , th i s  is a PTRANS ac t ion , t h i s  t ime wi th  the ACTOR
being President Carter:

(PTRANS ACTOR (CARTER) OBJECT (CARTER) TO (CONNECTICUT) )

P resumably  we as u n d e r s t a nd e r s  have a memory e n t r y  fo r
President Carter , an d in f ac t has i n f o r m a tion abou t Car ter
which tells us some of the plans which he might be operating
un der , regardless of what action he actually performs . This
information is encoded in ARTHUR under the PLANNER attribute
for the memory entry for Carter. Some of the plans unaer
this attribute include the CAMPAIGN memory structure
(containing actions like shaking hands and kissing babies)
any of the PERSUADE plans , and perhaps more. All of these
plans , and any others listed under the PLANNER attribute for
Carter , are added to the bottom—up index for the action of
Carter PTRANSing to Connecticut. This means that ARTHUR

~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

~~~
- -5 . 

~~~ ~~~~ ~~
. - -— — . 5  -

-
-~4 

•
~~~~~~

‘
~~ q-

- -~
4 - - - - - - ~~~~



67

infers that any of C a r t e r ’ s ac t ions  may t u r n  out  to be p a r t
of a known plan of Carter ’s.

Consider the following example:

[4 0] P r e s iden t  C a r t e r  wanted  to improve h i s
s t and ing  on the east coast.  He went  to
C o n n e c t i c u t .

The first sentence gives Carter ’s implicit goal of being
politically popular , which has a known plan of campaigning.
ARTHUR can interpret his action of going to Connecticut in
terms of that goal , since it generates a bottom—up inference
of CAMPAIGN f r o m  any ac t ion  C a rt e r  p e r f o r m s .  This  ac t ion
would not seem to be p a r t  o ’~ a plan of c 4 - -  a i gn ing  if it
were  not p e r f o r m e d  by an acto r who is known to have tn a t
plan. The explanation graph for this examp le is as follows:

ACHIEVE — SOCIAL—POS ITION

CAMPAIGN

(PTRANS ACTOR (CARTER) TO (CONN ECTICUT))

[Fig ure  14]

Consider the following :

[411 “A snake was in the garden. ”

This is simply a LOCATION state conceptualization , with no
action mentioned:

(LOCATION ACTOR (SNAKE ) LOC (GARDEN))

It ~~
.-  ~ inderstanders have a memory entry f o r  sna kes as

i ’ori, we may infer a typical action or plan of a snake , in
~~

is -. of ~he fact that we are not told any action the snake.~ ~~r- *or -r r-1 . Similarly, w~hen ARTHUR understands this
~.nt,n ., 5 r e  PLANNER attribute under the memory entry for
~~u ~~~‘- looked up. This attribute contains plans like

- . . Wt.AL1~ (NEG), ireaning that a snake might hurt

—— ~~~~~~~~~~~~ p._ - 
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somebody . These p lans  a re  added to the bo t tom—up index f o r
the  s ta ted event  of the snake  being in the g a r d e n .  Compare
the  f o l l o w i n g  two examples :

[ 4 2 ]  A s n a k e  was in the  g a r d e n .  L i t t l e  Jimmy got
b i t t e n.

[4 3J A f l o w e r  was in the  g a r d e n .  L i t t l e  J immy got
bitten.

In the case of [42] , ARTHUR infers a CHANGE—HEALTH index
from the first sentence , from the PLANNER attribute of the
actor  SNAKE . W i t h o u t  tha t  i n f e r e n c e , the fac t  tha t  J immy
got bitten would not make sense , as is the case in the
second exam le [43]  -

Following is some more abriaged ARTHUR output , to g ive
an idea of how these indices are actually implemented and
used in ARTHUR :

~~~ INPUT EVENT :

(LO CATION (ACTOR SNAKE ) (LOC G A R D E N ) )

GENERATING BOTTOM-UP INDEX:

((CHANGE -HEALTH (PLANNER SNAKE ) (OBJECT NIL)))

GENERATING DEFAULT EXPLANATION :

(HEALTH (VAL -10) (P LANNER SNAKE) (OBJECT N I L ) )

GENERATING TOP-DOWN PREDICTIVE INDEX:

( ( CHANGE—HEALTH (PLANNER SNAKE ) (OBJECT N I L ) ) )

__ 
_ _ _  
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~~~ INPUT EVENT:

(PROPEL (ACTOR NIL) (OBJECT TEETH) (TO JIMMY))

GENERATING BOTTOM-UP INDEX:

((CHANGE—HEALTH (PLANNER NIL) (OBJECT JIMMY)))

P ERFORMING SPECIF iCATION SEARCH

FOUND EXPLANA TION—INDEX:

( (CHAN G E-HEALTH (PLANNER SNAKE) (OBJECT JIMMY)))

UPDATING EXPLANATION GRAPH

3.2.3 Combining ACTOR , OBJECT ana TO slots

Consider the follow ing :

[44] President Carter went to the racetrack.

Thi s is represented as follows :

(PTRANS ACTOR (CARTER) OBJECT (CARTER) TO (RACETRACK))

We have seen that the action of PTRANSing TO a racetrack
accesses the LOCATION—SCRIPT attribute of the memory entry
for race track , generating a bottom—up index of
SEE(HORSERACE) and PLAY—GAME(WAGER) . Similarly, since
President Car ter is the ACTOR of the ac tion, the ind ices
under the PLANNER attribute of ARTHUR ’s memory entry for
Carter are added to the bottom—up index from the action as
well. We said that these could be CAMPAIGN and any member
of the PERSUADE package. Hence the complete bottom—up index
from this action would be as follows:

-.5
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(PTRANS ACTOR (CARTER) OBJECT (CARTER) TO (RACETRACK))
BOTTOM-UP INDICES:

SEE (HORSERACE)
PLAY-GAME (WAGER)
CAMPAIGN
PERSUADE

Since the PTRAN S action might be explained through any of
these indices , the action coula turn out to be in service of
Carter ’s goal of getting re—elected or of simply betting on
a horse for fun . These indices therefore allow flexibility
in arriving at an explanation for the action. The ARTHUR
program can unders t and  any of the following versions of this
example:

Pres ident  Car t e r  wanted to see the horse race .
He went  to the r a c e t r a c k .

Pres ident  Ca r t e r  wanted to w i n  some money .
He went to the r a c e t r a c k .

President Carter wanted to win some voter
support. He went to the racetrack.

President Carter wanted to meet with some
potent ia l  campaign c o n t r i b u t o r s .  He went  to
the race track.

Each of these examples corresponds to a different one of the
four bottom—up indices generated from the action of Carter
going to the racetrack: SEE(HORSERACE), PLAY—GAME (WAGER) ,
CAMPAIGN , PERSUADE .

Once more we present some abridged ARTHUR output to
illustrate the implemented version of the above discussion.

*** INPUT GOAL:

(E-ENTERTAIN (PLANNER CARTER) (EVENT HORSERACE))

GENERATING TOP-DOWN PREDICTIVE INDEX:

