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INTRODUCTION

UThe Second fL-ONZ Workshop gathered researchers from twenty one
universities and research institutions to the White Mountains for a series of

1discussions and presentations about the fL-ONE knowledge representation
15 language. The Workshop - held October 16-20, 1981 - was the second to be held

at the Christmas Farm Inn in Jackson, New Hampshire. It was an excellent
setting for some lively discussions about knowledge representation in general,
and our particular experiences with fl-ONE.

While the first Workshop was successful in a modest way, we learned from
it that having a large group of people in attendance, especially with
disparate goals and backgrounds, was not a way to make technological progress
(even the modest amount we had hoped for). On the other hand, simply

-- restricting participation to a very small set of seriously committed
researchers seemed equally unsatisfactory, since it did not allow us to report
on recent developments to the community at large, nor did it allow that
comunity to get together to share ideas, experiences, and problems. So, this
year we opted for a two-part Workshop, the first comprising three days of
intensive technical discussions by a small group (14 participants) intimately
involved with KL-ONE development, the second comprising two days of
presentations, small group discussions, and plenty of free time to knock heads
over the issues of the day.

The technical discussions that preceded the main conference covered areas
of current central concern to fL-ONE and knowledge representation in general,
including *realization" (attributing new descriptions to individuals as they
are learned about) and "classification" (putting KL-ONE descriptions into a

I taxonomy according to their internal structure); Individual Concepts (the way
to represent definite descriptions in KL-ONE); *Role Set Relations" (the way
to represent constraints in concept definitions in KL-ONE) and 'Qua-Conoepts'

1(concepts defined as functions of other concepts); and some system maintenance
and utility issues (KL-ONE is implemented in INTERLISP at BBN and Smalltalk at
Xerox PARC). To allow us to get right to work, the chairman of each session
circulated a position paper to the group in advance, raising the questions he

jwanted to see addressed at the Workshop.

For the general conference session (attended by 46 people), we invited
Tgroups from various sites to report on interesting applications of KL-ONE,

problems with it, interesting technical questions, etc. Topics of the talks
included 'KloneTalk* (the version of KL-ONE implemented in Smalltalk - this

T" included a videotaped demonstration of the system's interface), prototypes in
knowledge representation, translation of INTERLISP KL-ONE to FranzLisp, a

I °
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Ii
calculus of 3truotural Descriptions, and the KL-ONE Classifier, not to mention
several others. We also had the larger group break up into smaller working
groups to consider inference in KL-ONE, -presentiug beliefs, some IL-OIN!
practice examples, and transporting KL-ONE to other machines.

All of these topics are covered in these Proceedings.

o Chapter I contains summaries of all of the Technical Discussions that
occurred prior to the Main Conference. The authors/editors of these
reports have tried to present the problems that were covered, in
plain terms, before proceeding into detailed analyses of the
discussions.

o Chapter 2 contains reports on the small group discussions that were
held during the Main Conference. Each report contains a topic
description and discussion summary.

o Chapter 3 contains papers for prepared presentations that were made
at the Main Conference.

o Chapter 4 contains positions papers that were submitted by Workshop
participants. In some cases, these papers represent the position of
an entire research group, while others represent individual opinions.

o The Appendices contain the agendas and lists of participants for the
two Workshop sessions, an address list of members of the KL-ONE
community, a summary of L-ONE for the uninitiated, an index of

IL-ONE technical terms, and an index of authors and oo-authors. The
index of technical terms is extensive, but incomplete - we hope that
it is useful to newcomers to KL-ONE.

Please note that there is no list of references for the entire
proceedings. Instead, all cited references are listed after each paper and
discussion summary.

The reader of these proceedings should note the assumptions made by the
authors about the character of the reading audience. In our set of position
papers, the assumption of each author may not be explicitly set out, and these
vary from paper to paper. However, it is safe to assume that a reader who is
somewhat familiar with IL-ONE will find them readily comprehensible. In our
summaries of the Technical Discussions, however, we distinctly assumed that
our readers would be familiar with the full range of the IL-ONE language (and
a fair amount of the jargon used by the community). While this does not suit
everyone's needs, the task of transforming all references to IL-ONE objects
and ideas into generally accessible language would have delayed these
proceedings excessively. We have tried in various ways to make up for the

2 [
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7 teohnical nature of these reports: eaoh author was encouraged to open his

report with a plain language description of the problem being addressed at his
session; we have included a summary of many of the ideas in KL-ONE as an
appendix to this document; an index of technioal terms is also included. We
hope that a significant portion of the material disoussed at the Workshop and
reported here will be accessible to anyone with a sincere interest in
knowledge representation. We encourage your eomments and interest.

It should be noted that much of the excitement of the Workshop cannot be
I captured here - many of the liveliest and most interesting discussions took

place spontaneously, outside the range of our microphones. If you are
interested in the results of conversations like those, please come and join us
at the next Workshop.

Jim Schmolze

Ron Brachman

.[
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Many thanks are given to the participants of this Workshop for their
contributions both during the Workshop and to this proceedings. Special
thanks are extended to the participants in the technical discussions, as they
spent many, many hours preparing for the Workshop, and even more hours
preparing the summaries contained in this document (the effort involved is
briefly described in the introduction to Chapter 1). Finally, our most
sincere thanks goes to Patricia Brinkman for the energy she devoted to the
organization of the Workshop and the preparation of this Proceedings.

SAlthough there were no funds provided specifically for the Workshop
itself, participation in the Workshop by employees of Bolt Beranek and Newman,
plus much of the Workshop's organization, was supported by the Advanced
Research Projects Agency of the Department of Defense and was monitored by On

I under the project titled *Research in Knowledge Representation for Natural
Language Understandingm, contract number N0001J4-77-C-0378. The views and
conclusions contained in this document are those of the authors and should not
be interpreted as necessarily representing the official policies, either
expressed or implied, of the Defense Advanced Research Projects Agency or the
U.S. Government.
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1. TICHNICAL DISCUSSIONS

The first three days of the Workshop comprised intensive technical
discussions concerning current views and future directions or fL-ONE. These
discussions are summarized in this chapter. The reader should note, hovever,
that the positions presented in these summaries will not necessarily be
reflected in future research concerning IL-ONE.

1 As part of the documentation of these discussions, ye feel obliged to
describe the organization of these sessions, as veil as the manner by which we
attempted to capture their content. Attendance at this portion of the1~ Workshop was limited to those researchers vho were either involved in the
development of KL-ONE, or were regular users of IL-ONE. From amongst the
possible candidates, fourteen researchers from five institutions attended
(they are listed In Appendix B). The choice of topics was made well in
advance of the Workshop, as was the assignment of a chairperson for each
topic. We also decided to have one session for each topic, which all

* participants would attend, with strict time limits for each session.

Each chairperson distributed a written description of the topic to be
addressed at his session before the Workshop began so that all attendees could

* prepare for the session, and each chairperson led his own session with the
authority to recognize speakers and to direct and/or terminate discussions.
In order to help capture the discussion's content, two secretaries per session
were assigned (from among the fourteen participants) to take detailed notes,
and a tape recording was made of each discussion.

Following the Workshop, each pair of secretaries prepared a summary from
their notes and tape recording. The chairpersons then prepared descriptions
from these summaries, the recordings, and their own notes. Each participant
of the technical discussions was then given the opportunity to suggest edits
to these descriptions. Finally, the chairpersons took these suggestions and

* prepared the final form of the descriptions that are presented in this
chapter.

7 TECHNICAL DISCUSSION REPORTS
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L.

1.1 Assertions in IL-ON

(inoluding a conceptual reconstruction of the overall
structure of the language)

Chaired by Ron Brachman and Hector Levesque (Fairchild)

This particular technical discussion was originally intended to begin
paying off the long overdue debt on assertions in KL-ONE. All along, the
claim had been made that IL-ONE was somehow different from other
representation languages in that it stood firm on the difference between
"definitional* and wassertional" information, and had a place and a
methodology for dealing with each. Yet most of the work to date had
concentrated solely on definitional issues. We intended, then, to use this
session as a forum to determine how to "do assertions" in KL-ONE.

