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ABSTRACT

-

“Problems in computational question answering assume a new
perspective when question answering is viewed as a problem in natural
language processing. A theory of question answering has been proposed
—from this viewpoint’ s which relies on ideas in conceptual information
processing and theories of human memory organization. This theory of :
question answering has been implemented in a computer program, QUALM, evrvvent by h?v;
<~QUALM is curreantly used by two story understanding systems ((SAM and - ’
PAM)® to complete a natural language processing system which reads

stories and answers questions about what was read. , ey
r = e s SR S R T 1

> The processes in QUALM are divided into four phases: (1)

Conceptual Categorization, (2) Inferential Analysis, (3) Content
Specification, . apd (4) Retrieval Reuristics. c§Conceptual
/Cétegorization“}\éuides subsequent processing by dictating which
specific inference mechanisms,/ and memory retrieval strategies should (2‘)"
be i“Vngi, in the course of answering a question; (Inferential “ 7 "
/Ahalysféj's responsible for understanding what the questioner really

meant when -a question should not be taken literally, [ Content
Bbeciftcatioﬁ“aéﬁermines how much of an answer should be  returned in

terms of detail and elaborationssf'ﬁétfieval Heuristics, do the actual
digging 4n orde® to extract an answer from memory.;, All of the
inference processes within these four phases are ‘independent of
language, operating within conceptual representations.

| —

QUAIM represents a theory of question answering which is
motivated by theories of natural language processing. Within the
context of story understanding, QUALM has provided a concrete
criterion for  judging the strengths and weaknesses of story
representations generated by SAM and PAM. If a system understands a
story, it should be able to answer questions about that story in the
same way that people do. Although the computer implementation of
QUALM is currently limited to the application of answering questions
about stories, the theoretical model goes beyond this particular
context. As a theoretical model QUALM is intended to describe general
question answering, where question answering in its most general form
is viewed as a verbal communication device between people.
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PREFACE

When a person understands a story, he can demonstrate his
understanding by answering questions-about the story. Since questions
can be devised to query any aspect of text comprehension, the ability
to answer questions is the strongest possible demonstration of
understanding. Question answering is therefore a task criterion for
evaluating reading skills.

If a computer is said to understand a story, we must demand of
the computer the same demonstrations of understanding that we require
of people. Until such demands are met, we have no way of evaluating
text understanding programs. Any computer programmer can write a
program which inputs text. If the programmer assures us that his
program ‘understands’ text, it is a bit like being reassured by a used
car salesman about a suspiciously low speedometer reading. Only when
we can ask a program to answer questions about what it reads will we
be able to begin to assess that program’s comprehension.
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CHAPTER 1

PROBLEMS, PREVIEWS AND PROGRAMS

1.0 Introduction

Question answering is a process. If we wish to program a
computer to answer questions, we need some sense of what that process
looks like. Human question answering is more than lexical
manipulation; the cognitive mechanisms wused in question answering
operate on concepts underlying language. The processes of question
answering must therefore be characterized as manipulations of
conceptual information. This thesis presents a process model of
question answering as a theory of conceptual information processing.

The difficulties involved in natural language question answering
(Q/A) are not obvious. People are largely unconscious of the
cognitive processes 1nvolved in answering a question, and are
consequently insensitive to the complexities of answering questions.
It is therefore necessary to become acquainted with the variety and
scope of the difficulties involved; the problems intrinsic to
question answering must be made visible. There is no way to
consciously monitor how questions are understood, how memory is
searched for an answer, or how that answer is expressed in language.
A question is heard and an answer surfaces. It is very hard to
appreciate the complexity of a process which is effortless and
unconscious. But if we examine some examples of questions and
answers, we can begin to realize how much is involved in the
fundamental and “simple’ human ability to answer guestions.

1.1 What’s Hard About Answering Questions

Before anyone can answer a question they must understand what the
question says. The processes which understand questions operate on
various levels. To see how many kinds of interpretive processes are
involved, we will look at some of the ways that questions can fail to
make sense. From there we will go on to problems which are related to
memory retrieval and the processes which operate on memory in order to
form an answer.

1.1.1 Conceptual Analysis

Imagine you are walking down the street when a well dressed
stranger comes up to you and says:

Q: Pardon me, but do you kronfid grodding slib?

Chances are you will not understand t!/ ' question. Your failure to
understand this question occurs at the lowest possible level - lexical
processing. The first step of interpretive processing maps the
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lexical question into a conceptual structure; combinations of words
are given meaning. This conceptual analysis is the only interpretive
process involved in question answering which is language dependent.
If I know only English I cannot understand questions in other
languages. Once a question has been successfully mapped from its
lexical expression to a conceptualization, the subsequent interpretive
processes which interpret the question further are all
language-independent processes. If I am learning Russian, I need to
learn a vocabulary and grammar in order to understand questions which
are stated in Russian, but I do not need to acquire new cognitive
processes for answering questions once I know their conceptual
meaning.

Principle #1:
The Memory Processes of Question Answering

are Independent of Language

The analytic mechanisms which map words to concepts when a question is
understood are language-dependent mechanisms. Similarly, the
generational mechanisms which express concepts in words are
language-dependent. But the cognitive mechanisms of memory which make
inferences about questions and search memory for an answer operate on
a conceptual level which is independent of language.

1.1.2 Reference Recognition

In the course of obtaining a conceptual interpretation, various
memory processes operate to see if all nominal references in the
question are understood. For example, if I ask you:

Q: Which is bigger, a basenji or a komondor?

the question makes some sense conceptually, even if the words basenji
and komondor are totally alien. The question can be understood to be
asking for a size comparison between two things. But if the question
refers to something which is completely unheard of, the question is
not fully understood on the level of reference recognition.

Principle #2:

Questions are Understood on Many Different Levels

Full reference recognition does not guarantee that a question can be
answered, but a lack of reference recognition does guarantee that a
question can’t be answered (at least knowledgeably). If it is known
that basenjis and komondors are two breeds of dog, and nocthing more is
known about either breed, reference recognition will have been
achieved, and the question will still be unanswerable. But if a
conceptual reference for either basenjis or komondors is missing, the
question can’t possibly be answered.
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1.1.3 Conceptual Categorization

When a question has been understood conceptually, it is ready to
be classified conceptually. Conceptual categorization of a question
determines which memory processes will be invoked to complete further
interpretation. Suppose two people want to have dinner together but
neither of them has any money, and there is no food at home. In this
context, consider the following exchange:

Q: How are we going to eat tonight?
A: With silverware.

This answer indicates that the question failed to be interpreted
correctly. It was placed in the wrong conceptual category. The
answer indicates that the question was understood to be asking about
the instrumentality involved in eating. But in the context given, the
question should have been understood to be asking about the enabling
conditions for eating. The question should be conceptually equivalent
to asking, ‘What are we going to do in order to eat tonight? - How
are we going to solve this problem?’

Principle #3:
Understanding Questions Entails

Conceptual Categorization

In this thesis we will propose thirteen conceprual categories for
questions. Two of these distinguish between questions that ask about
enabling conditions and questions that ask about instrumentality.
When a question is properly interpreted, it will be assigned to only
one conceptual category. All answers to questions are produced by
assuming one conceptual categorization. When a question is
conceptually ambiguous (can be assigned to more than one conceptual
category), the person being addressed must either clarify the question
before attempting to answer it, or guess which category should be
assigned and answer it on the basis of that assumed categorization.
Conceptual categorization, guides the subsequent processing of a
question by dictating which interpretive mechanisms and memory
retrieval strategies are to be executed.

l.1.4 Understanding in Context
The proper conceptual categorization of questions is dependent on

the context in which the question occurs. Suppose I had been fixing
dinner for you at my house, and just as I was about to set the table I

remembered that I had 1loaned all my silverware to a friemnd. If I
explain this to you and then ask:
Q: How are we going to eat tonight?

it would be quite reasonable for you to respond:




A: With our hands.

This answer 1is reasonable in the sense that it addresses the
instrumentality of eating. Instrumentality is clearly what the
question should be interpreted to be asking about in this context.
But when the same question was asked in the context of having no food
or money, an answer which responded to instrumental interpretation was
inappropriate.

Principle #4:

Context Affects Conceptual Categorization

Processes that assign the proper conceptual categorization to a
question must be sensitive to the context in which that question is
asked. Questions cannot be correctly understood by processes which do
not take into consideration contextual factors.

l.1.5 Conversational Interpretation

In human question answering dialogs, rules of conversational
continuity are often invoked during the interpretative processing of
questions:

John: Did Bill go to class?
Mary: No, he didnt.

John: Why not?

Mary: He was sick.

John: Did Bill go to class?
Mary: I don’t know.

John: Why not?

Mary: I wasn’t there.

In both these dialogs John asks Mary ‘Why not?” In the first dialog he
means “Why didn’t Bill go to class?’ and in the second he means ‘Why
don’t you know whether or not Bill went to class?” Rules of
conversational continuity are needed in cases like these to complete a
partial question correctly.

Principle #5:
Rules of Conversational Continuity

are Needed to Understand Some Questions

The mechanism which operates in cases 1like these is really very
simple: When Mary has to interpret a question of John’s in terms of
previous dialog, she needs to know only the 1last concept which was
communicated to John. In the first dialog Mary told John that Bill
did not go to class. When John asks “Why not?” she combines his
partial question with the last concept communicated to him to get the
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question “Why didn’t Bill go to class?’ In the second dialog, Mary
told John that she doesn’t know if Bill went to class or not. When
John asks ‘Why not?” she combines his partial question with the last
concept communicated to get ‘Why don’t you know if Bill went to
class?’

1.1.6 Inferences

Many questions rely on the listener’s ability to infer something
implicit in a question for the correct interpretation of that
question: '

Q: Do you drink?
A: Of course. All humans drink.

Q: Who wasn’t in class yesterday?
A: George Washington and Moby Dick.

Q: Would you like to dance?
A: Sure. You know anyone who wants to?

While the answers given to these questions may be technically correct
answers, they seem to have missed the point. One suspects that ‘Do
you drink?” is intended to mean ‘Do you drink liquor?’ and that ‘Who
wasn’t in class yesterday?’ must have meant ‘Who wasn’t in class
yesterday who should have been there?” ‘Would you like to dance?’
should have been understood to mean “Would you like to dance with me?’
If these inferences are not made, answers which are literally correct
out totally inappropriate will be given.

Principle #6:

A Good Answer Is More Than A Correct Answer:

Appropriateness Counts

When a question relies on the listener’s ability to make inferences,
missing information may derive from the conversational context of the
question:

John: Hello Mary! Thanks for inviting me over.
Mary: I°’m glad you could come. Sit down.

John: You certainly have a cheerful kitchen.
Mary: It was just painted. Some coffee?

John: No thanks, I don’t drink coffee.

In this conversation ‘Some coffee?” is an offer. Mary is asking John
if he would like a cup of coffee. In order to interpretggphis question
as an offer we must infer that Mary is in a setting whgre she has
access to coffee (she isnt on a subway), Mary must have a
relationship with John in which she treats him cordially (he is not a
rapist) and they must be together (the question makes no sense over
the phone).
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John: Hello Mary! Thanks for inviting me over.
Mary: Would you like ‘something to drink?
John: Some coffee?

i Mary: Sure.

Now “Some coffee?” is a polite response to an offer already made.

John is saying he would 1like some coffee if she has any.

Conversational context 1is a determining factor in the correct
ki . interpretation of these questions.

l.1.7 Knowledge-Based Interpretation

! Very often we interpret questions correctly because we have
knowledge about the world, things people do, and why they do the
things they do. For example, suppose Mary hears that her friend John
roller skated to McDonald’s last night. She may very well ask:

\ Q: Why did John roller skate to McDonald’s last night?

4

If someone answers her question:

A: Because he was hungry.

4 she will be justifiably impatient with that answer; she was not told
§ what she wanted to know. Chances are she really wanted to know:

Q: Why did John roller skate instead of walk or drive or
use some other reasonable means of transportation?

It was the act of roller skating that she was asking about, not the
destination. A cooperative and reasonable respondent would have
interpreted her question to be asking about the roller skating. But
what 1is it that tells us which part of her question should be
addressed? How do we know that the act of roller skating should
receive attention and not the destination? This is a problem in
knowledge-based focus establishment.

Principle #7:

Shifts in Interpretive Focus

Alter Meaning

Some questions are not fully understood until their focus has been

determined. In many cases the focus of a question can be established
I only by knowing about how the world works and which things are more
% interesting than which other things. In the example just given the
I focus of our question is “obvious’ because adults frequently go to
drive-in restaurants but they don’t normally roller skate. For most
B adults, going roller skating is more unusual than going to McDonald’s;

it requires explanation. But if everyone knew that John was an i

eccentric health food nut who roller skates everywhere he goes, then

the question:

B e e




‘l" P i

ot

Q: Why did John roller skate to McDonald’s?

would be reasonably interpreted to be asking about McDonald’s, not the
roller skating. Our knowledge about John and what constitutes strange
behavior for John would override our general knowledge about what
people normally do and don’t do.

Principle #8:
Focus Directs Attention to

Variations on Expectations

Interpretation of a question may force the 1listener’s attention to
favor some conceptual component of the question. Attention is
generally drawn to those things which are unusual or which violate
expectations.

In spoken dialogs, intonation patterns in speech very often
establish the focus of a question. If McDonald’s is stressed, it is
clear that the speaker is interested in that particular component of
the question. But in written questions, no such clues exist (unless
we have italicized words). When no verbal (or visual) stress marks
the focus of a question, heuristics must be invoked to determine which
elements of the question are most deserving of attention. Attention
naturally centers on the unexpected, neglecting those things which are
predictable.

1.1.8 Memory-Based Interpretation

Sometimes a question does not have any conceptual components
which are inherently deserving of focus on the basis of general world
knowledge or specific knowledge of individual behavior. If I were to
ask you:

Q: Why did John ask Mary to mail the card?

you can’t establish the focus of this question by looking for what
seems to be the most interesting thing in the question. The whole
question looks pretty commonplace. People often ask each other to do
things and there is nothing very exciting about mailing a card.

The focus of a question like this one relies solely on specific
knowledge of the episode which the question refers to. Depending on
the situation, this question could be answered:

A: Because Susan wasn’t there.
A: Because he couldn’t afford a personal delivery service.
A: Because he had no right to order her.

The answer ‘Because Susan wasn’t there,” could be a response to two
possible interpretations of the question. The question (Why did John
ask Mary to mail the card?) could be asking about either John as the
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actor, or Mary as the recipient of John’s request. The answer could
therefore mean that either John asked Mary because Susan wasn’t there
to ask Mary, or, John asked Mary because Susan wasn’t there to be
asked. If the question occurred in a real context (say in reference
to a story) there would be no ambiguity to the answer since only one
would make sense in context. ‘Because he couldn’t afford a personal
delivery service,” is an answer which can be produced only if the
question is interpreted to be asking about the act of mailing. And
‘Because he had no right to order her,’ comes about by interpreting
the question to be asking about the act of asking. It would be easy
to make up stories for which each of these three answers makes sense.

Principle #9:
Ambiguity of Focus

Rarely Occurs in Context

When a question like this one is answered in the context of a story,
focus is immediately established on the basis of what’s in memory. 1If
we heard a story where John was going to ask Susan to mail a card for
him, but he ended up asking Mary because Susan was busy, then the
question will immediately be understood to be asking about Mary vs.
Susan. Other possible interpretations which would have resulted from
different focus establishment are never considered.

1.1.9 Selecting the Best Answer

Once a question has been fully interpreted it is time to look for
an answer. Memory searches must be conducted which are guided by the
conceptual category of the question at hand. An immediate problem
arises when the memory search turns up more than one reasonable answer
to a question. For example, comsider the following story:

John took a bus to New York. Then he took a
subway to Leone’s. But on the subway his pocket
was picked. He went into Leone’s and had some
lasagna. When the check came, he realized he
couldn’t pay the check. He had to wash dishes.

If asked:
Q: Why did John wash dishes at Leone’s?
there are many reasonable answers to this question:
A: Because he couldn’t pay the check.
A: Because he had no money.
A: Because he was pickpocketed.
All of these answers are perfectly correct, but the last one seems to

be the best answer in terms of information conveyed. Given that John
was pickpocketed one can infer that he had no money and therefore
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couldn“t pay the check. But if told that he couldn’t pay the check,
or he had no money, there is still a missing causality: why couldn’t
he pay the check? why didn’t he have any money? In fact the first
two answers are poor answers because not being able to pay a check can
be inferred from washing dishes in a restaurant, and not having
(enough) money can be inferred from not being able to pay the check.
An answer which provides the questioner with new information is
preferable to an answer which tells the questioner something he could
have inferred for himself.

Principle #10:
The More Inferences an Answer Carries,

the Better the Answer

When the memory search finds an answer, it must take into account what
the questioner can be expected to know on the basis of the question
asked. The total information conveyed by an answer is not contained
by the explicit answer alone. Inferences made by the questioner upon
hearing the answer augment the explicit answer. An answer must be
chosen on the basis of the inferences it carries.

1.1.10 State Descriptions

Suppose John is eating in a dining car and when the train starts
up, the soup spills. Something very interesting happens when people
answer the question:

Q: Where was the soup?

In an informal experiment, answers to this question tended to say one
of two things: ia a bowl or on the table. This is very interesting
when considered in view of everything people know about the setting of
a dining car and how people eat in dining cars. People can infer that
the soup was in a bowl, the bowl was on a plate, the plate probn~bly
rested on a placemat or a table cloth which was in turn on a table,
and the table was on the floor of the dining car which was part of the
train. So with all of this information, why are the bowl and the
table singled out to describe the location of the soup?

Some people will answer the question ‘In the dining car.’ But the
answer ‘On the train.” is odd, and it is very hard to imagine anyone
answering ‘On a plate.” There must be some rules of locational
specification which are used to single out salient references. But
what do these rules look like? Suppose there were a rule which said
to specify the immediately contingent object of containment or
support. This rule would account for the response:

Q: Where was the soup?
A: In a bowl.
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But it wouldn’t account for:

Q: Where was the soup?
A: On the table.

What rule accounts for this answer? It is not enough to specify the
closest supporting object because that rule would result in:

Q: Where was the soup?
A: On a plate.

The conceptual rules which guide locational specification must be
general enough to work in a variety of settings. In the train example
it looks like it might be pretty safe to specify the immediately
contingent object of containment or location since this rule yields
one acceptable answer:

Q: Where was the soup?
A: In a bowl.

But suppose John went into the kitchen and poured himself some milk.
Now answer the question:

Q: Where did John get the milk?

A natural answer to this question is “From the refrigerator.” But no
one imagines the milk to be sitting in a puddle at the bottom of the
refrigerator. There is a milk container of some sort which is the
contingent object of containment. Yet very few people will mention a
milk container when describing where the milk was. So a rule which
specifies the object of immediate containment will not produce natural
answers in all contexts.

In order to answer questions like these as a person would, we
must have conceptual representations for objects which tell us that
the link between milk and milk containers is somehow too obvious to
mention while the link between soup and bowls is not. The relational
notions of containment and support do not seem to inspire rules of
retrieval which are both simple and effective in terms of producing
good answers. A conceptual representational system for physical
objects must be wutilized in the development of simple and effective
retrieval rules for locational specification. The foundations for
such a representational system will be proposed in this thesis.

Principle #11:

A Difficult Retrieval Problem May Point to

Weaknesses in the Memory Representation

Sometimes questions which ask for locational specification must be
answered according to who is asking the question and why:
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: Where is Deerfield, Illinois?
87 54° long. 42 127 1lat.

Near Lake Michigan, about 30 miles north of Chicago.
Next to Highland Park.

On the planet Earth.

> O

Each of the above answers is correct, but in any given context some of
these answers will be wuseless. If John lives in Illinois and his
neighbor asks him where Deerfield is, he will probably not appreciate
an answer specifying the longitudinal and latitudinal descriptors.
Chances are he would find “On the planet Earth,” to be an insulting
answer. Yet there are contexts in which each of these answers would
be appropriate. An airline pilot might prefer the first answer, and a
non-earthling character in a novel might find the last answer to be
the most meaningful. When people answer questions they must often
assess the knowledge state of the person they are addressing. “Next
to Highland Park,” is a good answer only if you know where Highland
Park is. ‘Near Lake Michigan, about 30 miles north of Chicago,’ is
liable to satisfy anyone who has a rough familiarity with the U.S.A.
“42 2° JYat. 87 54’ long,’ is a good answer only when a technical
global specification is required. ‘On the planet Earth,” is a poor
answer to anyone who lives on earth.

Principle #12:
Good Answers Can Involve

Knowledge State Assessment

This problem of finding a suitable description when answering
locational specification questions was described by Donald Norman
[Norman 1972] as the Empire State Building problem (Where is the
Empire State  Building?). Locational specification  questions
illustrate very clearly how answers to questions must strive to fill
in tkhe gaps of the questioner’s knowledge state.

l.1.11 Content Specification

Somewhere in the question answering process a decision must be
made about how much information is going to be put into the answer.
For that matter, the system must be able to decide if the question is
going to be answered honestly, deceptively, sarcastically, or in any
other of a hundred different ways. For example, suppose questions are
asked about the following story:

John went to a restaurant and ordered a hot dog.
But the waitress said they didn’t have any so he
had a hamburger instead.

I1f asked:

Q: Did John eat a hot dog?
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there are at least three ways that this question could be reasonably
answered:

No.

No, John ate a hamburger.

: No, John ate a hamburger because there were no hot
dogs.

.. e
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Each of these answers is correct but each one provides a different
amount of information. Some part of the question answering process
must be sensitive to factors which control the system’s disposition in
terms of reliabilty and relative information content. There must be
mechanisms which control memory retrieval processes and provide
instructions about how an answer is to be constructed.

Principle #13:
The Same Question Doesn’t

Always Get the Same Answer

A question answering system must be able to instruct its retrieval
mechanisms how to form answers so that the system does not always
return the same answer to the same question. Answers must vary
appropriately in response to contextual and motivational factors.

1.1.12 Accessing Memory

When a story is read, a conceptual structure representing the
story is generated in memory which encodes events mentioned in the
story and inferences made by the reader at the time of understanding.
[Schank 1974b, 1975b]. This structure is language-independent,
existing as a purely conceptual record of the story. When answering
questions about a story this story representation is accessed by
memory searches. Question answering is therefore concerned with the
form of information in memory and the processes which access that
information. 1In designing memory representations for stories, some
assumptions must be made about what belongs in a story representation.
When a story describes a chronological sequence of events, it is
reasonable to assume that the events preserved in the story
representation should encode only information about what happened,
where something that happened is either an event mentioned explicitly
in the story or one which was inferred by the reader. For example, if
a story says that John ate a hamburger at a restaurant, the memory
representation should contain the inference that John ordered a
hamburger, but it shouldn’t contain negative information like the fact
that John didn’t order a pizza.

When answering questions about a story, the story representation
which was generated at the time of understanding is examined by memory
searches. But there are times when the story representation by itself
is not adequate for finding an answer and more inferences must be made
at the time of question answering. For example, if we adhere to the
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assumption that a story representation should only contain information
about what happened (and what we infer must have happened), then how
can we go about answering questions which ask about things that didn’t
happen?

John went to a restaurant and ordered a hamburger.
But the waitress said they didn’t have any so John
left.

If asked:
Q: Why didn“t John eat a hamburger?

there is nothing in our story representation which says anything about
eating a hamburger, or eating anything, for that matter. The story
representation simply records a chain of events which includes John
going into the restaurant, sitting down, the waitress coming over,
John telling her he wants a hamburger, the waitress telling him there
were none, and John getting up and leaving. Yet we should be able to
answer this question with a response like, “Because they didn”t have
any.

Principle #l4:

Sometimes Inferences Must Be Made

at the Time of Question Answering

Some additional inference mechanisms must be invoked in order to
produce this answer. If, in the context of this story, we had been
asked “Why didn’t John swim across the lake? the question wouldn’t
make sense. The inference mechanisms which are invoked to answer
these questions are capable of seeing when a why-not question makes
sense by determining if the act in question would have occurred had
the story taken a different turn. ‘Why didn’t John eat a hamburger?’
makes sense because we expected him to eat a hamburger after he
ordered, until the waitress told him there were none. But “Why didn‘t
John swim across the 1lake?” makes no sense in this story since we
never expected John to swim across a lake.

1.1.13 Constructing Information

People are able to answer many questions by deriving information
which is not explicitly present in memory for straightforward
retrieval.

Q: Who was President when ycu wer=s entering the sixth
grad=?

Q: What is 56 times 8?7

Q: How far is New York from Boston?

Each of these questions can be answered, but probably not immediately.
The first question may require an associative path from the sixth

i

kil




N

grade, to your age at the time of the sixth grade, to the year, to the
President. Or perhaps there was some event concerning the (then)
current President which you know occurred at about the time you
entered the sixth grade, and so you can answer the question by
remembering that event. The multiplication question is 1liable to
require an arithmetic calculation. And the distance question may be a
matter of simple retrieval if you happen to ‘know’ that fact.
Otherwise the answer could be derived by knowing how long it takes to
drive or fly between to Boston and New York.

Principle #15:
You Can’t Expect to Always Find

Exactly What You Had in Mind

People seem to be very flexible in memory retrieval tasks. When faced
with a question like

Q: How many days does July have?

many people resort to a little rhyme: ‘30 days hath September, April,
June, and November, ...’ But if you ask someone this question on the
31st of July, there is a good chance that they will be able to answer
without resorting to the rhyme if they are aware of the date. People
tend to know that no month has more than 31 days, so if a month has at
least 31 days, it must have exactly 31 days. Given that July has at
least 31 days, this little bit of reasoning is faster than running
through the rhyme.

l.1.14 Finding Only What’s Needed

Efficient retrieval entails an ability to recognize when enough
information has been seen in order to answer the question. Suppose
you have read the following:

John boarded the train in Boston Monday morning.
He slept most of that afternoon and had dinner in
the dining car. Then he played cards in the club
car and finally went to bed around 2:00. The
train got into Chicago after lunch the next day.

Now if asked:

Q: How long was John on the train?

you will try to piece together as accurate an answer as possible.
Running back over the time line of the story you can piece together
his boarding in the morning, the overnight, and the train’s arrival
after lunch in order to arrive at his being on the train a little over
a day. But suppose instead you had been asked:
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Q: Did John spend a week on the train?

You can answer ‘no” to this question much faster than you could answer
the previous question. This answer is easily derived from the fact
that John spent only one night on the train. No further information
from your memory of the story is needed to answer the question. More
information had to be examined to answer the first question than was
needed for the second.

Principle #16:
A Good Search Strategy Knows When It Has the Answer:

Smart Heuristics Know When to Quit

1.2 Where We’re Going

The scope of problems involved in designing a question answering
system ranges in a number of directions and covers a tremendous amount
of territory. Section l.l1 does not constitute a definitive survey of
problems; it was intended only to convey some sense of the issues we
will address.

There are many problems in designing a question answering system.
These problems do not exist in isolation of one another; solutions in
one area often contribute to solutions elsewhere. It 1is therefore
more productive to view the issues from a vantage point which provides
a global sense of the entire question answering process. It would be
very difficult to devote a chapter to each problem and still describe
a cohesive picture of question answering. For this reason, a process
model for question answering is described by following a question from
the initial understanding of words in the question through to the
final lexical expression of an answer. After this fundamental process
model is presented, specific areas of difficulty are identified and
discussed in detail.

Within this organization, the problems of the preceding section
will be distributed throughout as follows:

Preface to Interpretation: Understanding Questions

The chapter is an overview which introduces the
processes underlying Principles #l-6. An outline of
the interpretive process model is given which describes
how the issues of conceptual analysis, reference
recognition, conceptual categories, understanding in
context, conversational interpretation, and inference,
all fit together in the processing of a question.
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Chapter 2:

Chapter 3:

Preface to

Chapter 4:

Chapter 5:

Chapter 6:

Chapter 7:

Chapter 8:

Chapter 9:
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Conceptual Categories for Questions

Chapter 2 elaborates Principle #3 and discusses
conceptual categorization. Thirteen conceptual
categories are presented and the analysis mechanism
which assigns a category to a question is described.

Recategorizing Questions by Inferential Analysis

Chapter 3 is concerned with Principles #4, 5, and 6.
Understanding in context, conversational
interpretation, and inferences are all topics in
inferential analysis.

Memory Searches: Finding an answer

This chapter is an overview of the memory search which
introduces the processes underlying Principles #7, 8,
9, and 13. Content specification and the memory search
strategies needed to produce an answer are outlined
here.

Content Specification
Chapter 4 elaborates Principle #13 and explains how
content specification controls the amount of
information which goes into an answer.

Searching Memory

Chapter 5 describes search heuristics for finding an
answer.

Focus Establishment
Chapter 6 is concerned with Principles #7, 8, and 9.
Knowledge-based interpretation and memory~based
interpretation is explored here.

Understanding What Didn’t Happen

Chapter 7 presents an example of Principle {14 by
describing a technique for accessing memory.

Finding the Best Answer

Chapter 8 explores Principles #10 and 12. This chapter
is primarily concerned with selecting the best answer
to a question.

Conceptual Knowledge of Physical Objects

Chapter 9 illustrates Principle #11 while exploring
problems in state descriptions. A system for

representing physical objects by decomposition into
primitives is proposed.
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1.2.1 How to Survive the Trip

Whenever one confronts a nine course dinner there is always the
danger of getting glutted before dessert or maybe even before the main
courses. It sometimes helps to know what you're up against before you
start.