((SEE (PLANNER CARTER) (EVENT HORSERACE)))

~~~ INPUT EVENT :

___________________________________________

- - - 
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(PTRANS (ACTOR CARTER) (OBJECT CARTER) (TO RACETRACK))

GENERATING BOTTOM-UP INDEX:

((SEE (PLANNER CARTER) (EVENT HORSERACE))
(PLAY—GAME (PLANNER CARTER ) (COMPETITION WAGER) )
(CAMPAIGN (PLANNER CARTER))
(ASK (PLANNER CARTER) (OBJECT NIL))
(INFORM—REAS ON (PLANN ER CARTER) (OBJECT NIL))

<a bridged: all the persua de package plans
ar e inferred here>

PERFORMIN G SPECIFICATION SEARC H

FOUND EXPLANATION-INDEX:

( (SEE (PLA N NER CARTER) (EVENT HORSERACE)))

UPDATING EXPLANATION GRAPH

3.2.4 Precondition indices

Recal l the fol lowin g exam ple f rom the previous chapter :

[45] Mary wanted something to throw in a long and
curving arc. She picked up her tennis
racquet.

Unders tanding this story requires the reader to infe r
that Mary picked up her tennis racquet in order to throw it
in a long and curving arc. Chapter 2 showed how
non—standard uses of objects like this can be recognized
when they occur in a story, w ithout having been ex pl icitly
inferred from the action of getting the object. This is *

done by inferring a 2recondition index from certain actions ,
wh ich are “f lexibly” matched against top—down indices from a
goal , if specification search fails to yield an explanation
index.
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Here we present the three explicit precondition rules
fo r  genera ting precon d ition ind ices f rom actions: —

Rule 26: Control  p recondi t ion

If an actor ATRANSes possession of a functional
objec t to himself ,
or an actor GRASPs a functional object,

Then i n f e r  tha t the act ion may sat i s fy  a DCONT
precondition for the performance of the object’s
function.

Rule 27: Proximity precondition

If an ac tor PTRANSes himself to the proximity of a
functional object or to a location with an
associated script ,

Then infer that the action may satisfy a DPROX
precondit ion for the per formance of the objec t ’s
funct ion or the loca tion ’s associated script .

Rule 28: Knowl edge precondition

If an actor is the RECIPIENT of an MTRANS , MRUILD
or ATTEND conveying the location of , or
informa tion concerning a func tional objec t or a
loca tion wi th an associated script ,

Then infer that the action may satisfy a DKNOW
precondition for the performance of the object’s
function or the loca tion ’s associated script.

On the basis of these rules , we mak e the following
definition for convenient reference :

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~::~~~~~!,
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Defini tion : Precon d ition ac tion

A Precondition action is any ATRANS, GRASP ,
PTRANS , MTRANS , MBUILD or ATT END action which
sati s f i e s  one of the above thr ee Precon d ition
Rules.

3.3 Top—Down Indices

Following is a l ist of 15 goals identified by Schank
and Abelson [19771 and Wilensky [1978]:

-SATISFY—HUNGER
SATISFY—SEX
SATISFY—SLEEP

E NJOY—ENT E RTAI NMENT
ENJOY-EATING
ENJOY-REST

ACHIEVE—ABILITY
ACHIEVE—POSSESSIONS
ACHIEVE—SOCIAL—POSITION

PRESERVE-HEALTH
PRESERVE—POSSESS IONS

DELTA-PROX
DELTA-KNOW
DELTA-CONTROL
DELTA-SOCIAL-CONTROL

The first 11 of these, i.e., all but the “DELTA— ”
goals , are all “theme—level goals” . This means that
performing a single bottom—up inference from any one of
these goals yields a theme , or , in other wor ds , the
explanation for any one of these goals is a theme .
Accor ding to the semantics of goal explanations as described
in Wilensky [19781, this means that once one of these goals
has been i n f e r r ed, no fur ther explanation is needed , other
than to say that the goal arises from a known theme . Hence
these goals have no bottom—up indices , i.e., they cannot be - .5.

’subgoals in service of any plan. The DELTA— goals , on the
other hand , can serve as preconditions for other goals. The
previous section contained a discussion of actions that
could be inferred to satisfy DELTA—goal preconditions of
plans for goals. ARTHUR only uses DELTA—goals to represent
precondition plans for theme—level goals.

— 
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All of the 15 goals have top—down indices , that is,
inferrin g top—down from any of the goals can give rise to
plans which are in service of those goals. Some of these
plans are scripts , like $GROCER , an d some are named plans ,
like FIND. The top—down indices which are used in this
thesis for these goals are given in the following table.

TABLE 1
Top-Down Goal Ind ices

SATISFY-HUNGER FIND(FOOD) , $RESTAURANT ,
$GROCER , EAT

SATISFY—SEX FIND(SEXOBJECT)  + PERSUADE
SATISFY—SLEEP GOTOBED, $HOTEL
ENJOY-ENTERTAINMENT SEE (SHOW), READ, PLAY-GAME ,

INTOXICATION
ENJOY-EATING $RESTAURANT , $COOKOUT,

$GROCER , EAT
ENJOY-SEX FIND(SEXOBJECT) + PERSUADE
ENJOY—REST $HOTEL, FIND(BED)
ACHIEVE—ABILITY EXERCISE , SCHOOL
ACHIEVE—POSSESSIONS PERSUADE PACKAGE
ACHIEVE —SOCIAL—POSITION PERSUADE PACKAGE
PRESERVE-HEALTH COMPLY (THREAT), AVOID
PRESERVE—POSSESSIONS COMPLY (THREAT), AVOID
DELTA—PROX USE—VEHICLE , WALK
DELTA-KNOW PERSUADE PACKAGE , READ
DELTA-CONTROL PERSUADE PACKAGE , COMPLY
DELTA—SOCIAL—CONTROL POLICE , PERSUADE , COMPLY

In the previous chapter , we saw the top—down index for
SATISFY—HUNGER , and an example of its use. Note that unlike
act ions , these theme—level goals contain usually only a
single slot: the ACTOR who has the goal. For example , the
representation of Willa ’s being hung ry is as follows:

(SATISFY—HUNGER ACTOR (WILLA) )

Hence the goal itself , and not the slotfillers, are the
source of information contributing to the top—down index
from an instantiated goal. In fact , consider the following
sentence :

[46] Jimmy Carter was hungry.

If we know some specific plans that Carter has for
satisfying his hunger , then we could infer them from th is
statement. However , by and large , special charac ters still
use the same methods as anyone else to achieve their goals.
ARTHUR does not recognize any special plans on the part of
cer tain actors that might override the standard plans for
achieving a goal. Hence the top—down indices for a given
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goal will always be the same each time a particular goal is
read by ARTHUR .

A detailea analysis of the top—down indices given in
the above table is unnecessary. We have seen one example of
the use of a top—down index from a goal , SATISFY—HUNGER.
Many more such top—down indices will be exampled in
subsequent chapters. Hence we will not at this stage
exam ine these top—down indices any more closely, but rather
we will let them get presented naturally , as they arise one
by one in examples.

3.4 Summary

This chapter has presented the rules by which ARTHUR
generates bottom—up indices from actions and top—down
indices from goals. We have seen that the bottom—up index
f r o m  an act ion conta ins  the same i n f o r m at i o n  as would be
contained in the bottom—up inferences generated by a
s tep—by—step  unders tanoer  f rom the same ac t ion .  These
bot tom—up indices ãepend on the ac t ion and all s l o t f i l l e r s
in an instantiated action , just as the step—by—step
i n f e rences  f r o m  an action depend on the i n f o r m a t i o n  f r o m
those s l o t f i l l e r s .  In contras t , the top—down indices f r o m  a
goal depend only on the goal itself , since theme—level goals
do not contain slots other than the ACTOR who has the goal .

3.5 End of one chapter , beginning of the next

The in tersec t ion  of top—down and bo t tom—up indices
yields an explanation index for an action—goal pair. The
ex planation index uniquely spec ifies the inferential path
through memory that must be followed to get from the action
to the goal . Hence we can represent such an explanation
path by an explanation graph , which indicates only the
action , explanation index and goal , there by uniquely
denoting the explanation path , from which a fully ex panded
explana tion path could be reconstructed .
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This method of arriving at explanation indices for
action—goal pairs is achieved when there exists an
intersection between the top—down and bottom—up indices.
Such an intersection will not always be non—null. When
speci f ication search fails to y ie ld an explana tion index ,
the reader mus t resort to chang ing some previous inference
in order to explain the new input. Chapter 4 presents the
process of supplanting ex planations , which  occur s in
precisely the cas es where there is a null interse ct ion
between the bottom—up and top—down indices correspond ing to
an action — goal pair. 

-
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CHAPTER 4

SUPPLANTING INFERENCES

4.1 Introduction

The previous two chapters presented a process whereby
connections can be found between goals and actions , by
indexing the top—down and bottom—up inferences from those
goals and actions. However , story events do not always
conform to our previous inferences; stories can be
misleading , causing readers to change their minds about
their own previous inferences. People are able to
understand story events that they in no sense predicted
ahead of time . This chapter presents a process by which an
understander can notice contradictory input and change its
mind about its own previous inferenc es in or der to ac count
for the new input. This process is implemented in the
ARTHUR program .

A story can contain an event which contradicts some
natural inference we may have made from a previous event.
Consider the following :

[47] Mary picked up a magazine .

Ql) Why did Mary pick up a magazine?
Al) Probably to read it.

[481 Mary picked up a magazine. She swatted a
fly.

Ql) Why d id Mary  pick up a ma gaz ine?
A2) To use it to swat a fly.

Chapter 1 mentioned that these were deceptively simple
stories. This section will examine these examples in more
detail. To see the complexities of understanding these
examples , consider what is required to answer questions
about them. First of all , answering question Ql req~.ii çesthe reader to have understood the intentions underlying
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Mary ’s actions; i.e., f ind ing an ex planation for her
actions in terms of her goals. Answe r Al reflects the
rea der ’s inference that Mary pro bably wan ted to perform the
d e f a u l t  known f u n c t i o n  of a m a g a z i n e :  reading  i t .  Answer
A2 indicates that the reader inferred that Mary wanted to
use ano the r , less common function of a magazine : using it
as a flyswatter.

Notice that the first sentence of [48] is identical to
sentence [47]. Hence the reader would give answer Al after
the first sentence of [48], even though he g ives  answe r A2
after the second sentence. This means that the reader has
ma de two d i f f eren t i n f e r e n c es abou t the in ten tion un der ly ing
Ma ry ’s action of picking up the magazine. The problem is
tha t  the o r i g i n a l  i n t e r p r e t a t i o n  of Mary ’ s p ick ing  up the
magazine is still perfectly valid. She may have initially
picked it up to read it , and then decided to swat a fly with
it. Or , she may have picked it up to read it and then
swatted a f l y  w i t h  some othe r object , not related to the
magazine at all. The following is a summary of the th ree
possible i n t e r p r e t a t i o n s  of [48]

(48a) Mary picked up a magazine to read it. She
then was annoyed by a fly, and she swatted it
with the magazine she was holding .

(48b) Mary picked up a magazine to read it. She
F then was annoyed by a fly, and she swatted it

with a flyswatter that was handy.

(48c) Mary picked up a magazine to swat a fly with
it.

Interpretation (48c) is the one that corresponds to the
rea der ’s answe r A2 above , and most readers agree with the
interpretation. However , it is difficult to point to
anything in example [48] that indicates that this
interpretation is preferable to the others. None of the
th ree answers can be faulted on pure ly logical grounds , and
as far as ex plicit story sta temen ts go , there is no reason
to & ssume that swatting the fly was connected to picking up
a magazine. Yet readers strongly prefer that connection ,
even at the expense r~~f the ir in it ial i n f e r e n ce that Mary
might read the magazine.

There are many possible inferences we could make about
why Mary picked up the magazine. The default function of a
magazine is to be read , but there are myriad other
functions , like tacking up the cover on the wall , or jotting
down a telephone numbe r in a margin. A reader can
understand a story which imputes a totally unfamiliar use to
a magazine , as in the following ;
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[49] Mary picked up a magazine. She wanted
something to gnaw on.

Ql) Why did Mary pick up a magazine?
A2) To gnaw on.

Again , the reader ’s an swer r e f l ects an i n f e r e n c e  tha t
Mary ’s second action not only used the magazine as the
object of the gnawing, but also that her reason for picking
up the magazine was using it for this purpose. There are
t h ree  possible interpretations of [49] , j u s t  as there  were
for 148]:

(49a )  Mary  p icked up a m a g a z i n e  to read i t .  She
then wan ted some th in g to gnaw on , so she
gnawed on the magazine she was holding .

(49b) Mary picked up a magazine to read it. She
then wanted something to gnaw on , so she got
a piece of bread out of the brea dbox and
gnawed on that.

(49c) Mary picked up a magazine to g~-iaw on.

Using a magaz ine  to gnaw on is such an u n l i k e l y
f u n c t i o n  tha t  i t  would never be in fe r r ed spontaneously by a
reader. Yet in [49] , as in [48], the reader prefers that
new inference over the initial default inference that Mary
had planned to read the magazine.

Hence the reader prefers to infer a highly unusual
function of a magazine over its default function in both
stories [481 and [49] - These inferences are preferred even
though the original default inference could provide a
consistent interpretation of the stories. The problem is to
determ ine wha t informa t ion and what p rocesses are involved
in arriving at interpretations (48c) and (49c) for stories
[481 and [49].

- - -I — - — .5-—-- — — —— -5- - -
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4.2 Supplanting inferences

The reason interpretations (48c) and (49c) are
p r e f e r r e d  over the o ther  possible in t e r p r e t a t i o n s  of the
above s to r i e s  is tha t  they are the most parsimonious
e x p l a n a t i o n s  of the s t o r i e s .  If we assume tha t  M a r y ’ s
intention was the same throughout the story, then the
resulting explanation of the story contains only one goal ,
which accounts for both of Mary ’s actions. In [48], that
goal is swatting a fly, and in [49] the goal is gnawing on
something .

To understand stories [48] and [49] , the reader must
recognize that the initial inference (that Mary wanted to
read the magazine) cannot serve to explain both of Mary ’s
actions. Furthermore , the reader must discover another goal
(swatting or gnawing ) which can account for both of her
actions . Finally, the reader must decide to infer that this
new goal was Mary ’s actual intention , and must change its
mind about its initial inference.

Chang ing your mind about an inference on the basis of
subsequent input in a story is called supplanting the
inference. Understanding [48] and [49] requires the reader
to supplant the initial inference that Mary might r e d  the
magazine , by the new inference that she might swat a fly
with it or gnaw on it , respectivel y. Arriving at this
interpretation requires the reader to perform three
processes

1 — Recognize that an initial inference fails to
explain a new input

2 — Generate an alternative to that inference
which can parsimoniousl y explain both old and
new inputs.

3 — Supplant the old inference by the new one in
the representation of the story.

The ability to supplant inferences is important in
story understanding because it allows the reader to
correc tly inter pret a stor y even when the story is
mislead ing . For example , in [48] and [49] , the story first
implies that Mary might want to read a magazine , but then
Mary uses the magazine for an entir ?ly different purpose.
Understanding this story requires the reader to realize that
the initial implication has been overridoen by the
subsequent implication. The reader must then update its
explanation of the story to reflect the fact that Mary ’s
intention is now inferred to be swatting a fly, and that
reading the magazine is no longer considerçd to have be~nher intention. That is , the correct explanation for Mary S
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action depends on the reader ’s ability to supplant
inferences.

4.3 Overview of the process

We have said that people have the ability to understand
stories that contain apparent contradic t ions by changing
their minds about inferences wh ich are contrad icted by
subsequent input. This ability is implemented in ARTHUR in
the process of supplanting inferences. There are three
bas ic phases in the process of unders tand ing a story
involving a contrad iction:

1 — A new story input is read and interpreted;

2 A contradiction is noticed between the new
input and a previous inference ;

3 — The contrad iction is resolved by supplanting
the contrad icted inference by a new
inference.

In the following sec tions we w ill outline the processing
that takes place during each of these phases.

4.3.1 Interpreting a new input

Chapters 2 and 3 presented the rules by which ARTHUR
interprets new inputs. We will briefly restate the
interpretation process here. Recall that ARTHUR
differentiates between two different kinds of input :
actions and states on the one hand and goals on the other
hana. The process of interpretation differs according to
whic h of these two broad classifications the Story input
falls into. In this section we will concentrate on inputs
which are actions . Later we will see what happens when a
new goal is either read or inferred by the ARTHUR
understander.

INTERPRETING AN ACTION OR STATE INPUT

STEP 1: GENERATE A BOTTOM—UP INDEX

This is the process of generating a set of
pointers to the possible bottom—up inference
paths from an action. The bottom—up index
specifies the possible plans and scripts that
this action might be part of , and the causal

*
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consequences that the action might have .

STEP 2: FIND KNOWN GOALS

Find any goals which might serv e as the
explanation for this action: i.e., any goals
which this action might be interpreted as
being in service of. If there are no known
goals , genera te a defaul t goal to explain the
action.

STEP 3: SPECIFICATION SEARCH

Intersect the top—down and bottom—up indices
from the goal and ac tion, respectively. The
resulting intersecton set specified the
possible inferential paths from the act ion to
the goal.

4.3.2 Noticing a contradiction

Chapter 2 showed that ARTHUR ’s way of finding a
connec tion between a new action and an existing goal is by
perform ing specification search on the ind ices from ac tion
and goal. In that chapter, we only saw examples in which
specification search successfully yielded an explanation
index , thus specify ing a connection between the ac tion and
goal. In this section , we will see that the cases in which
specification search fails to yield an explanation index are
precisely the cases in which the action input contradicts a
previous inference.

4.3.2.1 Contradicting a goal inference

Consider the following :

[50] John went to the gas station. He robbed the
station and got away with $50.

When the f irst event is read , that of John going to the
gas station, there have not yet been any goals inferred for
John. Hence ARTHUR infers a default goal to explain John ’s
action: the action was probably part of the $GAS—STATION
script , which is the typical set of actions associated with
going to a gas station and buying gas. The default goal
inferred for this action is ACHIEVE—POSSESSION of gasoline ,
i.e., ARTHUR infers that John was simply going to the gas

4 
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station to buy gas in the standard “scripty ” manner.

When ARTHUR reads the second event , of John robbing the
gas station, it has already inferred that John wanted to buy
gasoline . Now ARTHUR attempts to interpret John ’s new
action as being in service of that inferred goal. This is
done by performing specification search on the indices from
goal and action. The top—down index from that goal is the
$GAS—STATION script . The bottom—up index from the action of
robbing the station is the set of PERSUADE package plans
THREATEN , OVERPOWER and STEAL. (The word “rob” includes
information specifying both an action (ATRANS) and a plan
(THREATEN, OVERPOWER , STEAL). The representation of
“robbery ” is an ATRANS plus a pre—specified bottom—up index
including these three plan indices. Chapter 3 discusses
this issue , and g ives some other examples of wor ds which
specify both an action and a bottom—up plan index.)

There are no elements in common between these top—down
and bottom—up indices. Hence specification search will
fail: the intersection of the two indices is the null set.
This means that ARTHUR cannot find any inferential path to
connec t John ’s robbery ac tion wi th h is inferred goal of
buying gas at the station, we call this situation
SPECIFICATION FAILURE .

F Recall that the result of specification search is an
index to an inferential path connec ting a g iven goal to a
given action. A successful specification search means that
the ac tion has been interpre ted as having been performe d in
serv ice of the goal.

Conversely , specification fa ilure between a g iven goal
and action means that the action was not performed in
service of the goal.

Rule 30: Specification failure

If specification search between the indices from
an ac tion and a goal y ield the null set,

Then infer that the ac tion was not performe d in
service of that goal.

For instance , in the above exampl e, John ’s action of robbing
the gas station was not in service of his goal of buying
gasoline. As we will see, the reason for that is that John
probab ly never actually had that goal of buying gasoline at
all. ARTHUR inferred that goal on the basis of John ’s
ac tion of going to the gas station, but there are of course
other possible reasons for someone to go to a gas station ,
even though the most likely reason is to get gas.
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4.3.2.2 Contradicting a plan inference

Some t imes we will infer the correc t goal for a
character , but we will incorrectly infer the plan he is
going to use to satisfy the goal . For example , consider the
following :

[511 Carl was bored. He picked up the newspaper.
he reachea under it to get the tennis racket
that the newspape r had been covering .

The first sentence states that Carl’ s goal was to entertain
himself somehow . From the second sentence , we are mos t
likely to infe r that Carl is planning to read the newspaper
to assuage his boredom. If we are asked after reading the
second sentence why Carl picked up the newspaper , we will
most likely answer that he probably wanted to read it
because he was bored. Then the third sentence says that he
wanted to get his tennis racket. That contradicts our
inference that he picked up the newspaper to read it.
Instead , we now infer that he was planning to play or
practice tennis , and that he only picked up the newspaper to
enable him to get to the tennis racket. The action of
picking up the newspape r is now considered to be a
precondition to Carl’ s real plan of getting his tennis
racket.

in either case Carl’ s ac tion was per formed in serv ice
of the goal of entertaining himself , but the plan that we
infer he is performing has changed. When ARTHUR makes the
initial plan inference that Carl is going to read the paper,
that inference will become the constrained top—down index
from the goal. That is, from then on ARTHUR will be
expecting Carl to fulfil his entertainment goal by reading
the paper. Hence ARTHUR will again notice the contradiction
because of a specification failure: the bottom—up
inferences from Carl’ s action of getting the tennis racket
will fail to intersect with the top—down “read” inference
from the entertainment goal.

4.3.3 A contradiction leads to a disconnected explanation

When a story event fails to be ex plained by any
previous inferences , it means that we cannot find any
connection between that event and the rest of the story.
Hence we can end up wi th se para te explanations for each
separate event in a story. We call this situation a
DISCONNECTED EXPLANATION . We will see that a disconnected
explanation is a reflection of a lack of understanding of
the story.

_ _  _ _ _  
C

.—

~

~~ 

. 
.
~ 

..~

- . - — -.- - 
- .4 .

- -  0 .42



85

When specification failure occurs , ARTHUR is left with
an action for which it has no goal explanation. This is
also the case when ARTHUR reads the first action in a story:
no goal has yet been inferred , so there is no goal to
explain the action. Recall that ARTHUR ’s reaction to this
situation is to genera te a default goal from the action, and
that newly inferred goal then serves as the ex planation for
the action. Rule 29 from Chapter 2 states this rule of when
to infer a defaul t goal:

Rule 29: Default Explanations

If there is no known goal of a story charac ter
that can explain a given action,

then genera te a default goal which the ac tion
migh t be in service of. That goal is then
considered to be the current explanation of the
action.

When th is rule was introduced in Chapter 2, the only
situation to which it applied was when ARTHUR was reading
the first action in a story, and hence it had not yet
inferred any goals at all. However , recall example [50]:

[50] John went to the gas station. He robbed the
station and got away with $50.

In this example , ARTHUR inferred a goal for John , but John ’s
act ion of robb ing the stat ion failed to be inter pre ted in
terms of that goal. Hence Rule 29 applies in this situation
too, and ARTHUR infers a default goal for the action. The
default goal for the robbery action is ACHIEVE—POSSESSION of
money .

ARTHUR now has read two act ions in this example, and
has generated two separa te defaul t goals , one for each of
them . The current explanation graph for the example is as
follows :

jr. 
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(ACHIEVE—POSSESSION (ACHIEVE—POSSESSION
(ACTOR JOHN) (ACTOR JOHN)
(OBJECT GASOLINE)) (OBJECT MONEY))

$GAS-STATION I THREATEN I

(PTRANS (ACTOR JOHN) (ATRANS (ACTOR JOHN)
(OBJECT JOHN) (OBJECT MONEY)
(TO GAS-STATION)) (FROM GAS-STATION))

[Figure 15]

This graph means that ARTHUR has inferred that John
went to to the gas station in order to get gasoline , and he
robbed the gas station in order to get money. ARTHUR so far
knows of no connection between these two actions and
explanations.

This is an example of a disconnected explanation:
there are two ac tions and two separa te ex planations , and no
connection between them . We will see that this reflects a
lack of understanding of the story.

4.3.4 What’s wrong wi th d isccnnec ted explanat ions

We saw that the above “robbery ” example led us to . a
d isconnec ted explanation: the two events in the story were
explained by two separate goal explanations with no
connection between them .

This explanation is incorrec t: that is , it represents
a lack of understanding of the example. We can see this
best by examining the question—answering behavior that this
graph implies. If ARTHUR were asked “Why did John go to the
gas station” , on the basis of this explana tion g raph its
answe r would be that John wanted to buy gasoline . We
recognize this to be incorrec t at this point in the story :
we may have imputed that goal to John on the basis of his
f irst ac tion, but the second ac tion leads us to change our
minds about that initial goal inference.
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As we shall see , whenever an explanation graph contains
two or more separate explanations which are not connected by
any inferential path , the explanat ion g raph does not reflec t
complete understand ing of the story. This leads us to the
following two rules :

Rule 32: Connec ted explanations

If there are two or more goals in a s tor y
representation,

then every goal must be connec ted to at least one
other goal in the representation.

Rule 33: Disconnected explanations

If an understander arrives at a disconnected
explanation for a story,

then the understarider has not yet understood the
story. U

These rules are based on properties of both stories and
human story understanders. Stories are usually wri tten in
such a way that unconnec ted goals are not presented: every
new goal is related in some way to previous goals. Human
understanders assume that any story they read will conform
to this property . Hence even if we read a new goal that
cannot be related in any known way to some other known goal,
we will tend to try to make fur ther inferences to make suc h
a connection. For example , consider the following example
due to Schank [1975]:

[52] John wanted to be chairman of the department.
He got some arsenic.

If asked why John got some arsenic , unders tanders w ill
usually answer that he may have wanted to use it to kill the
current chairman of the depar tment, so that John could take
over. This is an admittedly extreme example of people ’s
strong tendency and ability to infer connections between
actions and goals.

We can imagine a story which might seem to contain
d isconnec ted explanations at f irst, but a connection becomes
apparent after more of the story is read . For example ,
consider the following :

[53] John loved to fix washing machines . He was
on his way tç his mother ’s house. On the way
he saw a tulip 
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This story has mentioned a goal and two ac tions , but they
don ’t all seem related in any clear way. It might be the
case that John is going to his mother’s house to fix her
washing machine , and people ’s answers to questions about
this story usually reflect this connective inference.
However , few people assume that John ’s seeing a tulip has
anything to do with his goal of fixing washing machines.
Rather , we may assume that John might pick the tulip and
bring it to his mother , if he does anything at all with it.
Story characters can of course have multiple goals , and a
goal like wanting to bring your mother a present can appear
in a story without necessarily being connected to other
events in the story.

If the story ended with John ’s seeing the tulip, it
seems very abrupt , and we might very well feel that we
didn ’t understand it. Specifically , we wonder why the tulip
was mentioned at all and what it has to do with the rest of
the story. This corresponds to our rule that says that
understanding depends on having a connected explanation.

If , howev er , the story goes on to say that John did
something with the tulip, li ke bring it to his mother , then
we can interpret h is see ing it as having been a precondit ion
for whatever he then did with it. Hence at that point we
will have connected his seeing the tulip with one of his
goals , and thus we will no longer have a disconnected
explanation. In the meantime , any inter im assumption we
might make about what John might do with the tul ip will
serve as a tencat ive explanation, since we have the abili~y
to ~~~p~ant that ~~~lanation later. Hence an understander ’s
ability to supplant explanations allows the understander to
make tentat ive connec ting inferences for all story inputs ,
since such inferences can be changed later if subsequent
input suggests a better explanation.

4.3.5 Resolving a contradiction

The previous sec t ions have presen ted rules wh ich a
reader can use to recognize when a story input contrad icts
one of its inferences. This recognition was tied to the
occurrence of a specification failure during understanding .
Unders tand ing a story wh ich contains suc h a contradi ction
requires the reader to come up wi th a new inference to
account for the contradictory input. This section will
outline the processes involved in coming up wi th new
inferences to resolve an apparent contradiction.

When a new story input contradi cts a previous goal
inference , there are two possible reasons for that
contradiction: either the story character changed his mind
about achieving his goal , or else the unders tander inferred
the wrong goal for the story character. In this section we

.
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w ill outline these two situations.

4.3.5.1 A story character changes his mind

Consider the following example , taken from Wilensky
(1978]

[54] John wanted to watch the football game . He
also had a paper due the next day .

Wilensky [1978] uses this example as an illustration of a
case of GOAL CONFLICT: the character John has two goals,
and the understander can infer that due to a time
limitation , John will only be able to achieve one of the
goals, at the expense of the other. In this example , we
first infer one goal for John and then another one: John
wants to watch the football game according to the first
sentence and John wants to wri te a pape r accor d ing to the
second sentence. Having generated these two inferences , we
must then find some connection between them , or else we have
not understood the story.

Wilensky [1978] describes GOAL CONFLICT , GOAL
COMPETITION and GOAL CONCORD as the three basic
relationships that can exist between two or more goals. We
adopt Wilensky ’s rules for determining these goal
relationships , ana apply tnem here. This thesis will
present some examples where these goal relationships occur ,
but we will not deal at any length wi th these issues; we
simply adopt Wilensky ’s methods.

In example [54], the two goals are found to be in
conflict with each otner . Finding one of the the three goal
relationsh ips constitutes find ing a connec tion between the
goals , thereby satisfying our rule that we must have a path
between the goals in a story representation.

*

-_ _ _ _
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Rule 34: Goal relationships

If an understander has generated a disconnected
explanation,

then check to see if the goals in the explanation
satisfy any known goal relationship.

4.3.5.2 The understander must change his mind

Cons ider the following:

[55] John got a gun with a silencer. He wanted to
use it as part of his ‘hit man ’ costume for
the halloween party .

From the first sentence of [55], we are li kely to
assume that John is going to use the gun for its pr imary
function , i.e., shooting . Since the gun has a silencer , we
will probably infer that John wants to sho ot a person , since
that is the most likely reason for wanting to be
surreptitious about it. If we are asked , af ter the f irs t
sentence , “Why did John get a gun ” , an appropriate answer is
that he probably wanted to use it to kill someone. This
answer re flec ts the fac t that we have inferred John ’s
probable goal.

We may also have inferred many other possible reasons
John may have had for getting the gun, even though we
typically only mention one when answering a question.
However , we hypothesize that the goal of wan t ing the gun as
part of a costume is not among those that we infer from the
first sentence. The question of whether we generate this
specific inference is moot: the point is that there is
certainly SOME inference that we didn ’t make from that
ac t ion, and yet we can unders tand a story in which that
unpred ic ted inference turns out to be John ’s actual goal.

In [551 , we f irs t infer a se t of natural inferences
from the ac tion of gett ing a gun w ith a silencer , and then
we read the second sentence. This sentence states that
John ’s ac tual reason for gett ing the gun was to use it as
par t of a “hit man ” costume . This goal has no apparent U

connection with the previously inferred goal of killing
someone. Hence we are led to a disconnected explanation:
we have inferred two separate goals in the story with no
connection between them.

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _
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According to Rule 34 as described in the previous
sec tion , we should now c hec k to see whether any of the three
goal relationships described by Wilensky [1978] are
applicable to this disconnected explanation. If we apply
Wilensky ’s rules for determining the presence of such
relationships , we will find that none of them is applicable:
for example , it is not the case that John has both of these
goals , and that the goals are in conflict with each other.
John actually has only one of these goals , that of using the
gun for his costume . It is we , the understanders , who have
spur iously inferred the other goal, that he might want to
use the gun to shoot someone .

Rule 35: Undoing a goal inference

If a disconnected explanation cannot be connected
by any known goal relationships ,

then assume that the earlier of the two
di sconnec ted goal inferences wa s inferre d
erroneously.

It may be the case that the goal inference is not at
U 

fault , but only the plan that we inferred to be in service
of that goal . In such a case , we only undo the plan
inference.

Rule 36: Undoing a plan inference

If a disconnected explanation cannot be connected
by any known goal relationships ,

and the initial goal -is known to be correct ,

then assume that the plan inferred in service of
that goal is erroneous.

When a goal has been inferre d erroneously , the solution
is to correct the error: i.e., undo the inference.
However , we cannot simply negate the fir st inference and
leave it at that , because we still need an explanation for
John ’s first action of getting the gun. What ARTHUR does is
to hypothesize that the new goal of using the gun as part of
a costume is the explanation for that action. ARTHUR then
needs a way to test this hypothesis. Recall that ARTHUR ’s
normal unders tanding process invo lves tes ting ever y new
event in a s tory to see if it can be ex plained in terms of
existing goal inferences. Hence ARTHUR can test this new
hypothesis the same way: by performing spec i f ica tion search
between the top—down index from the new goal and the
bottom—up index from the action of getting the gun.

. 4 ~~~~~~~~~
- . . _ _ t
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(Observe that this is Just what would have happened if
the story had been reversed : we would have read about
John ’s goal of hav ing a gun for his costume first , and then
we would have used the predictions from that goal to
interpret why John got a gun. In that case , no erroneous
inferences would have been generated , since the top—down
predictions from the goal would have allowed us to choose
the correct inference from the action immediately.)

By performing specification search on these two
indices , John ’s action will be found to be a precondition
for his goal , and nence the action will have been explained
by the goal. Now we say that the new goal has SUPPLANTED
the initially inferred goal as the explanation for this
action. Thus ARTHUR has arrived at a connected explanation ,
by supplanting the initial “kill” explanation with the new
“costume ” explanation.

Rule 37: Supplanting a goal inference

If a goal inference in a disconnected pair has
been assumed to have been inferred erroneously,

then supplant that inference by the correct
U inference , as the explanation for the action that

gave rise to the inference.

Recall that a plan inference might be in error instead
of a goal inference. In such a case , we said that we infer
that the plan was erroneous but we leave the goal inference
intact. Hence we then attempt to explain the new action in
terms of the original goal , but without constraining the
top—down index from that goal. We then must find a new
connection to the goal from the action that gave rise to the
erroneous plan.

.
1;
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Rule 38: Supplanting a plan inference

If a plan inference has been inferred erroneously,

then generate an unconstrained top—down index from
the original goal , and re—explain any actions in
terms of the newly inferred plan for that goal.

4.3.6 Representing supplanted explanations

Recall example [50]:

[50] John went to the gas station. He robbed the
station and got away with $50.

The previous sections have shown how the reader arrives at a
connected explanation for this example , by supplanting the
initial inference about John ’s goal. The resulting
explanat ion can be represen ted by an ex planation graph, as
in the previous chapters. The explanation graph for the
explanation of [50] is as follows:

(ACHIEVE—POSSESSION (ACHIEVE—POSSESSION
(ACTOR JOHN) (ACTOR JOHN)
(OBJECT GASOLINE)) (OBJECT MONEY))

x ____ —____

x I I
S x  P C I  I

x I I —x x x l  I ‘ ‘——— I
$GAS-STATION T DELTA-PROX THREATEN I

(PTRANS (ACTOR JOHN) (ATRANS (ACTOR JOHN)
(OBJECT JOHN) (OBJECT MONEY)
(TO GAS-STATION)) (FROM GAS-STATION))

[Figure 16]

This graph contains a new link : the link from the PTRANS
action up to the original ACHIEVE—POSSESSION(GASOLINE) goal
is marke d wi th an “S” , meaning that this explanation for the
action has been supplanted . ~he new explanat3cn) for thPTRANS action is represented by the preconaition u n

~

-‘ - 
~~~~~~~~ : - 

~~~~~~~~~
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~~~~~~~~~~~ 
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(labelled “PC”) linking the action to the
ACHIEVE—POSSESSION (MONEY) goal. (Precondition links were
described in Chapter 2.)

The graph means that the understander initially thought
that John went to the gas station so that he could get gas,
but now the understander thinks that John went to the gas
station so that he could rob it. John robbed the station
because he wanted money .

4.3.7 Supplanting a plan inference

The previous sections have presented rules for
recognizing a contrad ic tion in a story and resolving the
contrad iction by supplanting a goal inference. Recall that
a story may contradict a plan inference without
contradicting any goal inferences. In this section the
rules presented above will be applied to the situation of
recognizing and supplanting an erroneous plan inference.

Recall the following example :

(511 Carl was bored . He picked up the newspaper.
He reache d under it to get the tennis racke t
that the newspaper had been covering .

This is an example in which we infer the correc t goal for
the story charac ter , but we erroneously infer the plan that
he is going to use to achieve the goal. From the second
sentence , we infer that Carl will read the newspaper to
alleviate his boredom, but the thir d sentence contrad ic ts
this inference. We then must supplant the initial plan
inference to account for the third sentence. In this
sec tion we will see how the rules of supplanting inferences
apply to the process of understanding this example.

I 
_ _ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  
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4.3.7.1 Interpreting new input

The first sentence of [51] contains an implicit goal
statement: if someone is bored , then he has the goal of
entertaining himself. This goal becomes part of the story
representation directly, as in the rules in Chapter 2. Once
we have genera ted this goa l, we generate a top—down index
from it, corresponding to the plans that we predict Carl
will use to achieve his goal. This top—down index is
generated according to the rules in Chapter 3. The index
consists of the plans SEE(EVENT) , READ , PLAY—GAME ,
INTOXICATION .

The second sentence says that Carl picked up a
newspaper. A newspaper is a functional object. ARTHUR has
an entry under the FUNCTION attribute of NEWSPAPER in its
memory, giving a set of bottom—up indices corresponding to
the known functional uses of a newspaper. One of those
bottom—up indices is READ. ARTHUR performs specification
search on the top—down index from the goal and the bottom—up
index from the . action. The intersection is the plan READ.
Hence Carl’ s action of picking up the newspaper is
interpre ted as being par t of a plan to read the newspaper ,
in service of his goal of entertaining himself.

This inference causes ARTHUR to constrain the top—down
index from the entertainment goal to just include READ and
its preconditions. This is because ARTHUR no longer
predicts that Carl will do any of the four possible plans
for entertainment listed above. Now ARTHUR believes that
Carl will do the READ plan to satisfy his goal.

The explanation graph at this point is as follows:

(E-ENTERTAINMENT
(ACTOR JOHN))

READ I

(GRASP (ACTOR CARL)
(OBJECT NEWSPAPER)
(TO CARL))

[Figure 17]
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4.3.7.2 Noticing and supplanting a contradiction

The final sentence of example [51] says that Carl
p icked up a tennis racke t that the newspaper had been
covering . The bottom—up index from this action is computed
from the functionality of a tennis racket , just as the
bottom—up index from getting the newspaper was generated.
That index includes the PLAY—GAME(TENNIS) plan.

ARTHUR performs specification search on the constrained
top—down index from the goal and the bottom—up index from
this action. Since ARTHUR inferred that Carl was going to
do the READ plan to satisfy his entertainment goal , the
top—down index from that goal has been constrained to
consist of Just the READ plan and its preconditions DKNOW
DPROX and DCONT. There are no elements in common between
this index and the index from the ac t ion of gett ing the
racket. This means we have a specification failure.

We now hav e no ex planation for the ac tion of gett ing
the racket. However , in this example we know that Carl’ s
goal of enter taining himsel f was correc tly inferred , because
it was stated implicitly in the first sentence of the
example. Rule 36 says that if we know a goal to be correct ,
then asssume that the plan in service of the goal was
inferred erroneously. Hence we infer that the READ plan is
not how Carl will satisfy his goal.

By Rule 38, we then re—interpret the action of picking
up the racket in terms of the entertainment goal. This
time , the spec if ica tion search yields a plan index of
PLAY—GAME(TENNIS) instead of READ. Now by the same rule , we
must re—interpret the action of picking up the newspaper in
terms of this new PLAY—GAME plan .

Since the bottom—up READ index from getting the
newspaper fails to match the PLAY—GAME top—down index , the
specification search algorithm checks the bottom—up
precondition indices from that ac e- ion. A known precondition
function of any object can be using it to obstruc t access to
another object. Hence , the DELTA—PROX precondition for
getting the racket is matched against the movement of the
newspaper , thereby making the implicit assumption that the
newspaper was moved in order to get to the racket. Hence ,
picking up the newspaper is interpreted as being a
DELTA—PROX precondition for getting the racket. That is,
Carl had to pick up the news pape r in order to get the
racket.

The final ex planat ion graph for th is example is as
follows:

I
P 