However, in a recent attempt to be clear about this distinction and to I
better understand the overall functionality of KL-ONE, a group of us (Ron
Brachman, Richard Pikes, Austin Henderson, Hector Levesque, and, more
recently, Dan Bobrow and Mark Stefik) had been re-examining a number of the
fundamental characteristics of the language. By the time we arrived at the
Workshop, we felt compelled to start our discussion with a conceptual re-
construction of KL-ONE, since our position on assertions had become intimately I
tied to our overall perception of the language. This report begins with an
explanation of that reconstruction (just as the Workshop session did), and
then addresses some of the issues discussed at the Workshop. T

Cleaning up IL-ONE

KL-ON, as we see it, can be divided into two major components, which we
will call the Terminological Component (or Tbox) and the Asertional Component
(or Abox). Under the current regime, the Tbox would contain entities like

Concepts, Roles, and Structural Descriptions while the Abox would contain
Nexuses, Contexts, and Description Wires. Roughly speaking, the Tbox is
intended to maintain an evolving language and understand the relationships
between its components as purely linguistic expressions. For example, it
would be part of the competence of the Tbox to be able to determine when one
Concept subsumed another solely on the basis of the Concepts' internal
structure. The Abox, on the other hand, is intended to maintain an evolving
picture of a world and understand the relationships between its components as
assertions about that world. So it might be part of the competence of the
Abox to realize when the existence of a Nexus in a Context implied the
existence of other Nexuses in that Context.

Assertions 8 TECHNICAL DISCUSSION REPORTS
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To a certain extent, all of this is already part of the lore of the

3 KL-ONE research community. It is our contention, however, that the components
5 of the Tbox have on more than one occasion been (mis)used as if they belonged

to the Abox, thereby blurring the distinction we speak so strongly about;
further, the treatment of the Abox in KL-ONE has been superficial andU haphazard. Finally, what KL-ONE as an abstract framework was supposed to do
has been confused with issues involved in implementations.

Consider, for example, a "traditional" KL-ONE network with a Concept
labelled ELEPHANT having two subConcepts called INDIAN-ELEPHANT and AFRICAN-
ELEPHANT. It is very tempting in this situation to answer a question like

-"How many kinds of elephants are there?" by counting the number of subConcepts
below ELEPHANT and, therefore, replying, "Two". The trouble here is that the
KL-ONE taxonomy is also thought of as a virtual lattice where there are an
infinite number of subConcepts below any given one. For example, in this
sense, there are an infinite number of kinds of elephants, namely, CIRCUS-
ELEPHANTS, SMALL-ELEPHANTS, MALE-ELEPHANTS, SMALL-MALE-ELEPHANTS and so on
(i.e., terms for all of the imaginable kinds of elephants, regardless of
whether or not any actually exist). Our feeling is that the attempt to say
that there are only two biological kinds of elephants by having only two
subConcepts of ELEPHANT is a confusion between uses of the Tbox and Abox.
Saying anything at all about the world (as in how many kinds of elephants
there are) is the province of the Abox; the Tbox itself cannot be used for
such assertions - except to provide the relevant linguistic terms.

* So, then, how are we to interpret a "traditional" KL-ONE network in which
a Concept like "elephant" has exactly two (not three, not an infinite number
of) subConcepts? Our feeling is that the way to understand this is precisely
the same as the way to understand the functionality of atoms in LISP. LISP
gives you the ability to act as if every atom existed, by creating a new data

structure for one on first mention. Given this infinitely generative
functionality, how is it that the function MAPATOMS can ever halt? We realize

jthat mentioning an atom and the function MAPATOMS are really at two different
"levels". MAPATOMS is in fact a function over the data structures that are

used to implement the notion of atoms. In very such the same way, a function
that gets hold of the subConcepts of a Concept Is a function over the data
structures used to implement KL-ONE, and not one that works on the Thox or
Abox. If we call the network language that we have used to implement the

r Ifunctionality of KL-ONE "SI-Nets" (for "Structured Inheritance Nets"), then
fetching the 'subConcepts" of a Concept is an SI-Net notion that involves
fetching data structures connected to other data structures in certain ways.
That the data structures have names like "Concept" Is of no consequence.

The SI-Net level is the level at which the data structures and algorithms
used to realize the Tbox and the Abox are specified (one could easily imagine
implementing either in a semantic net-style language). Many of the issues
that have occupied our time previously, while important In their own right,

Assertions TECHNICAL DICU3ION REPORTS
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were not really addressing KL-ONZ functionality, but more how to implement
certain things. For example, 'olassification* is a way to implement the
capability of answering the question 'does description x subsume description
y?w by essentially computing the answer in advance, and then placing the
description in such a way that the answer can be read off directly when needed
(by simply looking for a 'SuperC" chain between descriptions). 'Inheritance"
is another SI-Net issue, since the ability to know which properties a
description has is independent of whether they are stored locallyw or
*inherited'. Further, any talk of links at all, or of *local Roles, impinges
on SI-Net concerns, and not on the power of the KL-ONE language.

SI-Net level issues have had a great deal of discussion in the past; we
now want to try to address ourselves to the functionality of the KL-ONE
language, independent of SI-Nets. This means, for instance, understanding
that answering questions about subsumption and providing compositional terms
for the Abox to use in making statements are the primary goals of the Tbox.
The new goal of this discussion, then, was to understand the functionality of
the Abox, without worrying about SI-Net issues. We wanted to begin to
characterize the competence of an assertional component without committing
ourselves to a particular syntax or a particular implementation style.

Terminological Issues 1
As it turned out, our presentation of the relations among the

Terminological Component, the Assertional Component, and SI-Nets raised as
many issues about "terminological competence' as it did about wassertional
competenceW . The driving force behind what we call "terminological
competence' is the ability to manage the subsumption relation between
Concepts. In other words, it is up to the Tbox to 'know' when one Concept
subsumes another. In this sense, the Tbox does indeed embody knowledge, but
not world knowledge like the Abox. Much of the discussion in the first
session centered around what exactly the knowledge of the Tbox amounted to.

A suggestion, for example, is that a SuperC link could be taken to have
assertional force; that is, that the link between a Concept such as DOG and,
say, ANIMAL might be thought of as asserting that all dogs are animals. Our
view is that the SI-Net level link between the two Concepts is not intended to
capture any such assertion, but rather the fact that, by stipulation, the
Concept called DOG includes as part of its definition the one named ANIMAL.
There cannot be any doubt as to whether all instances of the lower Concept are
instances of the higher one since that is the way the lower Concept is
defined. If you want to use a Concept with the name DOG in such a way that it
does not necessarily carry ANIMAL with it, a Concept not subsumed by ANIMAL
must be used. Given such a Concept, you would then be free to assert (using
the Abox) that all of its instances are animals.

Assertions 10 TECHNICAL DISCUSSION REPORTS
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i.
The knowledge in the Tbox is embodied in linguistic constructs that

resemble noun phrases more than sentences. Rather than a sentence like "all
dogs are animals and have four legs", the Tbox might contain a phrase like man
animal with four legs" somehow related to the name DOG. There will be
sentential constructs in the Tbox, but used only in order to construct nominal
constructs like "a person such that one of his parents is a doctor". The big
question, then, is precisely what kind of 'noun phrases" should the Tbox
support and what should be the subsumption relationships among then.

fOur feeling is that these "noun phrases' can be broken down into two
major categories: compositional and primitive Concepts. A compositional
Concept is one whose meaning can be completely understood in terms of the
meaning of its parts and the way these are composed. For example, if
QUADRUPED is the name of the Concept 'an animal with four legs", then to be a
QUADRUPED is precisely to be an animal and to have four legs. So when
introducing the term, we might say something like "By a QUADRUPED, I mean
exactly an animal with four legs". A primitive Concept, on the other hand,
might be introduced by something like 'By a DOG, I mean, among other things,
an animal with four legs'. The difference here is that it is necessary but
not sufficient to be a four legged animal to be a dog, the way the term is
being used. So while in the case of QUADRUPED, animal and four legs gives the
complete story, in the case of DOG, it does not. In particular, there could
be two distinct primitive Concepts with the same internal structure.

This leaves the question as to the what the internal structure or
primitive Concepts should be. Rusty Bobrow has suggested that primitive
Concepts need "local Roles" to account for the Roles introduced as the Concept
is formed. On the other hand, it might be possible to put all the structural
components of the primitive on a compositional Concept, then merely introduce
the primitive as a subConcept below. For example, instead of requiring a
'tail' Role on the DOG Concept, first consider the (compositional) Concept of
"a quadruped with a tail' and then treat DOG as a primitive subConcept of it.JThe net effect is that a primitive is an atomic Concept except for its
superConcept.