It is assumed that the reader is familiar with Conceptual
Dependency Theory. It would be sufficient to have read Chapter Three
of Conceptual Information Processing (Schank 1975a)] or Chapter Five of
Computer Models of Thought and Language [Schank & Colby 1973].
Appendix 1 reviews the primitive acts and causal chain theory for
those who feel rusty.

It is also assumed that the reader is somewhat familiar with the
theory of scripts and plans and their use in story understanding.
Anyone unfamiliar with scripts and plans should consult Scripts,
Plans, Goals, and Understanding (Schank & Abelson “77]. Other
introductory references include: [Schank & Abelson 1975, Schank & the
Yale AI Project 1975, Cullingford 1975, Wilensky 1976, Lehnert 1977].
Appendix 2 reviews scripts and plans and summarizes the script-related
terminology used in this thesis.

If the reader wants a minimal overview of the theory, it would be
sufficient to read the two prefatory chapters. These prefaces serve
as introductions to the chapters which describe the basic process
model. The preface to interpretation (understanding questions) is
between Chapters One and Two. The preface to memory searches (finding
an answer) is between Chapters Three and Four.

The basic process model is described in Chapters Two through
Five. A reader who wants only a basic introduction to the problem
could stop after Chapter Five. But anyone interested in the real
difficulties will find the more challenging issues discussed in
Chapters Six through Ten.

1.3 QUALM

QUALM is a computational model of question answering. As such,
there is a computer program which is an implementation of QUALM. This
program runs in conjunction with two larger systems, SAM and PAM.
Both SAM and PAM are comprehensive story understanding systems which
input stories in English and generate internal memory representat:ons
for what they read. These story representations can then be accessed
by processes which are designed to paraphrase, summarize, and answer
questions about the stories read. QUALM 1is responsible for the
question answering capacities of SAM and PAM. Both systems are
modularized so that parsers and generators can be attached for
different input and output languages. At the moment SAM and PAM
operate with English input and produce paraphrase output in English,
Spanish, Russian, Dutch, or Chinese. All of the question answering
done by SAM and PAM has been in English. QUALM itself is language
independent. No changes would have to be made to QUALM in order for
SAM and PAM to understand and answer questions in different languages.
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Two experimental programs have been designed in addition to
QUALM. These are ASP (Answer Selection Program) and COIL (Conceptual
Objects for Inferencing in Language). These were both designed to
explore specific issues which were relevent to the design of QUALM as
a system independent of SAM and PAM.

ASP is a small interactive system which inputs a question about a
story along with a set of possible answers. It asks the user to
characterize those answers according to instructions given by the
program. ASP then picks out what it considers to be the best answer
to the question.

COIL 1is a larger system designed to generate memory
representations for stories and answer a small variety of questions
about the stories on the basis of its memory representation. COIL
incorporates a toy parser and generator. Problems in parsing and
generation are peripheral to the theoretical issues addressed by COIL.
COIL was primarily designed to see how a representational system for
physical objects could be exploited by inference and retrieval
mechanisms.

QUAIM is an independent system which can be attached to any story
understanding system generating story representations according to the
theories of predictive understanding by scripts and plans. Although
the computer implementation of QUALM is limited to the context of
answering questions about stories, the theoretical model goes beyond
this particular context. As a theoretical model QUALM describes
general question answering, where question answering in its most
general form is viewed as a verbal communication device between
people.

1.4 Computer Programs Using QUALM

The process model for question answering which 1is described in
this thesis is currently implemented in two computer programs, SAM and
PAM. These two programs have been designed to understand stories and
answer questions about what they have read. In the following pages
are examples of stories which have been processed by these systems
along with questions and answers. The stories and questions were
input in English as they appear here, and the answers given here are
the actual English-generated responses which were returned by the
computer.

In all cases, the system first reads the story one sentence at a
time and generates a memory representation for that story as it reads.
When the story has been completed, questions are asked. Each question
is processed and answered before going on to the next one.

The last two programs, the Answer Selection program and COIL, are
experimental systems which were designed to explore issues raised by

QUALM.
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l.4.1 SAM

SAM was developed by the Artificial Intelligence Project at Yale.
It processed its first story in 1975 and has been undergoing continual
expansion ever since. The actual programming of SAM has relied on the
persistent efforts of many: Richard Cullingford, Gerald DeJong, Leila
Habib, James Meehan, Richard Proudfoot, Christopher Riesbeck, Walter
Stutzman, and Robert Wilensky.

The following stories and question answering dialogs represent
actual input and output. The stories and questions were read by the

system just as they appear here. The answers are the exact English
outputs generated by SAM.

kkkhkkkkkhhkkkhhkkhkhkhkkkhkkkhkkhkkk

John went to a restaurant. The hostess seated John. The hostess gave
John a menu. The waiter came to the table. John ordered a lobster.
He was served quickly. He left a large tip. He left the restaurant.

Why did John go to the restaurant?
SO JOHN COULD EAT A MEAL.

Did John go to a table?

JOHN WENT TO A TABLE.

Why did John go to a table?

SO JOHN COULD SIT DOWN IN A CHAIR.

Did the waiter give John a menu?

JOHN GOT A MENU FROM THE HOSTESS.

Who gave John a menu?

JOHN GOT A MENU FROM THE HOSTESS.

Why did the hostess give John a menu?

SO JOHN COULD ASK THE WAITER FOR A MEAL.
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What happened when the hostess gave John a menu?

JOHN READ THE MENU, THE WAITER SAW THAT JOHN WAS AT THE
TABLE, THE WAITER WENT TO THE TABLE.

Did John enjoy the lobster?

k. I DON'T KNOW.

Did the waiter give John the check?

L s e i

.f JOHN GOT THE CHECK FROM THE WAITER.

Why did John leave the waiter a large tip?

PROBABLY JOHN REMEMBERED THE WAITER SERVED JOHN A LOBSTER
QUICKLY.

T

Did John pay the bill?

JOHN PAID THE CHECK.

Why did John pay the check?

) SO JOHN COULD LEAVE THE RESTAURANT.

khkkkkhkhhhkhkhkhkkkhkkkkkkhkkkkkkkkkk

John went to a restaurant. He sat down. He got mad. He left.

Did a waiter come to the table?

NO.

% Did John order?

R NO.

% e o e e ok g s ok dk sk ok ok ok ok ok ok ok ok ok ok ok ok ke ke ke ke ok




-

John went to New York by bus.

discovered he couldn’t pay.
wash dishes.

=921 =

On the bus he talked to

old 1lady.

left the bus, he thanked the driver. He took the subway to

On the subway his pocket was picked. He got off
entered Leone’s. He had some lasagna. When the check came, he
The management told him he would have to
When he left, he caught a bus to New Haven.

Who went to New York?

JOHN WENT TO NEW YORK.

Why did John go to New York?

BECAUSE JOHN WANTED TO GO TO LEONE’S.

Why did John go to Leone’s?

BECAUSE JOHN WANTED TO HAVE SOME LASAGNA.

How did John get to New York?

JOHN TOOK A BUS TO NEW YORK.

Did a thief pick John’s pocket?

A THIEF PICKED JOHN’S POCKET.

Did John order lasagna?

JOHN ORDERED LASAGNA.

Did John eat a steak?

NO, JOHN ATE LASAGNA.

What did John eat?

JOHN ATE LASAGNA.

Did John order lobster?

NO, JOHN ORDERED LASAGNA.

the train
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Did John eat lasagna?

JOHN ATE LASAGNA.

Did John pay the check?

NO, JOHN DIDN‘T HAVE ANY MONEY.

Did John leave the waitress a tip?

NO, JOHN DIDN’T HAVE ANY MONEY.

Did John leave Leone’s?

JOHN LEFT LEONE’S.

Why did John take the subway from Leone’s?

SO JOHN COULD TAKE A BUS TO NEW HAVEN.

How could John take the subway from Leone’s?

PROBABLY JOHN HAD A TOKEN.

How did John get to Leone’s?

JOHN TOOK A BUS TO NEW YORK AND THEN HE TOOK THE SUBWAY

LEONE’S.

Did anything unusual happen on the bus?

I DON’T REMEMBER ANYTHING.

Did anything unusual happen on the subway?

A THIEF PICKED JOHN’S POCKET.

What did John order?

JOHN ORDERED LASAGNA.

Who gave John a menu?

THE WAITRESS GAVE JOHN A MENU.

TO
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Did anything unusual happen at the restaurant?

JOHN DISCOVERED THAT HE COULDN'T PAY THE CHECK AND SO HE HAD
TO WASH DISHES.

Why couldn’t John pay the check?

BECAUSE JOHN DID NOT HAVE ANY MONEY.

Why didn”t John have any money?

BECAUSE A THIEF PICKED JOHN’S POCKET.

How did John get back to New Haven?

JOHN WENT FROM LEONE’S BY SUBWAY AND THEN HE WENT TO NEW
HAVEN BY BUS.

How was John able to take the bus to New Haven?

PROBABLY JOHN HAD A TICKET.

kkkhkkkhkkkhkkkhkkhkhkhkkhkhkkkhhkkkkkkk

John went to a restaurant and the hostess gave him a menu. When he
ordered a hot dog the waitress said that they didn”t have any. So
John ordered a hamburger instead. But when the hamburger came, it was
so burnt that John left.

Did the waitress give John a menu?

NO, THE HOSTESS GAVE JOHN A MENU.

Did John order a hot dog?

YES.

Did John eat a hot dog?

NO, THE WAITRESS TOLD JOHN THEY DIDN’T HAVE ANY HOT DOGS.

T A A
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What did the waitress serve John?

THE WAITRESS SERVED JOHN A HAMBURGER.

Why didn‘t John eat the hamburger?

BECAUSE THE HAMBURGER WAS BURNT.

Was John angry?

PROBABLY.

Why didn“t John pay the check?

JOHN WAS ANGRY BECAUSE THE HAMBURGER WAS BURNT AND SO HE
LEFT.

Why didn“t John eat a hot dog?

BECAUSE THE WAITRESS TOLD JOHN THEY DID NOT HAVE ANY HOT
DOGS.

What happened when John ordered the hamburger?

THE WAITRESS GAVE THE ORDER TO THE COOK, THE COOK PREPARED
THE HAMBURGER, THE COOK GAVE THE HAMBURGER TO THE WAITRESS,
THE WAITRESS SERVED JOHN THE HAMBURGER.

What happened when John ordered the hot dog?

THE WAITRESS TOLD JOHN THEY DIDN’T HAVE ANY HOT DOGS.

% % 3 v o e o e dk e ok Jk ek ok ok ok ok ok e ok ok ok ok ok ke ko ke ok

Friday evening a car swerved off Route 69. The vehicle struck a tree.
The passenger, a New Jersey man, was killed. David Hall, 27, was
pronounced dead at the scene by Dr Dana Blauchard, medical examiner.
Frank Miller, 32, of 593 Foxon Rd, the driver, was taken to Milford
Hospital by Flanagan Ambulance. He was treated and released. The
passenger was extricated from the vehicle by the Branford Fire
Department. No charges were made. Patrolman Robert Onofrio
investigated the accident.
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Was anyone killed?

YES, DAVID HALL DIED.

Was anyone hurt?

YES, FRANK MILLER WAS SLIGHTLY INJURED.

Why was Frank Miller hurt?

BECAUSE THE AUTOMOBILE HIT THE TREE.

Did Miller go to the hospital?

YES, HE WAS IN THE MILFORD HOSPITAL.

How did Miller get to the hospital?

THF FLANAGAN AMBULANCE COMPANY TOOK HIM TO THE MILFORD
HOSPITAL.

1.4.2 PAM

PAM was developed by the Yale Artificial Intelligence Project in
1976. The actual programming of PAM has been primarily the work of
one person: Robert Wilensky. Supporting programs for PAM were
handled by Gerald DeJong, Christopher Riesbeck, and Walter Stutzman.

The following stories and question answering dialogs represent
verbatim input and output.

khkkkkkkkkhkkhkkkkhhkhkkkhkkhhkhkkkx

John loved Mary but she didn’t want to marry him. One day, a dragon
stole Mary from the castle. John got on top of his horse and killcd
the dragon. Mary agreed to marry him. They lived happily ever after.

Why did John get on his horse?

BECAUSE HE WANTED TO BE NEAR MARY.
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Why did Mary agree to marry John?

BECAUSE SHE WAS INDEBTED TO HIM.

Why did John kill the dragon?

BECAUSE HE WANTED MARY TO NOT DIE.

kkkkkhkkkkhkkkhkkhkhkhkhkhkkhkkhkkkkkk

John disliked his job as the bank janitor. One day, a thief tried to
rob the bank. John jumped on the thief and knocked him out. The bank
president made John the bank guard. John enjoyed his new job.

Why did John knock the thief out?

BECAUSE HE WANTED THE THIEF NOT TO HAVE THE BANK’S MONEY.

Why did the bank president make John the baink guard?

BECAUSE THE BANK WAS INDEBTED TO JOHN.

1.4.3 ASP

ASP is a small program which was designed in 1975 to investigate
theories concerned with finding the best answer to a question. Its
implementation required no efforts outside of my own. ASP is given a
set of answers to a question about a story and ASP tries to select the
best answer. ASP makes its decision by asking the user to respond yes
or no to a sequence of questions about the answers provided. ASP has
no memory representation for the story and no wunderstanding of the
question or the answers given. It chooses an answer on the basis of
selection rules which respond to the yes or no answers of the user.

The following dialog represents an interactive session with ASP.
ASP has the answers it was given stored in memory as lists so it can
ask questions about pairs of answers by combining those questions with
fixed connectives.
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Story Context:

One morning John noticed that his dog was having trouble walking.
That afternoon he took it to the vet.

Q: Why did John take his dog to the vet?
Al: It was sick or injured.
A2: 1t was having trouble walking.

A3: He wanted to make it well.

The following dialog represents an interactive session with ASP. For
this execution ASP has been given the lexical answers Al, A2, and A3,
as initial input to the program.

*kxkx** [nteractive Session Begins ****%

ASP: GIVEN THE CONTEXT OF THE STORY, CAN EITHER
He wanted to make it well
OR
It was sick or injured

BE INFERRED FROM ONE ANOTHER?

User: YES

L e e s e i i il
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ASP: DOES IT MAKE SENSE TO SAY
He wanted to make it well
BECAUSE

It was having trouble walking?

User: YES

ASP: DOES IT MAKE SENSE TO SAY
He wanted to make it well
AND HE KNEW THAT

It was having trouble walking?

User: YES

ASP: THE BEST ANSWER IS BECAUSE

It was having trouble walking

l.4.4 COIL

COIL was developed at the Xerox Palo Alto Research Center during
the summer of 1976. It was written in an experimental implementation
of KRL (Knowledge Representation Language) which was developed by
Daniel Bobrow and Terry Winograd [Bobrow & Winograd 1977].

Unlike SAM and PAM which answered all of their questions after
reading an entire story, COIL interrupts the input story to answer
questions.

khkkkkkhkhkhkkkhkhkkhkhdkhkkkkhkkkhkkkkkkkk

John picked up a newspaper. He went from the hall into the kitchen
and got some milk.

Where did John come from?

THE HALL.
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Where did the milk come from?

THE REFRIGERATOR.

But the milkcarton was empty so he threw it out.

He turned

Where did the milkcarton go to?

THE GARBAGE BAG.

Why did John throw the milkcarton into the garbage bag?

BECAUSE THE MILKCARTON WAS EMPTY.

on the light and radio. Then he listened to music and read.

Where did the music come from?

THE RADIO.

What did John read?

THE NEWSPAPER.

Why did John turn on the light?

SO HE COULD READ THE NEWSPAPER.

Why did John turn on the radio?

SO HE COULD HEAR THE MUSIC.
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Preface to Interpretation: Understanding Questions

0. Introduction

QUALM can be split up into roughly two fundamental processes:
understanding the question and finding an answer. In Chapters Two and
Three we will describe those processes of QUALM which are devoted to
understanding questions. Questions are wunderstood on different
levels, and complete interpretation on preliminary levels must take

place before the more comprehensive interpretation of subsequent H
levels can be attempted.

1. Four Levels of Understanding

All questions must pass through four 1levels of interpretive |
analysis before a memory search can begin to look for an answer.
Interpretation on one level must be completed before interpretation on
the next level can begin. The four successive levels are:

(1) Conceptual Parse

(2) Memory Internalization
(3) Conceptual Categorization
(4) Inferential Analysis

The first interpretive process, parsing, is the only one which is |
language dependent. Internalization, Conceptual Categorization, and |
Inferential Analysis all operate within Conceptual Dependency, a
language-independent meaning representation [Schank 1975a]. This
means that questions in any language can be processed by changing only
the parser. English questions require an English parser, Russian H
questions require a Russian parser, and so forth. But the other
interpretive modules which perform Internalization, Conceptual
Categorization, and Inferential Analysis, do not have to be changed to
accommodate questions in different languages. If an English parser
were replaced by a Russian parser, the other interpretive modules
would require no adjustment in order to function with the new parser.

e sy

Of- the four interpretive processes, only the last two, Conceptual
Categorization and Inferential Analysis are concerned solely with
questions. The Conceptual Parser and Internalization programs are ’
general language processing mechanisms, designed to deal with
declarative statements as well as questions. These first two levels
of interpretation are actually a front end for QUAIM; they are not,
strictly speaking, a part of QUALM. In fact, these analysis programs
were independently developed long before anyone thought about applying
them to the task of question answering. Christopher Riesbeck has been |
refining his Conceptual Parser (ELI) since its original implementation
in 1974 [Riesbeck 1975, Riesbeck & Schank 1976]. Versions of the *
Internalization program (MEMTOK, TOK) have been operating since 1975
as a part of the SAM system [Cullingford 1977].

To understand the interpretive processes within QUALM, what they
do and how they do it, it is not necessary to know how the Parser and
Internalization programs work. But for the sake of an overall
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picture, we will take a little time to explain what they do (and don’t
do) so the reader will have some sense of the entire understanding
process which begins with a string of words ending in a question mark.

2. The Conceptual Parse

When a question passes through the parser it is translated into a
conceptual meaning representation, Conceptual Dependency. Once the
Conceptual Dependency representation for a question has been produced,
that conceptual representation is all the system needs to work with
from that point on. None of the processes which follow require
knowledge of what words or syntactic constructions were in the
original lexical question.

The Conceptual Dependency representation of a question generated
by the parser constitutes one level of question interpretation.
Understanding of the question on this level is generally a literal or
naive understanding. For example, the parser will understand:

Ql: Can you tell me where John is?

- to mean “Are you capable of telling me where John is?” If the

interpretation ended here we would have no way of knowing that this is
probably a request for information about John’s location. The person
asking Ql wants to know where John 1is. He will probably not be
satisfied to find out that the one he is addressing is merely capable
of saying where John is. But the parser cannot know that this
question is a request for information. As far as the parser is
concerned, Ql is a simple inquiry about whether or not the listener is
capable of telling the questioner the whereabouts of John. Higher
memory processes within the interpreter must be summoned to complete
the interpretation of this question in order to arrive at the intended
meaning of Ql.

This does not mean that the parser is operating in isolation of
general world knowledge, context, or higher memory processes. On the
contrary, parsing strategies often interact with other memory
processes 1in order to arrive at the correct interpretation of verbs
and nouns [Riesbeck & Schank 1976]. For example, if the parser is
processing the sentence "John walked into a restaurant and ordered a
hamburger,” the parser will receive from the Script Applier a
preferred word sense for the verb ‘to order’ which predicts that
“ordered” in this sentence means to communicate a request for a meal
(instead of issuing a command or establishing a sequential arrangement
of some sort). This preferred sense of the verb is established before
the parser even gets to the object of the verb, the hamburger.

The parser interacts with contextual memory processes primarily
for the sake of anticipating correct word senses. Suppose two people
meet on the street and one asks the other:

Q2: Do you have a light?

The parser would understand that this question is equivalent to
asking:
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Q3: Do you have in your immediate possession an object
which is capable of producing a flame?

If Q2 had been asked in the context of two car mechanics working on a
car engine 1in a garage, the parser would be capable of understanding
that Q2 is equivalent to asking:

Q4: Do you have in your immediate possession an object
which is capable of producing light?

The parser would pick up a different sense of the word “light’ from a
car mechanic script. It still doesn’t understand the request aspect
of the question, but it does receive word sense priorities from script
applier processes which keep track of currently active scripts. The
parser 1is sensitive to context in 1its conceptual analysis of
statements and questions. But it is not capable of total
understanding.

Complete understanding of (2 recognizes this question to be a
request for a lit match or lighter. This understanding is accompanied
by a strong expectation that the questioner wants to 1light a
cigarette. Such a level of predictive understanding can only be
achieved by processes which have knowledge about questions and why
people ask them. The parser does not have access to such knowledge.
A correct parse of a question signifies the first level of
understanding on which all subsequent interpretations are based. The
proper conceptual parse of a question may not represent the intended
meaning of that question; but when the parser’s interpretation is not
correct, it is better described as an incomplete interpretation rather
than a wrong interpretation.

3. Memory Internalization

All sentences and questions must pass from an initial parse to an
internalized parse. An internalized parse is a rewriting of the
initial parse which substitutes pointers to memory tokens for all
nominal references in the conceptualization. For example, the initial
parse of the sentence “John went to a restaurant,’ will place in the
Actor slot the word JOHN. When this conceptualization is
internalized, memory is consulted to find out if previous processing
has already established a memory token for a human with the name John.
If so, JOHN is replaced by a pointer to the wmemory token already
established (say GNOOl). If no previous reference to someone called
John has occurred, memory will find no token for John and one will
have to be created. In either case, the word JOHN will be replaced
with a pointer to a memory token. When all nominal references in the
initial parse have been replaced with pointers to memory tokens, we
then have an internalized parse of the sentence.

The Internalization process establishes nominal referents and
integrates new information into memory token descriptions of objects
and people. For example, newspaper stories often begin like:

John Doe of 4616 Lakewood Drive, Bingham, a
construction worker, was killed yesterday when ...

it
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The Internalization program is responsible for creating a memory token
and organizing properties within it:

GOO0OL :
ISA = Human
First Name = John
Last Name = Doe
Sex = Male

Age = >18 yrs.

Occupation = Construction Worker
Street Address = 4616 Lakewood Drive
City Residence = Bingham

Date of Death = 18 April 1976

If further information were given later on in the article (he had a
wife and a son), these new facts would have to be added to the memory
token for John Doe during Internalization. Internalization would also
be responsible for recognizing that any references to ‘the deceased,’
‘Mr. Doe,” or “Mrs. Doe’s husband,’ are in fact references to the
same memory token.

Sometimes Internalization requires accessing knowledge
structures. If after hearing “John went to a restaurant,’ the next
sentence is “He ordered a hamburger,’ the initial parse will fill the
Actor slot with HUMO where HUMO has the properties of being human and
male. When this parse is internalized, the restaurant script which
was activated by the first sentence is accessed to see if any of the
conceptualizations predicted by the script applier match the current
input. In this case a match would be found, and the match tells us
that the actor of the current concept must be bound to the role of the
patron in the restaurant script. If someone orders food in a
restaurant, we expect that someone to be acting in the role of a
restaurant patron. During the processing of the first sentence, the
memory token for John was bound to the patron role. In this way the
pronominal referent in the second sentence is determined to be John.
HUMO from the initial parse is then replaced with a pointer to the
memory token representing John.

Problems in Internalization affect question answering whenever
references must be correctly recognized. Some question answering
problems which are related to Internalization will be discussed in
3.1.3.3. But for the most part, QUALM 1is independent of
Internalization processes. For a description of the Internalization
program which is used by SAM and PAM, see [Cullingford 1977}

lThroughout this thesis conceptualizations in Conceptual Dependency
presented as illustrations will be written in graphic form, with
components as they would appear after the intial parse, before
Internalization takes place. This is done at the expense of technical
correctness for the sake of the reader, who 1 assume feels more at
home with JOHN than GOOOl.
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4. Conceptual Categorization

Conceptual Categorization is performed by the Question Analyzer.
The Question Analyzer takes the internalized parse of a question and
decomposes it into two descriptive components: a question concept and
a conceptual question category. For example, the question:

Q5: Did John hit Mary?

has the conceptual question category ‘Verification’ and a question
concept representing “John  hit Mary.’ Question concepts are
represented in Conceptual Dependency and are derived from the
internalized parse of the question according to rules developed for
each question category.

There are thirteen counceptual categories for questions. The

Question Analyzer recognizes which category a question belongs to by

running the question through a series of tests which function 1like a

‘ simple discrimination net [Feigenbaum 1963]. For example, Causal
i Antecedent questions are recognized by a test which checks for:

1) a causal chain construction
2) the causal link = LEADTO
3) all or part of the leading conceptualization is unknown

Conceptual question categories, the rules used to identify the
conceptual category of a question, and the rules used to extract
question concepts, are all described in Chapter Two.

' 5. Inferential Analysis

3 Very often the correct interpretation of a question involves
understanding in terms of inferences. These inferences may rely on
assumptions about the questioner’s desires or goals, assumptions about
what the questioner does and does not know, and assumptions about what
is really being asked. All inferences of this sort are the result of
higher memory processes which examine the question concept and its
conceptual categorization in an effort to understand it beyond its
literal meaning.

For example, if John is packing for a business trip and he asks
his wife:

Q6: What haven’t I packed?
His question is inferred to mean:

Q7: What haven’t I packed that I should have packed? 1:]

———

Without this additional interpretation, Q6 will admit all sorts of
- ridiculous and useless answers.

In a similar way, many requests are recognized only after
inference processes are invoked. For example:
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Q8: Why don’t you get Mary a drink?
can easily be meant as a request:
Q9: Would you get Mary a drink?

rather than as an inquiry for reasons behind not getting a drink. On
the other hand,

Ql0: Why don’t you feel angry?

makes little sense as a request:

Qll: Would you (please) feel angry?
.
Inferential Analysis contains the inference processes which are
essential to wunderstanding what the questioner really wants to know.
Without this understanding, many seemingly simple answers cannot be
produced. Without Inferential Analysis of questions the following
exchange would be impossible:

Ql2: Does it snow in Portland?
Al2: Maybe once every year or two.

If no inference-based interpretation is allowed, the information given
in Al2 would have to be painfully extracted:

Ql3: Does it snow in Portland?

Al3: Yes.

Ql4: How often?

Al4: How often what?

Ql5: How often does it snow in Portland?
Al5: Maybe once every year or two.

If a system had no capacity for the inferential interpretation of
questions, question answering dialogs would progress slowly and
deliberately like the one above. Rules for Inferential Analysis of
questions are described in Chapter Three.

In Figure 1 the interpretive processes of parsing, conceptual
categorization, and inferential analysis are outlined. A sample
question (Do you have a dime?) is parsed into a Conceptual Dependency
representation which is equivalent to the question ‘Do you have a dime
in your immediate possession?” The Question Analyzer (Chapter Two)
then categorizes this question as a Verification question and extracts
a question concept (You have a dime in your immediate possession).
Inferential Analysis (Chapter Three) then recategorizes the question
as a Request and reinterprets the question to mean “Will you give me a
dime?”’
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Do you have a dime?
(English question)
PARSER
“Literal” Understanding
\L of the Question
* 7%

DIME € 1S POSSBY(YOU)
(Conceptual Representation)

l

QUESTION
ANALYZER

Conceptual Categorization
i Predicts

Subsequent Processing

VERIFICATION
(Conceptual Question Category)

DIME €« IS POSSBY(YOU)
(Question Concept)

}

INFERENTIAL
ANALYSIS

Complete Understanding
of the Question by

l Inference

REQUEST
(Conceptual Question Category)

> ME
YOU <=> ATRANS <~ DIME <-[

< YOU
(Question Concept)

Figure 1

Stages of Interpretation
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CHAPTER 2

CONCEPTUAL CATEGORIES FOR QUESTIONS

This chapter describes the Question Analyzer within
QUALM. The Question Analyzer examines the conceptual
parse of a question and assigns a Conceptual Category
to that question.

Ql: Why did John kill the dragon?

is a ‘Causal Antecedent’ question which could be
answered with either:

Ala: Because the dragon took Mary.
Alb: To save Mary.

But if Ql were worded a little differently, it would
fall into a different Conceptual Category:

Q2: For what purpose did John kill the dragon?

Q2 is a “Goal Orientation” question. As such, it does
not elicit the same kinds of answers as a Causal
Antecedent question. Q2 can be appropriately answered
with Alb, but Ala is no longer a good answer:

Q2: For what purpose did John kill the dragon?
Ala: Because the dragon took Mary.

Conceptual Categorization recognizes essential
conceptual differences in questions. These
differences are ultimately reflected by the types of
answers which are appropriate for a given question.

2.0 Introduction

In grammar school textbooks questions are often categorized
lexically. There are who-questions, what-questions, where-questions,
when-questions, why-questions, did-questions, and how-questions.
Sometimes questions are categorized in terms of the grammatical part
of speech which will provide an answer. So there are nominal
questions and adverbial questions. A special case of ariswer-oriented
categories are yes/no questions. These familiar categories do not
constitiute a comprehensive system and are not motivated by anything
greater than a desire to have a few general descriptive devices.

Lexical question categories seem to exist primarily for the
purpose of textbook exercises. They are also used to describe parts
of speech: e.g. an adverb is a word which answers a where, when, or
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how-question. But lexical question typing has one indisputable
advantage: everyone can understand that a who-question is any
question which begins with the word who. The concepts are
sufficiently obvious to be universally understood. As long as these
categories are intended to function descriptively for a general and
non-technical audience, lexical typing is an effective and adequate
system. In fact, throughout this thesis references to lexical
categories of questions will be found in spite of the fact that these
lexical categories are not recognized by QUALM and are not useful from
a processing point of view.