-

~~~~

- 

~~~~~~~ 
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(E—ENTERTAINMENT
(ACTOR JOHN))

__ —— —__

S x  I P C  I
U X 

— I I —x x x l  I——— ’ ‘— — — I  I
U READ I DELTA-PROX PLAY-GAME I

I (LOC RACKET) (TENNIS) I

(GRASP (ACTOR CARL) (GRASP (ACTOR CARL)
(OBJECT NEWSPAPER) (OBJECT RACKET)
(TO CARL)) (TO CARL))

[Figure 18]

This graph means that the understander initially
thought that Carl’ s ac t ion of p icking up the newspaper was
part of a plan to read the newspaper to entertain himself .
Now the unders tander believes that the ac tion was performe d
as a precondition, so that Carl could get to a racket , as
part of a plan of playing tennis in order to entertain
himself .
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4.3.7.3 ARTHUR output

Following is output of a run of the ARTHUR prog ram on
example [50].

[PH: Initiation. 31—Oct—79 9:49AM]

Yale TOPS—20 Command Processor 3A(4l5)—2
@RUN ARTHUR

* (ARTHUR)

Input story: *EX8

The story is:

JOHN WENT TO THE GAS STATION.
JOHN ROBBED THE GAS STATION.

((PTRANS (ACTOR JOHN)
(OBJECT JOHN)
(TO GAS-STATION))

(ATRANS (ACTOR JOHN)
(OBJECT MONEY)
(TO JOHN)
(FROM GAS-STATION)
(BUI (THREATEN OVERPOWER STEAL))))

U 

~~~ ARTHUR : UNDERSTANDING PHASE ~~~

—~~~~~~ —— —, — --.
~~
,,——- .

~
. ._,_._,

4 ~~~~~~~~~~~ — — 0 418)
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ARTHUR OUTPUT ANNOTATION

NEXT SENTENCE: I

JOHN WENT TO THE GAS STATION. I

~~~ INPUT EVENT: I The first input is a PTRANS
(PTRANS (ACTOR JOHN) I event.

(OBJECT JOHN) I
(TO GAS-STATION))

GENERATING BOTTOM—UP INDEX: I The bottom—up index is
(($GAS—STATION (ACTOR JOHN))) I generated in this case
FOR EVENT : I from the FUNCTION att—
(PTRANS (ACTOR JOHN) I ribute of the TO slot,

(OBJECT JOHN) I GAS—STATION . That
(TO GAS—STATION)) I location has a known

I script index associated
GENERATING DEFAULT EXPLANATION : I with it, $GAS-STATION .
(A—POSSESS (ACTOR JOHN) I The default explanation

(OBJECT GASOLINE)) I is that John did the
I gas station script

NEW EXPLANATION I because he wanted to
(A—POSSESS (ACTOR JOHN) I get gasoline.

U (OBJECT GASOLINE)) I This fact is added to
ADDED TO EXPLANATION—GRAPH I the story representa-

I tion.
UPDATING EXPLANATION-GRAPH :

EXPLANATION TRIPLE : I The explanation graph
GOAL: (A—POSSESS now represents the

(ACTOR JOHN) I PTRANS action as being
(OBJECT GASOLINE)) I explained by the goal

EVENT: I of getting gas, via
(PTRANS 

. 
I the gas—station script.

(ACTOR JOHN) I
(OBJECT JOHN) I
(TO GAS-STATION))

INDEX: I
(($GAS—STATION I
(ACTOR JOHN))) I

U 
STATUS : ACTIVE I

*

— 

.
~ *

. ~~~~_: ~~~~ 4~”~—~ 
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NEXT SENTENCE:

JOHN ROBBED THE GAS STATION . I The second sentence is an
I ATRANS event. This event

~~~ INPUT EVENT : I specifies its own bottom—
(ATRANS (ACTOR JOHN ) I up index , via the “BUI”

(OBJECT MONEY) I slot in the CD , as was
(TO JOHN) I described in Chapter 3.
(FROM GAS—STATION) I The BUI slot constrains
(BUI (THREATEN I the possible bottom—up

OVERPOWER I indices that can be gen—
STEAL))) I erated from this action.

GENERATING BOTTOM-UP INDEX: I The three specified
((THREATEN (ACTOR JOHN)) I indices are instantiated
(OVERPOWER (ACTOR JOHN)) I and generated as the
(STEAL (ACTOR JOHN))) I bottom—up index.

FOR EVENT .
(ATRANS (ACTOR JOHN ) I

(OBJECT MONEY) I
(TO JOHN) I
(FROM GAS-STATION) I
(BUI (THREATEN I

OVERPOWER I
STEAL)))

PERFORMING SPECIFICATION SEARCH I ARTHUR attempts to explain
I the new event in terms of

~~~ SPECIFICATION FAILURE ~~~ I the previously inferred
I A—POSSESS (GAS) goal. This

GENERATING I attempt fails.
DEFAULT EXPLANATION : I ARTHUR then generates a
(A—POSSESS (ACTOR JOHN) I default goal from the new

(OBJECT L4Oi~EY)) I action ’s index , which
FOR INDEX I is not yet connected with
((THREATEN (ACTOR JOHN)) I the rest of the explanation
(OVERPOWER (ACTOR JOHN)) I graph .
(STEAL (ACTOR JOHN)))

NEW EXPLANATION I
(A—POSSESS (ACTOR JOHN) I

(OBJECT MONEY)) I
ADDED TO EXPLANATION-GRAPH I

UPDATING EXPLANATION-~jRAPH : I

*

__________________________________________________________________— _5’ —
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EXPLANATION TRIPLE : I ARTHUR now has arrived at
GOAL: (A—POSSESS I a disconnected explanation

(ACTOR JOHN) I for the story so far. The
(OBJECT GASOLINE)) I next step will be to try

EVENT: I to connect it by checking
(PTRANS I for goal relationships and
(ACTOR JOHN ) I then supplanting the
(OBJECT JOHN) I initial goal inference.
(TO GAS-STATION)) I

INDEX: I
(($GAS—STATION I
(ACTOR JOHN))) I

STATUS : ACTIVE I
EXPLANATION TRIPLE : I

GOAL : (A—POSSESS I
(ACTOR JOHN) I
(OBJECT MONEY)) I

EVENT: I
(ATRANS I
(ACTOR JOHN) I
(OBJECT MONEY) I
(TO JOHN) I
(FROM GAS-STATION) I
(BUI (THREATEN I

OVERPOWER I
STEAL))) I

INDEX: I
((THREATEN
(ACTOR JOHN))) I

STATUS: ACTIVE I
I No goal relationships are

~~~ SUPPLANTING EXPLANATION I found , so ARTHUR attempts to
I supplant the initial inference

PERFORMING SPECIFICATION SEARCH I by the new inference .

I

V) 
—
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I Specification searc h between
(PTRANS (ACTOR JOHN) I the new goal and the previous

(OBJECT JOHN) I action is successful , yielding
(TO GAS—STATION)) I a precondition link between

IS PRECONDITION FOR I going to the gas station and
(A—POSSESS (ACTOR JOHN) I robbing the gas station. This

(OBJECT MONEY)) I match is found because PTRANS
I is a precondition action (see

(A—POSSESS (ACTOR JOHN) I Chapter 3), and the location
(OBJECT GASOLINE)) I “gas station” plays a role in

SUPPLANTED BY I the subsequent THREATEN index.
(A—POSSESS (ACTOR JOHN) I Hence , the initial inference

(OBJECT MONEY)) I is successfully supplanted by
AS EXPLANATION FOR EVENT I the new inference , as the
(PTRANS (ACTOR JOHN) I explanation for John ’s going

(OBJECT JOHN) I to the gas station in the
(TO GAS—STATION)) I first place.

VIA EXPLANATION INDEX
((DELTA-PROX I

(ACTOR JOHN ) I
(TO GAS-STATION))) I

FINAL EXPLANATION-GRAPH : I

EXPLANATION TRIPLE : I The final explanation graph
GOAL : (A—POSSESS I specifies two goals for the

(ACTOR JOHN) I PTRANS action , the first of
(OBJECT GASOLINE)) I which is marked as having

EVENT : I been supplanted by the
(PTRANS I second.
(ACTOR JOHN) I
(OBJECT JOHN) I
(TO GAS-STATION)) I

INDEX: I
(($GAS—STATION I
(ACTOR JOHN))) I

STATUS: I
(SUPPLANTED I
(A—POSSESS I
(ACTOR JOHN) I
(OBJECT MONEY))) I

EXPLANATION TRIPLE: I
GOAL: (A-POSSESS I

(ACTOR JOHN) I
(OBJECT MONEY)) I

EVENT: I
(ATRANS I
(ACTOR JOHN) I
(OBJECT MONEY) I
(TO JOHN) I
(FROM GAS-STATION) I
(BUI (THREATEN I

OVERPOWER I
STEAL))) I

_ _ _ _ _ _ _ _ _ _ _ _ _  - -- -~~~~~—.-—~~
. - - - - - - ~~~~~~~~~~~

- - - -
~

.-~~~~- _
~- _
~t. .i .,.



103

INDEX: I
((THREATEN I

(ACTOR JOHN))) I
STATUS: ACTIVE I

EVENT: I
(PTRANS — I
(ACTOR JOHN) I
(OBJECT JOHN)
(TO GAS-STATION)) I

INDEX: I
((DELTA-PROX I

(ACTOR JOHN) I
(TO GAS-STATION))) I

STATUS : ACTIVE I

~~~ PROCESSING COMPLETED I
~~~ READY FOR QUESTIONS I

Input question:*EX8Q1

QUESTION:
WHY DID JOHN GO TO THE GAS STATION?

ANSWER
AT FIRST I THOUGHT IT WAS BECAUSE HE WANTED TO GET SOME
GASOLINE , BUT ACTUALLY IT’S BECAUSE HE WANTED TO GO THERE
TO STEAL MONEY.

Input ques tion:*EX8Q2 -

QUESTION:
WHY DID JOHN ROB THE GAS STATION?

ANSWER:
BECAUSE HE WANTED MONEY.

Input question:*#

[PH: Termination. 31—Oct—79 9:51AM . PS:<GRANGER.TH>Gl.LOG.l]
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4.4 Summary

We have seen that a story event can contradict
inferences that an understander has previously made. Either
goal or plan inferences can be contradicted . In order to
underst~ nd a story which contains such a contradiction, we
must be able to chang e our ~minds about the contradicted
inferences. We may have to come up with new inferences to
account for the otherwise unexplained contradictory event.

ARTHUR recognizes a contradiction by the occurrence of
a specification failure , i.e., the failure to explain a new
event in terms of any known goal. ARTHUR resolves
contradictions by the process of supplanting a goal or plan
inference. Supplanting an inference involves undoing an
erroneous inference and generating a new inference. The new
supplanting inference must be able to explain the new
contradictory event and it must be able to substitute as the
new ex planat ion for wh atever events gave r ise to the
original erroneous inference.

_____— - - - 
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CHAPTER 5

FORCING AN INTERPRETATION

5.1 Introduction

Stories sometimes contain wholly novel information. A
story can imply or explicitly state a new inference rule ,
which then must be used in understanding the rest of the
story. Understanding such a story requires the reader to
first recognize the new inference rule , and then incorporate
it into memory in such a way that it will be properly
applied in understanding the story so as to give rise to
previously unknown inferences from story statements.

This chapter presents ca tegories of new inference
rules , and processes by which a reader can recognize and
then use such rules while understand ing a story. This
ability enables the reader to understand stories which
require knowledge beyond the inference rules wh ich are built
into its memory.

Consider the following stories:

[56] John was hungry. He went outside and
collected some ants.

Q1) Why did John get some ants?
Al) He may have wanted to eat them .

— 105 —
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[57] John was hungry. He went outside and
collected some ants. John was the “human
anteater ” at the circus.

Q2) Why did John get some ants?
A2) He wanted to eat them.

Understand ing story [56] and generating answer Al requires
the reader to infer that John might plan to eat ants to
satisfy his hunger. Ants are not known to function as food ,
so the inference that John might eat them violates the
reader ’s inference rule that says that people only eat food
to satisfy their hunger. Hence understanding this story
requires the reader to infer a novel connec tion between the
action of getting ants and the goal of satisfying hunger.

Story [57] contains an explicit statement saying that
John regularly eats ants. Hence generating answer A2
requires the reader to use this statement about John ’s
ea ting habits to infer a novel connec tion betwee n his act ion
of getting ants and his goal of satisfying his hunger.

Both of these stories lead the reader to genera te a
previously unknown fact about the world: that a particular
actor may eat ants. This fact contains information about an
object (ants), and about an ac tor ’s plan (eating) in service
of a goal (satisfying hunger).

Facts about objects and about ways of satisfying goals
are encoded in ARTHUR as inference rules: ARTHUR generates
inferences from what it reads based upon fac ts such as
these. Hence new facts can be encoded in ARTHUR in the form
of new inference rules. For example , once the reader knows
the above fac t about John and ants , then whenever the story
next says that John got some ants , the reader can infer that
John may plan to eat the ants. This inference is not one
that would have been made prior to the introduction of this
new fact. The reader had no inference rule which would
generate EATing as a bottom—up inference from the action of
getting ants. Hence making this inference requires the
reader to add a new inference rule to its own memor y, such
that that rule will give rise to this new inference.

There are two processes that a reader must perform to
unders tand these stories :
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1 — Recognize a new inference rule in a story,
whether implied , as in [56], or explicitly
stated , as in [571.

2 — Incorporate the new inference rule into memory
such that the rule can be used to generate
previous ly unavailable infer ences during
understanding of the story.

Depend ing on whe ther the rule is implicit or explicit in the
story, the reader must address the following two problems :

1 - The rea der mus t be ab le to recognize the need
for a new inference rule in or der to find a
connec tion between otherwise d isconnec ted
story inputs.

2 — The reader mus t be ab le to reco gnize the
exis tence of a new inference rule which is
explicitly stated in a story.

Inferring an implied new inference rule requ ires the
reader to generate the rule itself first , and then to add

F the rule to its memory to be used as a new inference rule in
understanding the rest of the story. This chapter is
primarily concerned with the recognition and use of
story—supplied inference rules. Near the end of the chapter
is a d iscussion of the process of recognizing and genera ting
a new inference rule which is implied but not stated in a
story.