However, as David Israel points out, the primitives cannot really be
primitive until this last remnant of structure (the superConcept) is removed,
placing the Concept at the top of the taxonomy. Under this interpretation,
primitives are connected to other Concepts only in terms of the other
compositional Concepts that use them. As David argues, if the motivation for
primitive Concepts is anything like natural kinds, and the competence of the
Thox is purely linguistic, then DOG should not be below ANHAL since knowing
that dogs are animals is not a matter of knowing a language. However, another

1An alternative view of Israel's is presented in "On the Semantics of
Semantic Networks*, to appear in an upooming issue of IJCH.
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way of looking at this is to say that independently of how natural kinds are
treated, there may be valid reasons for wanting terms which are neither
compositional nor atomic. Mike Freeman observed, for example, that there are
Concepts (like TENANT) that only seem to make sense in the context of other
Concepts (like RENTAL-AGREEIENT).

As far as compositional Concepts are concerned, their structure consists
of Roles and Structural Descriptions ("such that* clauses) which specify how
the parts of the Concept come together to form a whole. Roles in KL-ONE have
two aspects: a *member" aspect which determines what kind of entity can fill
the Role, and a *set" aspect where the fact that a Role can have several
fillers is taken into account. The member aspect of Roles is characterized in
terms of a 'value restriction' (or V/R) which is a function from Concepts and
Roles to Concepts. For example, the V/R of ARCH and LINTEL is BRICK; the V/R
of GREEN-ARCH and LINTEL is GREEN-BRICK. Note that the same Role can be used
in both oases; at the Tbox level, there are no 'local Roles' and 'mods" links.
Similarly, we can dispense with the notion of 'taking V/R's conjunctively' and
just use the single (compositional) Concept that is the conjunction.

Our feeling about "local Roles' is that there is a less implementational
view of the intuition behind them. What they are intended to represent is the
fact that each Concept has its own unique version of a functional role that is
inherited from some superior Concept. So, for example, we can have a I
FOOTBALL-WIDOW be 'a spouse of a football fan' or talk about "a child of a
doctor'. But 'child of a doctorw is not a different role than 'child of a
person' - it is just that there are two slightly different Concepts of the
fillers of the same functional role in two different Concepts. (Note that one
can consider the problem one of confusing the SI-Net object-type, 'Role', with
real, honest-to-goodness, functional roles - what Roles were intended to
represent.) This Is what we take 'QUA-Concepts' to have been intended to
represent (in particular, we take 'QUA' to be a function from Concepts and
Roles into Concepts). While the V/R of a Role in a Concept determines what -

type of thing the filler of the Role can be, the QUA-Concept of a Role in a
Concept is defined as the thing that fills the Role, whatever it may be. One
thing that distinguishes QUA-Concepts from Roles themselves is that Roles also
have a set aspect, which we now examine.

Currently, the set aspect of Roles is characterized in terms of a 'number
restriction' (or #/R) which is a function from Concepts and Roles to integer
intervals. The interval is intended to bound the size of the set of the
individual role fillers that are associated with an instance of the Concept.
For example, the #/R of MAMMAL and LEG might be <2,4> while that of QUADRUPED
and LEG is <4,4>. Again, the 3ame Role can be used in both oases.

Without even worrying about properties of sets other than cardinality, a
number of design decisions arise with respect to number restrictions. One way
of looking at a #/R is as a description of the size of a set. This

A
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I
immediately suggests more general forms of descriptions such as *an animal
with an even number of legs" or "an animal with either 2 or more than 6 legs".
Taking this to the extreme, we might define BIPED as "an animal with as many
legs as there are prime numbers between 14 and 22 w . If the Tbox is supposed
to know that BIPED is subsumed by "an animu.' with either 2 or 4 legs*, we are
assuming a lot more competence than the ability to notice that one interval
falls within another. In the general case, the subsumption question becomes
undecidable.

One possibility proposed by Danny Bobrow is to treat the above BIPED
Concept as quite different from Ran animal with 2 legs" even though we, with
our knowledge of number theory, know that they describe the same class of
animals. The point is that, as number restrictions, "2" and "the number of
prime numbers between 14 and 22" are incomparable since they are structurally
quite different. So, the question as to whether one number restriction is
stronger than another reduces to a recursive question as to whether a number
Concept is subsumed by another and can use all the same Tbox machinery as
before. For this to be well-defined, however, there has to be some level off/R that does not require a recursive analysis of number Concepts. At this

level, the Tbox uses numbers (for example, the standard mmn-max interval)
without conceptualizing them.

The notion of #/B raises some interesting problems regarding the nature
of subsumption itself. The BIPED example above suggests that subsumption is
based only on the structure of the Concepts and not on their meaning. What
then can and cannot be concluded about meaning from subsumption? For example,
if we have Concepts standing for sentences and one subsumes the other, can
anything be said about the relationship between their truth values? As Hike
Freeman observed, the subsumption lattice seems to be related to a lattice of
implication but not in any immediate or obvious way. (Our feeling here is
that the implication relationships between sentences are part of the domain of
the Abox, not the Tbox.)

Again related to the #/R Issue, when do we want to say that a Concept
like "an X such that P" subsumes "an X such that Q" for some Structural
Descriptions P and Q? One possible answer is that the former subsumes the
latter when the sentence P subsumes the sentence Q (given a structural
criterion for subsumption over sentences); another answer might be whenever Q
logically implies P; still another, might be whenever the Tbox can conclude P
from Q (under some resource limitations).

Given that subsumption partially orders the set of Concepts, the only way
two Concepts can be mutually subsuming is when they are the same Concept. So,
for example, if "an X such that P" and "an. X such that Q" are mutually
subsuming, then, in fact, there is only one Concept here, the canonical form
of both of these. As Bill Woods notes, this may be a problem when the notion
of subsumption is powerful enough since it may be undecidable how to represent
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a Concept described by Ran X such that P" since this involves locating Its
canonical form.

So far we have shown how *mods" links can be understood in terms of the
V/R and #/R functions which take both Concepts and Roles as arguments.
Differentiation, on the other hand, is what is used to actually introduce new
Roles. As with Concepts, we envision two kinds of Roles, compositional and
primitive, introduced by two kinds of differentiation. Compositional
differentiation defines a new Role by restricting the V/R of an existing one.
For example, a MALE CHILD of a person is a CHILD that is male. This Role is
compositional since the condition is both necessary and sufficient. Primitive
Roles, on the other hand, are really *new" in that no sufficiency conditions
are present. For example, the PRESIDENT of a company might be introduced as a
special OFFICER of the company. Just as we can imagine all Concepts as being
subConcepts of some primitive Concept THING, we can imagine all Roles having a
primitive Role PART as their ancestor.

This completes the discussion of the components of the Tbox. It does,
unfortunately, leave a number of issues unresolved. Very little has been said
about the nature of Structural Descriptions. To a certain extent, these
depend on an analysis of propositions for the Abox. Because Structural
Descriptions accentuate the interdependence of Roles, we will probably also
want to have a method of introducing large conglomerates of Roles and Concepts
in an incremental (and maybe mutually recursive) fashion. The naming problems
here start to become quite significant. In fact, the whole issue of names has
not been addressed at all. Our feeling is that names do not belong in the
Tbox since they are handles that refer to Concepts or Roles in the Tbox. I
However, primitive Concepts and Roles are somewhat like lists ir LISP: because
there can be two of them with identical structure, the only way to be sure you
are getting the same one repeatedly is to name it. Compositional components,
on the other hand, need never be named since they can always be referred to
unambiguously by their structure, much like atoms in LISP. At any rate, the
part of KL-ONE that deals with names does not seem to fit comfortably in
either the Tbox, Abox or at the SI-Net level.

Desiderata for a fL-ON Assertional Component

The Assertional Component (Abox) is concerned not with concepts (terms),
but with sentences. It uses terms from the Tbox to say things about the world
- to make statements that can actually be believed by the system (the Tbox
itself makes no comitments to belief).

We think of the world as composed of individuals and relations among
them. We want the Abox to be a possibly incomplete model of the world (and
perhaps other possible worlds). This has two important consequences:
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o the structure of the Abox i.e., knowledge of the world, does not
K necessarily match the structure of the world itself; it just has to

say things about the world;

o we need a way to make weak statements in the Abox, for example,

* statements that do not mention any particular individuals (e.g.,

existential and universal statements)

* disjunctions,

. and negations.