In this chapter a system of thirteen conceptual categories for
questions 1is presented. Subsequent references to question types will
describe questions according to this conceptual category system
whenever the technical process model 1is being discussed. When a
non-technical reference is admissible, lexical categories are used for
the sake of readability. If the reader has a passing familiarity with
Conceptual Dependency decompositions [Schank 1972, 1973b, 1974a,
1975a] the relationships between 1lexical and conceptual question
categories should be grasped with little difficulty.

When formulating a process model for question answering, a
category system for questions must be descriptive in terms of that
process model. If a given question falls into a particular category,
that should tell us something about the processing which the question
must undergo. To see how lexical typing fails in this respect,
consider all the different kinds of how-questions there are:

Quantity

Ql: How long is this?
(What is the length of this?)
Q2: How often does this happen?
(What is the frequency of this occurrence?)

Ql and Q2 are quantification questions. Each of these questions ask
for a description of quantification requiring a measurement in units.
How long is this? = 14 inches. How often does this happen? - Once
every week or two. The units of quantification do not always have to
be explicitly referenced. If Q2 is answered “Seldom,” this answer
must be interpreted against some norm of frequency.

Relative Description

Q3: How intelligent is John?

(What is the relative intelligence of John?)
Q4: How wet is your coat?

(What is the relative wetness of your coat?)

Q3 and Q4 are relative scale questions. These questions ask for a
description along some scale (say =10 to 10) where there is a norm
dependent on the nature of the property. While some people might
chose to quantify intelligence in terms of IQ points, it is also
acceptable to describe relative intelligence with terms like ‘very
bright,” or ‘a 1little slow,” where these descriptions implicitly
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reference some assumed norm against which a comparison is being made.

Attitude

Q5: How do you like New York?
(What are your feelings about New York?)

Q5 asks for an attitudinal orientation. This question could be
answered by specifying virtually any attitude imaginable: I hate it,
I love it, I am totally unaffected by it, I try not to think about it,
I wouldnt wish it on a dog, I can’t wait to get out, I’ve found my
niche, etc. etc. Appropriate answers to this question are more
flexible than relative scale specification. ‘I can’t wait to get
out,” tells us that the answerer expects to leave someday in addition
to the fact that he has a negative attitude toward New York.

Emotional /Physical State

Q6: How do you like your eggs?

(What physical state do you prefer your eggs in?)
Q7: How is John?

(What is the emotional/physical state of John?)

Q6 and Q7 ask for state descriptions. Eggs can be over-easy,
sunny-side-up, poached, fried, or scrambled. John could be just fine,
on the critical list, morbidly depressed, euphoric, or he could have a
slight cold. Very often answers to questions like this combine causal
information: ‘He is depressed about the stock market,” or ‘He is
excited about the new house.’

Enablement

Q8: How were you able to buy this without money?

(What enabled you to buy this?)
Q9: How did you get here so fast?

(What enabled you to arrive faster than I expected?)
Ql0: How could you hear what he said?

(What enabled you to hear him?)

Q8, Q9, and Ql0 ask about enabling conditions. Some state or act was
a necessary enablement for the acts in question.

Instrumentality

Qll: How did you get here?
(By what means did you come here?)
Ql2: How did you send word to him?
(By what means did you communicate to him?)

Qll and Ql2 ask about the instrumentality of the acts in question. In
Qll some transportational conveyance is sought and Ql2 asks for a
vehicle of communication.
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Causal Antecedent

Ql3: How did the glass break?
(What caused the glass to break?)

QL3 is asking for a causal antecedent. Something happened which
caused the glass to break (it was dropped, hit, thrown, or crushed,
etc.)

Instructions

Ql4: How do I get to your house?

(Would you give me instructions to your house?)
QL5: How do you get service around here?

(What do you have to do to get service here?)

Ql4 and Ql5 ask for instructions. Answers to these questions often
involve describing a chain of actions which must be executed in
sequence.

The memory searches which will find answers to these questions
vary considerably. Quantification questions require an examination of
object properties in terms of a numerical measurement. Relative scale
questions require a description relative to some norm on a comparative
scale. Attitudinal orientation and state descriptions may be
combinations of relative state scales and other information.
Enablement questions require an examination of events which are
causally related to the conceptual event in question. Instrumental
questions ask for descriptive specification of events simultaneous in
time with the act in question. Causal antecedent questions require
knowledge of causal responsibility, and procedural specification
questions require retrieval of instructional information.

A useful taxonomy of questions would predict the kinds of memory
searches needed to answer any given question. It would also be useful
if question categories determined which inference mechanisms have to
be invoked for a complete interpretation of the question. A question
category should predict the processes which are needed to understand
and answer questions falling in that category.

In order to be useful as a predictive mechanism which effectively
guides processing, categories must be assigned to questions before i
higher memory processes are summoned for further interpretation and
memory searches. This means that a question category should describe
its members in some manner which will allow us to assign the correct
category to a question as soon as possible.

The earliest point at which categorization could take place is
before the question 1is parsed, while the question exists only as a
lexical entity. But we have seen that lexical categories are too |
misleading for process model predictions. So we cannot expect to
assign question categories before the question has been parsed. This
should not be viewed as a loss. The parsing processes for questions
rely on the same predictive mechanisms which are applied to
declarative statements [Riesbeck 1975, 1976]. The parser would not
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benefit from knowing that the question it was working on fell into one
question category or another. But after the parse of a question is
completed, the conceptual question is ready for higher interpretive
memory processing. A question category should be recognized before
the higher memory processes are invoked. Therefore  question
categories should be assigned immediately after a question is parsed.

In QUALM question types are assigned as soon as the parse is
completed and a Conceptual Dependency representation has been produced

for the question. Categorizing a question is the first task of the
interpreter.

QUALM uses thirteen conceptual question categories:

1) Causal Antecedent

2) Goal Orientation

3) Enablement

4) Causal Consequent

5) Verification

6) Disjunctive

7) Instrumental/Procedural
8) Concept Completion

9) Expectational

10) Judgemental

11) Quantification

12) Feature Specification
13) Request

These question categories can be recognized by a simple examination of
the conceptual question. Salient structural features of the
conceptual question are examined by testing procedures which are
hierarchically organized in the manner of a discrimination net
[Feigenbaum 1963]. The Question Analyzer which performs this analysis
will be described in 2.14. Once a question category has been assigned
by the Question Analyzer, this categorization will be a central factor
in subsequent interpretation and memory searches.

The Question Analyzer also establishes question concepts in
addition to assigning conceptual categories to questions. A question
concept is roughly what is left of a question when the interrogative
aspect of the question is removed. For example, the question concept
for “Why did John go to New York?” 1is the conceptualization
representing “John went to New York.’ Rules for extracting question
concepts are different for each conceptual question category.

Categories for questions are only useful to the extent that they
predict those processing strategies which will result in a correct
interpretation and successful memory search. 5 & two proposed
categories require identical processing strategies, there is no
rationale for distinguishing separate categories. Conversely, if a
single proposed category requires many different processing strategies
in order to effectively understand and answer all questions in that
category, then it will be wuseful to split that category up into
smaller ones which better predict the necessary processing. The
conceptual categories proposed here can be thought of as processing

b i, e i L




RN

categories which are predicted by features of conceptual
representation.

The justification for these thirteen categories will become more
apparent when the processes predicted by them are described.
Inferential Analysis, Content Specification, and Retrieval Heuristics
are all processing modules within QUALM which rely on conceptual
question categorization.

2.1 Causal Antecedent

Causal Antecedent questions ask about states or events which have
in some way caused the concept in question. Many different kinds of
causal relationships are covered by Causal Antecedent questions (e.g.
physical causality and motivating emotional states).

Examples:

Ql: Why did John go to New York?

*7% i
! 1TILEADTO NEW YORK

JOHN &) PTRANS é— JOHN
(past)

Q2: What caused John to go to New York?

* 7%

. IT[LEADTO NEW YORK

JOHN =) PTRANS &=~ JOHN
(past)
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Q3: How did the glass break?

* 7%

]I[LEADTO =10

GLASS @ PHYS/STATE
(past)

Q4: What resulted in John’s leaving?

* 7%

T]TLEADTO

JOHN &—) PTRANS €— JOHN

ast
(e ) UNSPEC

Causal Antecedent questions are always represented as causal chain
structures [Schank 1973a, 1974b, 1975b, Appendix 1], where the chain
antecedent is unknown. Since the precise nature of the causal
relationship is also unknown, the causal link between the unknown
antecedent and the question concept is a LEADTO link.

Recognizing the Category:

All Causal Antecedent questions are recognized by the following
features:

(1) a casual chain of two conceptualizations

(2) causal link is LEADTO
(3) all or part of the first conceptualization is unknown

Finding the Question Concept:

The question concept of a Causal Antecedent question is extracted from
the parsed question by deleting the first conceptualization in the
causal chain.

Pa——
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For example:

* 7%

]]{LEADTO NEW YORK

3 JOHN €= PTRANS ¢— JOHN
| (past)

has the question concept:

NEW YORK

JOHN &) PTRANS ¢— JOHN
(past)

2.2 Goal Orientation

A Goal Orientation question is a special case of what is commonly
called a why-question. Questions in this category may be paraphrased
as why-questions, but Goal Orientation questions ask about the motives
or goals behind an action. This makes them slightly more specific
than Causal Antecedent questions. Since a mental goal is being sought
as the explanation, the unknown causal antecedent relates to the
; question concept as a reason for the act in question; therefore the

- causal 1link between the unknown antecedent and the act in question is
a REASON link.

Examples:

Ql: For what purpose did John take the book?

* 7%

IT[REASON JOHN

JOHN &= ATRANS é— BOOK
(past)




Q2: Mary left for what reason?

* 7%
REASON

MARY &—) PTRANS ¢— MARY

{past] UNS PEC

Appropriate answers to Goal Orientation questions should describe the
mental state of the actor in the question concept. This presupposes
that the actor of the question concept is a human who acts of his own
volition. Goal Orientation questions ask about the mental processes
and desires underlying human behavior. It does not make sense to ask
‘For what purpose did the book fall?” because the conceptual
representation for a falling book has gravity PTRANSing the book, and
gravity does not act out of volition but from laws of physics. ‘For
what purpose did John fall?” is similarly nonsensical since gravity is
still the actor acting upon John and John presumably did not fall on
purpose. In order for this question to make any sense at all we have
to twist our usual understanding of what it means to fall; we assume
that John feigned a fall or threw himself off balance on purpose. As
soon as this element of intentionality is injected, it makes sense to
ask what was John”s reason for falling.

Some Causal Antecedent questions can be answered in terms of
either a Causal Antecedent or a Goal Orientation:

Q3: Why did Mary drop the book?

A3a: Because John bumped her.
(causal antecedent)

A3b: To get John’s attention.
(goal orientation)

A3a describes an act which RESULTed in Mary dropping the book while
A3b describes a REASON Mary had for dropping the book. When the
question is understood as a Causal Antecedent question (as would be
the case for Q3) either answer can be returned. But if the question
were worded as a Goal Orientation question (For what purpose did Mary
drop the book?) the answer would have to describe a reason for the act
in question. It does not make sense to answer:

Q4: For what purpose did Mary drop the book?
A3a: Because John bumped her.

In section 5.2 we will see how QUALM looks first for a Goal-Oriented
answer and then settles for a more general Causal-Antecedent answer if
no Goal-Oriented answer 1is found. The 1issues of how to answer

why-questions when there are many reasonable responses is dealt with
at length in Chapter Eight.
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Recognizing the Category:

All Goal Orientation questions are recognized by the following
features:

(1) a casual chain of two conceptualizations
(2) causal link is REASON ’
(3) first conceptualization is unknown

Finding the Question Concept:
The question concept of a Goal Orientation question is extracted from
the parsed question by taking the second conceptualization in the

causal chain.

For example:

* 7%

1I[REASON JOHN

JOHN &) ATRANS ¢«— BOOK
(past)

has the question concept:

JOHN

JOHN €= ATRANS ¢«— BOOK
(past)

2.3 Enablement

Enablement questions are similar to Goal Orientation questions
insofar as they specify a causal relationship between an unknown
conceptualization and the question concept. The causal relationship
is an ENABLE and the concept in question is enabled by the unknown act
or state.
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Examples:

Ql: How was John able to eat?

*7%

]]IENABLE

JOHN <= INGEST
(past)

Q2: What did John need to do in order to leave?

JOHN <> * 7%

]]TENABLE

JOHN <=) PTRANS «— JOHN

(past) UNSPEC

Q3: What did John need to have in order to leave?

*7% &= POSSBY (JOHN)

TTIENABLE

JOHN &) PTRANS ¢é— JOHN

ast
e UNS PEC

Enablement questions may specify some information about the unknown
concept. Q2 describes the unknown enablement as an action while Q3
describes it to be a state of immediate possession. In general, an
Enablement question consists of a question concept enabled by another
concept which is either completely unknown or which has an unknown
component.

The precise nature of the enabling relationship is left
unspecified. Enablements can occur in a variety of ways. Eugene
Charniak ([Charniak 1975b] has explored different kinds of enabling
causation. Two of his categories are physical enablement (John needed
a car to go to New York) and social enablement (John needed money to
eat at the restaurant). World knowledge about cars and money and
restaurants is needed to determine when enablements are physical and
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when they are social. In SAM and PAM there is only one causal link
describing Enablement: the ENABLE link.

If more than one Enablement link were used within these systems,
there would have to be some process somewhere which relied on such
distinctions. If no such process exists, there 1is no justification
for having different causal links. Thus far, SAM and PAM have had no
need for different Enablement links.

The inference processes which operate on Enabling relationships
appear to be very knowledge specific. For example, if you go to a
restaurant without money, you will be waited on and served without any
difficulty until the check comes. Then the consequences of having no
money can include having to wash dishes or being arrested. If you go
to a restaurant without shoes on, you may very well be turned away at
the door. But you won’t be arrested or made to wash dishes. Knowing
that the enablements violated in these two cases are both social
enablements does not in itself help us know what the specific
consequences of violating those conditions are. Only very specific
knowledge about restaurants will allow us to predict the consequences
of not having money or not wearing shoes.

Recognizing the Category:

All Enablement questions are recognized by the following features:

(1) a casual chain of two conceptualizations

(2) causal link is ENABLE

(3) all or part of the first conceptualization is unknown

Finding the Question Concept:

The question concept of an Enablement question is extracted from the
parsed question by taking the second conceptualization in the causal

chain.

For example:

JOHN &) *7%

1]I ENABLE

JOHN =) INGEST
(past)

has the question concept:
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JOHN =) INGEST
(past)

2.4 Causal Consequent
Causal Consequent questions are causal structures in which the
question concept causes an unknown concept or causal chain in some

way. The general causal link for such questions is the LEADTO link.

Examples:

Ql: What happened when John left?

JOHN &—) PTRANS 4= JOHN
Chasc) UNSPEC

LEADTO

* 7%

Q2: What resulted from John leaving?

JOHN ¢ PTRANS ¢— JOHN
(past) UNSPEC

LEADTO

* 7%
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Q3: What happened after John left?

JOHN ) PTRANS ¢— JOHN

(past) UNSPEC

LEADTO

* 7%

Q4: What if I don’t leave?

ME &£ PTRANS &= ME

(£uture) UNS PEC

LEADTO

* 7%

Q5: What happens if I don’t leave?

ME £ PTRANS < ME

\Eutise) UNSPEC

LEADTO

* 7%
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Q6: If I don”t leave, then what?

ME &» PTRANS ¢— ME

£
hitarg) UNSPEC

LEADTO

* 7%

Some Causal Consequent questions have partially known consequents:

Q7: What did John do after Mary left?

MARY &> PTRANS €— MARY
(past)

IYILEADTO

JOHN & *7%

UNSPEC

(past)

Recognizing the Category:

All Causal Consequent questions are recognized by the
features:

(1) a casual chain of two conceptualizations
(2) causal link is LEADTO

(3) all or part of the second conceptualization is unknown

Finding the Question Concept:

following

The question concept of a Causal Consequent question is extracted from

the parsed question by taking the first conceptualization in the
causal chain.
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For example:

JOHN &) PTRANS ¢~ JOHN
(past)

UNSPEC
LEADTO
* 7%
has the question concept:
JOHN €= PTRANS & JOHN
\past) UNS PEC

2.5 Verification

Verification questions ask about the truth of an event. These
questions correspond roughly to those questions which can be answered
yes or no. They are represented as single concepts or as causal chain
constructions with a MODE value = *7%,

Examples:

Ql: Did John leave?

(*7%)
JOHN &= PTRANS é— JOHN
(past)

UNSPEC
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Q2: Did John do anything to keep Mary from leaving?

(*i0)

JOHN &= *DO*

(past)

RESULT

MARY <) PTRANS €~ MARY
Spms) UNSPEC

Q3: Does John think that Mary left?

~

I MARY ¢ PTRANS ¢~ MARY I &= 15 MLOC (JOHN)

[_ Cpaat) UNSPEC_I

|

(*7%)

Recognizing the Category:

All Verification questions are recognized by one of the following
features:

(1) A single conceptualization with MODE = *?*, or
(2) A causal chain construction containing a
conceptualization with MODE value = *7?%,

Finding the Ouestion Concept:
The question concept of a Verification question is extracted from the

parsed question by removing the MODE value *?* from the
conceptualization.




-S4

For example:

(%2%)
JOHN & PTRANS &~ JOHN
fegan) L UNSPEC

has the question concept:

JOHN &) PTRANS €~ JOHN

fpase) UNS PEC

2.6 Disjunctive

Disjunctive questions are like Verification questions but with
multiple question concepts instead of one.

Examples:

) Ql: Was John or Mary here?

(*2%)
JOHN&>1S LOCVAL (HERE)
1 (past)

OR

(*7%)

MARY €=)1S LOCVAL (HERE)

(past)
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Q2: Is John coming or going?

(%7%) UNSPEC
JOHN &) PTRANS ¢— JOHN
OR
(*2%)
: JOHN €= PTRANS ¢— JOHN
4 UNSPEC

Recognizing the Category:

S

All Disjunctive questions are recognized by the following features:

1. A top-level OR relation

2. Concepts under the OR relation have MODE = *?%

Finding the Question Concept:

The question concept of a Disjunctive question is extracted from the
b parsed question by listing the conceptualizations without their MODE

value = *7%,

For example:

E . (*7%) UNSPEC,
JOHN &) PTRANS ¢é— JOHN
. A
OR
(*1%)
, JOHN €=) PTRANS ¢= JOHN
UNSPEC

1
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nas the multiple question concept:

> UNSPEC,
JOHN €= PTRANS ¢— JOHN &

-<

r)

< UNSPEC1

JOHN €<) PTRANS €~ JOHN €—

While Disjunctive questions are much like Verification questions but
with multiple question concepts, the processing for these questions is
distinct from the processing for Verification questions. It is rarely

the case that a Disjunctive question can be appropriately answered
with a yes or no.

2.7 Instrumental/Procedural

Instrumental/Procedural questions are represented by concepts which
have a totally or partially unknown instrumentality:

Examples:

Ql: How did John go to New York?

NEW YORK
I
JOHN €= PTRANS ¢— JOHN — *7%
(past)
Q2: What did John use to eat with?
!
il
JOHN €= INGEST é=—

(pase) MOUTH (JOHN)

L )
JOHN &=) PTRANS ¢— *?%

L3

oo

yom

T
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Sometimes the instrumentality for an act entails a long sequence of
acts rather than a single event. In this case, the unknown instrument
is more appropriately described as a procedure. Procedural questions
are represented in the same way as instrumental questions. The
difference lies in what kind of answers are expected; a procedural
question is 1looking for directions, and an instrumental question is
looking for a short answer.

Examples:
Q3: How do I get to your house?

HOUSE (POSSBY: YOU)

I
ME ¢ PTRANS é&— ME e hYR

Q4: What is the best way to your house?

HOUSE (POSSBY: YOU)

HUM1¢=) PTRANS ¢— HUM, [ Bt} 1

Q5: How will I get word to John?

CP (JOHN)
. L
ME =) MTRANS &~ MOBJECT —— *7%

(future) CP (ME)

Whether or not a question is looking for an instrumental or a
procedural answer is a decision which must be made by interpretive
memory processes according to the specific context, the questioner’s
assumed knowledge state, and other inference processes. The initial
parse of a question is not responsible for deciding what kind of
; answer 1is most appropriate for a given question. There are contexts

~- in which the question “How did John get to your house?” will be best
satisfied with an answer like "By car.” But there are also contexts
(e.g. if the obvious route has been altered by a system of
complicated detours) in which the question asks for a more detailed
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description. Inferential Analysis and Content Specification are
. responsible for deciding how much information is being asked for by an
] Instrumental/Procedural question.

There are many how-questions which may look like they should be
Instrumental/Procedural questions but are not:

i Q6: How did you see John?
Tud (Did you make an appointment? threaten him?)
Q7: How did you find your lost book?
(Did you offer a reward? Look for it yourself?)
; Q8: How can we eat out tonight?
(Can we cash a check somewhere? Use a credit card?)

Each of Q6-8 ask about actions or conditions which must precede the

act in question. An Instrumental/Procedural question asks about an

act which was simultaneous with the main act of the question. K- a

question asks about an act which precedes the main act of the question
' in time, the question is either a Causal Antecedent or an Enablement
\ question.

Q6: How did you see John?

asks what steps had to be taken before you were able to see John. 1t
does not ask for acts which were simultaneous with the act of seeing
John (acts like talking to him or watching him).

Q7: How did John find his lost book?

j Finding a lost object is conceptually represented as a change in

mental state. Finding a lost book means that the location of the book
E . was unknown (not accessible to the actor’s Conscious Processor) for
some period of time, but then the location became known. “How did
John find his lost book?” asks for an act which resulted in this
mental state change. John may have found the book by asking Bill if
he knew where it was or by looking through his desk drawers. In any
case, the act precedes the state change as a causal antecedent.

T —

Q8: How can we eat out tonight?

If this question were taken as an Instrumental/Procedural question it
could be answered "“We’ll use forks and knives.’ The question is much
more likely to be asking about the enabling conditions for eating out.
Reasonable answers are along the lines of “We can borrow Bill’s car,”
or "I have an American Express Card.’ Each of these answers specifies
an act or state which will enable the act of eating out.

Knowledge about when questions like Q6-8 should be understood as
Causal Antecedent or Enablement questions instead of
Instrumental/Procedural questions is not something which the parser
can always be expected to have. The correct interpretation of
questions like these often occurs at a higher 1level of interpretive
analysis. Rules for reinterpreting Instrumental/Procedural questions 1
as Causal Antecedent or Enablement questions are incorporated in the
Inferential Analysis described in Chapter Three.
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Recognizing the Category:

All Instrumental/Procedural questions are recognized by the following
feature:

1. The question involves a conceptualization which has a partially or
totally unknown instrument.
Finding the Question Concept:

The question concept of an Instrumental/Procedural question is
extracted from the parsed question by removing the Instrument slot.

For example:

NEW YORK
, I
\ JOHN €= PTRANS &= JOHN — *7% L
1 (past)
has the question concept:
f
NEW YORK

JOHN &) PTRANS ¢— JOHN
(past)

2.8 Concept Completion

Concept Completion questions include a lot of who, what, where, and
when-questions. These questions are very much like fill-in-the-blank
" questions insofar as they specify a particular event with one missing ,
component and ask for the completion of that component.
Examplés:
7
f/'

Ql: What did John eat?

JOHN &) INGEST é— *7%

= (past)




= 60 =

Q2: Who gave Mary the book?

MARY
* 7% <) ATRANS ¢— BOOK
(past) * 7k
Q3: When did John leave Paris?
JOHN <= PTRANS &= JOHN
{pask) PARIS
TIME: *?7% {

Recognizing the Category:

All Concept Completion questions are recognized by the following
featurel:

l. An unknown conceptual component somewhere in the
question conceptualization.

Finding the Question Concept:

The question concept for a Concept Completion question is identical to
the parsed question conceptualization.

S pils 1

1This description holds unless the conceptual question satisfies the

specifications of another conceptual category in which case the other
category has precedence over Concept Completion. For example, if the
unknown component 1is the Instrument slot filler, the question is
Instrumental/Procedural.
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2.9 Expectational

Expectational questions ask about the causal antecedent of an act
which presumably did not occur. This presupposition is what sets
Expectational questions apart from Causal Antecedent questions.
Expectational questions are usually phrased as why-not questions.

Examples:

Ql: Why didn’t John go to New York?

* 7%
LEADTO
NEW YORK

JOHN <5 PTRANS ¢— JOHN
(past)

Q2: Why isn’t John eating?

* 7%

IITLEADTO

JOHN <= INGEST

Recognizing the Category:
All Expectational questions are recognized by the following features:

1. A causal chain of two concepts

2. The first concept is unknown

3. The causal link is LEADTO

4. The second concept has a MODE value = *NEG*

Finding the Question Concept

The question concept of an Expectational question is extracted from
the parsed question by taking the second concept from the causal chain
and deleting its negative MODE value.

T

T rrra—————

-




E
|

- 60—

For example:

*7%
LEADTO
NEW YORK
JOHN <= PTRANS &~ JOHN
(past)
has the question concept:
NEW YORK

JOHN €= PTRANS ¢— JOHN
(past)

2,10 Judgemental

Judgemental questions are those which solicit a judgment on the
part of the listener. All Judgemental questions can be appropriately
prefaced by “In your opinion...” Of course all questions ask for an
opinion of the questioner, so such a distinction could be viewed as
nothing more than a matter of degree. But without getting into
difficult philosophical arguments, Judgemental questions are roughly
those questions which require a projection of events as opposed to the
strict recall of facts. “Where 1is St. Louis?’ is not a question
which requires a Judgemental answer. This question asks for a hard
fact which a person either knows or doesn’t know. “Where do you
expect the President will spend Christmas?’ is not asking for a hard
fact unless the answerer is known to be a close friend of the
President who knows about all of his personal plans.

Judgemental questions are recognized by their explicit reference
to the mind of the person being addressed.
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Examples:

Ql: What should John do to keep Mary from leaving?

’&L -(:;HNTQ <MARY & PTRANS ¢— MART)’

ﬂI\I/R |

JOHN &) *7% 'S IS MLOC (YOU)

TIILEADTO

MARY ¢ PTRANS ¢— MARY ,

L, (future) __J

Q2: What should John do now?

[coar. (Joun) & unseec |

\ m I/R

| JOHN & *7% I@ IS MLOC (YOU)

' 1IILEADTO

UNSPE.Cl

L—_ (future)

Recognizing the Category:

All Judgemental questions are recognized by the following features:
1. A top level MLOC state

2. The top level actor is the answerer.

3. The MOBJECT contains a conceptualization which is
partially unknown.

Finding the Question Concept:

The question concept for Judgemental questions is extracted from the
conceptual question by finding the goal state inside the MOBJECT. If
no goal is specified, a default goal must be derived from the context
in which the question is asked.
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For example:

E;OAL (JOHN) @(MARY &5 PTRANS (——-—MA;Y_)-I
l

| 1/R |
I JOHN & * 7% l@ IS MLOC (YOU)
| mLEADTO |
|

MARY =) PTRANS €— MARY ,

L__ (future) _J -

has the question concept:

GOAL (JOHN) €3 (MARY ¢ PTRANS ¢— MARY)

2.11 Quantification

Quantification questions are those which ask for an amount. The
amount may be countable as in how-many questions or it may be a
continuous quantity. All Quantification questions can be phrased as

how-questions.

Examples:

Ql: How many people are here?

GROUP €5 1S LOC (HERE)

!

MEMBERTYP (*HUMAN%*)

NUMBER (*?7%)

Q2: How many dogs does John have?

GROUP @Is POSSBY (JOHN)

)

MEMBERTYP (*DOG*)

NUMBER (*7%)
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Some Quantification questions refer to values on physical or mental
state scales. In this case, the amount in question is a relative
value on a finite scale.

Examples:

Q3: How ill was John?
JOHN &) IS PHYSSTATE (*?7%)
(past)
Q4: How badly do you want the book?

BOOK@ POSSBY (YOU)

TTT CANCAUSE

YOUS—) TOWARD JOY (*7%)

Q5: How does John feel?

JOHN@IS MENTALSTATE (*?7%)

Recognizing the Category:
1 All Quantification questions are recognized by the following features:
l. A causal chain or single conceptualization involving a

state scale
. 2. An unknown state scale value

Finding the Question Concept:

The question concept for a Quantification question is identical to the
parsed question conceptualization.




=66 =

2.12 Feature Specification

Feature Specification questions ask about some property of a
given person or thing. Feature Specification questions are similar to
Concept Completion questions insofar as they are both
fill-in-the-blank type questions. The significant difference between
the two question types is that Concept Completion questions ask about
missing conceptual components in actions while Feature Specification
questions ask about static properties of objects.

Examples:
Ql: What color are John’s eyes?

EYESEE) IS COLOR (*?7%)

POSSBY (JOHN)

Q2: What breed of dog is Rover?

Rovme IS BREED (*7%)

Feature Specification questions ask about properties which cannot be
expressed as a relative value on a scale. For example, colors are
conceptualized in terms of names. While it is possible to represent
colors on a wave length spectrum, people do not naturally think about
color in this manner. But it would be misleading to say that Feature
Specification questions look for names while Quantification questions
look for relative numerical assignments. There are some Feature
Specification questions which are answered 1in terms of numerical
quantities:

Q3: How much does that rug cost?

RUG €5 IS COST (*2%)

Q4: How old is John?