5.1.1 Stories containing new inference rules

Consider the following stories:

H
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[581 John ’s boss fired him. John went out and got
a gun

Q1) Why did John get a gun?
Al) He may want to shoot his boss for revenge.

[59] John ’s boss fired him. People who lose their
jobs often commit suicide. John went out and
got a gun.

Ql) Why did John get a gun?
A3) He may want to shoot himself.

Giving answer Al to question Ql required the reader to
have found a connection between the two events in [58]. To
find such a connection , the reader must have made inferences
from the events , since no connection was explicitly stated
in the stor y . A natural inference from John gett ing a gun
is that he might want to shoot someone. A plausible
inference from John ’s boss firing him is that John may want

U revenge. Shooting someone is a known method of achieving
revenge. Hence these inferences enable the reader to find a
connection between the story events.

Giving answe r A2 to question Q1 required the reader to
have found a different connection between the same two
events in example [59]. Answer A2 indicates that the
inferences made from the events in [591 were different from
those made in [58]. In this case , the inference from John ’s
boss firing him was that John might want to be dead .
Shooting onese lf is a known plan for becom ing dead , and
getting a gun can be part of a plan of shooting yourself.

Since the two events are identical in both stories [58]
anã [59], the difference between the inferences the reader
generated from these events must be due to the third
sentence of [59]. That sentence by itself does not make us
infer that someone might commit suicide. The sentence
conta ins informa tion which causes the reader to make
different inferences from other statements in the story.
The pro blem is to identify the informa tion contained in that
sentence , and to determine how it affec ts the inferences
made from other story statements.

— -~~ ~~~~~~ 
~~~~~~~~~~~~ 
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5.2 Story—supplied inference rules

The difference between [58] and [591 is that [59]
contains a statement which provides a novel connection
between the events in the story. The inferred connection
between John ’s being fired and his getting a gun in [59] is
that being fired led John to plan suicide , which the gun is
instrumental to. That connection is novel in that the
rea der did not genera te that connec t ion in reading stor y
[58]. The connection is provided by the addition of some
new information: being unemployed can lead to planning
suicide. When combined with the knowledge that a gun can be
used for suicioe , th is new informa tion provides the reader
wi th a novel connection between the two events in the story.

To understand example [59], the reader must realize
that a new relation has been asserted between the state of
unemployment and the plan of committing suicide.
Furthermore , the reader must apply that relation to this
particular instance , in order to infer that since John has
become unemployed he may plan to commit suicide. Once we
have made that inference , based on the relation asserted in
[59], we can then recognize that John ’s action of getting a
gun may be part of his plan to commit suicide.
Understanding example [59] required us to use the relation
in the third sentence as a new inference rule. An inference
rule tells us wha t infer ence to make from a given input in a
story. Similarly, the relation in [59] told us what
inference to make from the state of being unemployed.

A statement that specifies the inferences to make from
a given story input is a statement of a new inference rule.
We call such a statement a STORY—SUPPLIED INFERENCE RULE.
Story—supplied inference rules are a general story device
wh ich enab le a stor y to make a nove l connec tion between
otherwise unconnec ted story inputs. An inferenc e rule can
be supplieQ by a story whenever the events in the story are
related in unusual ways , especially if the relation might be
so unusual as to be unknown to the reader. A story—supplied
inference rule can enable the understander to make the
appropriate inferences required to connect up the events in
a story.

A story understanding system must be able to recognize
and use the infer ence rules supp lied by a story in order to
find the appropriate connections between statements in the
story. For example , consider the following :
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[60] John was feeling sick. He went out and drank
some Jameson ’s. He often drinks Jameson ’s
because it ’s good for his small intestine .

This story supplies a new inference rule in the final
sentence: drinking Jameson ’s can be par t of a plan for
improving an intestine ’s health. Feeling sick implies that
the victim will want to be healthy. Getting healthy can be
ach ieved by a plan for improving one ’s health. Drinking
Jameson ’s is not par t of any known plan for improving
health. However , the story—supplied inference rule in [60]
states that drinking Jameson ’s can be par t of a plan for
improving the health of the small intestine . Improving the
health of part of your body makes you healthier. Thus an
understander can find a connection between John ’s illness
and his drinking only by using the story—supplied inference
rule to infer that John ’s drinking can lead to improving his
health.

A story—supplied inference rule contains the following
components :

1. A story input , wh ich can be an ac tion, state
or goal. In example [60], the input was the
action of drinking Jameson.

2. An inference from that story input , whose
category (goal , plan , action , state) depends
on the category of the input. In example
[60], the inference was that the action could
be par t of a plan of chang ing one ’s health.

The ability to understand story—supplied inference
rules is important in story understanding because it allows
the reader to find nove l connec tions among the elements of a
story, thereby finding explanations for those story
elements. For example , in [60], a reader would need to
infer that the reason John drank Jameson ’s was to improve
his health. To make this inference , the reader needs to
understand that the story—supplied inference rule tells us
to make this inference from the ac tion of d rinking
Jameson ’s. That is, the explanation for why John drank
Jameson ’s depends on the informa tion contained in the
story—supplied inference rule.

______ - 
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5.3 Recognizing story—supplied inference rules

To understand a story that supplies a new inference
rule , the reader must first be able to recognize that a rule
has been stated . Recognizing new inference rules requires
the reader to check every explicitly mentioned relationship
between two story inputs , to see if the relationship is
already known or not.

There are two basic classes of inference relationships
that can occur in story—supplied inference rules: top—down
inferences from a goal and bottom—up inferences from an
event or state. The bottom—up inferences from an event can
e ither be novel p lans that this par ticular event can be par t
of , or new caus al consequences that the event can give rise
to. The top—down inferences from a goal can either be novel
plans for achieving that goal , or novel causal state changes
that can either help or hinder the achievement of the goal.

I found it necessary to further distinguish three
sub—types of inference information about novel plans from an
action. They are: novel functions of objects , plans
associated with locations and idiosyncratic reasons for
performing actions . Altogether , ARTHUR can recognize and
distinguish among the follow ing six types of inference
information:

1. A novel function of an object
2. A plan associated with a location
3. Idiosyncratic reasons for actions
4. An unusual causal consequence of an event
5. Id iosyncratic methods of achiev ing a goal
6. A causal state change help ing or hindering a goal

This sec t ion descri bes these six types of inference
information that can be provided by story—supplied inference
rules , and outlines the knowledge that the reader can use to
recognize each type of information.

5.3.1 A novel function of an object

Information about a novel function of an object is a
type of inference information. Presenting a novel function
of an object can cause a reader to make different inferences
from actions which involve that object. For example , if a
story says that a screw driver can be used to star t a car ,
then getting a screwdriver can be inferrea to be part of a
plan to start a car. Chapter 3 discussed the rules for
making inferences from functional objects.

- t.~~~
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A story—supplied inference rule can provide inference
informa tion about a novel function of an object. For
example , consider the following:

[61] John was hungry. He picked a tulip. He knew
that tulips are edible and nutritious.

When someone is hungry, they want to satisfy their hunger.
Picking a tulip is not part of any known plan for satisfying
hunger. However , the story—supplied inference rule in the
final sentence of this example contains the informat ion that
tulips are edible. This information provides the reader
with a previously unknown function of a tulip: being eaten.

Rule 39: A novel func tion of an objec t

If a relat ion is asser ted between an objec t and a
plan ,
and the plan is not a known funct ion of the
object ,

then the rela tion is a new inference rule
specifying a plan associated with the object

• Once the ’ reader has inferred this new function of a
tulip, he can then infer that the action of INGESTing a
tulip can be part of a plan to eat food , which can be in
service of a goal of satisfying hunger. Since getting a
tulip is a precondition for using some function of the
object, John ’s action of picking a tulip can be interpreted
as being in service of satisfying his hunger.

5 3 .2 Plans associa ted wi th a location

Knowledge about a location at which an event takes
place can sometimes give rise to plan inferences. For
example , if John goes to the sw imming pool , we infer that he
is going to swim there. Chapter 3 gives the rules that
govern how an unders tander uses loca tion informa tion to
generate inferences.

A story—supplied inference rule can provide info rmation
about a typical plan or script associated with a location.
Such informa tion can cause the reader to make novel
inferences from being at a certain location. For example ,
consider the following:

i
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[62] John went to the railroad station. The flea U

market sale took place by the tracks every
week. John was looking for a good antique
lamp.

Understanding this story requires the reader to understand
the inference rule suppl ied in the second sentence. This
inference rule contains information about a typical activity U

that is associated with the location of the railroad tracks.
Understanding this information causes the reader to infer
that John may have gone to the train station in order to
browse in the flea market. This inference allows the reader
to find a connection between John ’s action of going to the
station and his goal of acquiring an antique lamp . Without
the story—supplied inference rule , the reader would not be
able to connect the action with the goal.

Rule 40: A plan associated with a location

If a relation is asserted between a location and a
plan ,
and the plan is not a known location—index of the
location ,

then the relation is a new inference rule
U specifying a plan associated with the location .

5.3.3 Idiosyncratic reasons for an action

An actor can per form an action as part of an
idiosyncratic plan or script. To understand a story about a
particular actor ’s ac tions , the reader needs to know wha t
id iosyncrat ic reasons that ac tor may have for perform ing the
action. Idiosyncratic plans can include the use of
func tional objec ts or “scripty ” locations. For example , if
John typically goes into the bathroom to practice the oboe,
then the plan of improving oboe playing is a valid inference
when John goes into the bathroom , but it is not necessar ily
a valid inference when anyone else does so.

Story—supplied inference rules can contain information
about an ac tor ’s id iosyncratic reasons for per forming
certain actions. For example , consider the following:

[631 Jonn bought an Andrew Wyeth original. He
likes using or ig inal canvasses to serve fancy
dinners on. His new girlfriend Jane was
coming for dinner.

-
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To understand [631, the rea der mus t recognize that the
inference rule in the se cond sentence tells us an
idiosyncratic plan that John has. The information provided
about this plan causes the reader to infer that John will
use the Wyeth to serve dinner to Jane .

Rule 41: An idiosyncratic reason for an action

If a relation is asserted between an actor ’s
action and a plan of the actor ,
and the action is not a known part of the plan ,

then the relat ion is a new inference rule
specifying that the action can be a part of the
plan when performe d by th is ac tor.

In the above example , a story—supplied inference rule
informed the reader that John l iked to acquire orig inal
paintings to serve dinner on. This is an example of a story
character who has added an additional plan to the existing
reper toire of possi ble reasons for performing a par ticular
ac tion. Conversely , s tory charac ters some t imes
intentionally limit themselves to performing certain actions
only for certain specified purposes. A story—supplied
inferenc e rule can contain informa t ion restr icting the
possible reasons why an actor might perform a certain
action. For example , cons ider the following two stories:

[641 Yesterday John needed to get some groceries.
First he went out and bought a 357 magnum .
Then he wen t to the g rocery store.

[65] John is a strictly non—violent pacifist who
only uses guns to give demonstrations at his
weekly anti—gun meetings. Yesterday John
needed to get some groceries. First he went
out and bought a 357 magnum . Then he went to
the grocery store.

Understand ing example [64] will most likely lead the
reader to infer that John might plan to steal groceries from
the store , since that is the most natural inference that can
connect the two story events of getting a gun and going to a
store. (This inference may turn out to be supplanted later ,
but it is by far the mos t natural inference from th is
example.) In contrast , understanding [65] requires the
reader to recognize that John will not use a gun for any of
its typical functions , suc h as the plans of threatening or
overpowering people. Hence the reader will not infer that
John will rob the store , but rather that he may simply buy
some groceries. The most plausible inference from John ’s
ac tion of buying a 357 magnum in this story is that he may

4
-
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use it in a demonstration at an upcoming meeting .

The difference between these two examples is that [651
contains an inference rule which restricts the possible
plans to be inferred from possession of the func tional
object “gun ” .

Rule 42: Restricting the possible reasons for an
action

If a particular plan is said to be an actor ’s only
reason for performing a certain action ,
and there exist other known plans that this action
could be part of ,

then the relation is a new inference rule
constraining the allowable plans inferred from the
actor ’s action.

Understanding this inference rule requires the reader to
res tric t the inferences made from the event of John getting
a gun . We will see that a restricting inference rule like
this is implemented by constraining the bottom—up inferences
from an action. Constraining inferences is discussed in
Chapters 2 and 4.

5.3.4 Unexpected causal consequences of events

Events can have causal consequences , and those
consequences can affect actor ’s goals. Chapter 3 gave the
rules by wh ich a reader can infer the ef fec ts of causal
consequences on goals. A story—supplied inference rule can
specify a previously unknown causal effect of an event. For
example, consider the following :

[66] Running too fas t always gives Mary a
temperature. She ran for the bus yesterday
morning , and now she ’s in the hospital.

In or der to unders tand this story, the reader mus t make the
causal inference provided by the inference rule in the f irs t
sentence. The rule says that running has the causal
consequence of changing Mary ’s health.

-. —- V- 
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Rule 4 3: Unexpec ted causa l consequences of events

If a relation is asse rted between an event and a
causa l consequence ,

and the even t is not known to cause that
consequence ,

then the relation is a new inference rule
specifying that the event -can give rise to the
causal consequence.

Once the reader has unders tood thi s inference rule,
making the “change—health” inference from Mary ’s running for
the bus allows the reader to connect that action with the
fact that she had to go to the hospital . Going to the
hospital can be a plan in servic e of the goal of preserving
health; and running , in Mary ’s case, can give rise to a
change in Mary ’s health, which can induce a goal of
preserving health.

5.3.5 Idiosyncratic plans for achieving a goal

An ac tor can have his own persona l and id iosyncratic
methods for achiev ing goals. A story—supplied inference
rule . can specify an actor ’s idiosyncratic method of
attaining a particular goal. In order to understand a story
in which an ac tor makes use of suc h a method, the reader
must be aware of the idiosyncrasy. For example, consider
the following: U

[67] John was hungry. He didn ’t eat a thing when
Jane took him to MacDonald’s. John only eats
macrobiotic.

The final sentence of [67] is an inference rule. In states
that John has an idiosyncratic method of satisfying his
hunger: eating only macrobiotic food . This is an example
of an ac tor limi ting h imself to only cer tain possib le plans
for achieving a particular goal.
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Rule 44: Idiosyncratic methods of achieving goals

If a particular plan is said to be an actor ’s only
method of achieving a given goal ,
and the goal is known to be attainable by other
plans ,

then the relation is a new inference rule
constraining the allowable plans that this actor
can perform to achieve this goal.

To understand why John didn ’t eat at MacDonald ’s when
he was hungry, the reader must understand the idiosyncratic
plan specified by the inference rule in the final sentence
of [67]. This rule says that when Joh’~’- ’~ias the goal ofSATISFY—HUNGER , he can achieve that goal only by performing
the plan of EATing food which has the feature of being
MACROBIOTIC. 

-

An actor can also have a novel method of attaining a
goal which is in addition to the standard plans for this
goal. For example , consider the following :

[681 John was hungry. He filled up a bowl with
ants. He ’s the ‘human anteater ’ in the
circu s.

Urderstanding this story requires the reader to make a
connection between John ’s goal of satsifying hunger and his
action of filling up a bowl with ants. Making this
connection requires the reader to understand the inference
rule supplied in the third sentence , which says that John
can eat ants. -

Rule 45: Novel methods of achieving a goal

If a plan is asserted to be in service of a
particular actor ’s goal ,
and the plan is not known to be in service of that
goal ,

then the relation is a new inference rule
specifying that th is ac tor can ach ieve this goal
by performing this plan. specifying that the goal
can be achieved by the actor performing this plan.

I-
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5.3.6 Helping and hindering a goal

A causal result of an event can affect an actor ’s
ability to achieve a goal. The effect can be either
positive (helping) or negative (hindering). Chapter 3
describes the rules by which a reader can determine the
effects of causal consequences on goals and plans. A
story—supplied inference rule can specify a relationship
between a causa l consequence of an even t and a plan. For
example, consider the follow ing :

[69] John wanted to rake the whole yard clean by
sundown . When the g rass gets we t, raking
becomes almost impossible . John saw storm
cloud s gathering in the sky. He decided the
job wouldn ’t get done.

Understanding this story requires the reader to find a
connec tion between the act ion of s torm cloud s appearing and
John giving up his goal. The key to finding this connection
is given in the story—supplied inference rule in the second
sentence.

Rule 46: Helping and hindering a goal

If a causal state change is asserted to either
help or hinder a par ticular actor ’s goal ,
and the state chang e has no known relation to that
goal ,

then the relation is a new inference rule
specify ing that the actor ’s goal may be helped or
hindered by the causal state change.

This rule says that when something causes the grass to
increase its moisture state , that state chang e hinders the
plan of raking . Storm clouds are non—intentional actors
that can cause rain , whic h increases mois ture. Since John
plans to clear the yar d by rak ing it, the causal result of
the storm clouds raining on the yar d will hinder his plan to
rake it. Hence this plan will fail to achieve the goal of
clearing the yard. The helping and hindering relations
between goals and state changes are described in Chapter 3.

4’
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5.4 Understanding stories using new inference rules

Understanding a story that contains a new inference
rule can require the reader to use that new inference rule
in order to find a connection between the events in the
story. For instance , example [691 above contains a rule
that says that moisture can hinder raking . To understand
the implied connection between the arrival of storm clouds
and John ’s abandonment of his goal in that story, the reader
nees to use the information in the new inference rule along
with knowledge that storm clouds can cause increased
mo isture.

To use a new inference rule to understand a story, the
reader must first recognize when a story input is affected
by the new rule. One possible way for a reader to recognize
the applicability of a rule to an input would be to check
every new rule against every new input. This approach
suggests a poss ib le com binator ial explosion, if there are
many inference rules and many story inputs , especially since
the rule must also be checked against all possible
inferences from each input . If there are only one or two
new rules in a relatively short story, then this approach
would be feasible.

The problem of recognizing the applicability of a new
infer ence rule is the same as the problem of recogniz ing the
applicability of any inference rule , including those that
are built in to the unders tander ’s memory. Chapters 2 and 3
described how an understander can use an indexed storage
scheme for inferences to enable an understander to generate
bottom—up or top—down inferences from an event or goal
directly. This is possible because - the appropriate
inference ru les are pre—stored as attributes of actions ,
ac tors , objects , locations and goals in the understanQer ’s
memory.

The next section will outline the knowledge necessary
for an understander to integrate new story—supplied
inference rules into its memory, in accordance with the
indexing and storage schemes presented in Chapters 2 and 3.
Then the follow ing sec tion wi ll present a se t of rules wh ich
a reader can use to understand a story using built—in
inference rules together with new story—supplied inference
rules which have been integrated into memory. U
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5.4.1 Integrating a new inference rule into memory

Integrating a new inference rule into memory requires
the understander to know precisely what information to store
and where to store it. Recall that a new inference rule
consisY~ of a story input and an inference to be made from
that input. For instance , example [61] in this chapter
contained an inference rule which specified that the plan of
eating fooa could be inferred from the action of picking a
tulip. Integrating this inference rule into memory means
storing the EAT FOOD plan inference under the GRASP TULIP
action.

The previous section identified six different types of
information that could be specified in a new inference rule.
They were as follows:

1. A novel function of art object
2. Plans associated with a location
3. Idiosyncratic reasons for actions
4. Unexpected causal consequences of events
5. Idiosyncratic plans for achieving a goal
6. Aiding and hindering a goal

Each of these categories contains information about a
different aspect of the input. For example , a rule
specifying a novel function of an object contains
information pertaining to that object , and an idiosyncratic
plan for achieving a goal contains information pertaining to
the actor.

The point of integrating a new rule into memory is to
cause the specified inference to be generated whenever the
specified input occurs in the story. The indexed
understa.nd inq scheme described in the previous chapters will
cause such inferences to be generated if they are stored
under the appropriate attributes of the memory entries for
the specifiec inputs. For example, integrating a new rule
about a novel function of an object into memory requires
that the understander store this new function under the
FUNCTION attribute of the object. Doing so will cause the
new inference specified in the rule to be generated when
this object’s FUNCTiON dttribute is referenced , which will
happen whenever the object occurs as the OBJECT of certain
actions. (Chapter 3 outlines the rules governing references
to attributes of objects.)

Thus the determination of where to store a new
inference rule depends on the type of input specified in the
rule. The following table specifies where a new rule is
stored according to the category of the rule.

I, .
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THE RULE SPECIFIES: STORE UNDER:

o function of an object the FUNCTION attribute
of the object

an inference associated the LOCATION—INDICES
with a location attribute of the location

an ac tor ’s idiosyncratic the PLANNER attribute
reason for an action of the actor

an unexpectea causal the CAUSATION
consequence of an event attribute of the event

an actor ’s idiosyncratic the PLANNER attribute
plan for achieving a goal of the ac tor

a causal state change ’s the CAUSAL attribute
effect on a goal of the goal

[Figure 19]

5.4.2 What art inference rule specifies

Recall the following example:

[66] Running too fast always gives Mary a
tempera ture. She ran for the bus yester day
morn ing, and now s~.e’s in the hospital .

We said that the first sentence of this story contained
an inference rule specifying an unexpec ted causa l
consequence of an event. Specifically, the event of
PTRANSing in a rapid manner results in a negative health
change. The above table says that this new rule should be
stored under the CAUSATION attribute of the event that gives
r ise to it. In this case , under the BUI attribute of PTRANS
would be a rule checking for each of the slotfillers of the
instantiated action in the example. Hence the rule could be
expresse d as follows:
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If a PTRANS action occurs with ACTOR MARY and
MANNER RAPIDLY ,

then infer that the action may lead to a
CHANGE-HEALTH (NEG) of OBJECT MARY .

This is an example of index augmentation of an action:
a new index is added to the list of any existing indices
that may be inferred from the action. Index augmentation
involves appending the new index as the first element under
the specified attribute in memory. If there are other
indices listed , they are still inferred , but the new index
becomes the default.

Rule 47: Index augmentation

If a new attribute of some element of art action is
specified by a new inference rule ,

then that attribute is added as the first in the
list of indices of that element.

Consider the follow ing :

[701 Guns are edible.

This is a statement of a new fact about guns. Hence , it
augments the FUNCTION index of the object GUN with the plan
index EAT. There are already known functions of guns:
THREATEN and OVERPOWER. Hence after index augmentation , the
memory entry for gun is as follows:

GUN

FUNCTION :

EAT
THREATEN 

U

OVERPOWER

Now consider the following continuation to [70]:

________________ - 
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[71] Guns are edible. Yesterday John bought a
gun.

From this example , ARTHUR will infer that John may have
gotten the gun because he wanted to eat it. This inference
is made because we have not yet read any explicit statement
of John ’s goals , and the default inference from getting a
gun has been augmented to be eating the gun.

Now consider the following :

[72] Guns are edible. Yesterday John bought a
gurt . He had gotten some threatening phone
calls.

This story will require ARTHUR to first infer that John
might plan to eat the gun , and then to infer that he wanted
the gun to protect himself , via a counter—threat to the
threat he had received . This final inference is possible
because the THREATEN and OVERPOWER inferences are still
generated from gun , even though they are not the default
inferences.

Recall the following :

[73] John was hungry. He didn ’t eat a thing when
Jane took him to MacDonald’s. John only eats
macrobiotic.

The las t sentence of this example spec if ies an actor ’s
idiosyncratic plan for a goal , and is stored in the PLANNER
attribute of that actor. In this case , John satisfies his
hunger by eating only macrobiotic food. This is an example
of index constraint: the plans inferred when John has an
S—HUNGER goal are limited to only the specified plans. In
this case , John w ill only perform the EAT , $RESTAURANT and
$GROCER indices when ‘the FOOD rolefiller has the attribute
MACROBIOTIC. Index constraint causes the list of indices
from an action or goal to be lessened .
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Rule 48 : Index cons traint

If a new inference rule specifies that a
particular attribute of some element of an action
or goal is the only suc h attribute allowable ,

then that attribute becomes the first and only
element in the list of indices for that action or
goal.

Index augmentation and index constraint are the two
types of changes that a new inference rule can specify.
Either way, the new rule becomes the default inference from
the specified object , and in the case of augmentation the
other inferences from that object are maintained , while in
the case of cons traint the other inferences are invalidated .

5.5 Making improbable assumptions

Consider the following example:

[74] John was hungry. He got some ants.

If asked why John got ants , an appropriate answer would
be that he may have planned to eat them. Giving this answer
requires the reader to have inferred a new fact which was
not explicitly stated in the story. The inferred fac t is
that John might eat ants. This is a highly improbable
assumption , since ants are not known to the reader to be
edible. However , readers answers to ques tions ind ica te that
they make this inference in the process of unders tand ing
this story .

The process of mak ing improbable assumptions consis ts
of three steps:

I.

1? 
________ ______
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1 — Recognize the need for a new fact to allow
understanding of the story

2 — Generate a new fact

3 — Treat the fact as a new inference rule.

Consider ARTHUR ’s processing of example [74]. The first
sentence states an S—HUNGER goal for John. Then the second
sentence states an action , which fails to be explained in
terms of the S—HUNGEh goal by specification search. ARTHUR
next generates a default explanation for the action. In
this case , ants have no known function , so the explanation
is a loose—end DCONT ANTS index: that is , infer that John
simply wants to have the ants for some as—yet—unknown
reason.

This is an example of a circumstance in which ARTHUR
cannot supplant an inference. There are two reasons for
this. First of all , there is no previous action to
re—explain: the S—HUNGER goal inference was explicitly
stated in the story, not inferred from an action. Hence,
the inference cannot have been inferred erroneously. We
call an explicitly stated explanation , such as this S—HUNGER
goal , an invulnerable explanation , since it cannot be
supplanted . Secondly, in this instance there is no new goal
inference which could supplant a previous one. Loose—end
explanations are indices , n)t goal explanations , and
therefore cannot serve as supplanting inferences. This cart
be summarized in the following two rules:

Rule 49: Invulnerable explanations

If a story character ’s goal was explicitly stated
in the story, not inferred from a stated action ,

then that goal cannot be supplanted by a
subsequent goal inference , since the initial goal
could not have been erroneously inferred .
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Rule 50: Supplanting by loose end

If an explanation is a loose end ,

then that ex planation cannot supp lant any previous
explanation.

Hence we have a s ituat ion in wh ich the reader has a
disconnec ted explanat ion, but cannot supplant an inference
to create a connected explanation. In this circumstance,
the unders tander attempts to force an interpre tat ion: in
this case , to interpret the action of getting ants in terms
of the S—HUNGER goal. Note that the understander could not
have reached this point without having already tried to
connect that action to that goal , via the first
understand ing step of specification search. Since that
attempt failed , the understander now assumes the need for
some new fac t wh ich could give rise to a new inference rule
which would serve to connec t the d isconnec ted explanation
explanation.

Rule 51: Recognition of need for new fact

If both specification search and supplanting fail
to result in a connected explanation by the end of
a story ,

then a new fact must be inferred which can give
rise to a connec tive inference rule.

Having recognized the need for a new fact, ARTHUR must
now generate one such that it will provide the desired
connection. This is done by choosing the default top—down
index from the goal (S—HUNGER in this case) and causing it
to be generated as a bottom—up index from the action. Once
this is done , then specification search between the goal and
ac t ion will succee d, yield ing the newly augmented index ,
since that index will now be part of both the top—down and
bottom—up indices from the goal and action. Hence adding
this new index constitutes adding a new inference rule which
bridges the gap between the goal and the action.
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Rule 52: Choosing an improbable assumpt ion

If an improbable assumption is needed to connect a
goal and ac t ion,

then choose the default top—down index from the
goal , and cause it to be generated as a bottom—up
index from the action.

In the current example , the default top—down index from
S—HUNGER is EAT. We now wish to cause this to be generated
as part of the bottom—up index from the action of ATRANSing
ants to oneself. In other words , we have a new inference
that we want generated from a particular action. This is
done by the same method that a story—supplied inference
rules gets added to memory, as described in the previous
par ts of this chapter. Specifically, the memory attributes
of the role fillers of the instantiated action are augmented
to include the new index.

In the present example , the PLANNER attribute under
JOHN and the FUNCTION attribute of ANTS are both augmented
to include EAT as a bottom—up index. Hence, from the ac t ion
of John ATRANSing ants to himself , ARTHUR will generate EAT
as the default bottom—up index. Specification search will
then yield EAT as the connec tive explanation index between
this action and the goal of S—HUNGER.

—
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5.6 ARTHUR output

Following is an example of ARTHUR ’S processing of a
story which requires ARTHUR to make an improbable assump tion
and then use the information in that assumption as a new
inference rule , in or der to genera te an inference which can
connect the two story statements.

[Ph: Initiation. 22—Nov—79 3:11PM ]

Yale TOPS—20 Command Processor 3A(415)—2
@RUN ARTHUR

* (ARTHUR)
Input story : *Ex4

The story is: -

JOHN WAS HUNGRY . HE GOT SOME ANTS.

((S-HUNGER (ACTOR JOHN)) 
-

(ATRANS (ACTOR JOHN) (OBJECT ANTS) (TO JOHN)))

a-
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ARTHUR OUTPUT ANNOTATION

NEXT SENTENCE: I The first sentence is a
I statement of a goal ,

JOHN WAS HUNGRY . I S—HUNGER.