KL-ONE has had a crude Abox all along, comprising Nexuses and Contexts.
Unfortunately, this framework forces us to make statements about particular
individuals. In other words, while the current KJL-ONE mechanism may be
sufficient for making certain strong statements about the world, it will often

- force us into having too much information. We propose dropping the
Nexus/Context mechanism altogether, in favor of a language with emphasis on

- weak statements. This is a prescription, it seems, for a language like that
of First-Order Predicate Logic (FOPL). However, our motivation here is the
ability to make weak statements. The language of FOPL is not necessarily the
right answer (it has its own problems; in particular all predicates have equal
status); however, some language of this type is needed.

Finally, we must consider propositions as conceptual entities. It is
necessary to be able to consider a proposition without asserting it as
holding. Thus it appears that the conceptual content of sentences to be
asserted must be available in the Terminological component, freed from any
assertional consequences. If there were structures for propositions in the
Thox, it would appear that the Abox would be quite simple in structure: all
propositions to be asserted would be formed in the Tbox, and the Abox would
simply contain assignments of truth values to those propositions ("true"
assigned to a proposition would constitute belief in that proposition).

[ saertional Issues
One of the first issues that this divergence from the Nexus/Context

"party line* raises is the addition of a substantially different type of
entity to the Tbox. We must distinguish between propositions - nproper
objects of belief", as David Israel puts it - and terms, which cannot be
asserted. Rusty obrow would prefer to see a scheme with more of the flavor
of the old-style Nexuses, wherein "object-centered" statements are given a
prominent place. In particular, propositions would be handled just as
Concepts currently are. It is clear that a more FOPL-like language could
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handle the existence and coreferentiality statements that Nexuses and L
Description Wires specialized in; moreover, it might be argued that any notion
of a special representation giving prominence to object-centered statements is
an SI-Net implementation consideration.

The proposal to handle propositions as Concepts (and not as syntactically
distinct Tbox objects) demands an accounting of the meaning of connecting
propositional Concepts to Nexuses. One suggestion is that we consider the
interpretation of such Concepts to be as *holdings", so that to assert a
proposition one would connect the Concept for it to a Nexus, thereby stating
that a *holding" of the proposition "exists". Once again, the notion of a
proper object of belief comes in - can one maintain this similarity without
forcing *things* (objects, etc.) to be objects of belief? It is generally
agreed that the objects of belief are proposition-like and not thing-like (one
can believe *John is tall", but not *Johnw). Whether or not the syntax of
proposition-like things and object-like things is different, all agree that
any reasoning mechanism using them must be able to tell the difference. It
seems straightforward to manifest this distinction in the syntax of the Tbox,
although one could imagine a reasoning mechanism knowing that subConcepts of
the Concept PROPOSITION were to be treated differently from all other
Concepts. It is quite possible that propositions are important enough in an
'epistemologicalw sense to justify providing additional syntax for them.

One issue in the debate over whether Propositions constitute a syntactic I
type distinct from Concepts is the meaning of certain taxonomic relations when
composing them. Is the proper interpretation of multiple superConcepts for
Proposition-Concepts the logical AND of the parent Proposition-Concepts? By I
the same token, is the interpretation of multiple subConoepts of Proposition-
Concepts their logical OR? The notions of description composition (as in
e.g., STUDENT&TAXIDRIVER) and logical conjunction (IT-IS-RAINING & IT-RAINED-
YESTERDAY) are very similar. One component of the community would like to see
the same mechanism used to handle both. If there is a notion of combining
propositions to make compositional propositions that is different from simple
conjunction of truth values, then the proposition-as-Concept idea won't work.
Perhaps the two could share an implementation mechanism, but that should be
independent of their real conceptual similarities and differences.

Another question that arises when considering propositional objects is
whether or not there is a fixed set of proposition-forming operators. For a
given logic, one fixes the set of special logical symbols in advance. Is this
necessary here? Should there be an easy way to extend the set of logical
operators? One proposal is that KL-ONE come equipped with a set of primitive
Concepts that represent a basic set of proposition-forming operators (like it
does for LISP datatypes). Since these would be Concepts, one could easily
extend the set to include new operators.

David Israel suggests that perhaps a single proposition-forming operator
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- APPLY* - would be sufficient. APPLY could use Concepts like AND to
construct propositions. It was said that there is some psychological evidence
that the set of proposition-forming operators develops in people over time;
perhaps this is some indication that Concepts like AND and OR are the right
way to pursue this.

One final question has been addressed here: what place do reasoners play
in a knowledge representation system like KL-ONE? The classifier is provided
as a part of the knowledge representation system, since it implements a

I logical capability that has been determined to be part of the kernel of KL-ONE
(i.e., description subsumption based on structure of Conceptual *terms'). Are
there other types of reasoning that should be provided in a similar fashion?
One faction of the community holds that paying attention to reasoners, per se,
is misleading. They are generally conceived of as things that make use of a
representation over a particular domain, but do not have anything to say about
what we want to be able to express. On the other hand, the respondents feel
that propositions, for example, *get their life" only from the reasoners that
use them. One point of confusion here is the incomparability of the
classifier with say, a natural language reasoning system: as stated above, the
classifier is an implementation of a certain functionality, one that gives the
representation language part of its meaning. Reasoning mechanisms that deal
with domains bear no such special relationship to the language.

.
I
I
I
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1.2 The Role of the Realizer in KL-ONE

Chaired by William Hark (ISI)

[Note: Bill Mark began this session with a seminar on *Realization", a
process that attributes new descriptions to individuals as a system
learns about them (see Mark's paper on page 78). The following report
assumes that the reader is familiar with that material.]

The appropriate role of realization in KL-ONE depends on how much of its
activity is (1) necessary according to the definition of KL-ONE, (2) useful as
support for An reasoner using KL-ONE, and (3) useful as support for specific
reasoners using KL-ONE (e.g., Consul). These issues must be explored for both
realization in general and for the limited form of realization described in
Mark's *Realization" paper.

The first issue can be explored in analogy with classification: if
assertion is as much a part of the KL-ONE language as definition by
composition, then realization is as necessary to the formalism as
classification. Put another way, "if there is any meaning for assertions,
there is an aspect of realization that goes part and parcel with assertion and
not with reasoning" (R. Brachman). That is, just as the classifier maintains-
-in fact dfines--the intensional knowledge structure of KL-ONE, some part of
the system must maintain (and thus define) the extensional structure.
Otherwise, assertion will have no enforced meaning in the language. For
example, if KL-ONE had a mechanism for stating and asserting propositions, and
if P(x) and Q(x) were asserted, the assertion of the conjunction P(x)&Q(x)
would presumably be considered part of the language, and would presumably be
part of the realization task. The argument here is that if the language
allows assertions, it must provide and enforce a semantics for them--otherwise
they have no explicit meaning in the language, and are therefore not really
part of it.

This argument applies to KL-ONE as a formalism with well-defined
semantics for definition and assertion; it is somewhat hampered in the current
IL-ONE by the lack of a fully developed definition scheme, and especially by
the glaring lack of a thoroughgoing assertional mechanism. The argument is
further muddied by the necessity of limiting both classification and
realization in order to achieve computational feasibility. That is, even when
we know what is right, we cannot always do it, nor (in some cases) do we ever
expect to be able to.

For example, the classifier is supposed to be responsible for all
intenasional reasoning and the realizer for all extensional reasoning.

T
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However, it may well be the case that some forms of necessary intensional
reasoning are too expensive to perform every time they are possible, but areIpractical if called on only to support necessary extensional reasoning. This
occurs in the current classification/realization scheme with respect to common
subconcept creation. All common subconcepts Aoiud be explicitly represented
in the network, since they are *always there* intensionally. Lacking this,
the classifier should always know about them implicitly, perhaps creating them
whenever necessary to support a specific classification. Unfortunately, in
Consul we find both of these methods impractical. Common subconcept creation
therefore occurs only as required by realization, thus blurring the boundary
between intensional and extensional representation requirements.

In the world of limited realization and limited classification with
respect to a limited formalism, the issue of necessity to language definition
is ill formed. The question becomes whether it is better to make limited

I realization part of the language definition or to allow (force) each user of
the language to provide his own mechanism (or perhaps omit it, thus possibly
changing the language definition). I would argue that it is much better to

T provide the incomplete mechanism as a standard--to reduce the front-end burden
of using the language, to maintain commonality of the language definition
across applications, and to ensure that the necessary processing
considerations appropriately influence the language design. Moreover, I would
make the stronger statement that the Consul realizer represents a necessary
first step for any realization scheme. I think that all of what it does must
be done in any KL-ONE based system that uses the RSR and nexus features of the
language.