JOHN ) IS AGE (%7%)
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These questions can be anwered in terms of a number but they are
Feature Specification questions because any numerical answer given
must refer to a specific unit. The unit need not be explicitly stated
in the answer, but it is nevertheless there implicitly by inference.
If John’s age is stated to be 56 we would infer that he is 56 years
old. If the rug is said to cost a hundred, we assume it costs $100.
It may cost 100 sheep but we would infer our own standard monetary
unit unless told otherwise.

Feature Specification questions which ask about non-numeric
properties can refer to implicit properties in the same way that the
units of numeric properties are often inferred. This happens when
questions are phrased “What kind of ...” or ‘What sort of ...~

Q5: What kind of dog is Rover?

Q6: What kind of doctor is John?

Q7: What sort of college is this?

Q8: What sort of bicycle does John have?

By inference most people would interpret Q5 to be asking about the
breed of dog while Q6 asks for a branch of medical practice. Q7 would
normally be understood to be asking about educational orientation
while Q8 could be asking about the make or general type. These
questions are open to flexible interpretations which should be
sensitive to context. In different contexts, Q5 could be referring to
breed (beagle), variety (hound), or lifestlye (housedog). But in any
given context, some inference must be made about what property is
being sought in order to answer the question.

Recognizing the Category:

All Feature Specification questions are recognized by the following
features:

l. There is an unknown property value
Finding the Question Concept:

The question concept for a Feature Specification question is identical
to the parsed question conceptualization.

2.13 Request

Requests constitute a special question category which is distinct
from all the other question categories presented here. All of the
other question categories discussed in this chapter describe inquiry
questions. An inquiry 1is asked by a questioner who is seeking some
specific information. All inquiries are appropriately answered via an
MTRANS of some sort. But a Request is asked when the questioner wants
a specific act to be performed.




- 68 -

Ql: Would you pass the salt?
Q2: Can you get me my coat?
Q3: Will you take out the garbage?

It is not adequate to characterize Requests and inquiries in terms of
whether or not a verbal response is appropriate in response. ‘What
time is it?” is an inquiry which can be answered by pointing to a
clock on the wall. And many requests are denied verbally:

Would you pass the salt?
No.

Even requests which are performed are often accompanied by a verbal
response:

Would you pass the salt?
Sure, here.

Requests are different from inquiry question types in terms of when
they are recognized by the interpreter. Inquiry question types are
initially recognized by the Question Analyzer. But Requests are never
recognized by the Question Analyzer. All Request questions are
assigned some inquiry question type by the Question Analyzer. It dis
then up to the Inferencial Analysis to reassign the question category
as a Request. This distinction in recognition derives from the fact
that all requests can be literally interpreted as inquiries.

Ql: Would you pass the salt?
Q2: Can you get me my coat?
Q3: Will you take out the garbage?

Each of these questions could be (mis)understood as a Verification
question answerable by a Yes or No. The Question Analyzer will always
understand a Request 1literally. So it will recognize Ql-3 as
Verification questions instead of Requests. The Inferential
Conversion Rules are responsible for finding the less 1literal
interpretations of questions which capture what the questioner
“obviously” meant. It is on this higher level of question
interpretation that Requests are detected by means of interpretive
inference mechanisms.

2.14 The Question Analyzer

The Question Analyzer is designed to function like a
discrimination net which applies various tests to a conceptualized
question in order to dectermine its Conceptual Category. The tests
within the net are hierarchically organized in order to minimize the
test processing. For example, at the head of the net is a test which
determines whether or not a question is represented as a causal chain
structure. If it 1is, then tests for Causal Antecedent, Goal
Orientation, Enablement, Causal Consequent, and Expectational
questions are all organized under this one branch of the net.
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The most difficult category to recognize are the Concept
Completion questions. These questions are characterized by an unknown
conceptual component which may occur anywhere in the
conceptualization, at any level. Rather than conduct a search to
positively identify such questions, the net is organized so that any
question which has passed through a terminal branch without positive
identification will be categorized as Concept Completion.

Figure 2 outlines the organization of the discriminating tests
used by the Question Analyzer.
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] Figure 2 d
Is there a causal chain? :

no yes The Question Analyzer f

Lgls the first concept an unknown or partially unknown act? i
no yes ¢

E | Is the causal link LEADTO?
B no yes

L% Does the second concept have a MODE value = NEG?
no yes .
L> categorize as EXPECTATIONAL
Categorize as CAUSAL ANTECEDENT

Is the causal link REASON?
no yes
l L cacegorize as GOAL ORIENTATION

\ Is the causal link ENABLE?
no yes

l Ly categorize as ENABLEMENT
Categorize as CONCEPT COMPLETION

N

¥ Is the second concept an unknown act?

—<«—no yes
Ly cCategorize as CAUSAL CONSEQUENT

v
Is the top level concept an OR relation?
no yes

l—;Categorize as DISJUNCTIVE

Does the top level concept have an unknown MODE value?
no yes
L categorize as VERIFICATION

F Is the top level concept an MBUILD with actor = YOU ?

no yes
L5 Categorize as JUDGEMENTAL

e
12}

there an unknown state value?
no yes

[-OIS the state a property description?
no yes
l Ly categorize as FEATURE SPECIFICATION

Is the state a relative scale description?
—<— no yes
Ly categorize as QUANTIFICATION

‘ Nz
ey Is there an unknown INSTRUMENT slot?

no yes
l L5 Categorize as INSTRUMENTAL/PROCEDURAL

Categorize as CONCEPT COMPLETION
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CHAPTER 3

RECATEGORIZING QUESTIONS BY INFERENTIAL ANALYSIS

This chapter describes inference mechanisms within
QUAIM which complete the interpretation of a question.
When the Question Analyzer assigns a Conceptual
Category to a question, it does so on the basis of
structural features in the Conceptual Dependency
representation of that question. Inferential Analysis
examines the content of a question to see if this
initial categorization of the question is correct.

In the context of talking to a friend on the street,
the two questions:

Ql: Do you have a match?
Q2: Do you have a wooden match?

are both recognized by the Question Analyzer to be
‘Verfication” questions. That 1is, they are both
understood as inquiries deserving of yes or no
answers. But while Q2 is best wunderstood as an
inquiry, Ql should ultimately be understood as a
request for a light. Q2 should remain an inquiry
because the specification of a wooden match as opposed
to any other kind of match suggests that the
questioner 1is interested in something other than
merely getting a light. Ql, on the other hand, is a
standard way of requesting a light.

By the time the Inferential Analyzer examines Ql and
Q2 they have both been tagged as Verification
questions by the Question Analyzer. It is the job of
Inferential Analysis to change the category for Ql to
a "Request,’ and further specify that Ql is a request
for a light (in the sense of a flame).

3.0 Introduction

Many questions are not correctly understood if taken 1literally.
Some questions require knowledge about conversational conventions in
order to be interpreted correctly, and others can only be wunderstood
within their situational context. Many questions can best be answered
by taking into consideration what the questioner knows and doesn’t
know. All of these factors contribute to the final interpretation of
a question. The interpretive analysis of a question must be able to
perceive the question within its overall environment; interpretive
mechanisms must be sensitive to a wide range of information which 1is
“external” to the question. These mechanisms must effectively examine
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a question, consider contextual factors, appeal to the conventions of
dialog, and conclude that “at this time, 1in this setting, this
question must mean (blitch).” Interpetations which do this require
understanding by inference.

Inference mechanisms are needed to achieve complete conceptual
understanding of a question. When a question is not interpreted
correctly on the level of Inferential Analysis, the answer produced
will be 1inappropriate. Faulty inferential analysis of a question
results in an answer which may have been right in another setting, but
not the current one.

There are three inference modules within the interpretor which
are designed to recognize what a question is really asking. These
three modules contain:

(1) Contextual Infcrence Conversion Rules
(2) Context~Independent Inference Conversion Rules
(3) Knowledge State Assessment Conversion Rules

Each module contains rules of inference which enable the system to
alter its wunderstanding of a question. These rules are applied
whenever the conceptual category and question concept meet specific
criteria. When a conversion rule is applied to a question, it alters
the conceptual category assigned to that question and wusually alters
the question concept as well. Each question is tested by all of the
conversion rules and reinterpretation occurs whenever a rule is
applicable. This process of successive reinterpretation continues
until all the conversion rules have run their tests. The resulting
question concept and conceptual categorization represent the final
interpretation of the question.

3.1 Contextual Inferences

Contextual inference rules exploit the conversational context in
which a question occurs. Conversational context refers to the
situational setting in which a conversation takes place. There are
three types of inference mechanisms whici rely on conversational
context: conversational scripts, generalized inference mechanisms,
and conversational continuity.

Conversationa cr

Some conversational settings are very stereotyped and
conversations within these settings can be understood by invoking an
appropriate script. An inference rule which is specific to one
particular script is a conversational script inference. For example,
the conversations which a stockbroker has with his clients all have
predictable elements which center around the transactions which a
stockbroker can perform. If one is not familiar with the transactions
which normally occur in ‘this particular business setting, a dialog
between a stockbroker and his client cannot be fully understood.
Conversational scripts are knowledge structures which organize
knowledge-based inferences for specific situations where people




interact conversationally.

Generalized Inference Rules

Not all knowledge-based inferences can be organized under
specific situational scripts in the way conversational scripts
organize inference mechanisms. If John has been helping Mary pack for
a trip, and he asks:

Ql: What didn“t I pack?
Mary will understand this question to mean:
Q2: What didn“t I pack that I should have packed?

There is no conversational script for conversations about packing
since dialogs about packing are not highly stereotyped. But there is
a situational script about packing for trips which must be used to
understand the question. In QUALM this knowledge is accessed and
utilized by a generalized inference rule. This rule is general in the
sense that it would be equally applicable in a context where John is
mailing out Christmas cards and he asks Mary:

Q3: Who didn“t I send a card to?

Here again there is no conversational script which goes with sending
Christmas cards, but there 1is a script for sending Christmas cards
which must be accessed to understand the question. The same general
inference rule which operated in the context of packing for a business
trip will work in the context of sending Christmas cards. This
inference conversion rule will reinterpret Q3 to mean:

Q4: Who didn“t I send a card to who I wanted to send a
card to?

Without this inference, the question would admit all sorts of
ridiculous answers:

Q3: Who didn’t I send a card to?
A3: Abraham Lincoln, Moby Dick, and everyone in Nova
Scotia.

The general rule which handles questions like Ql and Q3 1is described
in 3.1.2.2 A general rule of this sort which utilizes script-related
knowledge but which can be applied to a variety of scripts is called a
generalized inference conversion rule.

Conversational Continuity

A final application of conversational context occurs when a
question relies on the continuity of conversation. Many questions do
not contain complete conceptualizations but make sense because they
are understood in terms of previous conversation. Conversational
continuity conversion rules are responsible for understanding in these
situations.
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Did John give the book to Mary?
No.

A
B
A: Why not?

In this case it is clear that the question “Why not?’ is asking ‘Why
didn“t John give the book to Mary?’

: Did John give the book to Mary?
: I don”t know.
¢ Why not?

> W >

Now “Why not?” means “Why don’t you know if John gave the book to
Mary?’ General rules of conversational continuity allow us to fill in
missing information like this.

3.1.1 Conversational Scripts

Many conversations which occur between strangers in the context
of an everyday business or service transaction are highly predictable
in terms of content. A clerk in a store spends the majority of his
time answering questions like:

How much is this?

Do you have this in another color (size, style)?
Do you expect to get any more in?

Do you have any ...?

Where are the ...?

Of course a customer can ask a store clerk anything (Haven‘t we met
before?) but questions which are appropriate to the role a store clerk
assumes are both finite in nature and highly predictable. As for the
store clerk, he 1is expected to do nothing but answer questions and
initially offer assistance (Can I help you?).

The memory processes which predictively anticipate stereotypic
exchanges within a common situation are encoded in a conversational
script. The term script, as it has been presented within the SAM
system, has been used primarily to refer to a predictive mechanism
which has knowledge about stereotypic sequences of actions.
Technically speaking, this type of script is more correctly described
as a situational script [Schank & Abelson 1977] since it describes
what events are liable to occur in a given situation. A
conversational script is a predictive mechanism which has knowledge
about stereotypic conversations.

Many situational scripts have conversational scripts embedded in
them. For example, the restaurant script should contain a
conversational script for dialogs between the patron and
waiter/waitress. The restaurant script implemented in the SAM system
has a minimal version of a complete conversational script. There 1is
an MTRANS conceptualization in which the patron tells the waiter what
he wants, and there is an branch of events off of the main path in
which the waiter may MTRANS to the patron that he can’t have what was
ordered. This last MTRANS may be followed by an MTRANS from the
patron to the waiter specifying another order. This is as much as SAM
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knows about patron/waiter dialogs in the ordering scene of the
restaurant script.

If SAM had a complete conversational restaurant script it would
be able to understand stories where the patron asks the waiter to
describe a specific dish, or to make a recommendation. Social
conventions often determine what is and is not included in a
conversational script. It’s acceptable for a waiter to praise your
choice when you place an order (°Oh yes, that’s a very good dish’),
but it’s unlikely that he will tell you when you’re making a mistake
(‘I think that”’s our worst dish - are you sure you won’t
reconsider?’). If a waiter tells you that you’ve made a poor choice,
you feel that he is acting outside of his role as a waiter.

Conversational scripts are used in question answering whenever a
situation gives rise to stereotyped exchanges. If after consulting a
menu in a restaurant, the waiter comes up with pad in hand and says:

Are you ready to order now?
What” 11l it be?

Are you ready here?

Have you decided yet?

Do you want some more time?
Yes?

All of these questions will be readily understood to be asking for an
order. Anyone who has eaten out in a foreign country without any
knowledge of the native language will attest to the fact that a waiter
who appears with pad in hand at the right point in the script can say
just about anything and still get an order. Scriptal situations
affect the interpretation of questions just as they affect all
script-governed conversation.

In some stereotypic settings conversational scripts dictate how
things are said as well as what things get said. Conversational
scripts can affect the stylistic rules of conversation. Style here
refers to attitudinal styles such as formality (business meetings),
casualness (parties), or sobriety (funerals). Stylistic features of
questions are important because an inappropriate style can constitute
a statement in itself. For example, excessively polite inquiries at a
party are often used to discourage further conversation.

In addition to stylistic rules, conversational scripts often
specify something more on the order of subcultural dialects. A good
example of this occurs at auctions where the auctioneer wutilizes a
highly stylized mode of conversation while interacting with the floor.
The rules of conversation in this context extend well beyond verbal
conversation into visual signals for bidding, but there are still
rules for interpreting verbal questions which must be known in order
to understand the interaction. These rules allow us to understand a
variety of questions.

Do I hear $50? => Will someone bid $507?
Who will give me $50? -> Who will bid $507?
Is there $50 out there? -> Will anyone bid $50?
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In this case the auctioneer could say virtually anything which had a
reference to a number in it and the audience would understand it to be
a reference to either the bid currently standing or the bid the
auctioneer would like to get:

I‘’m at $40, I want $50.
I°ve got $40 in the hand, is there $50 in the bush?
I found $40, I'm looking for $50.

Each of these statements can be easily understood because the
conversational script for an auction predicts that an auctioneer will
tell the audience two things during bidding: the standing bid and the
bid he wants.

Inference mechanisms based on conversational scripts must be
script-specific. The interpretive rules for an auctioneer during
bidding are very simple:

(1) If two numbers are mentioned, the lower one is
the standing bid and the higher one is the bid
sought.

(2) If one number is mentioned, it is the bid
sought.

These rules are appiied whenever the meaning of a statement does not
explicitly reference the standing bid or the bid sought. These
interpretive rules are useless outside of an auction. If John is
thinking about buying a $50 chair and he asks Mary ‘Do we have $50?°
Mary will not interpret the question to mean “Will you bid $50?° The
interpretive mechanisms described above should be accessed only when
an auctioneer is talking to his audience during bidding.

The notion of conversational scripts and their role 1in
interpretive processing must be included in any question answering
model which claims to be a general model. As far as computer
implementation of QUALM is concerned, there is no need to implement
conversational scripts in the question interpreter unless we expect
the computer to be carrying on conversations in various settings
(restaurants, stores, bars, etc.). As long as the computer is
confined to the context of answering questions about stories, it has
no need to access conversational scripts during question
interpretation. In the context of story undertanding, conversational
scripts are needed during understanding (if a story contains any
script-related dialog) but not during question answering. John could
ask Mary “Your place or mine?” but nobody’s 1liable to put that
question to the computer.

Since SAM and PAM have not dealt with stories in which there is
any direct dialog, no conversational scripts have been implemented in
these systems. There has, however been some work done which is
closely related to the notion of conversational scripts and their
application to conversational programs. The application of script
derived predictions has been explored (quite promisingly) in the
domain of airline reservations with the development of a program
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called GUS [Bobrow et al. 1976]. While this work has been conducted
independently and without reference to the general notion of scriptal
conversation, it is clear that GUS relies on script-specific
knowledge. GUS assumes the role of an airline reservation agent in
the conversational context of a reservationist talking to a client.
GUS“s script-related predictions guide it through dialogs where it
must determine where the customer wants to go, when, and for how long,
etc. We will discuss GUS and its relationship to QUALM more fully in
Chapter Eleven.

3.1.2 Generalized Inferences

Many questions require inferencing in order to fill in missing
information. These inferences are often made on the basis of scriptal
knowledge about the world. When an inference mechanism needs to
access knowledge from a script, there are basically two ways that the
mechanism may be designed. Some rules which generate inferences by
drawing on script-based knowledge can be stated very generally so that
one rule will apply over a large set of scripts. Other rules are
script-specific and can be used in the context of one script for which
they were designed. This notion of general applicability wvs.
script-specific applicability distinguishes generalized inference
mechanisms from conversational script inference mechanisms. We will
describe three generalized inference rules here. These rules tend to
be very powerful because they can be used in a variety of contexts.

3.1.2.1 Single Word Questions

In any script where there is a host or servant type of role, a
question by the person in that role which merely specifies an object
or list of objects means ‘Do you want some (grobs)?’ where (grobs) are
something normally offered to the consumer in that particular script.

Coffee, tea, or milk? (on an airplane)
Nuts? (from someone fixing you a hot fudge sundae)

The rule about offering objects which applies to these examples can be
stated even more generally:

Rule #1:

If a role in a script specifies a highly predictable act
associated with an object, a question by a person in
that role which specifies that object means ‘Do you want
me to (blitch)?” where (blitching) is the act predicted
by the script.

So a butler can ask a guest who has just entered the house ‘Your coat,
sir?’ and this will be understood to mean “Do you want me to take your
coat?” If the guest is about to walk out the door and the butler walks
up to him carrying his coat, “Your coat, sir?’ means ‘Don’t forget
your coat,” or “May I help you with (help you put on) your coat?’
Similarly, a waitress can go up to a man who has just sat down at a
table, ask “A menu?” and mean ‘Do you want a menu?”
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But suppose the man who is sitting at the table says to the

waitress “A menu?” Now the question means ‘Would you bring me a menu?”’

So if a question in a script situation specifies an object associated

| A with the script, the question should be interpreted as either an

L inquiry concerning the script act or a request that the script act be

| performed. Whether the question is an inquiry or a request depends on

whether or not the questioner is the script assigned performer of the
act.

So this leads us to the final most general formulation of the
rule:

Rule #2:

A question which consists of a single noun is either a
request or an 1inquiry about the script assigned act
associated with that object. It 1is an 1inquiry about
whether or not the act is desired when the questioner is
playing the script role which performs the act in

3 question. It 1is a request for the act to be performed
when the questioner is anyone else.

When a script contains multiple events involving an object, each of

which is performed by the same actor (as is the case with a butler and
' a coat) the appropriate act is determined by the current predictions
of the script applier [Cullingford 1976, 1977]. 1If John has just
entered a wealthy home, the script applier predicts that the butler
may take his coat, but it does not predict that the butler will give
John his coat back until later.

B
h

3.1.2.2 Universal Set Inference

It does not always make sense to word a Concept Completion
question negatively. “Who wasn’t elected president in 1969?° is a
fairly strange question in any context. But there are reasonable
Concept Completion questions which ask about negated concepts. For
example, “What didn“t I pack?” and “Who haven’t I invited?” are
Concept Completion questions with negative MODE values since they ask
about things which haven”t been done. The 1interpretation of such
questions always requires the addition of a constraining feature.
Without such a constraint, these questions could be answered:

Q: What haven’t I packed? (upon closing the suitcase)
A: This pile of fuzz and the World Trade Center.

Q: Who isn’t here? (upon entering a college seminar)
A: Lassie, Kahlil Gibran, and Rosemary Woods.

Q: What haven’t I added? (before baking cake)
A: A pound of dog hair and an oil filter.

It is obvious that all of these questions implicitly place a
constraint on potential answers. While the nonsense answers may be
absolutely correct, they are nonsense because they violated the
implicit constraints: What haven’t I packed (that I should have
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packed)? Who isn”t here (who should be here)? What haven’t 1 added
(that belongs in the cake)? There is one general rule which can be
used to specify these constraints on the basis of scriptal knowledge
about the world. The rule is invoked whenever a Concept Completion
question 1is encountered which has negative MODE value. The
appropriate interpretive constraint is derived from the set of
potential objects specified by the active script for the act or state
in question. The script for packing a suitcase specifies that you
pack only those objects which you want to have with you for reasons of
necessity or convenience or peace of mind. The script for a college
seminar specifies that the professor and registered students attend.
The script for baking a cake specifies a set of ingredients.

When a negative Concept Completion question is asked, acceptable
answers specify things from the script-defined set of potential
considerations. If you don’t know what the instantiated
script-defined limitations are, you can’t answer the question.
Someone who doesn’t know who belongs in the seminar can’t hope to
answer ‘Who’s mnot here?” In this way scripts delimit the set of
acceptable and reasonable answers to negative specification questions.
The more specific a script 1is, the easier it is to find an answer
since the set of potential answers will be well defined. “What
haven’t I packed?” is difficult to answer because it entails knowing
what the person packing needs or would 1like to take with him. A
person answering this question needs to know the person who is packing
and where he is going in order to come up with good answers. I is
much easier to answer ‘What haven’t I added?” in the context of baking
a cake since the ingredients for baking a cake are specified by the
script as the ingredients listed in the recipe.

3.1.2.3 Implicit Requests

Many social interactions between people are very common and have
come to be fairly standardized. Requests which occur within a
standard interaction are often phrased in a manner which 1is not
altogether straightforward:

Do you have a match?
Do you know what time it is?
Can you tell me what city this is?

In normal conversation, questions of this sort are never taken
literally. That 1is, no one would ever answer one of these with a
simple yes or no unless they were deliberately trying to be difficult.
Each of these questions is in fact a request for a specific act or for
the communication of information. ‘Do you have a match?’ is a request
for a match. ‘Do you know what time it is?” is an inquiry about the
time, and “Can you tell me what city this is?” is an inquiry about the
name of a city. The literal interpretation of these questions does
not convey their underlying meanings. But how are these underlying
meanings recognized? The sentence structure or conceptual syntax of
these questions is not sufficient to indicate when a question 1is an
inquiry and when it is a request:
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Do you have a Porsche?
(is not asking for the car)

Can you spell?
(is not asking for a demonstration)

We will now describe inference conversion rules which transform
Verification questions into Requests whenever a Request interpretation
is appropriate. Each rule has two parts: Criteria and Target
Interpretation. The Criteria describe conditions under which the rule
is appropriate. A rule will not be applied if its Criteria are not
met. If all of the Criteria for a rule are satisfied, the question is
reinterpreted by replacing the question category and question concept
as specified by the Target Interpretation.

Some of the Criteria specifications require facts from general
world knowledge concerning the content of the question. Therefore
permanent memory may need to be accessed in order to verify the
Criteria. These verification processes may be easy to execute or
fairly involved. For example, the ATRANS Request Conversion asks
whether or not the object of the conceptualization is of little value.
This can be easily confirmed or denied by examining a memory token.
But the Performance Request Conversion asks whether or not it is
reasonable to ask that the act described by the question be performed.
This 1is considerably more difficult to establish. The mechanisms
which verify these Criteria will not be described. At this stage it
is not clear how the more involved verification processes should be
designed. 1If all of the Criteria for a rule apply, the question is
reinterpreted according to the instructions under the Target
Interpretation.

Kkkkkkkkkkhkhhkkhkhkdkkhkhkkkkhhhkkkhkkkkkkkk

Rule 1: ATRANS Request Conversion

hkkkhkkhkkkhkhkkhkhkhkkhkkhkkhkkkhkkkkkkkkkkkkk

Criteria: (1) Conceptual Categorization = Verification
(2) The Question Concept is of the form:
*X * €=) 1S POSSBY (*Y*) TIME (*PRESENTX)
where *Y* is the person being addressed
(3) ®* is of little value

Target Interpretation: Conceptual Categorization <~ Request
Question Concept <=
*7%

*Y* <=> ATRANS & **

*Y %

where *7Z* is the person asking the question
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Examples:
Rule 1 Applies:
Do you have a pencil? -—-> Would you give me a pencil?
Do you have a quarter? --->  Would you give me a quarter?
Do you have a cigarette? --==>  Would you give me a
cigarette?

Rule 1 Does Not Apply:
Do you have a coat? (a coat is too valuable to give away)
Did you have a dime? (wrong tense)

Do you have a telephone? (a telephone is too valuable)

kkkkkkkkkhkkkkhkkkhkhhkhhhkkkkkkkkkkkkkkk

Rule 2: MTRANS Request Conversion
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Criteria: (1) Conceptual Categorization = Verification
(2) Question Concept is of the form:
(*X*) & IS MLOC (*Y*) TIME (*PRESENT*)
where *Y* is the person being addressed
and *X* is a conceptualization involving an
unknown conceptual component
(3) the unknown component in *X* can be MTRANSed
quickly and easily

Target Interpretation: Conceptual Categorization <=

Specification
Question Concept & *X*
* Kk kkk
Examples:
Rule 2 Applies:
Do you know what time it is? —-_——> What time is it?
Do you remember Al”s address? --==> What is Al"s address

Do you recognize this song? -=-=> What song is this
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Rule 2 Does Not Apply:

g - Do you know John? (this sense of know is not represented by
- G4l an MLOC construction with an unknown MOBJ)

Do you know how to spell? (no unknown component; spell what?)
Does Mary know where John is? (does not address respondent)

Did you know how to integrate trigonometric functions?
(cannot be MTRANSed easily or quickly) |

kkkkkkkkhhkkkhhhkkhhkhkkkkkkkhkkkkhhkkhkkkhhkkkhkkk

3 Rule 3: Performance Request Conversion

kkkkhhkkkhkkkhkhhkkhkhkhkkhkhkkhkkkkkkkkhkkkikkhkk
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Criteria: (1) Conceptual Categorization = Verification

(2) Question Concept is of the form:
*Y* <=> DO, MODE (*CAN*) |
i TIME (*PRESENT*) g

where *Y* is the person being addressed
and *Dol* is some conceptual action
(3) Performance of the conceptual act DO y is
a reasonable request

E 4 Target Interpretation: Conceptual Categorization<— Request
! Question Concept {= #*Y* <=> Do,

' *kkkk
Examples:

Rule 3 Applies:

Can you give me a ride? -==> Would you give me a ride?
Could you light the fire? -==> Would you light the fire?
Rule 3 Does Not Apply:

Could you have 1lit the fire? (wrong tense)

Are you giving me a book? (MODE value # *CAN*)

Can John tell Mary? (does not address the respondent)
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The third criterion is stated vaguely because the necessary conditions
which render a given act ‘reasonable’ are often dependent on the
conversational context and the goals of the speaker. For example, in
a small hospital where two doctors are conferring over an emergency,
the question ‘Can you perform open heart surgery?’ may very well be a
request to perform an operation. But the same question addressed to a
doctor at a cocktail party will not be understood as a request.

kkkkkhkkhkkhkkhkhkhkkhhkkhkhkkhkkhhkhkhkhkkkkkkkk

Rule 4: Permission Request Conversion

kkkkhhkkhkkkkhkhkhhkkhkhkkhkkkkhhkkkhkkhkkhkkk

Criteria: (1) Conceptual Categorization = Verification
(2) Question Concept is of the form:
*X* <=> DO1 MODE (*CAN%*)
TIME (*PRESENT* or *FUTURE*)
where *Y* is the person asking the question
and DO1 is some conceptual action

(3) the person addressed has power over *X*
with respect to the occurrence of DO1

Target Interpretation: Conceptual Categorization {=

Verification
Question Concept €=
*X* <=> DOl
I/R
<X

*y*x & JoY VAL
X

where *Y* is the person being addressed

ke ok
Examples:

Rule 4 Applies:

Can I go to the movies tonight? —-_——>
Is it all right if I go to the movies tonight?

Can I take the car today? —-—>
Is it all right if I take the car today?




! o ik

The third criterion is stated strongly and should be relaxed to cover
social settings or relationships where both parties are equal. In
such a situation it is reasonable to ask for permission in the weak
sense of making sure there aren’t any objections. For example, a man
could ask his wife “Can I take the car today?” without needing her
permission in the sense of her allowing it. He could be asking just
to make sure she hadn’t planned on using it herself. This sense of a
request is very different from one made in a relationship of
} unbalanced power (e.g. a teenager asking a parent for the car).
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Rule 5: Function Request Conversion
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f
: \ Criteria: (1) Conceptual Categorization = Verification
i (2) Question Concept is of the form:
*X* € POSSBY (*Y*) TIME (*PRESENT*)
where *Y* is the person being addressed
(3) The common function associated with *X*
can be easily executed

Target Interpretation: Conceptual Categorization &~ Request
Question Concept ¢ *Y* <=> DO1

) where DO is the instrumental script
commonly associated with *X*

*kkkk

Examples:

Rule 5 Applies:

Do you have a light? -==> Would you cffer me a light?