~~~ INPUT IS GOAL: I
(S—HUNGER (ACTOR JOHN))

NEW EXPLANATION I The goal serves as an
(S—HUNGER (ACTOR JOHN)) I explanation itself. Since
ADDED TO EXPLANATION—GRAPH I there are no other goals

I in the representation ,
GENERATING TOP—DOWN INDEX: I the only processing that
((EAT (ACTOR JOHN)) I occurs is the generation
($RESTAURANT (ACTOR JOHN)) I of the top—down predictive
($GROCER (ACTOR JOHN))) index from the goal.

UPDATING EXPLANATION-GRAPH :

EXPLANATION TRIPLE :
GOAL: ((S—HUNGER I

(ACTOR JOHN)) I
INVULNERABLE)

EVENT: NIL I
INDEX: I

((EAT I
(ACTOR JOHN)) I
RESTAURANT
(ACTOR JOHN))

($GROCER I
(ACTOR JOHN))) I

STATUS : ACTIVE I

NEXT SENTENCE:

HE GOT SOME ANTS. I The second sentence is an
I ATRANS action.

~~~ INPUT EVENT: I
(ATRANS (ACTOR JOHN) I

(OBJECT ANTS) I
(TO JOHN)) I

—
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GENERATING BOTTOM—UP INDEX: I The default function built
((LOOK-AT (ACTOR JOHN) I into ARTHUR ’s memory says

(OBJECT ANTS))) I that the only use of ants
FOR EVENT: I is watching them , wh ich is
(ATRANS (ACTOR JOHN) I represented here by the

(OBJECT ANTS) I LOOK—AT index.
(TO JOHN)) I

PERFORMING SPECIFICATION SEARCH I ARTHUR then tries to
I explain this action in

~~~ SPECIFICATION FAILURE ~~~ I terms of the previous
I S—HUNGER goal. This fails ,

FOUND INVULNERABLE EXPLANATION I but ARTHUR cannot supplant
(S—HUNGER (ACTOR JOHN)) I that goal because it is

I invulnerable , that is , it
~~~ FORCING INTERPRETATION ~~~ I was explicitly stated in
(S—HUNGER (ACTOR JOHN)) I the story, and was not an
IS EXPLANTION FOR EVENT I inference.
(ATRANS (ACTOR JOHN) I Hence , ARTHUR now forces

(OBJECT ANTS) I an interpretation: it
(TO JOHN)) I assumes that the stated

I S-HUNGER goal must be
~~~ GENERATING I the explanation for the

IMPROBABLE ASSUMPTION I ATRANS ANTS action via some
I previously unknown infer ence

CHOOSING DEFAULT TOP—DOWN INDEXI path.
FROM GOAL: I ARTHUR assumes that the
(S—HUNGER (ACTOR JOHN)) I inference path between the

I goal and the action is
INDEX IS: I indexed by the EAT plan.
(EAT (ACTOR JOHN)) I

I Accordingly, ARTHUR adds
AUGMENTING BOTTOM-UP INDEX I this plan as a bottom-up
OF EVENT : I index from the ATRANS ANTS
(ATRANS (ACTOR JOHN) I action. It does this by

(OBJECT ANTS) I augmenting the memory
(TO JOHN)) I attributes of the elements

WITH INDEX: (EAT) I of this action.
I In this case , the OBJECT 

U

AUGMENTING FUNCTION ATTRIBUTE I slotfiller, ANTS, has its
OF OBJECT: I FUNCTION attribute
(ANTS) I augmented to includ e the
WITH INDEX: (EAT) I EAT index.

- - - -  — U-
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I Now ARTHUR generates the
~~~ GENERATING I newly—augmented EAT index
NEW BOTTOM—UP INDEX: I from the ATRANS ANTS action.
(EAT (ACTOR JOHN) I

(OBJECT ANTS)) I This will result in the
FROM EVENT : I action being explained by
(ATRANS (ACTOR JOHN) I the S—HUNGER goal , since

(OBJECT ANTS) I now specification search
(TO JOHN)) I will be able to succeed:

I the EAT index will be
~~~ RE—EXPLAINING INPUT I present in both the top—

I down and the bottom—up
PERFORMING SPECIFICATION SEARCH I indices. Hence the new

- 
- I interpretation of the

FOUND EXPLANATION INDEX: I action is “forced” by the
(EAT (ACTOR JOHN ) I addition of this bottom-

(OBJECT ANTS)) I up index.

UPDATING EXPLANATION-GRAPH : I
EXPLANATION TRIPLE : I
GOAL: ((S—HUNGER I

(ACTOR JOHN)) I
INVULNERABLE) I

EVENT : I
(ATRANS (ACTOR JOHN) I

(OBJECT ANTS) I
(TO JOHN) ) I

INDEX: I
((EAT I
(ACTOR JOHN)
(OBJECT ANTS))) I

STATUS : ACTIVE I

~~~~~ FINAL EXPLANATION—GRAPH I The final explanation—
I graph represents the ATRANS

EXPLANATION TRIPLE: I action as being performed
GOAL: ((S—HUNGER I in service of satisfying

(ACTOR JOHN)) I hunger, by the plan of
INVULNERABLE) I eating the ants.

EVENT : I
(ATRANS (ACTOR JOHN) I

(OBJECT ANTS) I
(TO JOHN)) I -

INDEX: I
((EAT I

(ACTOR JOHN) I
(OBJECT ANTS))) I

STATUS : ACTIVE I

~~~ PROCESSING COMPLETED I -

~~~ READY FOR QUESTIONS I

-- - - - - - - - -  —--- 
- 
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Input question:*EX4Q1

QUESTION :
WHY DID JOHN GET SOME ANTS?

ANSWER:
MAYBE BECAUSE HE WANTED TO EAT THEM .

Input question:*EX4Q2

QUESTION :
WHY WAS JOHN HUNGRY?

ANSWER:
THE STORY SAID THAT HE WAS HUNGRY .

Input question:*#

[PH: Termination. 22—Nov—79 3:12PM . PS:<GRANGER.TH>ANT2.LOG.1]

5.7 Summary

New facts about the world can be specified in a story,
and can be re presen teá as inference rules in an
understander ’s memor y. Understanding a story which contains
new facts requires the reader to recognize these facts ,
incorporate them into memory ana use them to generate new
inferences to understand the rest of the story. These
processes were specified and the rules and knowledge needed
for their implementat ion was presented . These rules were
used by ARTHUR to enable it to understand stories containing
new inference rules. -
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CHAPTER 6

HOW ARTHUR WORKS

6.1 Introduction

The previous chapters have shown som e of the algorithms
by which ARTHUR maintains and updates a consistent and
parsimon ious represen tation of stories. Thi s chapte r wi ll
examine in detail the way these algorithms work together in
ARTHUR to form a coherent error—correcting understand ing
system .

There are a numbe r of different aspects of ARTHUR that
are addressed here. ARTHUR ’s overall understanding process
always attempts to incorporate new story statements into the
story representation. The understand ing process consists of
three basic “steps” , or subprocesses, which are always
performed in the same order. These subprocesses are: (1)
performing specification search on indexed inferences , (2)
supplanting previous inferences , and (3) forcing an
interpretation. Each subprocess is applied only when the
one before it has fa iled to incor pora te a new input.

ARTHUR recognizes tnree different classes of input:
actions and states; goals; and new inference rules. The
application of the above three subprocesses differs
depending on which type of input ARTHUR reacas. Once ARTHUR
has successfully explained al.l the inputs or statements in a
story, it can answe r questions about the story by
referenc ing the representation it has b’uilt of the story.
ARTHUR ’s question—answering and generation processes are
also described in this chapter.

— 133 —
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6.2 Overview of the understanding process

ARTHUR ’s understanding algorithm essentially consists
of reading story statements , one at a time , and
incorporating each one into its representation of the story.
“Incorporating ” an input into the rep-resentation means
~~~lainin~ the story events in terms of the stated or
inferred goals in the story . The notion of explaining story
events is described in Chapter 1. That chapter also gives a
flowchart , containing a very sketchy outline of the ilow of
the three basic processes ivolved in incorporating a new
input into a story representation. Those three processes
are invoked in the same order for each new story input: (1)
specification search , (2) supplanting an inference , (3)
for cing an interpretation.

Each of these processes is used only when the previous
one has failed. Hence , ARTHUR only supplants an inference
if a new input cannot be incorporated by specification
search. Similarly, ARTHUR only forces an interpretation if
supplanting fails to incorporate the input. For any
particular story statement , only one of the three processes
will be successful , although each may be attemptea , in the
process of incorporating that statement into thc
representation. The following flow diagram outlines the
processing that ARTHUR uses to incorporate a new input. The
following sections will give detailed descriptions of each
of ARTHUR ’s three major understand ing subprocesses.

~ _ _  _  
_ _ _
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ARTHUR’s processing algorithm

Read next
s t o r y  s t a t emen t  < I

V
SPECIFICATION SEARCH

See if a new statement can be
incorporated into existing > Update the
story representation by YES representation
specification of an inference
path connecting the statement
to the representation. I I

I I
I I I
I N O  I

V I I
SUPPLANT AN INFERENCE j

See if  any inference in the I
e x i s t i n g  s to ry  r e p r e s e n t a t i o n  > Supp l a n t  I
can be changed ( s u p p l a n t e d )  YES an I
to allow a new story statement inference I
to be incorporated into the I
representation. I

I N O  
_ _  

I
v

FORCE AN INTERPRETATION

See if some improbable assumption
can be made which g ives rise to a > Add new
new inference rule whereby the new inference
input can be incorporated into the YES rule
existing story representation.

I NO
V

FAIL

[Figure 20]
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6 . 3  S p e c i f i c a t i o n  search

Cons ider  the f o l l o w i n g :

[75 ]  John wanted  money . He sold a w a t c h .

This example consis ts  of a s t a t emen t  of a goal  fo l lowed by a
statement of an action. The Conceptual Dependency
representation of these two statements is as follows:

(A—POSSESS (ACTOR JOHN) (OBJECT MONEY) )
(MUTUAL-ATRANS (ACTOR JOHN) (OBJECT WATCH) (FOR MONEY) )

ARTHUR ’ s representation of the story contains the “sell” (or
ATRANS) action , as part of a BARGAIN—OBJECT plan , in serv ice
of an ACHIEVE-POSSESSION (MONEY) goal. This representation
is arrived at by the process of specification search.

First the “A—POSSESS” goal statement is read. ARTHUR
has a list of all known goals in its memory. A goal
statement is recognized as such by the membership of its
first element (A—POSSESS in this case) in this goal list.
Hav ing  recognized a goal statement , ARTHUR checks to see
whether any other statements or inferences have been added
to the story representation. Since this is the first
statement in trie story, the story representation has no
entries yet. When there are no other entries in the
representation , a goal statement is simply added to the
representation. In a later section we will see how a goal
statement is processed in the presence of a non—empty story
representation.

Once this goal has been added to the representation ,
U ARTHUR generates a set of predictive inferences from the

goal , by generating the top—down inaex from the goal.
Chapters 2 and 3 showed the rules by which a top—down index
is generated . Those chapters gave the following rules in
control of the generation of the top—down index from a goal:

Rule 53: Top—down script indices

Ii a goal can be satisfied by a particular script ,
Then that script is among the top—down indices
from the goal.

_____ - _ _
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Rule 54. Top—down plan indices

If a goal can be satisfied by a particular plan ,
Then that plan is among the top—down indices from
the goal .