There is still a problem with that, though--a problem of efficiency:
does the realizer do enough good things to justify its use? The Consul
realizer certainly provides the realizations that Consul needs; it also
provides many realizations that Consul never uses. In the case of Consul,
this 'inefficiency" is totally justifiable because (1) we have no way of

I knowing which realizations we will end up using, and therefore have no
1. criteria for eliminating some; and (2) we definitely need the information

produced by the realizer, and know of no other way to obtain it. But in other
systems--especially those able and willing to use more domain-specific
shortcuts--it may be possible to do all of the necessary extensional reasoning
without resorting to realization. This would undoubtedly be a more efficient
mechanism for doing this kind of reasoning, but it would also undoubtedly be

I less general, less principled, etc. The position taken in Consul is that the
realizer is the only reasonably general mechanism for providing the
information we need, and that it is not so costly that it cannot be used.
Finer judgement on this issue must await more experience.

All of the discussion so far applies only to the first issue: realizer
*actions required by the definition of KL-ONE--insofar as these can be

determined for the current KL-ONE. There is one area, the escape mechanism of
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executing procedures attached to paraindividuals, where the Consul realizer
goes beyond this. This is certainly support for extrinsic reasoning rather
than support for the formalism itself. I think it applies to outside
reasoners in general: it is a 'hook' for any kind of reasoner to do processing
outside of the formalism. It is the only such support facility in the current
realizer, and I think it is a necessary one (see the next section).

With regard to the issue of how much of the Consul realizer is specific
to the reasoning processes of Consul, I would say none at all. I could not
argue that the whole realizer might not have been designed differently for a
different application, but there is no specific part of the existing program
that has any special connection to Consul.

Etnns

Possible extensions to the realizer fall into several categories:

o extending use of propositions;

o taking into account information about real world "environments' and

groups of nexuses;

o dealing with a larger class of differences when comparing an incoming

description with descriptions already known to describe certain
nexuses;

o broadening the class of extensional reasoning done in the realizer;

o dealing with beliefs.

KL-ONE must certainly extend its ability to represent and assert
propositions. As mentioned earlier, there are several implementation
proposals for this in the making (see the summary of the technical discussion
on assertions, Section 1.1, page 8). When either (or both) of these proposals
are incorporated into the language, the realizer must be enhanced to take
general propositions into account. The difficulty of providing this facility
depends on what the propositions are about: if they refer to a single nexus,
handling them is well within the existing operational framework; if not, the
realizer will have to have new ways for finding the information that is
relevant to a particular realization.

For example, as Hector Levesque points out, we must be able to represent
statements about partial knowledge, such as 'there are no white cows in the
field' or "messages from Smith are usually short enough to display on my

-' screen'. Systems must also deal with statements about real world j

[
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environments, configurations of objects, etc. For the realizer, the
difficulty is how to use this knowledge onoe it has been asserted.
Propositions like the one about messages from Smith must influence other
realizations and must ultimately influence externally observable system
actions.

This adds a new dimension to realization. The realizer will have to
consider real world entities and descriptions that are only indirectly related
to incoming real world entities and descriptions. For example, realization
with respect to some context will have to take into account propositions about
that context, and perhaps other objects in that context (if we know that one
of the three people in the room is the murderer and decide which two people in
the room are not murderers, then we know who can be described as the murderer,
etc.)

Realization by checking RSi constraints is a well contained problem.
Extending realization to take into account the assertion of propositions,
environments, etc., will make realization more complex, but the mechanisms
needed are fairly well-understood and their incorporation is foreseeable. The
next step, presumably something to do with the use of non-propositional
descriptive information, is a bit more difficult to formulate. The realizer
presumably should do something when the "realization set" (the almost sub- and
superconcepts of the incoming description) contains differences involving
presence of additional roles, more restrictive VRi's, etc. The definition of a
clean mechanism for doing this is not obvious, at least at present.

No matter what is suggested for incorporating wider classes of
propositional and non-propositional descriptions into the realization scheme,
I would suggest that there will always be a need for "hooks" that connect
extrinsic reasoning processes to realization. Even in the unlikely event that
we figure out how to represent everything we want in KL-ONE, there will always
be a need to shortcut reasoning processes based on KL-ONE alone in order to
achieve efficiency, make use of existing reasoners or special hardware, etc.
The problem is to keep these hooks appropriately isolated, to keep the
extrinsic knowledge highly visible, and to allow it to be used only in a
constrained manner (e.g., I do not think we would ever want an extrinsic
reasoner to be able to alter network definitions).

Another possible area for extension of the realizer is the incorporation
of additonal inferential capabilities. One example of an inferential
capability that is clearly related to realization but is not handled by the
current realizer is deciding that two entities previously thought to be
distinct are in fact the same--and then implementing that decision by merging
the relevant nexuses (or something). Another example suggested by Rusty
Bobrow would use network relationships to decide that "if A exists, then so
does B* (e.g., if A is a See Event and B is a Message that fills its object
role). Still another example suggested by Danny Bobrow is inference on the
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basis of knowledge about sets: if a SeeAllMessageslnMailbox Event bad been
applied to a Mailbox, then you could conclude that a Message in that Mailbox
had been seen without an explicit representation of that fact. Doubtless
there are many more examples.

I can think of no principled reason not to move the realizer in the "
direction of broadened extensional reasoning. The above examples of
inferential capability are not fundamentally different from the kind of
reasoning that currently goes on in the realizer--they are just elaborations.
I see the realizer continually growing as long as interested parties add such
capabilities to the current scheme. However, this will make it increasingly
difficult to maintain a separation between realization and application-
dependent reasoning.

Finally, an interesting area of future research with direct bearing on
realization is the representation of belief. In many systems it is useful to
model all descriptions of the real world in terms of belief. This gives rise
to the problem of representing multiple beliefs about a single real world
entity. Attaching descriptions to real world entities must take into account
the belief framework in which the description occurred. There must be rules
for assuming belief in one framework into belief in another, rules about when
beliefs conflict, etc. Much of this processing is beyond the realm of
realization (it must involve domain-dependent reasoning). However, the
realization scheme must provide an adequate foundation in which belief-
oriented reasoning can take place.

Re. 2

I
I
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1.3 Individuality in KL-ONEI
Chaired by William Hark (USC/ISI)I
Introduction

Despite the fact that individual concepts (IC's) are a well defined part
V of the fL-ONE formalism [1], there has been (and, to some extent, continues to

be) debate about the representational functionality of individuality in
KL-ONE: the meaning of IC's, the possible need for additional mechanisms to
express facts about individuality, relationships to formal logic, etc. This

*paper discusses some of the facets of this debate, some of the decisions that
have been made, and some of the issues that remain unresolved.

V The Need For Individual Descriptions

Everyone agrees on the need for some representation of individuality in
KL-ONE. In order to make certain deductions about objects, it is necessary
for a reasoner to know whether a description can apply to only one object in
the world or to a variety of objects in the world. For example, 'uniqueness
of reference* is required in order to decide whether an object can be
described as *filling the role" of a description of another object. Figure 1
shows a EL-ONE description involving several concepts and The specified
description of nexus NI could be paraphrased as "seeing a message from Jones";
the description of N2 is 'a message from Jones'. Now, under what
circumstances can we say that the object represented by N2 has been 'seen",
i.e., has filled the object role of a See Event? Certainly not when all we
know is the generic description of N2: N2 is merely described as *Message'-
ish'; the use of that description as the VR of the object role of See Event'
is part of the definition of See Event', not a statement about N2. In order
to say that the entity represented by N2 is the object of the entity
represented by N1 (described as See Event'), it is necessary that Message'
refer to at most one nexus. If Message' could not possibly describe any other
nexus besides N2, N2 must be th& thing that is the object of See Event'. This
sort of deduction is certainly necessary for realization (see Hark's paper on
'Realization', page 78) and presumably for other reasoning processes as well.
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N1 Event from Jones"

N2 16s99800 "a message from Jones"

FIG. I. THE MEANING OF DESCRIPTIONS IN KL-ONE

I
Prblems Vith KL-0U IC's

This uniqueness of reference" property is certainly the purpose of

KL-ONU IC's: an IC is intended to be a description that can be wired to at

most one distinct nexus in any context. Unfortunately, IC's have two

shortcomings that prevent their use for this purpose in the Consul system:

o the assertion of descriptional individuality which is carried by an

IC is not relative to a specific context or contexts;

o IC's cannot be further specialized.