Rule 5 Does Not Apply:

Do you have a piano? (playing the piano is not trivial)

A transformation very similar to this one but slightly more complex
goes into effect when additional information is given about a desired
state change. For example:

Do you have air conditioning? It’s too hot in here.
P should be reinterpreted as
Would you turn on the air conditioning?

T O S S
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Do you have a light? It’s dark in here.
should be reinterpreted as
Would you turn on a light?

The application of these conversion rules must be carefully
ordered so that some rules will have precedence others. Consider the
request for a cigarette:

Q: Do you have a cigarette?

If the Function Request Conversion were applied before the ATRANS
Request Conversion, this question would be interpreted to ask ‘Would
you smoke a cigarette?” But if the ATRANS Request Conversion is
applied first, the intended meaning (“Would you give me a cigarette?’)
is obtained.

khkkkkhkkkhkhhkkhhkkhkkkkkhkhhkkhkkhkkhkhkhkhkkhkkhkkkhkkhkkkkkk

The inference mechanisms described in this section are context
dependent 1in the sense that contextual information may suppress them.
For example, suppose John has been out drinking and he calls Mary up
around 3 am to tell her he’ll be home late. If in this context Mary
asks John ‘Do you know what time it is?’ she is probably not asking
for the time. The preceding rules will work most of the time, but not
always. Higher level predictive processes can interfere with them and
suppress them.

3.1.2.4 Implicit Causality

How-questions are subject to wide variations in conceptual
representation. At the beginning of Chapter Two we saw eight distinct
conceptual senses for questions beginning with the word how. Many of
these senses are recognized by the parser, but others are left for
higher memory processes to discern. In Chapter One (sections 1.1.3 -
l.1.4) we saw how in some contexts the question, ‘How will we eat
tonight?’ should be understood as an Enablement question while in
other contexts it 1is asking about Instrumentality. The parser does
not attempt to determine which causality is more appropriate for a
question like this. The parser will always represent ‘How will we eat
tonight?’ as an Instrumental/Procedural question.

There are two inference mechanisms within Inferential Analysis
which determine when an Instrumental/Procedural question should be
reinterpreted as a Causal Antecedent or Enablement question: the
Causal Antecedent Conversion and the Enablement Conversion. The
Causal Antecedent Conversion operates independent of the context in
which a question is asked and so it will not be presented until
section 3.2. But the Enablement Conversion is sensitive to context
and so will be presented now.
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Rule 6: Enablement Conversion

% dodede g g e d g e e e de e o g e ok ok e o ok ok e ok ok %k ke ke

Criteria: (1) Conceptual Categorization = Instrumental/
Procedural
(2) Question Concept is of the form:

*X* <=> DO1

where DO1 describes a script instantiation

(3) One or more of the Enabling conditions for

DO1 are not satisfied

Target Interpretation: Conceptual Category<4= Enablement
Question Conceptéde= *X* <=> DO,

kK kkk
Examples:

Rule 6 Applies:

How did you write this book? (you can’t write) —>
How were you able to write this book?

How will we eat out tonight? (without any money) —-—>
How will we be able to eat out tonight?

How did John eat at Leone’s? (since John was barefoot) ==-=>
How was John able to eat at Leone’s?

Rule 6 Does Not Apply:
How did John go to New York? (nmo violated enablements)

How are you contacting John? (’contacting’ does not
describe a script)

3.1.3 Conversational Continuity

Questions which occur in dialog are often incomplete. But people
rarely have difficulty understanding what the intended question is in
these cases. There are rules of conversational continuity which
enable people to conceptually complete a partial question. When
information is left out in dialog, conversational continuity is
usually maintained by filling in information from the last
conceptualization communicated. In this section a basic rule for
question interpretation is presented which relies on conversational
continuity. Two additional rules are given as variations on the basic
rule which deal with pronominalization and incomplete questions.
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3.1.3.1 The Basic Rule

Jane: Did John go to class yesterday?
Bill: No.
Jane: Why not?

Jane: Did John go to class yesterday?

Bill: I don’t know.
Jane: Why not?

In the first dialog ‘Why not?’ refers to the fact that John didn’t go
to class yesterday. In the second dialog ‘Why not?’ refers to the
fact that Bill didn’t know if John went to class yesterday. There is

one simple rule which explains how to complete an incomplete question
concept which has been asked within dialog.

ok de ek dede e ke e e e e e o ok e e ke e ok e ke ke ke ke ke ok ok ok ok o ok ok e o o ok ok ok ok ok ke ok ok
Continuity Completion Rule:
Complete a partial question in terms of the

last concept communicated to the questioner

* % F N ¥ ¥ ¥
¥ % ¥ ¥ ¥ X ¥
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In the first dialog, the last thing the questioner heard before
asking ‘Why not?’ was ‘No.” Since this was an answer in response to a
question, it communicated some conceptual information to the
questioner. In this case, it conveyed the information that John did
not go to class yesterday. Given the incomplete question ‘Why not?’
the rule tells us to combine “Why not?” with the concept of John not
going to class yesterday to get the complete question ‘Why didn”t John
go to class yesterday?’ In the second dialog, the last thing the
questioner heard was ‘I don’t know.’ This was also an answer in
response to an earlier question, an answer conveying ‘I don’t know if
John went to class yesterday.” So by using the rule, we combine “Why
not?” with ‘I don”t know if John went to class yesterday,’ to get ’“Why
don’t you know if John went to class yesterday?’

This rule works for a variety of incomplete questions. In
addition to Causal Antecedent and Expectational questions, it works
for many others as well:

A: Does it rain in Portland?
B: Yes. (it rains in Portland)
A: How much? (How much does it rain in Portland?)

A: Are you leaving for New York?
B: Yes. (I am leaving for New York)
A: Today? (Are you leaving for New York today?)

A: Is John still in charge?
B: No. (John is not still in charge)
A: Says who? (Who says John is not still in charge?)
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3.1.3.2 The Last MLOC Update

The Last MLOC Update (LMU) is a temporary storage buffer which
enables a question answerer to remember the 1last concept he
communicated to the questioner. Each time a new exchange occurs in
dialog, the IMU is updated with the last concept communicated and the
previous contents of the IMU are lost. This simple device is
sufficient for all of the conversational continuity inference rules.

Example:

Q: Does it rain in Portland?
A: Yes. (LMU = It rains in Portland)
Q: How much?

Q: Did Mary get the book from Susan?
A: No. (LMU = Mary did not get the book from Susan)
Q: Who did?

Q: Did John leave for New York?
A: Yes. (LMU = John left for New York)
Q: When?

The contents of the IMU must be a complete conceptualization, even if
the answer from which it is derived is not complete. This is not a
problem because the memory retrieval unit of QUALM always produces a
complete conceptualization, even if the answer generated is a short
answer (see Chapter Five). Entering a new concept into the LMU is the
last process performed by the memory search unit before the conceptual
answer is passed to the generator.

When the next question received by the interpreter is
conceptually incomplete, conversational continuity rules are
responsible for combining the current question with the LMU concept to
form a complete conceptual question. For example, the question
‘When?’ can be combined in a straightforward manner with the IMU
concept of John having left for New York to form a complete conceptual
question which asks “When did John leave for New York?’

3.1.3.3 Pronominal Reference

A slight variation on the basic continuity completion rule is
needed when pronominal reference must be resolved in a question.
Whenever a pronoun appears in a question, the last concept
communicated to the questioner (the LMU) will contain the pronominal
referent.

A: Is John still in charge?
B: No, Bill is. (Bill is in charge)
A: Who’s he? (who’s Bill?)

In this case the pronominal referent for “he” is easy to find. The
last concept communicated (Bill is in charge) contains only one male
human in its conceptualization, Bill. So “he’ must refer to Bill.
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If there is more than one candidate for pronominal reference
among those memory tokens appearing in the last concept, then a
pattern match between the question concept and the last concept will
determine the correct referent.

A: Did Mary get the book from Susan?
B: No. (Mary did not get the book from Susan)
A: Who gave it to her? (Who gave the book to Mary?)

In this example the pronominal reference is a little harder. The last
concept communicated (Mary did not get the book from Susan) has only
one inanimate object, the book. So the referent for ‘“it’ is resolved
to be the book. But there are two possible candidates for “her.’ Both
Susan and Mary are female humans in the LMU. The correct referent
must be found by matching the question concept against the LMU to find
which component of the last concept communicated corresponds to the
pronoun in question. The conceptual representation for ‘Mary did not
get the book from Susan’ is:

MARY
MARY & ATRANS <« BOOK
(k) SUSAN
ACTOR = MARY

OBJECT = BOOK
RECIPIENT = MARY

The conceptual representation for “Who gave it to her?’ is:

HUM1

*7% &9 ATRANS & PHYSOBJ

(past) X7k

ACTOR = *?7%
OBJECT = PHYSOBJ
RECIPIENT = HUM1

Where HUM has the properties of being human and female. A simple
pattern match which recognizes corresponding slots in two
conceptualizations and checks property list values can determine that
‘her” (the recipient) corresponds to the filler of the recipient slot
of the IMU: Mary. Therefore the question is interpreted to mean “Who
gave the book to Mary?

A: Did Susan give the book to Mary?

B: No. (Susan did not give the book to Mary)

A: Was it given to her by Ann? (Was the book given to
Mary by Ann?)
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E)
f : This example is identical to the last one in processing complexity. :
k. In Conceptual Dependency, the representation for this dialog is
i identical ! to the previous dialog:
g A: Did Mary get the book from Susan?
i B: No. (Mary did not get the book from Susan)
E A: Did Ann give it to her? (Did Ann give the book to
i
’ Both IMU’s “Did Susan give the book to Mary?’ and ‘Did Mary get the
book from Susan?’ are represented by: :
B *7% MARY
| R L &> ATRANS ¢ BOOK
§ \npee) SUSAN
? E Both “Was it given to her by Ann?’ and ‘Did Ann give it to her?’ are
E \ represented conceptually by:
)
E- * 7% HUM,
? |
ANN € ATRANS & PHYSOBJ
i ' (past)

ANN

The referent for “it’ can only be the book, and a pattern match
against the IMU determines that ‘her’ (HUMI) must correspond to Mary.

Pronominalization is really a problem for Internalization. Use
5 of the IMU in pronominal reference illustrates how techniques
developed for QUAIM can spill over into other processing domains.

3.1.3.4 Focus-Based Continuity

? In the last section we said that the same conceptualization
| represented the questions ‘Did Ann give it to her?’ and ‘Was it given
{ to her by Ann?” This was an oversimplification of the representations,
| . but for the purposes of the pronominalization rule described in
3.1.3.3, it was an adequate statement. There are, however, situations
where it is necessary for the conceptual representation to distinguish
active and passive constructions. The distinction is accomplished by
placing a focus flag on that component of the conceptualization which
was emphasized by the sentence structure [Goldman 1974]. Using focus
flags, “Ann gave the book to Mary,’ is represented by:

1This is not exactly true but it is close enough for the point at hand. In
the next section (3.1.3.4) we will see how Conceptual Dependency does
distinguish active and passive constructions as well as ‘Susan gave the
book to Mary,” vs. ’“Mary got the book from Susan.’




—

BR s s,

- 9] -
> MARY
ANN & ATRANS ¢« BOOK
t
T (past) P
focus

‘The book was given to Mary by Ann,’ is represented by:
MARY
ANN &> ATRANS «— BOOK

(past) AN

focus

This representation of focus in used when concept completion questions
must be interpreted in terms of previous dialog.

e e dedede de o e ek e ok ek ok e ek ok
DIALOG 1

A: Did Susan give the book to Mary?
B: No. (Susan didn”t give the book to Mary)

MARY
SUSAN <=> ATRANS <« BOOK
ipast) SUSAN

focus

A: Who did? (who gave the book to Mary?)
MARY
*?% <=> ATRANS <= BOOK

(past) *7%

kkkhkhkkhhkhkhkhhkhhkdkhkhkhkkhkhkkkkkkkk
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DIALOG 2

A: Was Mary given the book by Susan?

B: No. (Mary wasn’t given the book by Susan)

3 MARY
SUSAN <=> ATRANS <= BOOK focus
| =
(past) SUSAN

A: Who was? (who was given the book by Susan?)

\ *7%
i

SUSAN <=> ATRANS <— BOOK

t
(past) SUSAN

§ kkkkkkkkkkhhrkkkhkkhhhhkkhkkk
DIALOG 3

\ A: Was the book given to Mary by Ann?
B: No. (the book wasn’t given to Mary by Ann)

MARY
ANN <=> ATRANS <« BOOK
1 (past) AN 4;

focus

A: What was? (what was given to Mary by Ann?)

MARY
ANN <=> ATRANS <— *?%
lf (past) ANN
}frl. In these dialogs the question concept must be inferred on the basis of

the LMU. The interrogative pronouns (who, what) must be assigned to a
role slot in a complete conceptualization. This conceptualization
must be derived from the conversation.
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The rule which infers the complete conceptual question correctly
uses only the LMU. When the wunknown component of an incomplete
question does not have an obvious role filler on the basis of a
pattern match, then assign the unknown component to the role which
received the focus flag, and complete the concept without further
alterations. In DIALOG 1, focus fell on the ACTOR slot so ‘who’ is
assigned to the ACTOR slot. In DIALOG 2, focus fell on the TO slot so
“who’ is assigned to the TO slot. In DIALOG 3, focus was assigned to
the OBJECT slot and so “what’ assumes the OBJECT slot.

3.1.3.5 Knowledge-Based Continuity

More complicated questions which can be interpreted in terms of
the basic rule for conversational continuity require general world
knowledge to be combined with the IMU to the questioner in order to
conceptually complete a question.

A: I want to make a withdrawal.
B: Checking or savings?
(Do you want to withdraw from a checking
account or a savings account?)

In order to understand this question it is necessary to know that
“checking” and “savings’ refer to types of bank accounts. It is also
necessary to know that a withdrawal has to do with a bank account, i.e.
a withdrawal is a transaction in which money is taken from a bank
account. Once these connections are made, the question can be fully
interpreted in terms of the LMU.

This kind of knowledge would be found in the conversational
script (3.1.1) for bank transactions. So conversational scripts must
be accessed along with the IMU in order to complete a particular class
of partial questions.

3.2 Context-Independent Inferences

Context-Independent conversion rules may be utilized by the
interpreter in any context. These general rules are structured in the
same way as contextual 1inference rules; each one has a set of
Criteria and a Target Interpretation. A rule is activated only when
its Criteria are satisfied. If all of the Criteria are satisfied, the
rule changes the question’s conceptual categorization and question
concept according to directions specified under the Target
Interpretation. These transformations are designed to produce a
Target Interpretation which captures an intended question as opposed
to a precisely literal question.

Q: Do you do your homework?
A: Almost never.

This question is technically a Verification question which could be
answered by a simple yes or no. But the answer given specifies the
frequency of the act in question. In order to produce this answer a
general interpretive rule had to be applied to the question which
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re-conceptualizes the question to mean ‘How often do you do
homework?”’
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Rule 7: Simple Request Conversion
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Criteria: (1) Conceptual Categorization = Expectational
(2) Question Concept is of the form:

*Yk <=> DO1 TIME (*PRESENT#*) MODE (*NEG¥%)

where *Y* is the person being addressed

Target Interpretation: Conceptual Category < Request
Question Concept{= *Y* <=> DO

1
¥k ok ok ok
Examples:
Rule 7 Applies:
Why don’t you listen? -===> Would you listen?
Why don’t you come here? ==~> Would you come here?
Why don’t you pay me now? --=> Would you pay me now?

Rule 7 Does Not Apply:

Why are you paying me now? (wrong conceptual category)
Why didn”t you pay me then? (wrong tense)

Why didn’t John eat a hamburger? (wrong tense)
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Rule 8: Frequency Specification Conversion
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Criteria: (1) Conceptual Categorization = Verification
(2) Question Concept is of the form:
*X* MANNER (*REPEATEDLY*)
where *X* is a conceptual event
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Target Interpretation: Conceptual Category<{~ Specification
Question Concept ¢= *X* FREQUENCY (*7%)

*kkkk
Examples:

Rule 8 Applies:

Does it snow in Portland? -
How often does it snow in Portland?

Do you eat at Clark’s? ---=>
How often do you eat at Clark’s?

Do you do your homework? -
How often do you do your homework?

Rule 8 Does Not Apply:
Did the train arrive this morning? (MANNER = *REPEATEDLY*)

Is John going to New York? (MANNER = *REPEATEDLY*)

The parser is capable of recognizing when an action should have MANNER
= REPEATEDLY by accessing scripts in memory. When an action is
typically something which occurs again and again, it describes a
situational script. Any such situational script will have a
descriptive tag which says that this script is normally recurrent.

khkkkkhkhkhkhhkhhkhkkhkhkhkhkkkhkkhkkhkhkkkkkhkkhkkkkhkhkkkkkk

Rule 9: Duration Specification Conversion
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Criteria: (1) Conceptual Categorization = Verification
(2) Question Concept is of the form:
*X* TIME (*Wx)
where *X* is a conceptual event
and *W* specifies an interval of time

Target Interpretation: Conceptual Category<4e Specification
Question Concept €® *X* TIMEDURATION (*?%)

* Kk kkk
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Examples:

Rule 9 Applies:

Have you lived in Italy long? —>
How long have you lived in Italy?

Did it rain this morning? —-—=>
How long did it rain this morning?

Did it hurt for a while? ---> How long did it hurt?
Rule 9 Does Not Apply:

Do you watch football? (would be transformed first by the
Frequency Specification Conversion)

Did John go to New York? (does not describe an event
over an interval of time)

The last two conversion rules (8 and 9) are optional conversions
which do not precisely stay with the immediate meaning of the
question. ‘Do you beat your wife?’ does not have to be understood to
mean ‘How often do you beat your wife?’ These conversions should be
sensitive to how talkative the system is: they should only be used if
the system wants to be talkative and prolong conversation. If the
system 1s more business-like and less conversational, these
conversions should be ignored. Softer conversion rules of this sort
are closer to transitional rules of conversation than strict
interpretive processing.
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Rule 10: Agent Request Conversion

% e Je e Je e Je ok d k k k J ke e %k Kk o e ko ke ke ok ok ok ko ek ke ok

Criteria: (1) Conceptual Categorization = Verification
(2) Question Concept is of the form:
*X * &> POSSBY (*Z*) MODE (*CAN*)
or
k7% <=> ATRANS & *X* MODE (*CAN%*)

Target Interpretation: Conceptual Category (= Request
Question Concept (=

*7%
*Y* <=> ATRANS & *X* 4+::

where *Y* is the person being addressed

* &k kk
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Examples:

Rule 10 Applies:

Can I have a cookie? ---> Would you give me a cookie?
Could we get a collie? ---> Would you get us a collie?

Can Rover have your leftover bone? —-—=>
Would you give Rover your leftover bone?

Rule 10 Does Not Apply:

Can I have swine flu? (is not represented by a POSSBY state;
this is a physical state description)

Does John have a car? (MODE value 3 *CAN%)

Can John see Mary now? (is not a POSSBY or ATRANS)

3.3 Knowledge State Assessment Inferences

The correct interpretation of a question may rely on knowing
something about the questioner’s knowledge state and goal states. If
a mathematician is at a party for university faculty, and someone he
has just met asks him:

Ql: What field are you in?
he should interpret Ql to mean:
Q2: What academic field are you in?

Given this interpretation, he can respond on an appropriate level of
description: ‘I’'m in mathematics.” But if he is at a professional
mathematics conference, Ql should be understood to be asking:

Q3: What specialty field are you in?

Q3 should be answered with a more esoteric description: ‘I’m in
algebraic topology.” These interpretations are based on assumptions
about what the questioner knows and doesn’t know.

Knowledge state assessment rules are sensitive to beliefs about
the questioner’s knowledge state. Each rule has a Criteria which
specifies a conceptual categorization and a condition concerning the
questioner. If all the Criteria are satisfied, the rule is applied by
changing the conceptual categorization and question concept according
to the directions under the Target Interpretation. The implementation
of these rules is dependent on some sort of memory model for the
questioner. How this modeling of the questioner is to be carried out
is still a very open problem. A complete model of question answering
processes must at some point take into account what the questiomer
knows and doesn’t know, what he wants, and why he asks the questions

A
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he does. This problem will be discussed from the viewpoint of memory

retrieval in Chapter Eight.
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Rule 1l: Goal Orientation Conversion
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Criteria: (1) Conceptual Categorization = Concept Completion
(2) The questioner knows the answer

Target Interpretation: Conceptual Category<4= Goal Orientation
Question Concept <
the conceptual answer to the
Concept Completion question

K*kkkk
Examples:

Rule 11 Applies:

What are you doing? (To wife packing suitcase)
-—=> Why are you packing a suitcase?

What have you done? (To a child holding a
torn picture in hand)
--=> Why did you tear up the picture?

What are you doing? (To friend throwing the I-Ching)
may or may not be transformed depending
on whether or not the person asking knows
what the I-Ching is

kkkhkkkhkhkkhkhkhkkkhkkhkhhhkkkhkhkkkkkkkkkkhkkkkkkkkkkkk

Rule 12: Specification Constraint Conversion
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Criteria: (1) Conceptual Categorization = Specification
(2) The questioner knows certain specifiers

Target Interpretation: Conceptual Category¢= Specification
Question Concept €=
same as before but with added
constraints on known specifiers

% J %k Kk k
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Examples:

Who is John Dean?
(Don‘t give his name or sex)

Who is the Secretary of Defense?
(Don’t give his title or information which can
be inferred from the title - like being a
presidential appointee)

A Specification question is one which asks for a feature description
of something. €.ge. ‘Who 1s the President?” 1is a Specification
question which 1is best answered by specifying the name of the
President. But other feature descriptions could be used, some of
which would convey different overtones. If ‘Who 1is the President?’
were answered ‘Betty Ford’ s husband,” the answer suggests that you
might recognize her name more easily than his. The way in which
people answer Specification questions is strongly determined by what
they think the questioner knows and doesn’t know.

kkkkhkkhkkhkkhkhkhhkhkhhkhkkhkhkhkkhkkkkkkhkkkkk

Rule 13: Obvious Request Conversion
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Criteria: (1) Conceptual Categorization = Verification
(2) Question Concept is of the form:

*Yk <=> Dol TIME (*PRESENT¥*)

or

*Y* <=> DO1 TIME (*FUTURE¥)

where *Y* is the person being addressed,
and the questioner is assumed to desire
the performance of DO1

Target Interpretation: Conceptual Categoryé= Request

Question Concept ¢~ *Y* <=> DO,

* ok ok ke k
Examples:

Are you going to walk the dog?
(is probably a request)

Would you take out the garbage?
(is almost certainly a request)
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Would you let your son marry one?
(is not a request)

e g e J e e J e ke ok ok vk ok ok e ok e ok o e o ok o ok ok ok ok e ke ok ok o ok o ok ok ok ok ke ok ke ke ke ok

When a question has passed through Inferential Analysis, it has
completed the interpretive phase of its processing. Inferences about
the intended meaning of the question have been made and the conceptual
categorization is final. Processes can now be executed which extract
an answer from memory.

For some questions, the memory search will indicate that the
conceptul focus of a question must be established before an answer can
be formed. In this case further interpretive processes will be
invoked after the memory search is initiated. The heuristics involved
in focus establishment will be described in Chapter Six. But for

other questions, interpretive processes are completed before the
memory search is conducted.

Inferential Analysis is based on a theory of human inference
processes. Each conversion rule described here represents a cognitive
process which people use when they understand questions. These
mechanisms are utilized without conscious awareness, both during
understanding and generation. Only when someone purposely violates
one of these inferences and takes a question “literally’ are we forced
to acknowledge that a question was intended to mean something other
than what it said explicitly. The processes of inference which people
utilize are formalizable as manipulations of conceptual information
within Inferential Analysis.
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Preface to Memory Searches: Finding an Answer

0. Introduction

Once a question has been sufficiently understood by Inferential
Analysis, the memory search can begin to look for an answer. Chapters
Four, Five, and Six describe those processes in QUALM involved in
finding a conceptual answer which can be passed to the generator. The
generator translates conceptual representations into natural language.
Generationl, 1like parsing, is not part of the Q/A model. The
generator which interfaces with QUALM inputs a conceptual answer and
translates it into English. In the same way that QUALM can
interchange parsers, a generator for any language could be attached to
QUALM to produce answers in that language.

The processes of finding and formulating an answer are split wup
into roughly two basic processes: Content Specification and Memory
Search. Content Specification determines what kind of an answer
should be produced and how to look for it, while the Memory Search
does the work of actually finding information. Content Specification
provides direction for the Memory Search. Occasionally the Memory
Search finds something which indicates that the question must be
analyzed further before the Memory Search can continue. This is the
case when the focus of a question must be established. While focus
establishment is more properly an aspect of question interpretation,
knowledge-based focus heuristics are described here because they are
only invoked when the Content Specification predicts a possible need
for them and the Memory Search confirms that they are in fact needed.
The intuitive division between understanding questions and finding
answ:rs becomes difficult to maintain when the memory search invokes
heurisitcs which are essentially interpretive.

1. Deciding How to Answer a Question

Once a question has been understood by decomposition into a
conceptual categorization and a question concept, it is time to decide
how we wish to answer the question. Should the answer be honest?
misleading? Should it go into a lot of detail? Or should it provide
as minimal a response as possible and still be correct? To a large
extent, these 1issues can only be addressed in terms of a theory of
conversation which accounts for why people say the things they do.
While we won’t attempt to solve problems in conversation here, it is
appropriate to design mechanisms in QUALM which will integrate
instructions derived from conversational goals into the Q/A processes.

The factors which determine what people say and how they say it
are motivational factors concerned with the context and purpose of
conversation. If a model of Q/A does not acknowledge the role that

1While the term “generation’ may sound suggestive of the entire process
which finds an answer and produces a natural language response, it is used
here in a more restrictive sense. In this thesis generation is a technical
term referring to the process which receives a complete conceptual
representation and produces a natural language translation of that

conceptual information. _
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these factors must play in the question answering process, it cannot
be viewed as a comprehensive model of human question answering. While
factors of social interaction are not very well understood at this
time, we can still specify how such factors affect and control
question answering. That is, QUALM does not know why it says what it
does, but it is ready to answer questions talkatively or minimally if
a higher motivating process should appear which can tell it what
stance to assume. Until a controlling process appears to interface
with QUALM, we can arbitrarily set variables within QUALM which will
result in different answers to the same questions.

In the context of the following story, QUALM can supply the
following answers during a question answering session with SAM:

John went to New York by bus. Then he went to
Leone’s. The hostess gave John a menu and he
ordered lasagna. John ate and asked for a check.
When the check came, he discovered that he didn’t
have any money so he had to wash dishes.

Ql: Where did John go?
Ala: New York.
Alb: John took a bus to New York.

Q2: Did John eat?
A2a: Yes.
A2b: Yes, John ate some lasagna.

Q3: Did the waitress give John a menu?
A3a: No.
A4b: No, the hostess gave John a menu.

Q4: Did John pay the check?

A4a: No.

A4b: No, John discovered that he had no money and
so he had to wash dishes.

G5: Who gave John a menu?
A5a: The hostess.
A5b: The hostess gave John a menu.

Content Specification can be thought of as an interface device which
takes information about the general attitude or mood of the system
(from any processes outside of QUALM which can specify such things)
and 1integrates this information into the retrieval instructions which
produce an appropriate answer. One kind of instruction it gives to
the Memory Search incorporates attitudinal variables and is called an
Elaboration Option. Another kind of 1instruction which Content
Specification may pass to the Memory Search 1is a Category Trace
Instruction. Category Trace Instructions take into account what kinds
of processes were activated during Inferential Analysis in order to
understand a question. That is, some answers reflect the interpretive
processing which was wused to understand them. In Chapter Four the
Content Specification Unit 1s explained and specific Elaboration
Options and Category Trace Instructions are described. These specific

A+ WIS i 25 =
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rules are not intended to be a complete set of all the Elaboration

.Options and Category Trace Instructions which a general question

answerer must have. They are purely representative and intended to
illustrate the general idea of Content Specification rather than
definitively exhaust it.

2. Carrying Out Orders

Once we know how to search memory for an answer, somebody has to
do the actual digging. This is the job of the Memory Search. The
Memory Search is defined by a set of default retrieval heuristics.
These default  Theuristics are generally augmented by specific
instructions from Content Specification. But if no special guidance
is provided by Content Specification, the Memory Search will resort to
its standard default processes to produce an answer.

Memory Searches are organized according to three levels of
description within a story representation: Script Structures,
Planning Structures, and Causal Chain Representations. When a
question asks about static properties or features of things, the
memory search resorts to checking information stored in memory tokens.
The heuristics devised are designed to take advantage of a story
representation as much as possible. As such they are intimately
connected to the specific features and properties of script and
plan-generated memory representations. In fact, the design of these
story representations has been altered and extended to accommodate
retrieval heuristics at the same time that the retrieval heuristics
have been designed to fit the story representations.

For the most part, the information which is needed to produce
answers to questions about stories exists within the story
representation which was generated at the time of understanding. But
there are questions which can only be answered by activating
predictive memory processes in conjunction with the story
representation. For example, suppose we ask, “Why didn’t John order a
hamburger?’ in the context of a story where John orders a hot dog. In
order to answer this question we must activate processes which can
provide information about why John did what he did instead of
something else. This information cannot be found in the story
representation alone. Special processes which are activated during
the memory search when the story representation is not enough are
described in detail in Chapter Seven. These situations should be
thought of as an exception to the rule: most questions about a story
can be answered on the basis of inferences which were made at the time
of understanding and stored in the story representation.