ARTHUR’s implementation of these rules consists of
- encoding all such top—down indices under the “TDI” (Top—Down

Index) property of the goal in its memory. Under the TDI
property of A—POSSESS , ARTHUR has the following list:

ASK
INVOKE-THEME
INFORM-REASON
BARGAIN-OBJECT
BARGAIN-FAVOR
THREATEN
OVERPOWER
STEAL

This list is simply the list of PERSUADE package plans
described by Schank and Abelson [1977]. ARTHUR considers
all of these to be valid predictions as to the plan an actor
might use to satisfy an A—POSSESS goal. Each of these
predictive indices is instantiated when it is generated as
part of the top—down index from John ’s goal. That is, since
ARTHUR knows that this is specifically one of John ’s goals ,
and furthermore since John specifically wants to possess
money , each of the plans is instantiated to specify that
John is the PLANNER and the OBJECT of the plan is MONEY.
Instantiation of indices is performed by applying the
INSTANTIATE function to each element of the index.

The INSTANTIATE function adds slots and slotfillers to
the index , corresponding to the slots and slotfillers in the
goal . Hence , for each of the plans in the above list ,
INSTANTIATE will acid the slots PLANNER and OBJECT, and and
slotfillers JOHN ana MONEY , respectively. The resulting
instantiated top—down index is as follows:

- - - -‘ • , T.~~~~~~ - • U
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(ASK (ACTOR JOHN) (OBJECT MONEY) )
(INVOKE-THEME (ACTOR JOHN) (OBJECT MONEY))
(INFORM-REASON (ACTOR JOHN) (OBJECT MONEY))
(BARGAIN—OBJECT (ACTOR JOHN) (OBJECT MONEY) )
(BARGAIN-FAVOR (ACTOR JOHN) (OBJECT MONEY) )
(THREATEN (ACTOR JOHN) (OBJECT MONEY))
(OVERPOWER (ACTOR JOHN ) (OBJECT MONEY) )
(STEAL (ACTOR JOHN) (OBJECT MONEY))

Having generated an instantiated top—down index from
the goal , ARTHUR now adds the goal ana the index to the
story representaion.

ARTHUR ’s story represen tation is an ex plana tion gra ph .
We have so far seen pictorial versions of explanation graphs
in this thesis. ARTHUR’s internal representation of an
explanation graph consists of a set of “triples ” , each
containing a goal , and an action that was performed in
service of that goal via some plan or script index. The
syntax of explanation graphs in ARTHUR can be expressed as
follows:

EXPLANATION-GRAPH = <TRIPLE1 + TRIPLE2 ...>

TRIPLE = <<GOAL>
<ACTION1>
<INDEX—LIST1>
<STATUS>
<ACTION2>
<INDEX—LIST2>
<STATUS>

GOAL = <Goals as in Schank and Abelson (1977]>

ACTION = <Conceptual Dependency actions>

INDEX—LIST = <INDEX1 + INDEX2 ...>

INDEX = <P lan , scr ipt and causal state—change indices ,
as described in Chapters 2 and 3 of this thesis>

STATUS = <ACTIVE I SUPPLANTED>

In the cur ren t example , ARTH UR has rea d a single goa l
statement , and generated a top—down index from it. There is
as yet no event explained by the goal as part of any of the
predicted plans. The story representation so far is as
follows :

_ _ _ _  
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TRIPLE :
GOAL : (A—POSSESS (ACTOR JOHN) (OBJECT MONEY))
EVENT: NIL
INDEX: ((ASK (ACTOR JOHN) (OBJECT MONEY))

(INVOKE—THEME (ACTOR JOHN) (OBJECT MONEY))
(INFORM-REASON (ACTOR JOHN) (OBJECT MONEY))
(BARGAIN—OBJECT (ACTOR JOHN ) (OBJECT MONEY))
(BARGAIN-FAVOR (ACTOR JOHN) (OBJECT MONEY))
(THREATEN (ACTOR JOHN) (OBJECT MONEY))
(OVERPOWER (ACTOR JOHN) (OBJECT MONEY))
(STEAL (ACTOR JOHN) (OBJECT MONEY)))

STATUS : ACTIVE

Now the second statement is read :

(MUTUAL-ATRANS (ACTOR JOHN) (OBJECT WATCH) (FOR MONEY))

The input to ARTHUR is in this -Conceptual Dependency form ,
not in English . English sentences are generated from this
Conceptual Dependency action at the time the action is read .
ARTHUR ’s genera tion algori thm is d iscussed in a la ter
section of this chapter.

The firs t step in expla in ing an even t is to genera te a
set of bottom—up inferences from the event. For every CD
action , ARTHUR has a set of rules which look up particular
attr i butes of par ticular  slotf il l e r s  in an ins tan tia ted
action. For instance , MUTUAL—ATRANS itself gives rise to a
BARGAIN—OBJECT inference , and a D—CONT precondition
inference . Both of these indices are listed under the “BUI ”
(Bottom—Up Index) attribute of the entry for MUTUAL—ATRANS
in ARTHUR ’s memor y.

In addition , the rule under MUTUAL—ATRANS looks up the
FUNCTION of the FOR slot and the PLANNER of the actor slot
of the instantiated action , which are MONEY and JOHN,
respectively. In this case, there are no entries under the
PLANNER attribute of the ACTOR slotfiller JOHN , nor the
FUNCTION attribute of the FOR slotfiller MONEY. Hence the
complete bottom—up index from the instantiated MUTUAL—ATRANS
is the plan BARGAIN—OBJECT, and the precondition D—CONT.
Precondition irtaices are generated as a separate index from
the “pure ” bottom—up index plans , in a variable called
PC-BUI. We will see the operation of Precondition Bottom-Up
Indices in the next section.

As with top—down indices , ARTHUR instantiates bottom—up
indices from actions corresponding to the slots and
slotfillers in the instantiated action. The bottom—up index
from this MUTUAL—ATRANS action is as follows:
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(BARGAIN—OBJECT (ACTOR JOHN) (OBJECT MONEY) (BARGAINED
WATCH))

This means that John planned to trade his watch for money .

Now ARTHUR attempts to incorporate this event into the
story representation. This is performed by the process of
specification search , which - consists of intersecting the
top—down index from a goal in the representation with the
bottom—up index from the action to be explained. This
process is per fo rme d by f i r s t in tersec ting jus t the
un ins tan tia ted versions of the in dices , that is, the first
elemen t in each index. Then each of the roles and
rolefillers of the intersection set are matched with each
other. Whenever- one index contains a role not contained by
the othe r index , that role is added to the index that is
m issing it. For example , the fac t tha t John used a wa tch in
his bargaining was not predicted from his goal.
Nonetheless , it is spec i f i ed by his ac tion , an d hence is
included in the inferred bottom—up plan . Hence this
i n fo rma tion fur ther spec if ies  the inference  abou t John ’s
plan for satisfying his goal.

The resul t of specifica tion searc h is cal led the
explanation index. This index represents the complete

L inference path from the action to the goal. In this case,
specification search yields the index

(BARGAIN-OBJECT (ACTOR JOHN) (OBJECT MONEY) (BARGAINED
WATCH))

The story representation is now updated to represent this
index as the connection between the action and the goal , as
fol lows :

— ~~- ——-_— -- —
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TRIPLE :
-~ GOAL: (A-POSSESS

(ACTOR JOHN) (OBJECT MONEY))
EVENT : (MUTUAL—ATRANS

(ACTOR JOHN) (OBJECT WATCH) (FOR MONEY))
INDEX: ((BARGAIN-OBJECT

(ACTOR JOHN) (OBJECT MONEY) (BARGAINED WATCH)))
STATUS : ACTIVE

This means that ARTHUR has inferred that the MUTUAL—ATRANS
action was performed as part of a BARGAIN—OBJECT plan , in

U service of John ’s goal of A—POSSESSing money.

Following is a f low d iagram denoting ARTHU R ’s
processing of an action statement:

I

~

~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~ - 

-- 
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ARTHUR’s event incorporation algorithm

INPUT IS AN ACTION

V
GENERATE INSTANTIATED
BOTTOM—UP INDEX

HAVE ANY TOP-DOWN INDICES 
_____

BEEN GENERATED YET? NO

I YES
v I

SPECIFICATION SEARCH: I
(PERFORMED FOR EACH TOP-DOWN I
INDEX , UNTIL ONE SUCCEEDS)

INTERSECT CARS OF TOP—DOWN I
AND BOTTOM-UP INDICES I

I I
v I

MATCH ROLES AND ROLEFILLERS I
OF MEMBERS OF INTERSECTION SET I

V V
RESULTING SET IS NON—NULL? > CHOOSE THE DEFAULT

I NO BOTTOM-UP INDEX
I YES I
V V

ALGORITHM GENERATE THE DEFAULT
TERMINATES GOAL FROM THAT INDEX
SUCCESSFULLY I

V
INFERRED GOAL BECOMES
NEW INPUT TO ARTHUR ’S
TOP-LEVEL UNDERSTANDING
ALGORI THM

[Figure 21]

~~~~~ ~~~~ 
-
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6.4 Supplanting inferences

The above flow diagram outlines ARTHUR ’s processing
when its input is a statement of an action. By tracing the
diag ram ’s paths , it is seen that the algorithm terminates
successfully if and only if the following two criteria are
met:

1 — the story representation alread y con ta ins a
goal and its top—down index , and

2 — specification search between the indices
yields a non—null intersection set.

If either of these two criteria are false, then ARTHUR
generates a default goal inference from the bottom—up index.
That i n f e r r e d goal then becomes inpu t to the un ders tandi ng
system , and is treated precisely as if it had been generated
from a goal statement in the story . That is , ARTHUR now
attempts to incorporate this new goal inference into the
ex isting representation.

In the above example , John ’s goal was stated in the
first sentence , and ARTHUR simply added the goal to the
representation and generated a top—down index from the goal .
However , when a goal is no t the f irs t en try in to the story
represen tat ion , then it must be inporporated into the
existing representation by connecting it to the rest of the
representation. Briefly, this involves either relating the
goal to previous goals via one of Wilensky ’s [1978] “goal
relationships” ; or else supplanting a previous goal by the
new goal. These processes are described in Chapter 4.

Following is ARTHUR ’S algori thm for processing an
inferred or stated goal input: -

_ _ _  
f

— ‘~~~~~~~~~~.., . 
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~~~~~~ 
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ARTHUR ’S goal incorporation algorithm

INPUT IS A GOAL

V
GENERATE INSTANTIATED
TOP—DOWN INDEX (TDI)

V
HAVE ANY BOTTOM—UP INDICES -

(BUI’S) BEEN GENERATED
YET? > ADD GOAL AND TDI

I NO TO REPRESENTATION
I YES I
I V
I ALGORITHM TERMINATES
I SUCCESSFULLY
V

CAN THIS GOAL BE IN ANY
KNOWN GOAL RELATIONSHIP
WITH PREVIOUS GOAL? > SUPPLANT OLD GOAL :

NO
PERFORM SPECIFICATION
SEARCH BETWEEN TDI OF
NEW GOAL AND BUI OF
PREVIOUS ACTION

SPECIFICATION SEARCH
FORCE AN < SUCCEEDS?
INTERPRETATION NO I

I YES
GENERATE IMPROBABLE V
ASSUMPTION IN THE ALGORITHM
FORM OF A NEW TERMINATES
INFE R ENCE RULE SUCCESSFULLY

NEW INFERENCE RULE
BECOMES NEW INPUT TO
ARTHUR’S TOP-LEVEL
UNDERSTANDING ALGORITHM

[Figure 22]

L
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ARTHUR’s goal incorporation algorithm

INPUT IS A GOAL

V
GENERATE INSTANTIATED
TOP—DOWN INDEX (TDI)

V
HAVE ANY BOTTOM-UP INDICES -

(BUI’S) BEEN GENERATED
YET? > ADD GOAL AND TDI

I NO TO REPRESENTATION
I YES I
I V
I ALGORITHM TERMINATES
I SUCCESSFULLY
V

CAN THIS GOAL BE IN ANY
KNOWN GOAL RELATIONSHIP
WITH PREVIOUS GOAL? > SUPPLANT OLD GOAL :

NO
PERFORM SPECIFICATION
SEARCH BETWEEN TDI OF
NEW GOAL AND BUI OF
PREVIOUS ACTION

1~1

SPECIFICATION SEARCH
FORCE AN < SUCCEEDS?
INTERPRETATION NO I

I YES
GENERATE IMPROBABLE V
ASSUMPTION IN THE ALGORITHM
FORM OF A NEW TERMINATES
INFERENCE RULE SUCCESSFULLY

NEW INFERENCE RULE
BECOMES NEW INPUT TO
ARTHUR’S TOP-LEVEL
UNDERSTANDING ALGORITHM

[Figure 22]

f

t 
_ _ _  _ _ _  _ _ _ _ _

- - 
_ _ _  _ _ _ _

~ 14~~~~~

• 
• 

U I
- .— -- ,.- — — — -- - -— - — -——— - - - - -  - --- - 4



145

The subprocesses in the above algorithm are those of
generating bottom—up and top—down indices , and performing
specification search. These processes are implemented as
previously described in the event—incorporation algorithm
The only new process introduced in the above algorithm is
that of determining when two goals are in a goal
relationship with each other. The rules underlying this
process are described in Wilensky [19781. The actual
implementation in ARTHUR is done by adding a set of rules
corresponding to Wilensk y ’s, each of which check properties
of the goals involvea. Currently only four of Wilensky ’s
rules are implemented , and ARTHUR will therefore sometimes
miss an implied goal relationship. However , this is only a
side issue in this thesis , so this is not considered to be a
crucial omission from ARTHUR ’s implementation.

Recall the following example from Chapter 4:

(76] John went to the gas station. He robbed the
station.

The first statement is an action:

(PTRANS (ACTOR JOHN) (OBJECT JOHN) (TO GAS-STATION))

The bottom—up index from this action arises from the
LOCATION—INDICES attribute of the memory entry for
GAS—STATION , in addition to the preconaition index listed in
ARTHUR ’s entry under the BtJI attribute of PTRANS . The index
is the $GAS—STATION script , and the Precondition index is
D-PROX.

According to the event incorporation algorithm given
previousl y, this bottom—up index is generated , and then any
existing top—down index will be intersected with it via
specification search. In this case, the action is the first
story statement , so there is no existing top—down index in
the representation yet. Hence the algorithm specifies the
generation of a default goal. Every index has an associated
default goal inference. That of $GAS—STATION is A—POSSESS
(GAS). The instantiated index and goal are added to the
representation. The representation now is as follows:

U 

- 
- - -

4
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TRIPLE :
GOAL: (A—POSSESS

(ACTOR JOHN) (OBJECT GAS))
EVENT : (PTRANS

(ACTOR JOHN) (OBJECT JOHN) (TO GAS—STt~”ION))
INDEX: (($GAS—STATION

(ACTOR JOHN)))
STATUS : ACTIVE

The second story statement is another action , with a
constrained bottom—up index. As described in Chapter 3,
certain English words imply not just a Conceptual Dependency
action , but also the plan that the action is part of. For
example , “demand” is an MTRANS as part of a THREATEN plan.
Similarly, “rob” is an ATRANS as part of either a THREATEN ,
OVERPOWER or STEAL plan . The representation of these words
in a sentence reflects this specified plan , as follows :

(ATRANS (ACTOR JOHN) (OBJECT MONEY) (FROM GAS-STATION )
(BUl (THREATEN OVERPOWER STEAL)))

ARTHUR generates the bottom—up index from this action
by instantiating the indices in the “BUI” role specif ied in
the action. Then ARTHUR performs specification search
between the top—down index from the previously inferred
A—POSSESS (GAS) goal , and the bottom—up index from this
action. The top—down index from A—POSSESS (GAS) currently
consists of the single index $GAS—STATION , since that is
what ARTHUR inferred as John ’s plan to satisfy that goal.
(This is a constrained top—down index , as described in
Chapters 2 and 4.)

The specification search fails to yield an explanation
index in this example: there is no intersection set between
these top—down and bottom—up indices. According to the
even t incorpora tion algori thm , ARTHUR generates a new
default goal inference from the bottom—up index of the
ATRANS action. The default index is always the first one in
the list , which in this case is THREATEN , and the default
goal is A—POSSESS (MONEY). This new goal is then processed
according to the goal incorpo.ation algorithm . The
explanation—graph representation at this point is as
fol lows :

_
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TRIPLE :
GOAL: (A—POSSESS

(ACTOr. JOHN) (OBJECT GAS))
EVENT : (PTRANS

(ACTOR JOHN) (OBJECT JOHN) (TO GAS-STATION))
INDEX: (($GAS-STATION

(ACTOR JOHN)))
STATUS : ACTIVE

TRIPLE :
GOAL : (A—POSSESS

(ACTOR JOHN) (OBJECT MONEY))
EVENT : (ATRANS

(ACTOR JOHN) (OBJECT MONEY) (FROM GAS-STATION)
(BUI (THREATEN OVERPOWER STEAL)))

INDEX: ((THREATEN
(ACTOR JOHN) (VICTIM GAS-STATION) (OBJECT MONEY)))

STATUS : ACTIVE

U 

This is a disconnected explanation , as described in Chapter
4. ARTHUR attempts to connect the explanation , according to
the goal incorporation algorithm above.

First , the goal is checked against the previous
A—POSSESS (GAS) goal to see if any goal relationship could
exist. None is found by any of Wilensky ’s [1978] rules.
Next ARTHUR supplant.s the initial goal by the new one. This
involves perfo rming specification search between the
top—down index from the new A—POSSESS (MONEY) goal and the
unconstrained bottom—up index from the PTRANS action. The
bottom—up index from the PTRANS was “constrained ” to include
only the $GAS—S’~ATION in dex , at the time that ARTHUR
inferred that tnat index was John ’s plan for the PTRANS
ac tion. Uncons tr a in in g the index is implemen ted by
re— generating the bottom—up index from the action. Recall
that the unconstrained index from the PTRANS action
consisted of the $GAS—STATION script index and the D—PROX
precondition index.,

Recall tha t we said tha t precond ition ind ices were
generated separately f rom “pure ” plan and script indices , in
the PC—BUI variable. This is because ARTHUR first checks
all “pure ” ind ices via spec i f i ca tion search before  checkin g
precondition indices. This is because precondition indices
will match top—down inaices much more flexibly than other
indices. A precondition index will match any top—down plan
index whic h ei ther has tha t precon dit ion index as one of its
STEP attributes , or any top—down plan index which can
include the roles of the precond ition as one of the roles in
the plan. This “flexible ” ma tchin g is descri bed in Chapters
2 and 4.

- ~~
- --
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In the c u r r e n t example , the $GAS—STATION bottom—up
script index fails to match the THREATEN top—down index .
Th e specif ication search al gori thm then checks the
precondition indices to see if they might match. The
precon d ition in dex ma tch ing proce ss wi th in the specifica tion
search al gori thm is as follows :

Precon d i t ion ma tchin g algor i thm

IF a BU precondition is a member of the set of
plans contained in the STEPS attribute of a
particular top—down index ,

OR ever y ro l e f i lle r  in the SO precon d ition appears
in the top—down index ,

OR every role fi l ler in the BU precon d ition
satisfies the feature constraints of a null
role in the top—down index ,

THEN the BU precondition matches the top—down
index.

In the cur ren t exam ple , the bottom—up precondition
index and the top—down index are as follows:

(DPROX (ACTOR JOHN) (LOC GAS-STATION))

(THREATEN (ACTOR JOHN) (VICTIM GAS-STATION) (OBJECT MONEY))

By the precondition matching algorithm given above , the
DPROX will match the THREATEN , since both of the rolefillers
in the DPROX index appear in the THREATEN index. Hence the
DPROX can be inferred to be a precondition for John ’s
THREATEN plan .

Spec ifica tion search succeeds , resulting in the PTRANS
action being re—explained in terms of the new A—POSSESS
(MONEY) goal. ARTHUR then marks the initial A—POSSESS (GAS)
goal as havin g been supplan ted , and adds the PTRANS action
to the new goal’s tr iple , resul ting in the fol lowing
explanation graph :

1;~ __________ 
-~~

- -
~~-;;, - - 

- - -

- 
- ~~ -

— ~ .~:- - 
~~~~~~~~~~~~~ 
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TRIPLE :
GOAL: (A—POSSESS

(ACTOR JOHN) (OBJECT GAS))
EVENT: (PTRANS

(ACTOR JOHN) (OBJECT JOHN) (TO GAS-STATION))
INDEX: (($GAS—STATION

(ACTOR JOHN)))
STATUS : SUPPLANTED

TRIPLE :
GOAL: (A—POSSESS

(ACTOR JOHN) (OBJECT MONEY) )
EVENT : (ATRANS

(ACTOR JOHN) (OBJECT MONEY) (FROM GAS-STATION)
(BUI (THREATEN OVERPOWER STEAL)))

INDEX: ((THREATEN
(ACTOR JOHN) (VICTIM GAS-STATION ) (OBJECT MONEY)))

STATUS : ACTIVE
EVENT : (PTRANS

(ACTOR JOHN) (OBJECT JOHN) (TO GAS—STATION))
INDEX: ((DPROX

(ACTOR JOHN) (LOC GAS—STATION)))
STATUS : ACTIVE

This corresponds to the pictorial explanation graph given in
Figure 56 in Chapter 4.