It is often useful to specify descriptions that are known to *refer uniquely*

under some (extensional) circumstances, but not others. This is not part of

the KL-OE IC mechanism; IC's are meant to be individual in every context.

Also, there seems to be no intrinsic reason why individuality should be

related to some property of ultimate specialization: the system might discover

a more specific version of an individual description. These two points are

interrelated in that when individuality is relative to a context it might be

useful to preserve the more general IC in a "base context* while further V
refining it to be uniquely descriptive in later contexts (see the section

*Individuality and the KL-ONZ Formalism", page 28).
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The issue of further specialization can be addressed by choosing to
r simply copy an existing IC and then further expand on it, rather than using

inheritance and further specialization of IC's. This could in fact be
considered more appropriate if there is no reason that IC's should be able to
subsume other IC's for the sake of proper taxonomy or classification (this is
a matter of continuing debate).

Given the difficulty of specifying individuality with respect to a
context or contexts, and the (at least) ambiguity raised by the further
specialization problem, I proposed a different scheme for handling
individuality in the Consul system--one that totally eschews KL-ONE IC's.

Individuating Concepta

In Consul, all descriptions are via KL-ONE Generic Concepts. Some of
these have inheritable attached data called "ISpecsy. An ISpec on a
description associates sets of contexts with sets of constraints. The
constraints associated with a context or contexts in an ISpec are equivalent
to an appeal to an external process to determine whether the description
describes uniquely in the corresponding context(s). When any reasoning
process (e.g., the realizer--see page 78) wants to determine whether the
description refers uniquely in a context, it checks to see if the contextual
constraints specified in the ISpec are true of the context and the structural
constraints are true of the description.

Currently, the structural constraints1 used in Consul ISpecs are of two
types:

o a set of roles of the candidate description whose VR1s must refer
uniquely in the given context;

1. o an additional description which must be satisfied by the denotation
of the candidate nexus in the given context.

In addition, numbers and strings are always individual descriptions.

The basic process for determining whether a description is uniquely* [ Idescriptive in some context runs as follows:

'The contextual constraints are not worth discussing--the only type allowed
I now is a list of context names. In order for the constraint to be satisfied,

the name of the context of interest must be on the list.
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1. If the description is already wired to more than one mutually
distinct nexus in the candidate context, then either decide to merge
the nexuses or trivially conclude that the description is not
uniquely descriptive;

2. If the ISpec specifies a set of roles, and each role has a VR
description that is uniquely descriptive in the candidate context,
then conclude that the description is uniquely descriptive (this is
basically a structural recursion that terminates with strings or
numbers);

3. If the ISpec specifies an additional description and the additional
description is satisfied by the denotation of the described nexus in
the candidate context, conclude that the description is uniquely
descriptive;

4. Otherwise, conclude that the description is not uniquely
descriptive.

There seems to be general agreement that this computable, context-
relative individuality is necessary. However, there are some problems with
the current scheme (mostly having to do with "additional description"
constraints), and some inadequacies inherent in the overall approach. 3

The intent of an additional windividuating" description, say Message",
is to allow the statement of constraints like *if the nexus described as
Message', say, a message from Jones, can also be be described as Message", a I
message with a unique message number in some unique individual's mailbox, then
Message' must describe uniquely. Unfortunately, this descriptive mechanism
does not do the job: no deductions based solely on the external entities being
described can suffice to prove the uniqueness of some internal description.
Such deductions must take into account the description itself and the taxonomy
in which it is embedded. The "additional description" constraint in this
example only serves to guarantee that a nexus is distinct; the uniqueness of
some description of that nexus is a different question.

For these constraints to make any sense at all, they must apply to J
descriptions rather than to the external entities being described. That is,
the constraint would have to be a metadescription that would have to be
satisfied by some decito as a test for descriptional uniqueness.
Unfortunately, it is not clear how to do this in the current KL-ONE formalism. I
This leaves us in the situation that many (though not all) believe that the
individuation formalism must have some constraint specification mechanism
beyond the "sets of roles" form--but no one knows how to do it. It is a I
problem that merits further research.

An inherent characteristic of the ISpec scheme is that it can only make [
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extrinsic statements (for the benefit of an interested extrinsic reasorer)
*about the uniqueness of reference of particular descriptions; it says nothing

* Iabout the terminological status of individual descriptions. This is generally

viewed as a good thing--the problem of making such determinations for external
reasoners is seen as separate from the *terminological competence" problem of
deciding what individual concepts are, what their function in the KL-ONE
formalism is, etc. That is, although (once cleaned up) this scheme of using
ISpecs to define windividuating concepts" is useful and probably necessary for
reasoning in KL-ONE, it does not solve the problems that require
terminologically individual descriptions.

Individual Terms

Consider the following representation problem (suggested by Richard
Fikes): represent in KL-ONE the concept "person with hometown T", where T is
some (individual) hometown. The scheme presented in the previous section
cannot be used to do this; it allows a given description to be seen as an
individual, not to be arbitrarily created as one. We need a mechanism for
expressing arbitrary individual terms--not to use in the kind of reasoning
discussed in the previous section, but to use to form other descriptions. It
is thus analogous to the application of the epsilon term-forming operator of
first order predicate logic epsilon xF(x), meaning "m x such that F(x)".

This is a Job for KL-ONE IC's. A "starred" IC, i.e., one arbitrarily
designated as taxonomically distinct, can be formed to represent any desired
individual term (see Figure 2). Note that we know nothing more about the
description T than that it is "some individual town'2 .

A question remains as to whether KL-ONE needs "non-starreO" IC's. These
would be individual terms formed not arbitrarily (i.e., according to extrinsic
principles), but compositionally (according to the normal principles of KL-ONE
taxonomy). Their use would thus be analogous to the iota operator of first
order predicate Ingic, iot& xF[x], "Ma x such that F(x)".

There is general agreement that this is in fact an appropriate
interpretation of non-starred IC's in KL-ONE. The question is whether they
are necessary given the ISpec scheme and starred IC's. A useful point of view

(again generally agreed upon) is that the successful checking of ISpecs on
f some description as discussed in the previous section allows the system to

form an IC representing that description as an i -"idual term. It must be a

2 There is some debate about whether or not the starred IC is merely the
Iterminological equivalent of a nexus.

[
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Person "Person with hometown T"

hometown T

"some town T"

FIG. 2. USING STARRED IC'S

direct instantiation, that is, no new information (other than its
individuality) can be added. The issue of whether IRoles (or indeed any roles
on IC's) are necessary is still open. Also, there seems to be no solid
viewpoint on the proper use of the IC once it has been formed, given that its
origin may depend on extensional factors (e.g., contextual constraints) that
are not directly encoded in its definition as a term. I think that a good
summary of the general viewpoint would be that compositional IC's are legal
terms, but that their appropriate use by the system is unclear. There seems
to be no general sentiment that they are absolutely necessary to the
formalism.

Individuality and the KL-ONE Formalism 1
There remain a number of "larger issues" concerning the epistemological

and semantic status of individuality in KL-ONE. For this purpose, it is .
useful to separate three notions of individuality:

1. descriptional uniqueness independent of context;

2. descriptional uniqueness dependent on context but independent of
context state;

3. de facto descriptional uniqueness in the current state of a given
context.

The first type corresponds to the current KL-ONE IC's: if an object
fitting such a description exists, then there is at most one such object in
any context. Hector Levesque points out that such concepts have the property
that their description of a distinct nexus in some context is evidence that
there are and can be no other nexuses which they describe in that context.
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Rusty Bobrow provides the following analysis of the second type of
individuals: if a generic concept is viewed as a predicate 0(x), the question£ of individuality is whether there is one and only one object in the context of
interest that satisfies G. If we &ase that a context is a monotonically
growing set of assertions describing a world, then what we mean by type two
individuality is that we can prove by those assertions in that context that IfthrIxssa uhta W hninta otxteei xcl n
such that 0(x). The problem is: what assertions can we use for this purpose?
What form must such assertions have? D~oes a single description wireIiconstitute such an assertion? If contexts are non-monotonic, then the
existence of a single description wire is an assertion of a very particular
sort: it cannot be taken to mean that there can be no more than one such link,
but it should be taken to mean that at least one object exists which satisfies
the predicate implied by the description attached to the wire. On the other
hand, the assertion formed by wiring two descriptions to a single nexus might
be enough to prove the individuality of a single description.