In Chapter Five the default retrieval heuristics of QUALM will be
described along with brief descriptions of story representations
generated by SAM and PAM.

3. Answering Better by Understanding More
There are times when the processes of question interpretation and

memory retrieval are not neatly divided. In Chapter Six, processes
for answering questions are described where the initial interpretation

- i
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of a question is followed by a memory search which leads to a need for
further analysis of the question, which in turn requires conducting a
memory search, after which a final memory search for the answer is
completed. The processing flow of control for these questions is
outlined in Figure 3. The focus of a question directs attention to
one specific conceptual component of the question. Focus can be very
important in determining what a question is asking. For example,

Q4: Was it the waitress who gave John a menu?

is a question which directs attention to the waitress. A conceptually
equivalent question which does not carry such a strong focus is:

Q5: Did the waitress give John a menu?

To see that focus affects the answers which a question will take, we
need only point out that Q5 can be answered:

Q5: Did the waitress give John a menu?
A5: No, the waitress gave Mary a menu.

But the same answer cannot be smoothly offered in response to Q4:

Q4: Was it the waitress who gave John a menu?
A5: No, the waitress gave Mary a menu.

Q4 demands an answer along the lines of:

Yes, the waitress gave John a menu, or
No, somebody else gave John a menu.

Q4 carries a very strong presupposition that John was given a menu by
someone; the question is Who? Q5 carries no such presupposition.

Focus in a question can be established many ways and at different
points in the process model. One heuristic for focus establishment in
QUALM has been implemented for the SAM system and 1is described in
Chapter Six. This is a knowledge-based heuristic. That is, it relies
on general world knowledge for the identification of focus rather than
syntactic constructions (as in Q4) or intonational devices (which
might be used in spoken dialog).
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4., Generation into English

Once a final conceptual answer has been produced by the
Memory Search, all that remains to be done is generation into
English (or whatever language is desired). The program which
generates from Conceptual Dependency into English is not part of
QUALM; it is an independent system which merely interfaces with
QUALM. The Generator 1is based on an original program by Neil
Goldman [Goldman 1975] which has since been expanded in terms of
vocabulary and finesse. In the course of setting up an interface
between QUALM and the Generator, a few minor additions were made
to the Generator. The most important of these from a theoretical
viewpoint concerns the use of mixed concepts.

There are many times when QUALM’s understanding of an answer
can be most effectively communicated to the Generator in a mixed
format of some connectives and some Conceptual Dependency. For
example, in answering a why-question, there is a specific
retrieval heuristic which is designed to produce an answer
consisting of two causally linked concepts. In all cases the
causality between these two concepts is so specific that the two
concepts can always be joined together by the connective “and
so.” E.g. “John discovered that he had no money and so he had to
wash dishes,” or ‘The waitress told John that they didn’t have
any hot dogs and so John ordered a hamburger.” Since the
retrieval heuristic can reliably predict that any answer obtained
via that heuristic can be expressed using those connectives,
there is no reason why the Generator should have to hunt around
trying to find an appropriate connective.

This is where mixed concepts come to the rescue. The
Generator has been extended to accept information structures from
QUALIM which are part English and part Conceptual Dependency.
Mixed formatting is wused whenever a retrieval heuristic can
predict the connective relationships between concepts. When SAM
answers ‘John was angry because the hamburger was burnt and so he
left,” this answer originally entered the Generator as a mixed
concept of three conceptualizations and two English connectives
of the form “*X* because *Y* and so *Z*.’

This is the only aspect of QUAIM which could conceivably be
described as being language dependent. If a Generator for
another language were attached to QUALM, the connectives which
QUALM inserts in its mixed concepts would have to be altered for
the new language. 1In its current implementations, QUALM uses
only the connectives:

1) because
2) and

3) so

4) and so
5) and then

The formatting for mixed concepts in specific retrieval
heurisitcs is described as needed in Chapter Five.
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In Figure 4 the processes of the Memory Search are outlined.
A question (‘Did the waitress give John a menu?’) enters the
Content Specification Unit as a question concept and a conceptual
question category. Content Specification consults the system’s
intentionality and specifies an Elaboration Option to guide the
Retrieval Heurisitics. A conceptual answer (representing ‘No,
the hostess gave John a menu.’) is found by the Retrieval
Heuristics and passed to the Generator for translation into
English.
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CHAPTER 4

CONTENT SPECIFICATION

i el b Ol e i N

Somewhere within the question answering model must be

a process which controls the amount of information |

which goes into an answer: |
|

Q: Did John apply to Yale?

Aa: No.
Ab: No, his advisors told him he didn’t have a
chance.

Ac: No, his advisors told him he didn’t have a
chance so he applied to Harvard instead.

\ One of the ways that correct answers to a question may

! vary 1s in terms of the amount of information
communicated. A question answering system must be
capable of adjusting responses to yield varying
amounts of information.

E ! 4.0 Introduction

If a Q/A model always answers the same questions in exactly the
same way, it has clearly failed to simulate the way people answer
questions. There are two ways in which people vary their answers to

- questions. On a low level, generational mechanisms can produce
. answers which are conceptually equivalent, but which are worded
differently:

. Ql: Why did John order a hamburger?
Ala: The waitress told him they didn”t have hot dogs.
Alb: Because he was told by the waitress that they
didn“t have hot dogs.
2 . Alc: Because the waitress informed him that there
were no hot dogs.

On a higher level, answers to questions vary in terms of their
conceptual content:

Q2: Did John eat a hot dog?
A2a: No.
A2b: No, the waitress told John they didn’t have any
hot dogs.
A2c: No, the waitress told John they didn’t have any
B hot dogs and so John ordered a hamburger.

¢
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A Each of these answers constitutes a reasonable response to Q2, yet
: they differ in terms of the amount of information they convey. In
fact, answers can vary not only in terms of their relative content,
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but in terms of the kind of content they communicate. For example, if
Q2 had been answered ‘Yes,” in the context of a story where John
didn’t eat a hot dog, then the content of this answer would have to be
described as dishonest (if we thought the answerer knew better) and
wrong (if we thought we knew better).

In this chapter we will look at a mechanism within the memory
retrieval part of QUALM which is responsible for determining how much
information and what kind of information goes into an answer. This
part of QUAIM 1is called the Content Specification Unit. Content
Specification takes into account the conceptual category of each
question and factors which describe the “attitudinal’ mode of the
entire system in order to determine how a question should be answered.
A system of descriptive instructions are produced by the Content
Specification Unit to instruct and guide memory retrieval processes as
they look for an answer.

The primary challenge involved in Content Specification is
precisely how these instructions to memory retrieval are formalized.
It is not enough to say “give a minimally correct answer,” or ‘bring
in everything you can find that’s relevant.” The instructions
generated by Content Specification must tell the retrieval heuristics
exactly how to produce a minimally correct answer and exactly what has
to be done to come up with everything that”s relevant.

One of the interesting aspects to this problem derives from the
fact that initial results from the retrieval processes can affect how
the rest of the search should be conducted. That 1is, the Content
Specification Unit cannot give the retrieval heuristics one set of
instructions which will work in all cases regardless of what the
memory search finds. Content Specification instructions must
anticipate in a very general way what kinds of things the retrieval
heuristics can produce, and formulate instructions which are sensitive
to different retrieval results. For example, a Verification question
will require different instructions depending on whether or not the
initial search finds the question concept in memory. An affirmative
answer will be elaborated differently from a negative answer.

The general system of instructions generated by the Content
Specification Unit are described in terms of two basic mechanisms:
Elaboration Options and Category Trace Instructions. As soon as a
question has been fully interpreted, its conceptual categorization and
question concept are passed to the Content Specification Unit. Here
the question may be tagged with an Elaboration Option or Category
Trace Instruction which will be consulted when retrieval heuristics
are executed. If no such special instructions are attached to the
question, standard retrieval heuristics (which will be described in
Chapter Five) are executed.

But before we can proceed with a description of Elaboration
Options and Category Trace Instructions, we must first identify those
factors which are ultimately responsible for conceptually different
answers. In QUALM, the wvariables which affect the content of an
answer are described as Intentionality factors.
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4.1 Intentionality

The factors which affect human question answering are not easy to
pin down. Questions are answered differently depending on the
context, relationship with the questioner, type of conversational
dialog, the purpose of the dialog and everybody’s mood. Answers to
simple questions are affected by things like:

(1) You know the questioner and can’t stand him personally.
(2) You want the questioner to think well of you.
(3) You are taking an oral exam for a PhD.
(4) You are preoccupied with other things.
(5) You want to mislead the questioner.
(6) You find the topic of discussion:

a) emotionally painful

b) in poor taste

c) intellectually stimulating

d) sexually stimulating

e) boring

f) absurd

etc., etc.

The list could go on forever. If we seriously tried to bring all
possible variables into our Q/A model, we would quickly find ourselves
immersed in some rather deep waters of social psychology. A theory of
human conversation (of which Q/A is a part) must eventually touch upon
theories of social interaction. But not yet. At this stage it 1{is
appropriate to make a few simplistic assumptions.

As far as QUALM is concerned, the attitudinal orientation of a
question answerer can be described by a two-dimensional decomposition
into (1) Mood, and (2) Reliability. This descriptive decomposition
falls far short of specifying a complete attitudinal orientation. The
attitudinal factors which it does endeavor to specify are perhaps
better described as factors of intentionality. We will view
intentionality as that subset of attitudinal factors which are
strongly goal-oriented. To be dishonest or extremely informative are
attitudinal stances which relate to some ultimate purpose; hence they
are 1intentional. Since we are concerned with designing a mechanism
which controls the sort of answers QUALM produces, strongly
intentional orientations are reasonable factors to be explored. If it
is not already obvious, it should be understood that our notion of
Intentionality is a very loose part of QUALM, and absolutely no clainms
for pyschological validity are being made.

4.1.1 Mood

The first dimension of Intentionality we will call Mood.
Variables of Mood can be viewed on a continuum. This continuum is
split up into six segments, and the names assigned to each segment are
meant to be purely suggestive:

(1) Talkative
(2) Cooperative
(3) Minimally Responsive

e ——— B—-
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(4) Uncooperative
(5) Rude
(6) Condescending/Sarcastic

These attitudinal stances are partially ordered in terms of which
Moods  imply which other Moods. To be talkative implies
cooperativeness, and being condescending, sarcastic, or rude implies
being uncooperative. But not all Mood relationships are so clear.
There are contexts in which minimal responsiveness can be construed as
rudeness (say at a casual party) while sarcasm tends to be rude only
when the content of a sarcastic remark is insulting.

4.1.2 Reliabilty

The second dimension of Intentionality is Reliability. There are
only two orientations which the Reliability factor can assume:

(1) Honest
(2) Deceptive

If the system is operating with honest reliabilty, its answers to
questions will be correct to the best of its knowledge. If the system
doesn’t know the answer to a quastion it will say so. When the system
is operating with deceptive reliability, answers to questions may be
correct and they may be incorrect. The system may give an answer
which it knows to be incorrect, it could say it doesn’t know the |
answer when it does, it could guess at answers, or give the right
answer. Any of the six Moods can assume either an honest or deceptive
Reliability.

4,1.3 Intentionality and Answers

Roughly speaking, the Mood of the system controls the form of the
answer while the Reliability of the system controls the content of the
answer. As soon as a question has been assigned a final
interpretation, each Elaboration Option and Category Trace Instruction
checks the Mood and Reliability factors of the system in order to see
if special retrieval instructions and answer formation instructions
should be attached to that question before retrieval heuristics are
executed. Each set of instructions is constrained by specific Moods
and Reliabilities which determine whether or not those instructions
should be executed.

It is much more difficult to implement decepiive reliability than
it 1is to implement honest reliability since deception in conversation
is motivated by various conversational goals; people have reasons for
speaking deceptively and there are more ways for an answer to be wrong
than right. The actual implementation of QUALM has therefore been
limited to a system operating with honest reliability. Until we have
a theory of conversation we cannot hope to model deceptive answers in
any theoretically sound way.

The system of Intentionality proposed here is adequate for a Q/A
model. It would not be adequate in a general model of interactive
dialog. Question answering by itself is a largely passive process;
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everything is done in response to the questioner. But fully
interactive dialogs which maintain mixed initiatives require active
goal orientations.

A theory of mixed initiative dialog must (1) identify what kinds
of goals people have in conversation, and (2) describe the mechanisms
which manifest these goals in converstation. No one in the field of
Al has proposed a system of general conversational goals at this time.
But many people have worked on specific mechanisms which assume one
particular goal and converse accordingly [Bobrow et al. 1976, Collins
1976, Shortliffe 1974]. Of these efforts, the most interesting one
from the point of view of conversational theory is the work by Collins
on Socratic dialogs. Collins analyzed transcripts of Socratic dialogs
in an effort to extract general principles which could be incorporated
in a teaching program. His analysis produced 23 goal-oriented
strategies which are used according to a hierarchy of goals and
subgoals. These strategies motivate the teacher in a Socratic
conversation.

To a large extent, a Q/A model can be devised without reference
to theories of conversation. We will discuss more carefully where Q/A
becomes unavoidably tangled up with rules of conversation in Chapter
Ten.

4.2 Elaboration Options

Elaboration Options provide the system with an ability to
elaborate its responses to questions. Elaboration Options are
summoned for a question only if the Intentionality of the system
indicates that an elaboration is appropriate. If the Intentionality
‘wills® an elaboration, an appropriate Elaboration Option is given to
the question immediately after interpretation. This option is then
activated during memory retrieval only if an initial memory search
produces information which meets a set of criteria specified by the
option.

An Elaboration Option consists of four parts:

(1) Intentionality Threshold (IT)
(2) Question Criterion (QC)

(3) Initial Answer Criterion (AC)
(4) Elaboration Instructions (EI)

The Intentionality Threshold specifies what sort of intentionality the
system must be running under in order for the Elaboration Option to be
assigned to the question. The Question Criterion describes what
conceptual category the question must have in order for it to receive
the Elaboration Option®. If either the intentionality of the system
or the conceptual category of the question fail to meet the
specifications of the Intentionality Threshold and the Question

1

In one case (the Inquiry Explanation Option) a MODE specification is
needed in addition to the conceptual category.
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Criterion, then the Elaboration Option is not tagged to the question.
The 1Initial Answer Criterion specifies the type of conceptual answer
which the memory search must initially return in order for the
Elaboration Option to be executed. And the Elaboration Instructions
specify exactly how an elaboration is to be extracted from memory and
integrated into the conceptual answer.

In the following Elaboration Options, the Answer Criterion and
Elaboration Instructions will be described non-technically. In an
actual implementation of these Options, the Answer Criterion would
specify a test to be applied to the initial answer, and the

Elaboration Instructions would specify a function designed to retrieve ?
information from memory and integrate that new information with the
initial answer for a final conceptual answer. Of the Options
described here, only the first four, the Verification, Short Answer,
Single Word, and Correction/Explanation Options, have actually been
implemented to run in SAM and PAM. The processes which carry out the
Elaboration Instructions for the Correction/Explanation Option will be
described in Chapter Six.
Kkkkkkhkkkhkkhhhkhikkhhkkkikkkk
Rule 1l: Verification Option
e dedede ok oo ok o ok o o o ok e ok o o e o ke
1
IT: Talkative 3
QC: Verification
AC: initial answer is Yes :
EI: final conceptual answer is ‘Yes, *X#*’ E
where *X* is the conceptualization found i
in the story representation which matches E
the question concept
!
Examples:
Did John go to New York? ;
Yes, John went to New York by bus.
Did John eat? ;
Yes, John ate lasagna.
Did someone pick John’s pocket?
Yes, a thief picked John’s pocket. £
i1

Did John pay the check?
Yes, John paid the bill.

Answers produced using this option often appear to be volunteering
more information than the question specifically asks for. When the
question “Did John eat?’ is answered with “John ate lasagna,’ we are
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told not only that John ate but what he ate as well. This happens
whenever the question concept matches a concept in the story which
encodes more information than the question concept contained. The
matching heuristic does not require an exact match between the
question concept and a conceptualization in the story representation.
In order for a match to occur, a conceptualization must have
everything in the question concept but it can also include more than
is in the question concept.

khkkkkkkkkkhkhkkhkhkkhkhkhkhkkhkhkkkkk

Rule 2: Short Answer Option

khkkkhkkkkkkhkhkkhkkhkhkhkkkhkkkkkkk

IT: Minimally Responsive, Uncooperative, or Rude
QC: Verification

AC: initial answer is Yes (or No)

EI: final conceptual answer is Yes (or No)

Examples:

Did John eat lasagna?
No.

Did the waitress bring John a menu?
No.

Did the hostess bring John a menu?
Yes.

Did John go to New York?
Yes.

The Initial Answer Criteria for this option is superfluous since it
does not weed out any questions. This option and the next one are
perhaps better described as Anti-Elaboration Options since the answers
they produce are minimal. The technical realization of Elaboration
Options is a control structure for retrieval heuristics. This control
can result in a non-elaboration as well as an elaboration.
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Rule 3: Single Word Option

khkkkkkkhkkhkkhhkkkkhkkhkkkkkkkkkk

IT: Minimally Responsive, Uncooperative, or Rude

QC: Concept Completion

AC: initial answer is found

EI: final conceptual answer is that conceptual
component which matched the unknown component
of the question concept.

Examples:

Who gave John a menu?
The hostess.

What did John eat?
Lasagna.

Where did John go?
New York.

Who went to Leone’s?
John.

The other way that a Concept Completion question can be answered is by
generating back the entire conceptualization (Where did John go? -
John went to New York). In the implementation of QUALM used for SAM
and PAM, the default retrieval heuristics for Concept Completion
questions produce a long answer and the Single Word Option must be
activated to produce a short answer. It could have been the other way
around just as easily. The Single Word Option is actually more of a
suppression option than an elaboration option in the sense of
extending an answer.

% e e e d ek e g e g ok e e ok gk g e e e sk gk g ok ok ok ok ok ok ok ok ke ok

Rule 4: Correction/Explanation Option

% g e e e d o e e e sk e sk ok ok ok ke ok ok e ok e ok ok ok ok ke ok ok ok ok ok ok ok ok ok

IT: Cooperative or Talkative
QC: Verification
AC: initial answer is No 2
EI: (1) Use the Focus Heuristic
to make a Concept Completion questiqn
(2) Answer the Concept Completion question




-117 -

(3) If an answer is found, append this conceptual
answer to the answer No

(4) If no answer is found for the Concept Completion
question, make an Expectational question3,
answer it, and append the conceptual answer
to the answer No

; Examples:

Did the waitress give John a menu?

No, the hostess gave John a menu.

(answers the Concept Completion question:
Who gave John a menu?)

Could John pay the check?

No, John had no money.

(answers the Expectational question:
\ Why couldn’t John pay the check?)
4

Did the waitress serve John a hot dog?
No, the waitress gave John a hamburger.
(answers the Concept Completion question:
What did the waitress give John?)

Did John eat the hamburger?
No, John was angry because the hamburger
was burnt and so he left.
(answers the Expectational question:
} Why didn‘t John eat the hamburger?)

The first part of the Correction/Explanation Instruction attempts to
correct the question concept. 1If the question concept to be verified
is almost right except for one conceptual component (say the actor or
the tense), an appropriate elaboration will make the necessary
correction. The second part of the Correction/Explanation Instruction
is used when no correction is possible. In this case the concept in
question could have happened but didn’t. The Correction/Explanation

a Option then endeavors to explain what interfered or what was
responsible for & different turn of events.

N 2The Focus Heuristic will be described in 6.3.

3This means to enter memory retrieval with the question category =
Expectational instead of Verification. The question concept does not need
to be changed.
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Rule 5: Inquiry Explanatioﬁ Option

khkkkkkhkkkhkhkhkhkkkkkkhkkkkhkkkhkhkhkkkhkk

IT: Talkative or Cooperative

QC: Verification with Mode (*NEG¥)

AC: initial answer is Yes

EI: find and explain apparent inconsistency

Examples:

Weren‘t you going to California this week?
Yes, but my husband got sick so I postponed it.

Aren’t you a member here?
Yes, but I don’t have my card with me.

Can’t you drive to work?
Yes, but I°d rather not unless I have to.

The questioner thinks that the non-negated concept in question is true
(you were going to California, you are a member, you can drive to
work), but he finds it surprising or 1inconsistent with other
information. He is looking for some explanation which will allow him
to integrate the question concept more satisfactorily. It is wup to
the person being addressed to supply the explanatory information which
is needed. There are some general rules for finding such
explanations.

If the question concept describes an act, the explanation can be
found by answering an Expectational question.

Aren’t you going to New York? ~-=>
Why aren’t you going to New York?
(I couldn’t get my car started.)

Isn’t he taking the job? =-==>
Why isn”t he taking the job?
(He decided to hunt around some more.)

If the question concept describes a state, the explanation is harder
to find. If the question asks about an enablement condition, it can
be answered by answering an Enablement question. But finding which
Enablement question should be generated is more than a trivial
manipulation of the question concept.

Aren’t you a member here? =-=>
Can you get in here?
(I don’t have my card with me.)
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Aren’t Porsches terribly expensive? --->
How can you afford a Porsche?
(My parents gave it to me.)

The correct interpretation of questions like these require additional
inferences about the questioner’s knowledge state, beliefs, and
expectations.

Still other states lend themselves to elaboration strategies which are
much more conversational:

Isn’t British Columbia beautiful?
(Yes, and it’s a great place to catch salmon.)

kkkkkkhkkkhkkhkkhkkhkhkhkkkhkkkkkkhkkkkkkkkk

Rule 6: Request Explanation Option

khkkkkkhkkkhkkhkhkhkhkkhhkhhkkhkhkkhkkkkhkhkikk

: Talkative, Cooperative, or Minimally Responsive
QC: Request

AC: initial answer is No

EI: make an Expectational question and append

the answer to No

Examples:

Would you pass the salt?
No, I can’t reach it.

Can we balance the checkbook now?
No, I have a headache.

Are you going to walk the dog now?

No, I have to make a phone call first.

When a request is denied it 1is a standard civility to offer an
explanation for the denial.
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E | Rule 7: Delay Specification Option

khkkkkhkhkkkkkkhkhhkhkhkkhhkhkhkhkhkkkkk

IT: Talkative, Cooperative, or Minimally Responsive
! QC: Request
i | AC: answer is Yes but with expected delay
EI: specify the expected time lapse
and append this to Yes

Examples:

Would you pass the salt? J
] Yes, as soon as I put this down.

E ' Will you take me to a ball game?
: A Yes, maybe next week.

Are you going to take out the garbage?
Yes, in a minute.

[ ! When someone is willing to fulfill a request but cannot do it
E immediately, the person making the request must understand that it
will be taken care of eventually.

khkkkkhkkkhkhkhkhkkkkhkkhhhhkkhhkhhkhkkkhkkhkkkkkkk

Rule 8: Condition Specification Option

e e e e % e ok ok ok e T e ok e ok o ok ok ke ko ok ok o ok ok ok ok ok ok ek ok ok ok

i IT: Talkative, Cooperative, or Minimally Responsive
QC: Request

AC: the answer is yes if certain conditionals are met
EI: specify the condition and append to Yes

. Will you go to the store?
Yes, if I can get the car started. P

Can we get a new car?
Yes, as soon as I get a raise.

Will you give me the furniture, the house, and the car?
Yes, if you”ll leave me alone.

When someone agrees to a Request they are involving themselves in a
social interaction which may have many consequences beyond the simple
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performance of the act. If John asks Mary to do his laundry for him
all the time and Mary agrees gratis, her agreement indicates a great
deal about their relationship. Conditionals are often used on these
higher levels of social interaction to clarify relationships and
goals. If Mary agrees to do his laundry only if he marries her, she
has used the request as a vehicle for higher levels of communication.

khkkhkkhkhhkhkkhkhkhhkkhkhhhkkhkhkkhkkhhkhkhkkhhkhkhkkkk

Rule 9: Inference Anticipation Option

g e de vk de de kK K ok g o vk e ok ok e ok e e ok e ok e vk ok ok ok ok ok ok ok ok ke ke ok

IT: Talkative

QC: Verification

AC: Answer is Yes but with misleading inferences*
EI: correct misleading inferences after Yes

Examples:

Do you have a bicycle?
Yes, but I never ride it.

Aren’t those terribly expensive?
Yes, but this one was given to me.

Is your brother applying for a scholarship?
Yes, but he doesn’t have a chance.

This is a way to prolong or contribute to conversation. When an
elaboration describes something running counter to normal
expectations, the elaboration is pointing out something which is at
least minimally 1interesting and which may be pursued for further
explication.

dhhkhkhkhkkhkhkhkhhhkhhhkhkhhkhkhkhhkhkhkhkhkkkhkhkhkhkkkkk

The Elaboration Options described thus far have all used very
simple tests for their Initial Answer Criteria. These tests were all
independent of the specific retrieval heuristics which found the
intitial answer. Another type of Elaboration Option can be designed
to rely on the specific retrieval heuristics which are successful 1in
finding an answer. It 1is difficult to give examples of these now

.

Before we can formalize a notion of “misleading inferences’ we must
first be able to model the inferences which someone is liable to make
when they hear an answer to a question. This problem will be
discussed further in section 4.2.1.
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before retrieval heuristics have been discussed. But the next
Elaboration Option is an example of a retrieval-oriented mechanism for
content specification.

The basic idea involves replacing the Initial Answer Criteria
with Retrieval Criteria (RC) specifying a particular retrieval
heuristic. If this heuristic succeeds in finding an answer, then the
Option is executed. The following rule 1is an example of an
Elaboration Option with Retrieval Criteria. The retrieval mechanism
specified will be described in section 5.4.1.2.

khkkkkkkhkhkhkkkhkhkhkhkhkkhkhkhhkhkhkhkhkkkkhkkhkhkkkkkk

Rule 10: Mental State Description Option

khkkkhkhkhkhkkhkkhkkhkhkkhkkhkhkhkhkhkhkkhkhkkhkkhkhkkkhkkkkk

IT: Talkative
QC: Causal Consequent
RC: Interference/Resolution Search
EI: If the actor of the Resolution concept undergoes
a mental state change at some point between the
Interference concept and the Resolution concept,
return a mixed format answer of the form:
‘[M] because [I] and so [R]’
where
[M] is the mental state change
[I] is the Interference concept
[R] is the Resolution concept

This Elaboration Option is responsible for an answer like:
What happened when the waiter served the hamburger?

John became angry because the hamburger was burnt
and so he left.

.
.
.
.

Whereas the default retrieval heuristics for an
Interference/Resolution Search would have produced the answer:

A: The hamburger was burnt and so John left.
4.2.1 Preventative Inference Simulation

Of ten the Answer Criterion of an Elaboration Option can be
satisfied by a simple examination of the initial answer. It may be
enough to simply see if the initial response is Yes or No. But some
Answer Criteria require additional memory processing. For example,
the Answer Criteria for the Inference Anticipation Option requires
some very 1involved memory processes. The Inference Anticipation
Option is responsible for elaborations like:

v

it o

N
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Ql: Do you like Indian food?
Al: Yes, but New Haven has no good Indian restaurants.

4
This elaboration is generated by a mechanism which checks the LMU
after the initial response “Yes’ is given. The LMU resulting from the
answer ‘Yes” in this case contains the conceptualization for ‘I enjoy
eating Indian food.” The elaboration option which is triggered in this
situation must look something like:

IF (1) the LMU describes an act with
MANNER value = HABITUAL, and
(2) an enabling condition for that act is not satisfied

THEN augment the initial response with a description
of the missing enablement.

This mechanism is responsible for exchanges like:

Q2: Does John shop at Bloomingdale’s?
A2: Yes, but he can’t afford it.

Q3: Do you usually drive to work?
A3: Yes, but right now my car isn”t running.

In order to simulate the inference processes which are wused by
speakers in dialog, the conversational context is critical in guiding
the flow of inference. Actual dialog is often instrumental to the
achievement of common or individual goals:

Q4: Do you want to play tennis?
A4: Sure.

Q5: Do you have a racket?

A5: No, but I can borrow one.

In this conversation both participants share a common goal; they want
to play a game of tennis. Given this goal orientation, there is an
obvious purpose behind Q5. The person asking Q5 wants to know the
status of the enabling condition of having a racket. When the purpose
of Q5 is understood in this way, it is easy to see how a simple ‘No’
answer to Q5 would result in a misleading inference. The elaboration
in A5 addresses itself to the goal implicit in the last question. In
this way a misleading inference (that they can’t play because they
need a racket) is prevented by the elaboration. Without knowledge of
the conversational context and instrumentality, an elaboration might
be constructed which prevents a totally irrelevant inference:

Q6: Do you want to play tennis?
A6: Sure.

Q7: Do you have a racket?

A7: No, but I used to have one.

4
The LMU was introduced in section 3.1.3.2

e
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This elaboration prevents us from inferring that the respondent never
had a racket. This assurance seems out of place because we cannot
relate it to the purpose of the dialog. Appropriate elaborations
which prevent undesireable inferences are motivated by conversational
goals. Inference simulation nust be directed by underlying
conversation and so it tends to be a problem closer to conversation
theory than question answering per se.

4.3 Category Trace Instructions

Category Trace Instructions are responsible for producing answers
which reflect the interpretive processing a question undergoes. There
are many situations where appropriate answers to questions actually
indicate that the question underwent successive interpretations. For
example, in Chapter Three we described a Frequency Specification
Conversion within Context-Independent Inferential Analysis. This
transformation was responsible for recognizing when Verification
questions should be understood to be asking how often an event takes
place:

Ql: Do you eat out very often?
Ala: About twice a week.