6.5 Forcing an interpretation

According to the goal incorporation algorithm depicted
in Figure 22, when supplanting an inference fails to yield a
connected explanation , ARTHUR generates an improbable
assumption which contains a set of new inference rules which
can connec t a previously unconnected goal—action pair.
Chapter 5 presented rules for accomplishing this. Those
rules outline a method of choosing the default top—down
inference from the goal and adding this inference to the
rolefillers of the action , via the process of bottom—up
index augmentation. Once a new inference rule has been
gen era ted in this  way , and added to memory by index
augmentation , then ARTHUR’s normal inference generation
mechan isms wi ll resul t in the use of the in fo rma t ion in the
new ru le  in genera ting any f u ture  inferences  wh ich re fe r  to
the augmented memory entries.

U 

As specified in Chapter 5, index augmentation is
per forme d by inser ting the new in dex at the f ron t of the
appropriate property under the specified memory element.

U 
For example , consider the follow ing statemen t, whic h
contains a story—supplied inference rule: 

——— — . _______________________________________________________________ — — — ~ —~ 
~~~ 

4._
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[77] If you push the button on this death ray , and
then someone walks close to it , then they
will die.

This story specifies a three—step plan for achieving a goal
of someone ’s HEALTH state becoming (—10). The three steps
in the plan are:

I — the planner pushes the button on the death ray
2 — the victim walks to the proximity of the ray
3 — the victim ’s health state changes negatively

These three steps are represented by the following
three indices:

(PHIS—CONTACT (OBJECT BUTTON))
(DPROX (OBJECT VICTIM) (TO DEATH-RAY))
(CHANGE-HEALTH (VAL NEG) (OBJECT VICTIM))

ARTHUR ’s processing of this statement will result in the
STEPS attribute of each of these three indices being
augmented by the addition of each of the other two steps.
For example , the STEPS attribute of the CHANGE—HEALTH index
will now be as follows:

CHANGE—HEALTH

STEPS :

[ (STEP
(PH YS—CONTACT

(ROLES
(PLANNER . PLANNER)
(OBJECT (QUOTE B U T T O N ) ) ) ) )

(STEP
(DPROX
(ROLES
(PLANNER . PLANNER)
(OBJECT . OBJECT)
(LOC (QUOTE WEAPON)))))]

This represents the fact that the two indices PHYS—CONTACT
and DPROX wi l l  hencefor th be recognize d as bein g poten tial
preconditions for the CHANGE—HEALTH index. Similarly, the
other two ind ices each have their  respective coun terpar ts
added to their STEPS attributes:

- ~~~

——

~~~~~~

-- - - - —- 4 ~~~~
— -

~~~~~~~~~~~~~
- -

U - - ~~~~~~~~~~~~~~~~~~~~~~~~ - -~~~~~ -- -~~~~~~~~ 
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DPROX

STEPS~

U [(PLAN
(CHANGE—HEALTH
(ROLES
(VAL (QUOTE —10))
(PLANNER . PLANNER)
(OBJECT . OBJECT))))

(STEP
(PHYS-CONTACT
(ROLES
(PLANNER . PLANNER)
(OBJECT (QUOTE BUTTON)))))]

PHYS—CONTACT

STEPS :

[(PLAN
(CHANGE—HEALTH
(ROLES
(VAL (QUOTE —10))
(PLANNER . PLANNER)
(OBJECT - ?IRl))))

(STEP
(DPROX

(ROLES
(PLANNER . PLANNER)
(OBJECT . ?IR1)
(LOC (QUOTE WEAPON)))))]

Note that the attribute list specifies either PLAN or
STEP for every entry in the list. This represents the
difference between the final step in a plan , and the
preconditions that must have occurred before that final
step. In this example , the CHANGE—HEALTH is specified as a
plan which has two preconditions: PHYS—CONTACT and DPROX.
F rom now on , whenever ARTHUR generates either of these
la tter two in d ices , it wil l  in fe r  tha t that index may be a
precondition for a CHANGE—HEALTH plan . Hence , in adaition ,
the de f au l t goal in fe rence  f rom ei ther of these two ind ices
is the default goal inference from the CHANGE—HEALTH plan ,
namely that of a HEALTH state of (—10).

Following is a flowchart of ARTHUR ’s al gori thm for
incorporating a new inference rule into its memory:

‘
I 

_  _  _
_______- -  

- ~~~~~~~~~~~~~~ 
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ARTHUR ’s in fe rence  ru le  incorpora tion al gori thm

INPUT IS AN INFERENCE RULE

V
DETERMINE INFERENC E CATEGORY
OF THE NEW RULE

V

AUGMENT OR CONSTRAIN THE
APPROPRIATE MEMORY ENTRIES

V
ALGORITHM TERMINATES
SUCCESSFULLY

[Figure 231
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6.6 Input and output

ARTHUR ’s understanding ability depends in part on its
ability to read input stories and input questions , and to
arrive at and generate output answers to the questions.
Mos t of the al gori thms g iven in this thesis for  ARTHUR’ s
un ders tan di ng processes take input and ou tput in the form of
Conceptual Dependency representations. This section will
briefl y ex amine the three processes of ques tion answer i n g ,
parsing , an d genera tion , as they are implemented in ARTHUR.

6.6.1 Question answering

ARTHUR can answer questions about stories it has read
and understood . The question—answering process implemented
in ARTHUR is not intended as a full—scale theory of
question—answering . The program borrows from rules
suggested by Lehnert [1975], in or der to provide ARTHUR wi th
a minimal ability to demonstrate its understanding . ARTHUR
only recognizes questions about the goals and plans
underlyin g characters ’ actions.

S-~RTHUR goes into a special “ques t ion answe r in g mode ”
after it has processed a story. (A switch can be set to
ma ke ARTH UR go in to ques t ion mode af ter every sen tence of a
story). The format of questions is identical to the format
of regular story statements. When in question mode , ARTHUR
in terpre ts an even t statemen t as a ques t ion abou t the goals
underly ing that event. For example , con sider the fol lowin g
actual input and output from ARTHUR :

INPUT STORY: -

JOHN WENT TO THE GAS STATION . HE ROBBED THE STATION.

INPUT QUESTION :
WHY DID JOHN GO TO THE GAS STATION?

OUTPUT ANSWER
AT FIRST I THOUGHT IT WAS BECAUSE HE WANTED TO GET SOME

GASOLINE , BUT ACTUALLY IT’S BECAUSE HE WANTED TO GO THERE
TO STEAL MONEY.

The Engl ish genera tion a lgor i thm wi l l  be d iscussed in the
nex t section. For now consider the following CD versions of
the above input and output :

- — -‘- -~~~
-- — - - -- - - _____  _ _ _ _ _ _ _ _ _ _ _ _ _ _---
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INPUT STORY:
((PTRANS (ACTOR JOHN) (OBJECT JOHN ) (TO GAS—STATION))
(ATRANS (ACTOR JOHN) (OBJECT MONEY) (TO JOHN) (FROM GAS-STATION )

(BUI (THREATEN OVERPOWER STEAL))))

INPUT QUESTION .
(PTRANS (ACTOR JOHN) (OBJECT JOHN) (TO GAS-STATION))

OUTPUT ANSWER:
(((A—POSSESS (ACTOR JOHN) (OBJECT GASOLINE))

($GAS-STATION (ACTOR JOHN)))
((A—POSSESS (ACTOR JOHN ) (OBJECT MONEY))
(DELTA—PROX (ACTOR JOHN) (TO GAS—STATION))))

The “output answer ” consists of a l ist of all the goals and
in d ices that served as the PTRANS ac t ion ’s explana t ion ,
during the course of understanding the story. This list is
an ordered “trace ” or “history ” of the explana t ions for  this
ac t ion , beg inn in g wi th any supplan ted explana tions an d
ending up with the final explanation. This can be seen from
the final explanation graph for the story, as shown
p rev ious ly :

U TRIPLE :
GOAL : (A—POSSESS

(ACTOR JOHN) (OBJECT GAS))
* EVENT~ (PTRANS

(ACTOR JOHN ) (OBJECT JOHN) (TO GAS-STATION))
INDEX: (($GAS-STATION

(ACTOR JOHN)))
STATUS : SUPPLANTED

TRIPLE :
GOAL : (A-POSSESS

(ACTOR JOHN) (OBJECT MONEY))
EVENT : (ATRANS

(ACTOR JOHN) (OBJECT MONEY) (FROM GAS-STATION )
(BUI (THREATEN OVERPOWER STEAL)))

INDEX: ((THREATEN
(ACTOR JOHN) (VICTIM GAS—STATION) (OBJECT MONEY)))

STATUS : ACTIVE

* EVENT~ (PTRANS
(ACTOR JOHN) (OBJECT JOHN) (TO GAS—STATION))

INDEX: ((DPROX
(ACTOR JOHN) (LOC GAS—STATION)))

STATUS: ACTIVE

From this  graph , it can be seen that the PTRANS action
appears twice , in i tally in a supplan ted t r ip le  and f i n a l l y  

U
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in an active triple. The above answe r means that ARTHUR
first explained the PTRANS action as being part of a
GAS—STATION script in service of a goal of getting gas , but
then supplanted that inference in favor of the inference
that the action was actually part of a DPROX precondition to
a THREATEN plan in service of a goal of getting money.

The question answering algorithm essentially consists
of searching through the final explanation graph for each
goal triple in which the event appears. The algorithm keeps
a list of the goal and index in each such triple , and the
resulting list comprises the answer to the question.

6.6.2 Parsing

ARTHUR ’s understanding algorithms are largely language
independent , in that they will in theory work on any U
canonical meaning representation of any natural language
inputs. All input and output from ARTHUR is in the form of U
Conceptual Dependency representations of actions and goals.
Many of the stories that ARTHUR understands were given as
English input to a parser called CA (Conceptual Analyzer)
written by Larry Birnbaum and described in Birnbaum and
Seifridge [1979].

CA was able to output Conceptual Dependency
representations for most of the events and goals that ARTHUR
recognizes. Inference rule input such as “John only eats
macrobiotic ” were not successfully parsed by CA. Statements
containing constrained bottom—up in dices such as “John
robbed the gas station” can be handled by CA , but the output
is not identical to that recognized by ARTHUR . We assert
that the output is isomorphic , although not identical: I
was able to wr i te a “ tran sforma tion ” program which took all
of CA’s output and put it into ARTHUR—readable form.

6.6.3 Generation

ARTHUR ’s generation algortithm is phrase—oriented , and
is dependent on features of whatever larger context contains
the representation being generated . ARTHUR ’s generator is
essential ly a “micro ” version of the one wh ich is
responsible for the English output in all of the examples in
Wilerisky [1978]. As mentioned by Wilensky [1978], I
desi gned and wro te the f i r s t version of tha t genera tor , and
Rod McGu i r e  is responsi ble for  enormously ex tend ing and
generalizing my initial attempt.

Every Conceptual Dependency memory element that can be
generated contains a set of rules which test its own
surroun ding context and certain features of whatever has

- - - -- - - -— - - - -
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been previously generated. Based on this information , an
English phrase is generated. Currently, such phrases can be
anywhere from zero to six woras in length. (A phrase of
length zero occur s when a ru le specifies tha t no thin g is to
be generated corresponding to the current element.)

Consider the following CD as input to the generator:

(S—HUNGER (ACTOR JOHN))

The generator first looks up the attributes of the first
element of the CD, which in this case is the goal S—HUNGER.
S—HUNGER has the following attributes:

S—HUNGER

GEN—SLOTS: ‘ (ACTOR GOAL)
PHRASE- ‘(“WAS HUNGRY”)
INFIN: ‘(“HUNGRY ”)

The first of these three attributes specifies the slots
of the CD that are to be generated : in this case , the ACTOR
and GOAL slots. (The “GOAL” slot denotes the first element
in the CD, the CAR . Similarly , we will see that the “ACT”
slot denotes the same element in an event CD, as opposea to
a goal CD like the current example.)

These two GEN—GOAL slots are now considered , one at a
time . The ACTOR slot filler is “JOHN” . The relevant
attributes under “JOHN” are as follows :

JOHN

PHRASE: (“JOHN”)
TYPE : (HUMAN)
GENDER: (MALE)

The generato r uses the “PHRASE” attribute to generate the
first occurrance of JOHN. Based on the GENDER (MALE)
attribute, the second occurrance of JOHN may be generated
usin g tne pronoun “HE” , depending on two other tests: (1)
how recently John has been mentionea and (2) whether or not
any other male humans have been mentioned . The generator at
this poin t ou tputs the Engl ish wor d “JOHN” .

I 
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The second GEN—SLOT specifies the “GOAL” slot , which is
the goal S — H U N G E R .  We j u s t  saw t h a t  the PHRASE attribute of
S—HUNGER is the phrase “WAS HUNGRY ” . The generator simply
generates this phrase , and then is finished . The entire
sentence generated was “JOHN WAS HUNGRY ” .

The above was a very simple example , designed to show
the basic processing . Complications set in when the context
alters the meaning of a simple CD , and the generator must
take this into account. For example , consider the
following :

(ATRANS (ACTOR JOHN)
(OBJECT MONEY)
(TO MARY )
(FROM JOHN))

This ATRANS action is generated in a manner similar to the
S—HUNGER goal in the previous example. However , ATRANS can
be generated as the English words “GOT” or “GAVE ” depending
on whether the ACTOR and TO slots contain the same
slotfiller. Similarly, if ACTOR and TO are the same , then
the FROM slot should be generated (“John got a book from the
library ”), but if those two slots differ , then the TO slot
shoula be mentioned (“John gave a book to charity ”). Hence ,
both the PHRASE and the GEN—SLOTS attributes of ATRANS
contain rules for specifying the phrase and slots to
generate , as follows:

AT RANS

GEN-SLOTS : (COND ((EQUAL (ACTOR—SLOT *CD*)
(TO-SLOT *CD*))

‘ (ACTOR ACT OBJECT FROM)) U

(T
(ACTOR ACT OBJECT TO)))

PHRASE: (COND ((EQUAL (ACTOR-SLOT *CD*)
(TO-SLOT *CD*))

‘ ( “ G O T ” ) )
(T
‘(“GAVE ”)))

In the current example , the ACTOR and TO slots are not the
same : one contains JOHN and the other contains MARY.
Hence , the slots to be generated are ACTOR , ACT, OBJECT and
TO. The filler of the ACTOR slot causes “JOHN” to be
generated . the ATRANS filler of the ACT slot causes “GAVE ”
to be generated (again , since the ACTOR and TO slots are
different). The filler of the OBJECT slot causes the phrase
“SOME MONEY” to be generated . The TQ slot itselt cau~~ s t~e U

word “TO” to be generated , and its tiller generates MARY .
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Hence the entire sentence is “JOHN GAVE SOME MONEY TO MARY ” .

Now consider the following slightly different ATRANS :

(ATRANS (ACTOR JOHN )
(OBJECT MONEY)
(TO JOHN)
(FROM MARY )
(BUI (THREATEN OVERPOWER STEAL)))

This CD contains a BUI slot , which specifies the bottom—up
index from this action , as described in Chapters 3 and 4.
This particular bottom—up index specifies that John ’s ATRANS
was part of either a THREATEN , OVERPOWER or STEAL plan .
This information requires the generator to use a different
word to specify the action. “GOT” does no t adequa tely
convey the action that John performed. Instead , the word
“ROBBED ” should be used.

Rather than specifying different phrases to use for
every possible plan context that an action can appear in ,
ARTHUR instead stores that information under the indices
themselves. Whenever an action contains a BUI slot, the
PHRASE attribute of the default entry in that slot is looked
up, instead of the PHRASE attribute under the action itself.
Hence , in this example the ATRANS phrase is not accessed ,
rather , THREATEN is used. The following shows part of the
PHRASE information specified under the THREATEN index:

THREATEN

PHRASE: (COND ((EQUAL (ACT—SLOT *CD*)
(ATRANS))

‘(“ROBBED”)))

Hence , the above ATRANS example would be generated as “JOHN
ROBBED SOME MONEY FROM MARY” .

When the generator is operating in “question answering ”
moae (see Section 6.6.1), then some additional rules come
into play. We saw that the Q/A module returns a list of
goals in cases where the explanation for an action has been
supplanted . This list constitutes a “history ” of the goals
that ARTHUR believed to be the explanations of the action.
For exam ple , recal l the following :

[78) John went to the gas station. He robbed it.

When ARTHUR reads this story, it supplants the initial
A—POSSESS (GAS) explanation by an A—POSSESS (MONEY)
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explanation. When ARTHUR is asked “Why did John go to the
gas station?” , the answe r is in the form of the two
explanation triples which correspond to these two goals.
These two explanation triples are passed to the generator ,
one at a time , and in addition , for each one , a “canned ”
phrase is genera ted , according to the following algorithm :

For the first goal in a list of supplanted goals ,
insert the phrase (“AT FIRST I THOUGHT IT WAS BECAUSE ”)

For each subsequent goal in the list , until the final goal ,
insert the phrase (“THEN I THOUGHT IT WAS BECAUSE”)

For the final goal , which is ac t ive , no t supplan ted ,
insert the phrase (“BUT ACTUALLY IT’S BECAUSE ”)

When ARTHUR generates the list of two goals A—POSSESS (GAS )
and A—POSSESS (MONEY), it generates the above canned phrases
interspe rsed between the generation of the goals themselves.

6.7 Summary

ARTHUR ’s processing of each new statement in a story
consists of incorporating that statement into the story
representation. The processing differs aepending on the
type of input read . ARTHUR recognizes three types of input:
events, goals and new inference rules. The processing of an
event consists of generating a bottom—up index , and then
pe r f o r m ing spec i f i ca tion search to connec t the even t to a
goal. When specification search fails to find a connection ,
then the initial goal may be connected to a new default goal
via a goal relationship, or the initial goal may be
supplanted by the new goal. If supplanting fails , then
ARTHUR generates an improbable assumption , embodying a new
inference rule which serves to connect the previously
unconnec ted ac tion and goa l .
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CHAPTER 7

EXTENDED EXAMPLES

7.1 Introduction

The p r e v i o u s  chap t e r s  have outlined ARTHUR’s processing
a l g o r i t h m s , t y p i c a l l y  using very short two— or
three—sentence illustrative examples. This chapter outlines
some of the issues involved in ARTHUR ’s processing of some
stories that are cons ide rab ly  longer and more realistic than
the  b r i e f  examples so far employed. Of the three stories
examined , two are “real” stories , i.e., stories which were
not written explicitly to fit ARTHUR ’s understanding
theori es. Unáers tan d in g these stor ies none theless requires
the use of adaptive understanding techniques. We will see
that ARTHUR ’S understanding processes can account for the
processing of these stories.

The third story was constructed for the purpose of
illustrating all three of ARTHUR ’S major understanding
processes in a single story. That story, entitled “A Weapon
of War ” , requires the reader to be able to specify inference
paths , supplant inferences and add new inference rules.
Some of the actual annotated output from ARTHUR’s processing
of this story is presented , in order to demonstrate a view
of ARTHUR ’s operation as an integrated system .

7.2 “The Count and the Wedding Guest”

Th e au thor W il l iam Sidney Por ter was well  known for
w r i t ing stories  wi th surp r ise end ing s , under the pseudonym
of 0. Henry. Saying that a story has a surprise ending
implies that statements at the end of the story will cause a
reader of the story to change one or more of the inferences
he has already made while understanding the story. That is ,
a story wi th a su rp r i se  en d ing is in ten t ional ly  m islea d ing:
it contradicts its own initial implications. A story of 0.
Henry ’s entitled “The Count and the Wedding Guest” is just
such a story. The story is too long to be given in its
entirety here , bu t the fo l lowing is a br i e f  synops is of the— 160 —
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plo t :

A man named Andy Donovan meets a woman named
Maggie  Conway .  Maggie  wear s  a b lack  m o u r n i n g
costume , and tells Andy that she mourns the
death of her fiance , the Count Mazzini. She
shows And y a picture of the Count , which she
carries in a locket. Andy woos her , and they
soon become engaged . Then one night Maggie
notices that Andy is upset. When she
questions him , he expla ins tha t he knows an
important politico named Big Mike Sullivan
who he ’a very much l i ke  to inv ite to their
wedding . He tells Maggie that there ’s a
reason why he can ’t invite Big Mike to their
wedding , but that he can ’t tell her the
reason.

Maggie then suddenly confesses that she has a
secret to tell him , at the risk of incurring
his anger: there is no Count Mazzini ; she
made him up. She was never engaged to
anyone , and she invented the whole thing -
because she had observed that men seemed to
prefer ladies who had alread y had some
pr eviou s ser ious  r ela tions hip wi th ano ther
man. At this revelation , Andy immediately
cheers up, and assures Maggie that he isn ’t
angry ,  and that she ’s made everything
alright. She asks him if he was fooled by
her story. No , he replies , because the
picture in her locket is a picture of Big
Mike Sullivan.

There are a number of difficult issues that arise in
understanding this story. We will concentrate first of all
on the problem of understand ing the surprise ending in the
story. There are actually three surprises at the end of the
story, i.e., three facts which contradict previous
implications in the story. They are as follows:

(1) Maggie lied about having been engaged to the
Count Mazzini ,

(2) Andy recognizeo the picture in Maggie ’s
locket ,

(3) Andy knew Maggie had lied .

Un ders tan d ing the story r equ i r e s  recogn iz ing eac h of these
t 

three facts. The first of these is an example of a story
character having been intentionally misleading . Hence
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understanding (1) requires the reader to have knowledge
about the truth or falsehood of explicit statements made by
a story character.

In this case recognizing that Maggie had lied is not
difficult , because she explicitly admits it. This means
that our initial inference of her goal in wearing black and
acting mournful must have been erroneous. Since there was
no Count Mazzini , mourning for him could not be the
ex plana tion f o r  Mag9i e’s actions. Yet we initially believed
that that was the explanation. Hence , understanding the
story requires that this initial inference be supplanted by
a new explanation , namely that Maggie wanted Andy to think
that she had been engaged . If a reader were asked:

Ql) Why did Maggie wear a black mourning costume?

an appro pr iate answer woul d be:

Al) At first I thought it was because she was in
mourning for the Coun t M a z z i n i , but actually
it’s because she wanted to make Andy believe
that she had been engaged to another man.

This answer reflects the fact that the reader supplanted an
ini tial e r ron eous in fe r ence w ith a correc ted in fer ence.

Chapter 4 presented a process by which an understander
could recognize an erroneous inference and supplant it with
a correc ted inference. The rules presented in that chapter
can be applied to the understanding of this story.
Following is a brief outline of the steps involved in
understanding the surprise ending in this story, and the
relationship of these steps to the applicable rules for
supplanting inferences presented in Chapter 4.

Step 1: (Rule 30: Specification failure)

Maggie ’s admission fails  to be ex plained by her previous ly
inferred goal of wanting to mourn her dead fiance.

Step 2: (Rule 33: Disconnected explanations)

:wr separate goals have been stated for Maggie, which are
U
~~~t related by any known goal relationship . U