To Tom Lipkis' objection that this results in individuality that is true
or false depending on the current state of the context (i.e., that these are
really type three individuals), Rusty points out that it is really a matter of
individuality being true, false, or unknown. Since the model described by the
context is incomplete and growing, it is not always possible to deduce whether
any given description is individual. What we are left with is the change from
not knowing to knowing (whether or not some description is individual) as
further assertions are added to the context. If we can prove that some
description is individual (or is not individual) then by monotonicity it will
remain individual (or not individual.)I This allows the interesting reading that it is not the individuality of a
description that changes as assumptions are added to a context, but only the
system's knowledge of individuality. For example, at one time the system may
be unable to prove a description G is individual and may also be unable to
determine that G is not individual. Later on (as more assertions are added)
you may be able to determine that it is indeed an individual (or not).

David Israel notices that this entire discussion addresses epistemology
adntsemantics. That is, it addresses what is "known', *not known*, and

how all of that is figured out. Consider the following example of a problem
in the representation of terminological individuality: suppose we have a

* concept translating roughly as "a natural satellite of the Earth"; suppose a
particular context represents the actual world; suppose we say that, In that
actuality, there is one and only one- natural satellite of the Earth. The
extension of the predicate in the actual world context has membership 1, but
in some other context it might have membership 73. Regardless of that, it is
still true in every other context that, in the actual world, the extension is
a singleton. That is, we need to be able to form a rigidifier: a term for
thl natural satellite of the Earth'. The concept 'a natural satellite of the
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Another interesting point for speculation (also noticed by David Israel)
is the status at ISpecs an part at the K-Elaggeoousdofi.In
particular, should they be viewed as theories expressed in the language? Put
another way, is an ISpec part of the structure at the concept (like a role) or
is it a comment within a certain context about that concept (a theory). It is
not a question ot whether or not it .San be part of the structure, only atfL
whether it AhalM. be (David thinks not). For example, suppose there is a
notion at a Calitornia Town; It has a role tar Oname*. Now it is possible to
imagine two ditferent theories about California Towns: one that says that no
two California towns have the same name, and one that says that acme
Calitornia towns can -share names. Do we need two ditterent theories far the
aW concept Calitornia Town, or _UM dijfferent concepts? David maintains that
we should be able to entertain alternate theories about the same concepts.
According to one theory, name is an individuator, and according to the other,
it is not.

Mike Freeman points out that this is related to his notion of *QUA" (see
Section 1.8, page 55). Concepts like Town get names tram some sort of context
in which you give towns names. Knowing where certain roles originate my give
you leverage on whether or not they individuate. It may thus be possible to
distinguish "names" by virtue of fundamental intensional reasoning (e.g.,
perhaps they are the result of different naming events).

Conclusion

I think that a fair statement of the status ot individuality in KL-ONE is
that, ignoring the occasional lacunae, we have a reasonable grasp ot its
functionality in the formalism. Individual descriptions can be formed and
used in a consistent manner. As usual, the deeper meaning of this process as
a way of representing knowledge in the machine is less well in hand.
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Chaired by Jim Sobmolze (MU)

Isue Addressed

EL-ONE has grown in two important senses over the past few years, namely
In terms of Its size (and maturity) as a representation language and In terms
of its popularity as a usable system. Users of the INTERLISP Implementation
have had to deal with an experimental system that contains its fair share of
bugs and whose definition lags the theoretical work on KL-ONE by over a year.
Additionally, the past year has seen the transportation of KL-ONE to the
Jericho and Dolphin machines, with a Franz Lisp version for VAX machines to be
completed in the near future. All of this has been in parallel to the
development and usage of a Smalltalk KL-ONE implementation, known as
[loneTalk, developed at Xerox PARC.

All the problems of maintaining a unique theoretical KL-ONE language with
incarnations in various programing languages and for various machines is far
too large to be addressed in this session. Rather, methods for maintaining and
improving the BBN INTERLISP version will be the primary focus with a look at
the possibility of sharing code with the KLoneTalk Implementation as a
secondary topic. The problem of how to decide which features of the
theoretical KL-ONE language should be incorporated into the BUN
implementation, although an important topic, will only be addressed if we
finish discussion of the other topics, as this question will require a near
infinite amount of discussion.

Proposal by Jim Sohmolse

The BBN implementation is currently the source of all inatantiations of
KL-ONE, with the exception of KloneTalk, so I suggest that we limit the
maintenance portion of this discussion to the BBN system. Ny proposal Is the
obvious one, which is to continue operations in the same manner as they now
function. BBN receives all bug reports, requests for modifications, suggested
extensions, et. and BBN maintains the software. Among certain selected
users, B5 will release sources and encourage assistance for software work
with respect to both fixes and extensions. All such software items must go
through BN to become integrated Into the system. The organization of multi-
site software work will require some protocols for non-BIN programmers to
avoid overlapping work. These protocols for non-BBN programmers are simply i
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1. Before undertaking substantive work, submit a note to BBN describing
what is to be done. Then wait for a reply. BBN will take care that
the task is not already under way and that the programmer has the
latest sources. This will be necessary because non-BBN sites will
NOT be advised of all software modifications as they are happening.

2. Small modifications can be done as needed by non-BBN sites; in fact

this is encouraged. Simply advise BBN of the modification either
while it is in progress or after it is done. However, if a
programmer does not perform step (1), no guarantees can be made that
a conflict will not arise.

3. When complete, submit the modifications to BBN in the form of
"patch" files which contain precisely those functions and other
entities that have changed. Please do not send new versions of
entire KL-ONE files as that can make integration much more
difficult.

As to sharing code with KloneTalk, I have no concrete suggestions. Has

anyone else?

The question of how we decide what software work to do is difficult,
however, there is an easy default. Namely, we all discuss our wants but
whoever actually does the programming gets his way. This would apply for BEN
and non-BEN people alike. Of course, this strategy works only when we deal
with packaged extensions to KL-ONE. When changing underlying KL-ONE
structures or algorithms, BBN must perform the work unless special
arrangements are made. For such modifications, BBN must be convinced to
undertake the effort.

I must also say that I an not happy with my proposal for this part, but I
do feel that it is a realistic suggestion. It might be good for us to
consider forming a KL-ONE software steering committee. However, the primary

Lproblems are person-power limitations and the fact that if KL-ONE is to change
radically, we should consider re-implementation along with modification, whichrwould require a great amount of development time.
fUSary of the disoussion: BN Implementation of IL-ONU

Our session began with a brief discussion about maintenance procedures
for the BBN INTIRLISP implementation of IL-ONE. We reviewed the chairman's
suggestions for inter-site maintenance, as described in the preceding section,
and agreed to adopt them.

We briefly entertained the idea of sharing either ideas or software
between IloneTalk and INTERLISP KL-ONE and quickly determined that sharing
ideas was certainly possible whereas software held no such hope.
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Richard Fikes began by offering some interesting news. KloneTalk is

currently running up against the limits of the Smalltalk it uses. He must
decide between upgrading to a new version of Smalltalk, which would require a
substantial effort, or using an INTERLISP version of KL-ONE. One possibility
is to use the BBN version. However, Richard expressed strong regret at
leaving the user interface of KloneTalk behind. In any case, his and others'
interest in a new INTERLISP KL-ONE were discussed.

There was a fair amount of excitement at this prospect, which began by
leveling all possible criticisms against BBN's KL-ONE:

o It is large and awkward, making it difficult to modify in major ways.

o It does not have a uniform design. 3
o There is duplication of effort in the software.

o For TOPS-20 users without extended addressing, KL-ONE is simply too
large to use for any sizeable project.I

We also tried to analyze the reasons for the difficulties in BBN's KL-ONE

software and came up with two reasons. First, the design of KL-ONE evolved as
experience was acquired, causing earlier designs to become outdated. Without
enormous person-power, it was Impossible to keep the implementation updated in
this fashion. Second, the original design of the software was thought to be |
clean, but only with respect to a certain set of principles. However, our
principles changed over time.