Q2: Do you see each other?
A2a: Only during holidays.

Q3: Is there much rain?
A3a: Only in December.

Once these questions have been ultimately interpreted as Specification
questions, the memory search can only recognize them as such and
answer them by specifying a frequency. Answers to Verification
questions which have been reinterpreted as Specification questions are
different from answers to questions which were 1initially interpreted
as Specification questions. Each of Ql=-3 can be answered with an
intitial response of yes or no:

Ql: Do you eat out very often?
Alb: Yes, about twice a week.

Q2: Do you see each other?
A2b: Yes, but only during holidays.

Q3: Is there much rain?
A3b: No, only in December.

But if Ql-3 were rephrased as questions which would be initially
interpreted as Specification questions, these prefaces of yes and no
would be out of place:

Q4: How often do you eat out?
Alb: Yes, about twice a week.
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Q5: How often do you see each other?
A2b: Yes, but only during holidays.

Q6: How often does it rain?
A3b: No, only in December.

Q4-6 are conceptually equivalent to Ql-3 but they cannot be answered
in the same ways that Ql-3 can be answered. Q4-6 can be answered with
Ala-3a but not with Alb-3b. The answers Alb-3b are appropriate for
Ql-Q3 because they reflect the interpretive processing which Ql-3
undergo. Since Q4-6 do not require the same reinterpretation as Ql-3,
answers which reflect reinterpretive processing are inappropriate for
these questions.

Category Trace Instructions are designed to construct answers
which reflect the interpretive processing of a question. The only
information which needs to be recorded about a question’s interpretive
processing 1is a history of that question’s conceptual categorizations
as it passes through Inferential Analysis. A trace of interpretive
categorizations 1is easy to maintain in a simple list. We will call
this list the Category Trace. Each of the questions Ql-3 have a
Category Trace = (Verification, Specification/(Frequency)). Questions
Q4-Q6 have a simple Category Trace = (Specification/(Frequency)).

Category Trace Instructions are dependent on two factors: the
Intentionality of the systiem and the Category Trace of the question.
Each Category Trace Instruction has three parts:

(1) Intentionality Threshold (IT)
(2) Trace Criterion (TC)
(3) Instruction Execution (IE)

The Intentionality Threshold describes under what Intentionality
factors the Trace Instructions will be appropriate. The Trace
Criterion specifies what kind of Category Trace a question must have
in order to qualify for the Trace Instructions. If either the
Intentionality Threshold or the Trace Criterion specifications fail to
be met, the Trace Instructions will not be applied to the question.
The Instruction Execution describes the processes which will derive a
final conceptual answer in the event that the Trace Instructions are
executed.

khkkkkhkkkhkhkhkkkhhkhkhkkhkhkhkhkhkhkkhkhkkkhkkhkkhkhkhkkkkk

Rule 11: Verifying Frequency Instructions

kkkkhkkkhkkhkhkhkhkhhkhhhhkhkhhkhkhkhkhkkhkhkhkhkkhkhkkkkkkk

IT: Talkative, Cooperative, Minimally Responsive
TC: Verification/Specification (Frequency)
IE: yes or no, followed by frequency specification
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Examples:

Do you eat out much?
No, very rarely.

Did John study in college?
Yes, night and day.

Does it snow in Portland?
Yes, about once every year or two.

Does the computer ever crash?
No, never.

khkkkkkkhkkkhkkhkkhkkhkkkhkkkkhkhkkkhkkhkhkkkhkkhkkkx

Rule 12: Verifying Duration Instructions

kkkkkkhkkkhkhkkhhkhkkhkhkkhhkkhhkkkhhkkkhkkkkkkk

IT: Talkative, Cooperative, Minimally Responsive
TC: Verification/Specification(Duration) -
IE: yes or no, followed by duration specification

Examples:

Was Nixon in office long?
Yes, about six years.

Did John stand there for more than an hour?
No, he was there about forty minutes.

Have you lived in Italy long?
No, only a month.

Are you leaving soon?
Yes, as soon as I get my papers.

4.3.1 Category Trace Instructions vs. Elaboration Options

There is a very fundamental difference in answers which are the
result of a Category Trace Instructions and answers which are derived
from Elaboration Options. By looking at the answers alone, the
distinction is not apparent. Both of the answers:

No, the hostess gave John a menu.
Yes, about once every year or two.

appear to assume the same form. They are both Yes or No answers
followed by an elaboration of some sort. The difference between a
compound answer derived from a Category Trace Instruction and one
derived from an Elaboration Option has to do with the order in which

e e i 2 i
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conceptual components of the answer are found during the memory
search. When a question goes into the memory search with an
Elaboration Option, the initial answer can be handed to the generator
before the elaboration is found. 1In fact, Elaboration Options are
designed so that the initial answer is a prerequisite condition for
the application of an Elaboration Option. If asked,

Q7: Did McGovern win in 1972?

it is possible to generate the response “No’ as soon as the question
concept is found to be false. An elaboration (Nixon won in 1972) can
then be found and generated after the initial response “No.’

With questions which are answered by a Category Trace
Instruction, the initial answer (Yes or No) depends on the
elaboration. The last part of the answer must be found before the
first part of the answer can be generated. In order to answer ‘No’ in
response to ‘Does John go to the opera?’ one must know how often John
goes to the opera. In order to answer ‘Yes’ to “Has John been to
Europe very often?’ one must know how often John has to been to
Europe. But to answer No to ‘Did McGovern win in 1972?° it is not
necessary to know that Nixon won in 1972.

Category Trace Instructions also differ from Elaboration Options
in terms of the system Intentionality required to activate them.
Category Trace constructions are almost mandatory: the system must be
operating in an wuncooperstive or rude Intentionality in order for a
Category Trace construction to be suppressed. The Intentionality
Threshold for many Elaboration Options 1is much higher. Some
Elaboration Options are triggered only if the system is talkative.

4.3.2 Hardly Ever Is Never Very Often

There are some subtle difficulties involved in the formation of
compound Category Trace answers. The problems arise in finding the
approriate initial response. Consider how many ways you could answer:

Q8: Do you go to New York very often?

A8a: No, only on Sundays.
(once a week is not very often)

A8b: Yes, every Sunday.
(once a week is very often)

A8c: No, hardly ever.
(hardly ever can never be very often -
if it could, we could say “Yes, hardly ever.’)

A8d: No, never.
(never is not very often -
if it were we could say ‘Yes, never.’)

A8e: Yes, whenever I can.
(‘whenever I can’ must be very often)
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A8f: No, only when I have to.
(“only when I have to” can’t be very often)

A8g: Yes, whenever I have to.
(‘whenever I have to” must be very often)

A8h: No, but whenever I can.
(‘whenever I can’ must not be very often)

A8i: Yes, but only when I have to.
(“only when I have to’ must be very often)

A8j: No, but whenever I have to.
(“whenever I have to’ is not very often)

The choice of an initial answer here is dependent on whatever cut off
point is selected for ‘very often.” A8e and A8h show how ‘whenever I
can’ can take either initial response, but there is something about
this answer which makes it more consistent with a Yes than a No. So
A8h must be constructed with the connective ‘but’ to signal a
violation of expectations.

Do you go to New York very often?
No, whenever I can.

sounds very strange. While

Do you go to New York very often?
No, but whenever I can.

seems perfectly fine. The same thing happens with A8f, A8i, A8g, and
A8j. ‘Only when’ answers are consistent with ‘No” (A8f), and
‘whenever’ answers are consistent with “Yes’ (A8g). If ‘only when’
answers are combined with ‘Yes,” or ‘whenever’ answers are combined

with No,” a but-construction is needed to counter the violated
expectation.

4.4 Elaborating Elaboracion Options

It may seem odd that an entire chapter on Content Specification
has been presented which seems to totally ignore the problem of
knowledge state assessment. That is, the content of an answer should
address gaps 1in the questioner’s knowledge state. If the mechanisms
which control memory retrieval are not motivated by a model of what
the questioner does and doesn”t know, then where will knowledge state
assessment fit in?

If we had a theory of knowledge state assessment, it would
interface with QUAIM during Content Specification. Each Elaboration
Option and Category Trace Instruction would specify knowledge state
assessment criteria (KSAC) which would apply tests at the time of
memory retrieval to make sure the elaboration is not telling the
questioner something he already knows.
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Knowl edge state assessment will be discussed in Chapters Eight
and Ten. It is an area which needs attention. A theory of knowledge
state assessment would be a significant contribution to work in
question answering and theories of conversation. When such a theory
is sufficiently developed, QUALM will be ready to interface with
knowledge state models during Inferential Analysis and Content
Specification by refining the Conversion Rules and Elaboration Options
proposed here. In the same way that Content Specification mechanisms
are sensitive to intentionality factors without knowing what a theory
of intentionality should look like, the interpretive mechansisms and
memory retrieval controls proposed for QUALM have been designed to
accommodate input from a knowledge state model, even if we don’t know
exactly what that model will look like.
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CHAPTER 5

SEARCHING MEMORY

Before information can be extracted from memory, it
must be found. If memory organization and retrieval
heuristics are designed with care, searching processes
should be able to zero in on the desired information
without having to sift through everything in memory.
If a system is trying to answer the question:

Q: Is New Haven in Connecticut?
It should not begin by looking at:

Lassie is a collie.

I burnt an English muffin this morning.

Jack Benny is dead.

The integers under addition form an abelian group.

The time required for a search which examines
irrelevant information without any sense of direction
will grow linearly with the amount of information 1in
memory. That is, the more you know, the longer it
will take to remember something. This does not sound
like a very promising theory of memory. The processes
which search memory must know where they’re going
before they begin; it is not sufficient to flit
around like a blind bat.

5.0 Introduction

The memory search heuristics invoked for a question are
determined by its conceptual question category. There are three
levels of story representation where answers to questions may be
found:

(1) the causal chain representation
(2) script structures
(3) planning structures

Each of these levels represents a different level of understanding and
detail. Not all stories have representations on each level. SAM
generates story representations which have a causal chain and script
structure, while PAM generates story representations made up of a
causal chain and plan-based structures. But in a system which
accesses both scripts and plans during its wunderstanding, story
representations will entail all three descriptive levels. The
retrieval heuristics described here were designed with such a system
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in mind.

Once the Inferential Analysis has settled on a conceptual
question category, and Content Specification has determined a search
strategy, the memory search can begin to look for an answer. Since
each question category requires different processing by the memory
search, the description of retrieval heuristics will be organized
according to conceptual question categories. But before we describe
techniques specific to each conceptual question category, we must
first mention a fundamental process which is used for most of the
categories: the matching search.

Very often the first order of business when searching any level
of story representation is to find a conceptualization which matches
the question concept. This process is called the matching search.
Roughly speaking, the matching search looks for a conceptualization
which has everything that the question concept has, and which may
contain additional things not found in the question concept. So if
the question concept represents “John took a bus,’ (as would be the
case for the question ‘Why did John take a bus?’), and the script
summary for the bus trip represents “John went to New York by bus,’
the matching search will accept this script summary as a match. The
Conceptual Dependency representations for these two concepts differ
only in that “John went to New York by bus,” specifies a destination
for the PTRANS while “John took a bus,’ contains no destination. The
term ‘answer key’ is used to refer to that conceptualization from the
story representation which matches the question concept when the
matching search is successful.

The heuristics described here do not represent a complete or
definitive set of search strategies. This is more of a beginning,
representing those heuristics which have been implemented in a
computer program and which appear to be adequate for large classes of
questions in the context of story understanding. Unless there is an
indication to the contrary, all retrieval heuristics described in this
chapter have been implemented in the versions of QUALM which are used
by SAM and PAM.

5.1 Causal Antecedent

A causal antecedent question may find its answer in either the
causal chain representation, script structures, or planning
structures. In each case, the first step is to find an answer key.

5.1.1 Script Structure Retrieval Heuristics

The matching search for Causal Antecedent questions begins with a
search of script structures. Each script instantiation which is
referenced by the script structure representation has a pointer to a
single conceptualization which 1is called the script summary. For
example, in the Leone’s story, the script instantiation of the bus
ride to New York has a script summary which represents John having
gone to New York by bus. The script instantiation of his restaurant
episode has a script summary representing John having eaten lasagna at
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Leone’s. For a more detailed discussion of script summaries, what
they are and how they are created for a story representation, see
[Cullingford 1976, 1977]. Searches of the script structure for Causal
Antecedent questions access only these script summaries when looking
for an answer key.

If the matching search succeeds at the script structure level,
the question is answered according to script-specific retrieval
heuristics. That 1is, each script specifies a set of retrieval
heuristics which are organized according to conceptual question
categories. These heuristics apply only to questions which locate an
answer key in the script structure search. It is probably more
illuminating to discuss how a few specific questions are handled by
script-specific heuristics, rather than describe all the heuristics of
all currently implemented scripts.

Suppose we asked “Why did John go to New York?“ in the context of
the Leone’s story. This 1is a Causal Antecedent question with a
question concept representing ‘John went to New York.” The matching
search accesses the script structure of the story representation and
determines that the top level script under which the entire story is
embedded is the trip script. It then examines the script summaries
from the trip script instantiation and all script instantiations
embedded within the trip script. When it checks the script summary
for the bus script instantiation (John went to New York by bus) it
finds the answer key.

Since the matching search succeeded while examining a trip script
instantiation, a special heuristic specific to that script is now
invoked. The heuristic first determines whether the answer key was a
summary of a script instantiation which was part of the (1) going, (2)
destination, or (3) returning leg of the trip script. An answer is
then produced which is dependent on in which leg of the trip script
the matched script summary was found.

. If the answer key was found in the “going” leg of the script, as
was the case when we asked ‘“Why did John go to New York?’ then the
answer is produced by concatenating the script summaries of all
scripts instantiated in the destination leg of the trip. 1In the
Leone’s story there is only one script instantiated in the destination
leg of the trip script, the restaurant script. So the conceptual
answer to “Why did John go to Leone”s?” involves the script summary of
the restaurant script instantiation: “John went to Leone’s.” But
before the final conceptual answer can be sent to the generator, a
small manipulation must be performed on the script summary so that its
statement relates back to the question. In this case some indication
of an enabling relationship is appropriate. This can be achieved by
generating a sentence of the form: ‘Because X wanted to Y,” where X
is the actor of the answer key and Y is the conceptual action of the
script summary (or summaries) in the destination leg of the trip
script. To achieve this, the generator is given a mixed conceptual
structure of the form:
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where *X* is the actor of the answer key and *Y* is the script summary
(or summaries) from the destination 1leg of the trip script. This
general answer format is applied to the script instantiations in the
destination 1leg of the script to produce a conceptual answer for the
generator. Thus the answer ‘Because John wanted to go to Leone’s,’ is
produced in response to “Why did John go to New York?’

If the question concept is matched in the destination leg of the
script, the answer 1is produced by finding the MainCon of the script
instantiation whose summary matched the question concept. The MainCon
of a script instantiation is the conceptualization corresponding to
the main act of that script. See Cullingford for a description of
MainCons in scripts [Cullingford 1976, 1977]. When the MainCon is

\ found, the conceptual answer is produced by generating:
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where *Y* is the MainCon, and *X* is the actor of the MainCon. In the
case of the restaurant script, the MainCon is the patron eating his
meal. So if we were to ask “Why did John go to Leone’s?’ the question

| concept (John went to Leone’s) would match the script summary for the
instantiation of the restaurant script (John went to Leone’s). Since
this match 1is made in the destination leg of the trip script, the
question is answered by manipulating the MainCon of the restaurant
script to get ‘“Because John wanted to eat some lasagna.’

If the matching search succeeds in the returning leg of the trip
script, a canned answer is returned by generating a conceptualization
which is translated: “Because ACTOR(SS) wanted to go home,” where
ACTOR(SS) 1is the actor from the matched script summary. So if the
Leone’s story described John leaving Leone’s to take a subway and then
a bus from New York, the questions ‘Why did John leave Leone’s?’ and
“Why did John leave New York?’ would both be answered ‘Because John
wanted to go home.’

5.1.2 Planning Structure Retrieval Heuristics

If no match is found for the question concept on the level of
script structures, planning stuctures are tried next. The matching
search examines the causal chain representation and plan-related
inferences (if there are any) looking for an answer key. If the
question concept 1is matched, plan-based retrieval heuristics are

| 59 invoked in an effort to produce an answer. These heuristics are
designed to produce a goal-oriented answer whenever possible (see
section 2.2).
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Once the answer key is found in the story representation, its
immediate causal antecedents are extracted from the causal chain of
events. If there are no immediate causal antecedents, then the memory
search on the level of planning structures has failed. Otlerwise each
of these antecedents is checked to see if it is tagged as an act which
instantiates some plan. Any act which is tagged as being part of a
plan instantiation will have a pointer to the immediate goal
motivating that plan. If a plan instantiation is found, its immediate
goal forms the basis of the conceptual answer. In the dragon story
where John rescues Mary from a dragon the Causal Antecedent questions,
‘Why did John kill the dragon?’ and “Why did John get on his horse?’
are both answered in terms of plan instantiated goals:

Q: Why did John kill the dragon?
A: Because he wanted Mary to not die.

Why did John get on his horse?
Because he wanted to be near Mary.

e

If '‘none of the direct antecedents yields a goal wvia plan
instantiation, then no goal-oriented answer can be found. In this
case, the same list of antecedents is searched for a concept which was
motivated by a state. When one is found, its causal motivation is
used to form the conceptual answer. This is how the question about
Mary marrying John (in the dragon story) is answered:

Q: Why did Mary agree to marry John?
A: Because she was indebted to him.

The manipulation of conceptualizations to form a final conceptual
answer 1is similar to those described previously for script structure
retrieval heuristics. These plan-based retrieval heuristics will be
discussed further in the section on retrieval heuristics in PAM
(section 8.3.2).

5.1.3 Causal Chain Retrieval Heuristics

These heuristics are employed if the question concept has been
found in the causal chain representation but no answer could be found
using plan-based retrieval heuristics. In this case we expect an
answer to be found on the basis of (1) inferences made by the script
applier at the time of understanding, or (2) scriptal world knowledge.

5.1.3.1 Non-Standard Inference Search

When the script applier generates a causal chain representation,
it tags some conceptualizations as being inferences. This tag is used
to indicate a lesser degree of certainty about these
conceptualizations. There is another tag for conceptualizations which
were found in the main path of a script. For example, looking at a
menu is in the main path of the restaurant script, but leaving because
you have to wait for a table is not. For a description of different
inference paths in scripts see [Cullingford 1977]. If the answer key
has a causal antecedent which is tagged as an inference and 1is not
tagged as a main path conceptualization, then this non-standard
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inference is used to generate a conceptual answer. For example, in
the Leone’s story, if we ask “Why couldn’t John pay the check?’ the
question concept (John couldn’t pay the check) is matched against the
conceptualization in the causal chain representing “John discovered he
couldn”t pay the check.” This answer key has an inference as a causal
antecedent, ‘John had no money,” which is used to form a conceptual
answer. The final answer is “Because John had no money’. A mixed
concept of the form “Because CA” (where CA is the selected causal
antecedent) is used to construct the final conceptual answer.

5.1.3.2 Interference Search

If no inference-tagged causal antecedent is found, we then check
to see if the answer key is itself tagged as a script resolution
[Lehnert 1977, Cullingford 1977]. If so, its corresponding
interference concept is picked up to form an answer. ‘Why did John
have to wash dishes at Leone’s?” 1is a question answered in this
manner . John washing dishes 1is a script resolution for the
interference .of not being able to pay the check. So the question is
answered “Because John discovered he couldn’t pay the check.’

5.1.3.3 Script-Internal Goal Structures

If all these other heuristics fail, we then resort to answering
the question on the basis of scriptal world knowledge alone. This is
done by analyzing the answer key in terms of its place within a
specific script. All scripts contain a goal/subgoal structure which
is strongly correlated with hierarchies of scenes within a script and
sub-script maincons of each scene. For example, “Why did John order
lasagna?” asks about the maincon of the ordering scene in the
restaurant script. The script-based answer “Because he wanted to eat
lasagna,’ references the maincon of the eating scene. Of course a
script-based answer of this sort is acceptable only when there is no
other information around. Had the story mentioned that John always
ate lasagna at Italian restaurants, this information would provide a
better answer than the obvious connection of wanting to eat what you
order.

While some retrieval heuristics on the level of script structures
are very script-specific, the heuristics which look for goals are
generalizable across scripts. While each script has a different goal
structure, there are some structural features, 1like scenes and
maincons, which are wuniversal to all scripts. The rules which
manipulate these structural features are very general. For example,
if scene N does not come after the main act of the script, then the
goal behind the maincon of scene N is the maincon of scene N+l.
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script constants scene maincons script MainCon

go to restaurant

look for table +

go to table ::t]————>be seated
ask for menu +

get menu t :t]————éorder

be served ¥ > eat
ask for check
get check :j:L———ép%y
leave table — 3 leave
Figure 5

Restaurant Script Goal Hierarchy

If the question concept cannot be matched against any of the
conceptualizations in the script structures, plan-related inferences,
or causal chain, then no conceptual answer can be produced and the
memory search returns a conceptualization to the generator which
translates into ‘I don’t know.” The same answer 1is returned if the
question concept is matched but all of the above heuristics fail to
produce an answer.

5.2 Goal Orientation

The set of retrieval heuristics for Goal Orientation questions
overlaps with those heuristics for Causal Antecedent questions to a
large extent. This is quite reasonable since a Goal Orientation
question 1is a particular type of Causal Antecedent question. This
being the case, it is easiest to describe retrieval for Goal
Orientation questions in terms of how it differs from Causal
Antecedent retrieval.

Like Causal Antecedent questions, Goal Orientation questions can
find answers in either the causal chain representation, planning
structures, or script structures. As before, the first step 1is to
match the question concept against a conceptualization in the story
representation.

5.2.1 Script Structure Retrieval Heuristics

The matching search begins with script structures and uses the
same script-specific heuristics that Causal Antecedent questions used
for script structures. Thus far, all of the script-specific
heuristics which have been developed for Causal Antecedent questions
return answers which identify a goal orientation. As long as this
continues to be the case, retrieval for Causal Antecedent and Goal
Orientation questions will be identical on the level of script
structures.
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5.2.2 Planning Structure Retrieval Heuristics

If the matching search fails at the script structure level,
heuristics applicable to planning structures are invoked. Here there
is a slight departure from the plan-related retrieval processes used
for Causal Antecedent questions. Once an answer key is found in the
story representation, its immediate causal antecedents are extracted
from the causal chain of events. If there are no immediate causal
antecedents, then the memory search on the level of planning
structures has failed. Otherwise each of these antecedents is checked
to see if it is tagged as an act which instantiates some plan. Any
act which is tagged as being part of a plan instantiation will have a
pointer to the immediate goal motivating that plan. If a plan
instantiation is found, its immediate goal forms the basis of the
conceptual answer. A manipulation of the immediate goal identical to
those used in Causal Antecedent questions becomes the final conceptual
answer which is passed to the generator. In this way we can answer:

Q: For what purpose did John kill the dragon?
A: So Mary would not die.

Q: For what purpose did John get on his horse?
A: So he could be near Mary.

in the context of the dragon story:

John loved Mary but she didn’t want to marry him.
One day, a dragon stole Mary from the castle.
John got on top of his horse and killed the
dragon. Mary agreed to marry him. They lived
happily ever after.

If no plan instantiation was found for a Causal Antecedent question, a
search was executed which looked for a motivating state. In Goal
Orientation questions this search 1is not conducted. Since Goal
Orientation questions ask about the goal or ultimate intentionality
behind an action, they cannot be answered in terms of motivating
states. It is reasonable to answer:

Q: Why did Mary agree to marry John?
A: Because she was indebted to him.

But it is not appropriate to answer:

Q: For what purpose did Mary agree to marry John?
A: Because she was indebted to him.

So if no plan instantiation is found, no further heuristics are
invoked, and the matching search for a Goal Orientation answer has
failed on the planning structure level.
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5.2.3 Causal Chain Retrieval Heuristics

Again we have a slight departure from the causal chain retrieval
heuristics used for Causal Antecedent questions. Neither the
non-standard inference search or the interference search produce goal
oriented answers, so neither of those searches are executed for Goal
Orientation questions. It would not be appropriate to answer:

Q: For what purpose did John order a hamburger?
A: Because the waitress said they had no hot dogs.

But the script-internal goal structures do provide goal oriented
answers. So the goal structure of a script is used to answer Goal
Orientation questions:

Q: For what purpose did John order a hamburger?
A: So he could eat a hamburger.

If either no answer key is found, or if all of the above heuristics
fail to find an answer, a conceptualization is given to the generator

‘v

representing ‘I don’t know.’

5.3 Enablement

Enablement questions are a special case of Causal Antecedent
questions. As such, their processing is similar to that for Causal
Antecedent questions. Answers to Enablement questions may be found in
either the script structures, planning structures, or on the causal
chain 1level. The matching search examines the entire story
representation at each level to fina an answer key.

5.3.1 Script Stucture Retrieval Heuristics

Each script has specific entry conditions which must be satisfied
before a default path script execution can be achieved. For example,
the entry conditions for the restaurant script are that the patron be
hungry and that he have some money. It is possible to execute the
script without these states being satisfied, but if a script is
entered with an entry condition violation, the script applier
anticipates specific difficulties within the script which are not part
of the default path script instantiation. For example, in the Leone’s
story, John goes into Leone’s without any money. The inference about
John not having money has been generated before John enters Leone’s.
So when the script applier hears that John can’t pay the check, it has
anticipated this particular interference and is ready to link this
anomalous turn of events with the entry condition violation. For a
more complete description of this process see [Cullingford 1977].

If the story had made no mention of any difficulty with the
check, the script applier would have had to make an inference about an
alternative entry condition which could account for John being able to
pay the check. 1In this case, it would check the credibility assigned
to the inference that John has no money, determine that there is some
uncertainty about it, and conclude that John must have had some money
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with him after all. The inference that John had no money would then
be eliminated from the story representation.

In one version of the Leone’s story we are told that John took a
bus back to New Haven after washing dishes at Leone’s. In this case
the inference about John not having any money has been substantiated
by the fact that John couldn’t pay the check at Leone’s. But the
default entry condition for the bus script is having some money. So
when the bus script is activated, the script applier anticipates some
difficulty since the script’s entry condition is not satisfied. Yet
‘John took a bus to New Haven,’ without any further mention of the bus
trip creates a default path instantiation of the bus script. The
script applier must somehow reconcile this with the fact that the
entry condition for that script was violated. It first checks the
credibility assigned to the conceptualization representing John having
no money. But this concept is now tagged with a credibility value of
absclute certainty. So it can’t delete this concept from the story
representation. It then looks to see if there are any alternative
entry conditions which can replace the condition of having money.
When it looks for an alternative entry condition it finds a resolution
for the apparent inconsistency: in order to execute a default path
through the bus script, one could have a bus ticket instead of money.
The script applier then concludes that this alternative entry
condition must have been satisfied, and incorporates this inference in
the story representation with less than absolute certainty.

When the matching search is conducted for an Enablement question
on the 1level of script structures, the question concept is checked
against script summaries of all instantiated scripts in the story
representation. If an answer key 1is found in one of the script
summaries, the entry conditions for the script are examined. If an
alternative entry condition is found, and the credibility value
assigned to it is less than absolute certainty, the final conceptual
answer 1is produced by generating “Probably EC,” where EC is the entry
condition conceptualization. This is how the question about the
return bus ride is answered in the Leone’s story:

Q: How was John able to take the bus to New Haven?
A: Probably John had a ticket.

5.3.2 Planning Structure Retrieval Heuristics

The plan applier decomposes goal oriented behavior into plan
instantiations for goals and subgoals. This organization allows us to
determine when an action has been carried out in order to further a
specific plan. If the matching search can locate the answer key in
the story representation, it checks to see if the conceptualization
matched has a SUBGOAL 1link pointing to a subordinate goal whose
achievement contributes to or furthers the satisfaction of the answer
key goal., If such a pointer exists, an answer is generated by
concatenating subgoal conceptualizations together. If only one
subgoal exists, the answer refers to the single subgoal. This
heuristic would be used to answer:
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Q: How was John able to prevent Mary from dying?
A: John killed the dragon.

5.3.3 Causal Chain Retrieval Heuristics

If the previous heuristics fail to produce an answer, the answer
key is located in the causal chain representation and its direct
causal antecedents are examined. If one of the causal antecedents is
connected to the matched conceptualization by an ENABLES link, that
antecedent is taken to be the conceptual answer. Enablement links are
generated by the script and plan appliers when either (1) the
chronology of the causal chain calls for an enabling relationship, or
(2) a necessary enabling condition is recognized for a specific act.
This heuristic would be used to answer a question like:

Q: How was John able to leave a tip?
A: John had some money.

if no conceptualization in the story representation is found to match
the question concept, or if none of the heuristics described produce
an answer, the generator is given a conceptualization corresponding to
I don”t know.’

c e

5.4 Causal Consequent

Answers to Causal Consequent questions are found on the level of
either script structures or causal chain representation. When a
Causal Consequent question is answered on the script structure level,
the answer is described in terms of a broad overview of the story.
When it is answered on the causal chain level, a much finer degree of
detail within the story 1is described. Whenever a question can be
answered on varying levels of detail, it is appropriate to answer on
the same level of detail in which the question was asked.

A script structure answer is sought first since a question which
can be answered on that level is one which references an entire script
instantiation and is therefore asking about something in terms of an
overview. If a question concept fails to be found on the script
structure level, it is asking about something within a particular
script and therefore deserves to be answered in terms of acts within
the script instantiation, acts which are on the same finer 1level of
detail as the question itself.