it~~p 3: (Rule 35: Unaoing a goal inference)

‘~~. • . r l : c - r  of the two goal explanations is assumea to have
- - ‘ ~~~~~f r ,~~U :  erroneously.

- - Pui~ 17: Suppl an ti ng a goal in fe rence ) U
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The action of wearing black , which had prev iousl y been
explained as being in service of Maggie ’s goal of mourning
her f iance, is now re—explained as being in service of her
goal of making Andy believe that she had once been engaged.

Similarly, tne other two surpr ises con tained in the
endi ng of this story may be viewe d in terms of the proc ess
of supplanting an inference . Surprise (2) above was the
fact that Andy recognized the picture in Maggie ’s locket.
When this fact is stated , the reader recognizes that it
con trad icts a previous  inference  tha t Andy had believed
Maggie ’s story that it was a picture of the Count Mazzini.
Once tha t ini tial inference  has been supplan ted , then (3)
above is stated : the fact that Andy knew that Maggie had
lied . When Andy admits this the reader is forced to
supplant the previous inference - that Andy had believed
Maggie. If the reader were asked:

Ql) Did Andy believe that Maggie had a dead
fiance?

an appropriate answe r would be:

Al) At first I thought he did believe her , but
actually he d idn ’t , because he recognize d
that the picture that she showed him was of
someone he knew .

Again , th is answe r ref lects the fac t that the reader
supplan ted an ini tial er ron eous inference  with a correc ted
inference.

Unders tand ing the surpr ising turn  of even ts in “The
Count and the Wedding Guest” requires  the reader to have
made some tentative inf erences abou t the story charac ters ’
beliefs and in tentions , an d then to have supplan ted those
inferences on the basis of the fac ts revealed at the end of
the story . The rules for supplanting inferences given in
Chapter 4 are applica ble to the process of supplan ting the
inferences in this story.

— —
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7.3 “The War of the Ghosts”

“The War of the Ghosts” is an Es k imo fo lk  tale whi ch
has been frequently referenced in the psychological
literature, first by Frederic Bartlett [19321 in his early
work on human memory. The story is as follows :

One ni gh t two youn g men from Egulac wen t
down to the r iv er to hun t seal s, an d while
they were there it became foggy and calm.
Then they heard war—cries , and they thought:
“Maybe this is a war—party ” . They escaped to
the shore , and hid behind a log. Now canoes
came up, an d they hear d the noise of padd les ,
and saw one canoe coming up to them . There
were f i ve  men in the canoe , and they said:

“What do you think? We wish to take you
along. We are going up the river to make war
on the people ” .

One of the youn g men said: “I have no
arrows ” .

“Arrows are in the canoe” , they said .

“I will not go along. I might be
killed . My relatives do not know where I
have gone . But you ” , he said , turn ing  to the
other , “may go with them .”

So one of the youn g men wen t, but the
other returned home.

And the warriors went on up the river to
a town on the other side of Kalama . The
people came down to the water , and they began
to fight , and many were killed . But
presently the young man heard one of the
war r io r s  say : “Quick , let us go home: that
Indian has been hit” . Now he thought: “Oh ,
they are ghosts ”. He did not feel sick , but
they said he had been shot.

So the canoes wen t back to Egulac , and
the young man went ashore to his house, and
made a fire. And he told everybody and said:
“Behold I accompanied the ghosts, and we went
to fight. Many of our fellows were killed ,
and many of those who attacked us were
killed. They said I was hit , and I d id not
feel sick” .

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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He told it all , and then he became
q u i e t .  When the sun rose he f e l l  down .
Something black came out of his mouth. His
f ace  became contor ted . The people j umped up
and c r i ed .

He was dead .

There are many difficult problems involved in
u n d e r s t a n d ing t h i s  s t o ry .  We w i l l  not at tempt to give an
overview of the processing of the whole story, since it is
beyond the scope of this thesis to do so. We will
concentrate on one specific event in the story, and attempt
to account  f o r  the u n d e r s t a n d i n g  of tha t  event .

One of the most s t r i k i n g  events  in t h i s  s tory  is tha t
of “ something b l a c k ”  coming out of the warrior ’s mouth just
b e f o r e  he d ies .  It seems n a t u r a l  to associate the event of
the  black e x p u l s i o n  w i t h  the w a r r i o r ’s dea th .  However , tha t
event  is one wh ich  was su re l y unknown to the reader before
read ing t h i s  s t o r y .  Hence , the reader could not have had
any previous knowledge of what inferences to make from such
an event. The problem is , how can the reader recognize any
connection between this event and the warrior ’s death?

The process of forcing an interpretation is a method of
adding new facts about the world to memory so as to allow
previousl y unknown inferences to be generated . In this
exam ple , the event of a person expelling something black
from his mouth is stated next to the event of that person
dying . We hypothesize that the expulsion is a novel event
to the reader. Hence , initially , the reader will be unable
to find any known connection between the two events. Since
no default explanation could have been made from the “expel”
event , there is no erroneous inference to supplant. Hence,
the reader will attempt to force an interpretation from the
stated “aea th ” state—change explanation onto the as yet
unexplained expel event.

Rule 52 from Chapter 5 says that when forcing an
interpretation , the default top—down index from the
explanation is assumed to be a bottom—up index from the
action. The default top—down index from the “death”
explanation is the CHANGE—HEALTH (NEG) index. Hence , in
this case , the CHANGE—HEALTH index is now assumed to be the
bottom—up index from the “expel” event. This means that the
understanoer adds CHANGE—HEALTH as a new bottom—up index to
the ac t ion of EX PELl ing a black object f r o m  one ’s mou th.
Th is new i n f e r e n ce can be statea in the form of the
follow ing ru le:
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If a character EXPELs something black from
his  mouth ,

Then i n f e r  tha t  t ha t  cha rac t e r  may become
d ead (HEALTH VAL ( — 1 0 ) ) .

Our theory  p red ic t s  t h a t  the  reader  w i l l  add th i s  new
i n f e r e n c e  r u l e  to h is  memory .  Hence , we also p red i c t  tha t
if a reader were asked:

Q1) What would happen if something black came out
of ano ther w a r r i o r ’s mouth?

then the reader  would  answer :

Al)  Then tha t  w a r r i o r  would probably die  too.

unders tand ing  this s tory requ i res  the reader  to account
fo r  th is  anomolous “ expel” event somehow . Our theory  says
tha t  this  exp lana t ion  wi l l  be e f f ec t ed  by the  process of
forc ing an in ter pre tat ion , which will result in the
cons truc tion o f the new in fe rence  ru le  g iven above ,
according to the process described in Chapter 5. This canr account for the fact that readers associate the event with
the warrior ’s death . It furthermore predicts that from that
poin t on , (within the context of this story) , the reader
wi l l  continue to in fe r  that th is ex pel even t lea ds to dea th ,
un til tha t in ference is con tra d ic ted by some other
information in the story.

7.4 “A Weapon of War ” : A Detailed Example

Consider the fo l lowing sto ry :

[79] “A Weapon of War ”

The war between the Empire  an d the Rebel army
had been raging for nearly a year. The
Empire ’s evil Kin g Raoul or dered Er ic  the
inventor to come up with a new weapon . Eric
presented Raoul with a newly developed
weapon. Er ic said : “If the button on the
weapon is touc hed , an d a pe r son approaches -

the wea pon , then that person will die.” Eric -

then bowed low and left the room . Raoul sat
and smiled for many minutes . Then he pressed
the button on the weapon , and he spo ke into
his intercom . “Send in my wife ,” he said .
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This story is intentionally misleading . It contains a
sur prise ending : Raoul intends to use the weapon to kill
h is w i f e , not to kill Rebel soldiers. Understanding the
story involves our changing our minds about Raoul’s goal in
two of his previous actions: first , acquiring the war
weapon , and second , pushing the button to activate the
weapon. ARTHUR implements this process by supplanting an
initial “win war ” goal with a “ k i ll w i f e ” goal.

Fur thermore , the story describes a new object , with
cer tain  spec i f ied proper ties : a we apon , which requires a
button ’s depression and a vic t im ’s approach , as steps in a
plan to decrease the victim ’s health to the level of death .
Understanding the story requires recognizing that Raoul’s
actions of pushing the button and ordering his wife in are
both part of the use of the new device. ARTHUR incorporates
this new information about the weapon in the form of a new
inference rule. The inference rule is added to ARTHUR ’s
memory , aria then is used to give rise to new and crucial
inferences from what would otherwise be irrelevant actions.

ARTHUR has successful ly understood this story, input
directly in CD. The English in this story cannot be parsed
by ARTHUR . The rest of this section presents a brief
sentence—by—sentence analysis of ARTHUR ’s process ing of this
story, pointing out some of the issues and difficulties that
ar ise in the process.

[1] The war between the Empire and the Rebel army
had been raging for nearly a year.

This sentence contains a statement of two goals: an
ACHIEVE—WIN of a war , by both the Empire and the Rebels.
The word “war ” conveys the information that the two goals
are in a state of goal competition with each other.

[2] The Empire ’s evi l K ing Raou l or dered E r i c  the
inventor to come up with a new weapon.

Since a weapon has a known function of either
THREATEN i ng or OVERPOWERing someone , or causing someone ’s
health to go down , King Raoul’s or der can be interpr eted as
par t of a plan to use the new weapon to TH REATEN, OVERPOWER
or CHANGE—HEALTH (NEG) of some victim. Since Raoul is
stated to be part of the social entity “Empire ” , we can
in fe r  tha t he shares the Empire ’s ACHIEVE —W IN (WAR) goal
against the Rebels; that is, he has an identical A—WIN goal
in concord with the Emp i re ’s goal. Hence , the above three
plans can be inferred to be directed against the Rebels as
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vic t ims , in service of Raou l ’ s presumed goal of w i n n i n g tne
war.

[3] Eric presented Raoul with a newly developed
weapon.

Eric ’s ATRANS is inferred to be in compliance with
Raoul ’s previous order. This causes us to infer still
another ACHIEVE—WIN goal: Eric too wants to win the war
against the Rebels , again in concor d wi th the Emp i re ’s an d
Raoul ’s goals.

[4] Eric said: “If the button on the weapon is
touched , an d a person approac hes the weapon ,
then that person will die. ”

This is a statement of a new inference rule: Eric
identifies two actions that can now be interpreted as
previous ly unkno wn steps in a pl an to cause a person ’s
death. The steps are (1) coming into physical contact with

- the button , (2) a person ’s coming into proximity of the
weapon and (3) the person ’s death . The first two steps are
represented by the indices PHYS—CONTACT and DPROX. The new
in ference  ru le states that these two ind ices - can both be
considered to be steps in a plan to cause someone to die
(CHANGE—HEALTH (—10)). Hence , f r o m  now on the un ders tander
will recognize that these two indices can be interpreted as
being part of this plan .

[5] Eric bowea low and left the room .

Er ic ’s action can on ly be expla ined as being par t of a
social norm of behavior: having achieved the purpose of his
mee ting w ith Raoul , namely, giving him the war weapon , he is
then supposed to leave. This information is not known to
ARTHUR , hence , ARTHUR would not recognize this explanation
for the action. Rather , it would leave a loose—end
explanation for a PTRANS to an unspecified location. Thus
if ARTHUR were asked w~iy Eric left, it would answer that it
didn ’t know why. A human understander , using the
situational knowledge described above , coul d answe r that
Eric might have left because he had finished his meeting
with Raoul .
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[6] Raoul sat and smiled for many minutes.

Again , a statement that adds little to our
understand ing of the story. We can tell because this
statement can be left out , wi thout affecting the overall
meanin g of the sto r y ,  as evi denced by our answers  to
questions about the events aria intentions in the story. The
statemen t can be explaine d in terms of Raoul ’ s sa ti s fac tion
at the fulfillment of his previously stated intention to get
a new war weapon.

[7] Then he pressed the button on the weapon , and
he spoke into his intercom .

This sentence contains two statements , a PROPEL BUTTON
and an MTRANS. In the first statement , Raoul has per forme d
one of the actions which was specified as being part of a
plan of k i l l i ng someone , in sentence [4]. Hence the default
inference from this action is that Raoul intends to kill
someone with the device. We don ’t yet know who his intended
victim is.

The action of speaking into the intercom is an MTRANS
with no MOBJECT or RECIPIENT slot specified . Hence by Rule
16 in Chapter 2, ARTHUR leaves a loose—end explanation for
the action. That is, the action is not specified enough to
permit the inference of a default explanation . Hence ARTHUR
instead awaits further specification of the action.

U 

[81 “Send in my wife ,” he said .

This statement specifies the previous loose—end MTRANS.
The MOBJECT here is a statemen t of an or der for  Raoul ’s w i f e
to PTRANS herself to Raoul ’s location. The understander
mus t be able to recognize that this is also the loca tion of
the war weapon. One of the bottom—up indices from a PTRANS
is a DPROX , which has been augmented by the new inference
rule in sentence [4] to be part of a plan of killing
someone . The other step in that plan , pushin g the weapon ’s 55

s.

but ton , has alrea dy been e f f ec ted . Hence the de faul t
inference from this action is that Raoul ’s w i f e  wil l  get
killed by approaching the weapon. Since Raoul himself was
the planner of both of the steps in this plan , the defaul t
explanation is that Raoul wants to cause his wife ’s death.

- -
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Havin g i n f e r r e d this , the uncierstander then has a
d isconnected ex plana t ion : some of Raoul ’ s ac tions are
explained as being in service of a goal of winning a war
agains t the Rebels , and some are expla ine d as being in
service of this newly inferred goal of killing his wife.
The following figure contains a sketchy version of the
explanation—graph representation for the disconnected
explanation that exists at this point in the story. (Note
that Sentence [4] is not represented in this explanation
grap h , because it is a statement of a new inference rule ,
which is no t repr esentable in an explana t ion g raph .)
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According to Rules 35 and 37 in Chapter 4, the
understander will now attempt to create a connected
explanation by supplanting the initial inference with the
new one. That requires re—explaining any actions that had
been explained by the A—WIN goal , in terms of the new “ k i l l
w ife ” (HEALTH) goal . The actions re—explained here are
Raoul ’ s ini tial act ion of or der ing Er i c  to come up wi t h a
new wea pon , and hi s subsequen t smile of joy once E r i c  has
complied with his order.

We initially infer that these two actions are explained
by Raoul ’s goal of using the weapon to win the war against
the Rebels. Hoever , now we in f e r  tha t these two actions
actually should be explained in terms of Raoul ’s goal of
killing his wife with the weapon. Hence , the ques tion of
why Raoul asked for the weapon , an d why he was happy when he
got it , shou ld both now be answere d by saying that he wanted
to use the weapon to kill his wife. Once the new
ex plana tion has supplan ted the ini tial one , the ex plana tion
graph looks as in the following figure.
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Following is the input and output of a
question—answering session with ARTHUR after it has
un ders tood “Wea pon of War ” .

Input question:*WARc.4

QUESTION :
WHY DID RAOUL ORDER ERIC TO GIVE HIM A WEAPON?

ANSWER:
AT FIRST I THOUGHT IT WAS BECAUSE HE WANTED TO THREATEN THE
REBELS , BUT ACTUALLY IT’S BECAUSE HE WANTED TO USE IT TO KILL
HIS WIFE.

Input question:*WARQ2

QUESTION :
WHY DID ERIC GIVE RAOUL THE WEAPON?

ANSWER:
U BECAUSE HE WANTED TO THREATEN THE REBELS .

Input  quest ion: *WAR~ 3

QUESTION :
WHY DID ERIC LEAVE?

ANSWER:
I DON ’T KNOW .

Inpu t  ques t ion : *WARQ4

QUESTION :
WHY DID RAOtJL TELL HIS W I F E  TO COME IN?

ANSWER:
BECAUSE H E WANTED TO KILL HER WITH THE WEAPON .

j  _ _ _ _
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7 .5  Summary

This  cr iapter  has ou t l i ned  some of the issues tha t  a r i se
in tthe processing of two rea l  s tor ies , “ The Coun t an d the
Wedding  Gues t” , and “The Wa r of the Ghosts ” . The f i r s t
s t o r y  has a s u r p r i s e  ending , and hence r e q u i r e s
u n d e r s t a n d e r s  to be able to change t h e i r  minds  about t h e i r
i n i t i a l  i n f e r e n c e s , in o rder  to account  f o r  the new
i n f o r m a t i o n  presented at the  end of the s t o r y .  P rev ious
u n d e r s t a n d i n g  p rograms  would not be able to under s t and  t h i s
s t o r y ,  because they are unable  to change  t he i r  minds  about
their own inferences. The rules underly ing the process of
supplan t ing  an i n f e r e n c e  were  shown to be u s e f u l  in
understand ing this story.

“The War of the Ghosts” presents the problem of
recognizing a previously unknown connection between the
action of a person expelling something black from his mouth
and that person ’s subsequent death. That connection is
generally recognized by human readers of the story.
However , previous understanding systems would be unable to
recognize this connection , if it was not pre—specifie d in
the understander ’s memory. ARTHUR ’s ability to add facts to
its memory in the form of new inference rules allows it to
recognize this previously unknown connection , via the
process of forcing an interpretation.

“We apon of War ” is a story that was constructed for the
purpose of illustrating how ARTHUR ’s three processes of
specifying inference paths , supplanting inferences and
adding new inference rules could work together in an
integrated system . ARTHUR employs all three processes at
various times in understanding this story.
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