An important feature of Causal Consequent questions is that they
are ambiguous in terms of chronological ordering. In the context of
the Leone’s story,

Q: What happened when John got off the bus?

could be reasonably answered with either:

He thanked the driver, or

A
A: He went to the subway.
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The first answer describes an event which happened before John
actually got off the bus, and the second answer describes an event
which took place after John got off the bus. In addition to answers
which strictly precede or follow the question concept, an answer to a
Causal Consequent question can occur at the same time as the act in
question:

Q: What happened when John took the subway?
A: A thief picked John’s pocket.

Causal Consequent questions are actually questions which say, ‘tell me
about something that happened at about the same time as (blitch) took
place.” Of course the best answers are those which describe the most
interesting thing possible, and the retrieval heuristics must
incorporate some notion of relative interest values when searching for
an answer.

5.4.1 Script Stucture Retrieval Heuristics

The matching search begins with script structures, trying to find
the answer key in the script summaries of those scripts which were
instantiated for the story representation. If the question concept
matches one of these script summaries, the question is asking about a
relatively rough time reference: acceptable answers can describe
events which took place anywhere within the course of the referenced
script instantiation. ‘What happened when John took the subway?’ is
one such question. The question concept (John took the subway)
matches the script summary for the subway trip (John went to New York

by subway) and is therefore asking for events which occurred anytime
during the subway trip.

5.4.1.1 Weird Event Search

When the answer key is a script summary, the memory search first
looks to see if the corresponding script instantiation contained any
events which were recognized as weird events by the script applier. A
weird event 1is a conceptualization which the script applier cannot
find in any of its currently active scripts, and which itself triggers
a script which 1is wunusual or inappropriate in the context of those
scripts which are currently active. See [Cullingford 1977] for a
description of weird events within the context of a script. 1In the
Leone’s story, John being pick-pocketed is recognized as a weird event
and 1is tagged as such in the subway script instantiation. If a weird
event is found, it is picked up as the conceptual answer to the
question. This is how the Causal Consequent question about the subway
trip is answered:

Q: What happened when John took the subway?
A: A thief picked John’s pocket.

5.4.1.2 Interference/Resolution Search

If no weird event is found within the script in question, the memory
search looks to see 1if anything mildly interesting occurred during
that script. It does this by checking for interference/resolution
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pairs. If there were one or more interference/resolution pairs, a
conceptual answer is formed by concatenating them together in the form
‘Il and so Rl, and then, I2 and so R2, and then . . .” where In and
Rn are the nth interference and resolution in that script. This is
how we answer:

Q: What happened when John went to Leone’s?
A: John discovered that he couldn”t pay the check and
so he had to wash dishes.

5.4.1.3 Main Act Search

If the script has no weird events or interference/resolution
pairs, then a test is executed to see if the script summary matches
the main act of the script. In some scripts the main act and the
script summary convey the same information ( e.g. the pickpocket
script) but in others they are different. If it turns out that the
main act 1is different from the script summary, then the main act of
the script is returned as the conceptual answer.

John went to Leone’s. He ordered lasagna. When
he left he gave the waitress a large tip.

Q: What happened when John went to Leone’s?
A: John ate lasagna.

5.4.2 Causal Chain Retrieval Heuristics

If the script s®“wcture memory search fails to produce an answer
key, then a matching search begins on the causal chain representation.
If the question concept cannot be found in the causal chain, the
generator 1is given a conceptualization representing ‘I don’t remember
anything.”’

5.4.2.1 Default Path Departures

If a match is made, the memory search checks to see if the answer
key 1is an instantiation of a maincon in a script scene. Most scripts
are partitioned into scenes and each scene has one main act which is
of primary importance. For example, the restaurant script has scenes
for entering, seating, ordering, eating, paying, and leaving. See
[Cullingford 1977] for a detailed description of script scenes. If
the answer key does describe the main act of a scene, then the memory
search examines each act of the script instantiation which is a part
of that scene, looking for a conceptualization which is not tagged as
an act on the default path of the script. If it finds an act which
did not come from the default path, it returns that conceptualization
as the conceptual answer.

For example, the main acts of the bus script scenes are getting
on, sitting down, and getting off. So if we ask “What happened when
John got off the bus?” in the context of the Leone’s story, the
underlying question concept (John got off the bus) matches a concept
in the causal chain which is tagged as the main act of the getting=-off
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scene. Other conceptualizations from the getting-off scene are then
checked to see if there was one which did not come from the default
path of the bus script. One such conceptualization is found and it
becomes the answer:

Q: What happened when John got off the bus?
A: John thanked the driver.

The same default path departure processing answers the question:

Q: What happened when John sat down on the bus?
A: John talked to an old lady.

5.4.2.2 Resolution Search

The memory search next checks to see if the answer key was tagged
by the script applier as a script interference. If so, its
corresponding resolution is returned as the conceptual answer:

What happened when John couldn’t pay the check?
The management told John he would have to wash
dishes.

Q
A

5.4.2.3 Chronological Consequent Search

If no answer is produced by the other heuristics, but an answer
key was found in the causal chain, then the next act in the causal
chain is taken as the conceptual answer:

Q: What happened when John ordered lasagna?
A: The waitress took the order to the chef.
Q: What happened when John told the waiter he couldn’t

pay the check?
A: The management told John he would have to wash
dishes.

In an early version of SAM, Causal Consequent questions were answered
by picking up all the conceptualizations following the question
concept in the causal chain up to the next conceptualization which was
explicitly stated in the story:

Q: What happened when the hostess gave John a
menu?

A: John read the menu, the waiter saw that John

was at the table, the waiter went to the table.

Q: What happened when John ordered the hamburger?
A: The waitress gave the order to the cook, the
cook prepared the hamburger, the cook gave the
hamburger to the waitress, the waitress served
John the hamburger.
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This heuristic was designed primarily as a way of showing off all of
the inferences SAM makes. It was never intended to be taken as a
serious model of what people do or as a heuristic for providing
natural answers. One of its immediate faults lies within its reliance
on knowing whether or not a conceptualization in the story
representation was explicitly mentioned in the text of the story. A
number of psychology experiments [Bower 1976, Bransford & Franks 1971}
have shown that people cannot differentiate what they are explicitly
told from what they infer. Furthermore, the type of information which
gets confused appears to be exactly the mundane scriptal information
with which we are working. Since our question answering model is
attempting to model human cognitive processes, we do not want to
develop memory mechanisms which rely on capabilities people do not
have. Consequently, this early heuristic has been replaced by the
chronological consequent search which returns the single concept
immediately following the answer key in the causal chain.

5.5 Verification

The initial memory search for a Verification question is quite
straightforward. A matching search is executed which examines all
conceptualizations in the script structures, planning structures, and
causal chain representation. If a match is made, the credibility
value of the matched conceptualization is checked. If it has absolute
certainty, the answer "Yes” is passed to the generator. If it has a
credibility which is 1less than absolutely certain, the answer
“Probably” is returned. If no answer key is found, the initial answer
is ‘No.”

Verification questions often carry Elaboration Options from
Content Specification (see Chapter Four). After an initial answer of
yes, no or probably is produced, the memory search checks to see if
the question is carrying an Elaboration Option or Category Trace
Instruction. If not, the initial answer is the final conceptual
answer. Otherwise an elaboration must be produced according to the
instructions in the Elaboration Option or Category Trace Instructior.

If a Verification question is carrying an Elaboration Option, it
will specify two things for the memory search: the Answer Criteria
(AC), and the Elaboration Instructions (EI). The initial response is
compared to the Answer Criteria. If the Answer Criteria test is
passed, the Elaboration Instructions are executed. If the Answer
Criteria test fails, the initial answer becomes the final conceptual
answer which is passed to the generator. At the present time three
Elaboration Options applying to Verification questions have been
implemented: the Verification Option, the Short Answer Option, and
the Correction/Explanation Option [see section 4.2]. These options
are responsible for answers like:

Did the waitress give John a menu?
No, the hostess gave John a menu.
(Correction/Explanation Option)
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Did John pay the check?

No, John was angry because the hamburger was
burnt and so he left.
(Correction/Explanation Option)

)

e oo

Did John order lasagna?
Yes, John ordered lasagna.
(Verification Option)

e

Did John go to New York?
Yes, John went to New York by bus.
(Verification Option)

> o

ee oo

Did John go to the Friar’s Club?
No.
(Short Answer Option)

o

5.6 Disjunctive

Disjunctive questions are similar to Verification questions in
terms of the retrieval heuristics used to answer them. It is useful
to think of Disjunctive questions as being Verification questions, but
with multiple question concepts instead of one.

Initially, a matching search of the entire story representation
(script structures, planning structures, and causal chain
representation) is conducted for each of the question concepts until
one of them is matched. As soon as a match is made, the matched
concept is passed to the generator as the final conceptual answer. If
no match is made, the initial answer is “Neither.’ Once an initial
answer is produced, the question is checked to see if there 1is an
attending Transform Trace Instruction or Elaboration Option.

There 1is a focus problem with Disjunctive questions.
Occassionally a Disjunctive question can be answered simply Yes or No
depending on whether or not any of the conceptualizations in the
question concept can be verified.

Q: Did John or Mary go shopping?
may be asking:

Q: Who went shopping - John or Mary?
or it might be asking:

Q: Did anyone go shopping?
in a context where John and Mary are the only obvious candidates and
the questioner 1is more interested in the act of shopping than the
actor performing the act. Knowing which way a Disjunctive question

should be answered depends on contextual factors and inferences about
what the questioner is really interested in.
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It is the case, however, that an answer which is derived by
passing the answer key to the generator will always be adequate - at
its worst, it will supply more information than the questioner was
looking for. Saying that Mary went shopping will satisfy the
questioner regardless of whether he was interested in who went or just
that someone went. The focus issue for Disjunctive questions is
therefore less crucial than it 1is in other conceptual question
categories. (These problems will be pursued in Chapter Six).

5.7 Instrumental/Procedural

Answers to Instrumental/Procedural (I/P) questions may be found
in either the script structures, planning structures, or on the causal
chain level. The matching search begins with script structures. Not
all scripts have script-specific retrieval heuristics for I/P
questions. The only script implemented thus far which does have
special heuristics for I/P questions is the trip script.

5.7.1 Script Structure Retrieval Heuristics

The matching search over script structures examines script
summaries for each script which appears as a top level instantiation
in the going or returning legs of the trip script. If the question
concept matches one of these summaries, an answer is produced by
combining other script summaries from the trip script structure. EEf
the answer key is found in the going leg of the trip, the answer is
formed by concatenating all of the summaries for each script in the
going leg of the trip up to and including the matched summary:

Q: How did John get to New York?
A: John went to New York by bus.

Q: How did John get to Leone’s?
A: John went to New York by bus and then he went
to Leone’s by subway.

If the question concept matches a script summary from the returning
leg of the trip, the same heuristic is used, but with the script
summaries in the returning leg of the trip:

Q: How did John leave Leone’s?
A: John went from Leone”s by subway.

Q: How did John get to New Haven?

A: John went from Leone’s by subway and then John
went from New York to New Haven by bus.

5.7.2 Planning Structure Retrieval Heuristics

If no answer is found in the script structures, inferences from
planning structures are invoked. On this level, retrieval for I/P
questions is identical to retrieval for Enablement questions. If the
matching search can locate the answer key in the story representation,
it checks to see if the answer key has a PLANACT link pointing to a
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subordinate goal. If such a pointer is found, an answer is produced
by concatenating the PLANACT conceptualizations:

Q: How did John prevent Mary from getting hurt?
A: John killed the dragon.

Retrieval from planning structures for Enablement and I/P questions is
identical since there does not seem to be a conceptual distinction
between those plans which are enablements to a parent goal and those
plans which are instrumental to a parent goal. At the present time
there is only one relationship between a goal and its plans: a plan
contributes to the achievement of its parent goal. In the questions
and stories considered, Enablement and I/P questions appear to be
conceptually equivalent when the answers are derived from goal/plan
relationships. The questions:

Q: How was John able to prevent Mary from getting hurt?
Q: How did John prevent Mary from getting hurt?

can both be answered:
A: He killed the dragon.

If at some point a question is encountered which demands a distinction
between instrumental plans and enabling plans, the representation will
be forced to reflect this difference and the retrieval heuristics will
be altered accordingly.

5.7.3 Causal Chain Retrieval Heuristics

On the causal chain level, the matching search runs through the
causal chain 1looking for an answer key. If one is found, the answer
key is checked to see if it has an Instrument slot. If so, that
conceptualization is returned as the final conceptual answer:

Q: How did John get to the table?
A: John walked to the table.

If no Instrument slot is found in the matched conceptualization, or if
no conceptualization in the causal chain is matched, a
conceptualization is passed to the generator representing ‘I don’t
know.”

5.8 Concept Completion

Concept Completion questions require little more than a matching
search to be answered. The question concept for a Concept Completion
question has an unknown conceptual component. In the memory search,
this wunknown component 1is treated as a wild card; it will match
anything. The matching search examines all levels of the story
representation. Script structures, planning structures, and the
causal chain representation are all searched for an answer key.
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When a match is made, short answers are produced if the Single
Word Option is in effect (see 4.2).

Q: Who gave John a menu?
A: The hostess.

Otherwise, the entire answer key 1is generated to produce a long
answer:

Q: Who gave John a menu?
A: The hostess gave John a menu.

5.9 Expectational

Expectational questions are unlike all of the conceptual question
categories discussed so far in terms of the initial memory search
processing which must take place. For all of the other question
categories a matching search was initially executed to locate the
question concept in the story representation. But an Expectational
question asks about something which didn’t harpen. And a conceptual
story representation contains only those things which did take place.
So an answer key for an Expectational question camnot be found in the
story representation. Therefore Expectational questions do not
initially conduct a matching search for the question concept like
other question categories. A matching search is conducted, but it
operates on a data structure which 1is created at the time of the
memory search to augment the story representation.

A detailed account of Expectational questions and the memory
search processes which answer them is given in Chapter Seven.

5.10 Judgemental

Judgemental questions are similar to Expectational questions
insofar as they must access information outside of the story
representation in order to produce an answer. Questions 1like ‘What
should John do now?” require the answerer to project himself into
John’s place (i.e. 1intb the situational context of the story) and
make a projection concerning John’s behavior on the basis of whatever
scripts and plans the answerer has at his disposal.

These questions have been implemented by Jaime Carbonell in his
script-based version of the Goldwater machine [Carbonell 1977]. The
POLITICS program currently processes Conceptual Dependency input and
produces Conceptual Dependency answers. Given an input statement and
some questions, POLITICS responds with answers which reflect the
political ideology of a right-winger:

INPUT: Russia massed troops on the Czech border.

What will Russia do next?
RUSSIA MAY ORDER ITS TROOPS INTO CZECHOSLOVAKIA.

i i oy a
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Q: What can the United States do?

A: THE UNITED STATES CAN DO NOTHING, IT CAN INTERVENE
MILITARILY IN CZECHOSLOVAKIA BY SENDING TROOPS, OR IT
CAN INTERVENE DIPLOMATICALLY BY TALKING TO RUSSIA
ABOUT CZECHOSLOVAKIA.

Q: What should the United States do?
A: THE UNITED STATES SHOULD INTERVENE MILITARILY.

To implement Judgemental questions for SAM and PAM, we would have to
set up an interactive communication between the question answerer and
the script applier or plan applier (much 1like the interaction
implemented for Expectational questions which will be described in
Chapter Seven). In this interaction the script or plan applier would
be given a processing state encountered at some point during
understanding, along with possible goals specified in the question,
and a request to project the predicted behavior of whatever character
was in question.

For example, suppose we have read the following story:

John went into a restaurant. The waitress gave
him a menu and he decided he wanted a hamburger.

Now suppose we are asked:
Q: What should John do now?

To answer this question we would ask the script applier for the next
conceptualization involving John:

A: John should order a hamburger.
Suppose we had read:

John loved Mary but she didn“t want to marry him.
One day a dragon stole Mary from the castle. She
was never seen again.

and were asked:
Q: What should John have done to save Mary?

To answer this question the plan applier would have to be given (1)
the story representation as it stood before hearing that Mary was
never seen again, and (2) a goal on the part of John to save Mary. It
could then predict a plan which John could invoke for attaining his
goal. This plan would be used to produce an answer:

A: John should have killed the dragon.

No difficulties are anticipated in implementing these questions. Many
of the mechanisms which would be needed already exist for the
Expectational questions. These questions have not been implemented

1
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for SAM or PAM largely because they have been implemented elsewhere.

5.11 Quantification

Quantification questions are very much like Concept Completion
questions but their answers are found in memory tokens rather than in
the chronological story representation. A fact like how many people
were in Leone’s would be stored under the memory token for Leone’s
patrons. It would not be placed in the script structures, planning
structures, or causal chain conceptualizations.

The Internalization processing which follows the initial parse
should be able to identify which memory token is being referenced, so
the only work remaining for the retrieval heuristics is to look up the
appropriate property under that memory token. For example, if the
story had mentioned that there were twenty people on the bus going to
New York, then a memory token for that group of people would be
created at the time of understanding. Say the memory token was given
the pointer GNOOS. Under that memory token would be the property

\ NUMBER, and the value assigned to the property NUMBER would be 20.

# Now if a question is parsed which asks “How many people were on the
bus going downtown?’ the internalization program would be responsible :
for recognizing that this question references GNO0OS5. The internalized §
conceptualization representing the question would therefore be:

GNO05€<> IS NUMBER VAL (*?%)

The question concept consists of two parts, the referent and the
unknown property:

' (REF GNOO5 PROP NUMBER)
- The retrieval heuristic is then very simple. The conceptual answer is

produced by performing a GET (the function which accesses property :
list values) on the name GNOO5 and the property NUMBER. ¢

5.12 Feature Specification

Feature Specification questions are answered the same way as
. Quantification questions. The question concept consists of a
tokenized referent and an unknown property value. A simple retrieval i
on the property list of the specified memory token produces the ’
answer.

Q: How old was John?

is parsed and internalized as:

GNOOL&=) IS AGE VAL (*?7%) |

:; The interpreted question concept is (REF GNOOl PROP AGE) and the iT

~ answer 1s produced by getting the value of the property AGE under the
name GNOOl. 1In the event that a fuzzy property reference is given in

&
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the question (What kind of dog is Rover?) the retrieval looks for any
descriptive property which is not in a list of standard descriptors to
avoid (SEX, AGE, COLOR, WEIGHT, NATIONALIY, etc.) The first property
it finds which is not on this 1list is returned as the conceptual
answer. This heuristic should be replaced by a type-specific default
heuristic. For example, a memory token of type DOG should default to
BREED when a general descriptor is needed. But such a type-specific
search would require a taxonomy of memory token types. While such a
taxonomy must eventually be proposed, it 1is too early to develop
anything other than an ad hoc system of memory token hierarchies. The
primitive heuristic described above will stand until a memory token
taxonomy can be proposed.

5.13 Concluding Remarks on Retrieval Heuristics

The one conceptual question categecry which does not dictate
retrieval heuristics are Requests. In a complete model of question
answering, a large portion of the memory search should be devoted to
the processing required to execute a Request. This aspect of the
theory would naturally be limited to whatever simulated world the
computer can function in. For example, Winograd’s SHRDLU explored the
Request aspect of memory searches in its manipulation of a blocks

B R T e ———
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world [Winograd 1972]. 14
Since the programs implemented in conjunction with QUALM are ) i
programs which function to d ate story understanding, there = i
been no natural opportunity for exploring Re memory i
searches. The questions which people can ask about stories are ﬁ

Inquiries. These have formed the basis for the research presented i
here. In the context of story understanding, we need not concern
ourselves with whether or not the computer is willing to light our
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CHAPTER 6

FOCUS ESTABLISHMENT

The focus of a question is that conceptual component
of the question to which attention is directed. When
focus is misplaced, answers to questions appear to
miss the point:

Ql: Why does Carter carry his own luggage?

Al: He wants us to know he’s one of the people.

A2: It would be silly for him to carry Billy’s
things around.

Al answers a question which focused on the fact that

—" the President is violating a social convention of his
office: when you’re president you don’t carry your
own luggage. The focus falls on Carter:

Q2: Why does Carter (of all people) carry his
own luggage?

A2 answers the same question but with focus on the
fact that people normally carry their own luggage
instead of other people’s. The focus here falls on
whose luggage Carter carries:

Q3: Why does Carter carry his own luggage (instead
of someone else’s luggage)?

6.0 Introduction

If Al seems to be a more natural answer to Ql than A2, it is only
because we know that Carter is President, and that presidents are not
subject to the same social conventions as the rest of us. It would
not make much sense to answer:

Q4: Why does John Doe carry his own luggage?
A4: He wants us to think he’s one of the people.

unless there is something special about John Doe which suggests that
he is not just one of the people. This particular example of focus
establishment is based on general knowledge about the world and will
be discussed in section 6.1.4. But first, we will describe other ways
that focus manifests itself.

$ 4
;
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6.1 Different Kinds of Focus

Attention can be directed to a particular component of a question

by many different means. Four general strategies used by speakers for
focus placement are:

1) Stress Intonation Patterns
2) Syntactic Construction

3) Contextual Determinants

4) Knowledge-Based Determinants

The first strategy, stress intonation, is a function of acoustic
processing and cannot be detected in written language without the use
of italics, underscoring, or some other visual device designed to
mimick spoken stress. The second strategy, syntactic construction, is
a grammatical device. The last two strategies, contextual focus and
knowledge-based focus, are functions of conceptual processing which
cannot be discussed without reference to memory processes and
information in memory.

6.1.1 Stress Intonation Patterns

One way that a question can be constructed with a clear focal
assignment 1is by using various intonation patterns. Of course this

does not occur in written language but it is used all the time in
spoken language.

Q2: Did the WAITRESS bring John a menu?
A stress pattern for Q2 which emphasizes the word ‘waitress” by a rise
in tonal frequency and perhaps volume will serve to place the focus of

the question on the waitress. With the proper intonation, Q2 is
functionally equivalent to asking:

Q3: Was it the waitress who brought John a menu?

in terms of where the attention is forced and what kinds of answers
will be appropriate.

In actual speech, intonation can be combined with syntactic
construction to express attitudes of irony, disbelief, or sarcasm. To
see how intonation can turn around the meaning of entire sentences,
consider two readings of a fictional telegram:

Joseph Stalin

Kremlin
Moscow

You were right and I was wrong. You are the true

heir of Lenin. I should apologize.

Trotsky
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The exact same telegram read with feeling becomes an entirely

different message:

Joseph Stalin
Kremlin
Moscow

YOU were right and I was WRONG? YOU are the

true heir of Lenin?__l_should apologize??!!

Trotsky!!!titt!

6.1.2 Syntactic Constructions
There are syntactic constructions which function as focus operators:
Q3: Was it the waitress who brought John a menu?

This question is constructed to place emphasis on the conceptual
component of the waitress. Any appropriate answer to Q3 will address
this aspect of the question concept. Q3 can be answered naturally
with:

A3a: No, the hostess brought John a menu.
but it would be odd to answer Q3 with:
A3b: No, the waitress brought John a hamburger.

Q3 effectively asks ‘Did the waitress bring John a menu? If not, who
brought John a menu?” The question tends to convey a presupposition
that somebody brought John a menu, the question is who? So the focus
for Q3 falls on the actor who brought John a menu.

6.1.3 Context and Focus

Syntactic constructions and stress intonation patterns are aspects of
a question that the parser must recognize. While syntactic
construction and stress intonation patterns can be used to establish
the focus of a question, there are also times when the focus does not
rely on anything which the parser can be expected to handle. It is
often the case that the context of a question is essential in
establishing the focus of a question. To see how context can affect
focus, consider a question asked in the contexts of two different
stories:




S— P — pT— T T e e

- 155 -

CONTEXT 1

John had just bought a new car. He was so happy
with it that he drove it at every possible
cpportunity. So last night when he decided to go
out for dinner, he drove over to Leone’s. When he
got there he had to wait for a table . . .

Q4: Why did John drive to Leone’s?

‘Appropriate answers to this question are “Because he just got a new
car and he 1liked to drive it whenever he could,”’ or ‘“Because he was
very happy with his new car,” or Because he enjoyed driving,” etc,
etc. The point is that the question here is interpreted to be asking
about driving. The focus of the question is on the transportational
instrument used when John went to Leone’s. Now consider another
story:
CONTEXT 2

John had a crush on Mary. But he was so shy that
he was happy to just be in her proximity. So he
was in the habit of following her around a 1lot.
He knew that she ate at Leone’s very often. So
last night when he decided to go out for dinner,
he drove over to Leone’s. When he got there he
had to wait for a table . . .

Q5: Why did John drive to Leone’s?

The question now has a different meaning. Appropriate answers are
‘Because he knew that Mary ate there,” or “Because he hoped to run
into Mary there,” or “Because he wanted to see Mary,” etc, etc. Here
the question has been interpreted to be asking about Leone’s. The
focus of the question is on John’s destination.

Since Q4 and Q5 elicit different answers, they cannot be
conceptually equivalent questions. Yet 1lexically, Q4 and Q5 are
identical questions. They differ only in terms of interpretive focus.
This assignment of focus must be a function of the context in which
the question occurs. The conceptual representation of a question is
not complete 1if it does not 1include focus specification whenever
appropriate. It follows that the conceptual represention of some
questions must therefore depend on the context in which the question
occurs.

When the focus of a question is sensitive to context, questions
tend to be interpreted in terms of what information is present in
memory. In the first context we don“t know why John chose to go to
Leone’s in particular but we do know why he drove. In the second
context we have no information concerning John’s choice of
transportation but we do know why he elected to go to Leone’s. People
do not consider an alternative interpretation of a question which they
cannot answer when there 1is a natural interpretation which can be
answered. This suggests that there are questions where memory must be
accessed before a full interpretation of the question is achieved. A
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discussion of this problem and some proposed solutions will be
presented in Chapter Eight.

6.1.4 World Knowledge and Focus

In some cases the focus of a question can be established only by
accessing world knowledge in memory and applying various inference
processes in order to see where the question was likely to be focused.
In these cases the establishment of focus occurs in the interpreter or
the memory search.

For example, suppose I tell you that our mutual friend John
roller skated to McDonald’s last night. You may very well ask:

Q6: Why did he roller skate to McDonald’s?
and I could answer back:

Aba: Because he was hungry.
A6b: Because his bicycle was broken.

Aba addresses the question as an inquiry about John’s destination.
A6b answers the question in terms of John”s mode of transportation.
If A6a seems to be a funny answer it is because it addresses an
unnatural focus assignment. Q6 is more naturally interpreted to be
asking about John’s roller skating rather than John’s destination.
This focus preference is a function of evaluating what is most
interesting about the question. John going to McDonald’s is far more
commonplace than his roller skating (given the assumption that Jobhn is
an adult). This interest evaluation must be done in terms of world
knowledge and knowing what things are relatively common or unusual.

Of course if the reader knows that John is an eccentric who
roller skates everywhere and never goes into McDonald”s because he
abhors fast food, then this knowledge will be used to understand that
John going to McDonald’s is more interesting than John roller skating.

Focus Rule #1:
SPECIFIC KNOWLEDGE HAS PRIORITY
OVER GENERAL KNOWLEDGE DURING
FOCUS ESTABLISHMENT

But in the absence of specific knowledge, there is a default hierarchy
of world knowledge in terms of relative interest values. No matter
where the interest evaluations come from, the same interpretive rule
always holds: when different components of a question are competing

for the focus it is natural to emphasize the most unusual aspect of
the conceptual question.

Another knowledge based focus assignment is concerned with
placing focus on the most variable aspect of a question:
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Q7: Did the waitress bring John a menu?

Suppose the answer to this question is No and we want to elaborate the
negative response.

A7a: No, the waitress brought John a hamburger.
A7b: No, the hostess brought John a menu.

A7a results when the focus of Q7 is placed on the menu. The
elaboration 1is predicated on the belief that what is important about
this question is what the waitress brought John. A7b results when the
focus is placed on the actor, the waitress. Here the elaboration is
produced by understanding Q7 to be concerned with who brought John the
menu. When focus 1is assigned to the menu, Q7 carries a weak
presupposition that the waitress brought John something. When focus
is assigned to the waitress, the presuppossition that somebody brought
John a menu. Focus is being placed on that component of the question
concept which is most open to correction or variation.

Focus Rule #2:
FOCUS FAVORS
VARIATION OVER EXPECTATION

It may very well be the case that both A6a and A6b are perfectly
correct answers. But one of them is liable to be more appropriate.
Finding a focus which will result in the most approriate answer
requires knowledge about the world, stereotypic occurrences, and
points of variation within a stereotypic situation. We will return to
this particular type of focus problem and propose a script-based
processing solution for it in section 6.3.

6.2 When Focus is Established

Syntactic constructions and intonational patterns allow us to
identify the focus of a question without any inferencing or higher
memory processing. In either case, the parser can recognize the focus
of the question and mark the component receiving emphasis in its
resulting conceptual representation. In our computer models
intonational patterns are not considered since we are processing
written rather than spoken input. But syntactic constructions should
be recognized by the parser when they function in terms of focus
establishment. The parser should be able to input

Ql: Was it the waitress who gave John a menu?
and output a conceptualization which marks the focus of the question:

JOHN
WAITRESS <=> ATRANS <« MENU (—[:

(past) WAITRESS
focus
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The current parser used in SAM and PAM recognizes and assigns focus in
some cases. The parser design has not incorporated comprehensive
focus recognition largely because of design priorities. For example,
the recognition of various cleft sentence constructions is both a
straightforward and relatively peripheral problem which is not
expected to pose any interesting theoretical problems.

One of the basic processing principles which applies to the
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