All in all, we recognized that a new implementation need not mean a
better one. In fact, it could very well suffer from the same traps that BBN's
KL-ONE has fallen into. However, there is some merit in re-implementing
simply because a subset of the design is quite solid and could be re-done
quite well. In conclusion, we decided that with the new functionality that
has been discussed during this Workshop, a new implementation must include all
of the old functionality that we are confident of, plus attempts at new
components. And we have no reason to believe that we will not look back at
this new implementation several years from now without regrets, at least with
respect to the new components. j

For now, we will add the user interface components that are most needed
(discussed in the session on utilities) to BBN1as KL-ONE and will attempt to
design for the new functionality. When that design is clear, we will decide |
whether we can put it into the current KL-ONE implementation, or start afresh.
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i
As an aside, Richard Fikes noted that his KloneTalk system did not

heavily utilize the inheritance of operator definitions, which is part of
Smalltalk. This was a bit of a surprise since many of us feel that an object-
oriented design would be well suited for a new KL-ONE. We should examine
Richard's experience in this regard carefully.

Design Documents

: 1In addition to the conclusions already stated, we decided that solid
designs for new components of KL-ONE must be done before considering
implementations. This means that design documents must be done. Although
none were assigned at this time, our intention to write them was recognized by
all.

i Integrating the Classifier

A brief discussion of integrating the ISI classifier (see Tom Lipkis'
paper on page 128 and the discussion summary on page 36) into BBN's [L-ONE
followed. We agreed to add several flags and options to the classifier to
augment user control, but our primary decision was to have the classifier
remain a function that is invoked only by the programmer. It will not be
invoked automatically whenever concepts are created or changed.

[ MC

IE
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1.5 Classification

Chaired by Tom Lipkin (ISI)

The session on the classifier began with an explanation of the ourrent
implementation, fol loved by a discussion of several issues regarding the
design of a classifier and its integration into KL-ONE (see Tom Lipis' OA
KL-ONE Classifier' on page 128 which describes the EL-ONE classifier in
detail). Several of the points brought up were possible improvements to the
algorithm, or existing bugs. Most of these points are reflected in Lipkin'
paper.

An important issue is how far the classifier should go in trying to
determine subsumption. Should it have a reasoning ability that allows it to
prove predicates in RSRs? Should it be able to understand complex
descriptions such as "the 57th digit in the decimal expansion of pi?" (these
issues are discussed in more detail in Lipkin' paper). No definite
conclusions were reached about kind of reasoning the classifier should
perform, but there was general agreement that some reasoning is appropriate in
many cases, and that it should be possible to limit the resources that can be
consumed in such processing. Such limits, as well as the incompleteness ofI
the reasoning engine (even if given unlimited resources) imply that the actual
taxonomy my only be a partial representation of the virtual subsumption
relationships. That is, some concepts will have been found to be
'incomparable' by the classifier, even though by expending more effort, theyI
could be shown to have a subsuaption relationship. The consensus was that
resource limited classification results in taxonomies that are incomplete, but
not incorrect, and that this would not lead to any false inferenoeb if handled
correctly by other processes.

Most of the integration issues were addressed during the system
maintenance session, but .one which was discussed in some detail concerns the -

action of the classifier when it discovers that two or more descriptions are
identical (i.e., they describe the "same' virtual concept, even though they
were created as distinct structures in the network). Ideally these structures
should be merged into one, as together they have only one correct place in the
taxonomy. In practice, however, this may be difficult or undesirable, as
external processes my have handles on parts of the structure (in the form of
names of roles or concepts, or LISP pointers to the actual structure) which
may be invalidated by such merging. The classifier currently maintains a
record of merged concepts, to allow processes to update their pointers, but
this is not sufficient because some information is lost when the merging
occurs. It was requested that the concept merging be made optional, the
alternative being to leave the identical concepts as siblings, and merely
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inform other processes that they are actually identicoal. (Note that this
results in an incomplete taxonomy, as discussed above.)
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1.6 IL-OUR System Utilities

Chaired by Jim Sohmolze (BBN)

Issues addressed

This discussion concerned software WtoolsW that are needed by users of
KL-ONE. We chose the tools that are most needed and ordered them in terms of
their priority. For some tools, we planned their initial designs and our
methods for constructing them. These tools included

1. facilities for reading/printing KL-ONE networks from/to files (a

KL-ONE I/0 facility),
1

2. facilities for in-core editing of KL-ONE networks,2 and

3. facilities for viewing or browsing3 in-core KL-ONE networks. 3
The discussion was primarily directed at, but not limited to, the

INTERLISP implementation of KL-ONE. However, much insight was gained from the
utilities that already exist in the KloneTalk system.

1A KL-ONE I/O facility would allow one to write a portion of a KL-ONE
network onto a text file and read it into a different KL-ONE system, creatingan equivalent copy of the original portion.

A KL-ONE editor would allow one to modify the KL-ONE network while it is

in-core, thereby allowing one to readily view the modified concepts with all
their inherited information.

3A KL-ONE browser would offer various types of information about a network
from general network structure to the definition of specific concepts.

KloneTalk is a Smalltalk version of KL-ONE written by Richard Fikes of

Xerox-PARC (see Richard Fikes' paper on page 90).
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I The Ur Inteface to ](1on*Ta).k

We began by vewin a v'dootape of the KloneTalk system, presented by
R ichard Fekes of Xmrox-PARC.m The tape cloaly dmonstrated the KloneTalk

U interface which allows one to view and edit a KL-ONE database. We all agreed
that the user-interface to KloneTalk would make an extremely valuable tool for

g the INTERLISP version of KL-ONE.

The aspects of KloneTalk's user interface became important during this

discussion; important enough to warrant a brief description of the salient
Tfeatures of this interface.

KloneTalk provides a graphical interface that lets a user

o examine and edit KL-ONE concepts,

o read/write KL-ONE concepts from/to files, and

o maintain several windows on a screen simultaneously, where each
contains a working context for displaying concept descriptions,
editing sessions or whatever.

4 It is a convenient and useful tool for the KL-ONE network builder.

There is an interesting dependency between the first two components
listed above. The KloneTalk I/O facility can create a textual description of
a concept that could be read into another KloneTalk system to create an
equivalent concept. However, that textual description is also quite easily
read by people; in fact, it can be prettyprinted for just that purpose, upon
which the KloneTalk concept editor relies. The editor begins a session by

Iobtaining a textual description of a concept, thanks to the I/0 facility.
Then it enters the standard Smalltalk text editor. When the user has finished
editing the concept, the text is read by the I/O facility and the concept

i renlaes the one being edited. Note that this methodology raises some
difficulties that are discussed later.

rI Note also that the KloneTalk editor and I/0 facilities do not rely upon
L graphics at all, although they utilize graphics quite nicely. The only

required tool is a text editor.

5This tape was also shown to the larger Workshop audience during Richard

[ Fikes' talk.
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1.

T , Prim" Topios Disoussed

The chairman began the discussion by listing the major desiderata, at
least so far as the INTERLISP implementation of KL-ONE was concerned. These
were for

o enhanced Input/output (I/0) facilities for KL-ONE networks and

o in-core editors (and browsers) for KL-ONE networks.

Additional issues to be discussed were

o the status of the classifier (described In Tom Lipkis' paper on page
128) developed at 18I and the manner in which it will be integrated
into KL-ONE,

o the question of the centrality of either graphics facilities,
personal machines or INTERLISP functionality for development of
future utilities.

Graphios, Personal Naohines and INTIRLISP

A consensus quickly emerged that nothing essNential should be made to
depend on the availability of either graphics or personal machines, unless
absolutely necessary. The only example currently under consideration which
would require graphics is a browser for KL-ONE networks. As to reliance upon
INTERLISP functionality, we will refrain from using INTERLISP specific
packages as much as possible because of the FRANZLISP translation effort.

We all expressed interest in having a browser for K1-ONE networks, and
all shared the opinion that a program that could draw KL-ONE pictures might
provide the best tool for browsing. Some discussion of the layout problem for
[1-ONE pictures ensued, with the tacit agreement that it is indeed a difficult
problem, too difficult to address at this meeting. However, all agreed that
even a modest effort in this regard would be valuable. For example, it night
be relatively easy to construct global pictures of a network automatically,
where such pictures would show only concept names and subsuption
relationships between concepts. Unfortunately, no volunteers stepped forward
for this task, although the BBN contingent expressed interest in examining the
problem.
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An Input/Output Facility for KL-OUM Networks

The ISI contingent reported upon a package they built which reads CKLONE-
like descriptions of KL-ONE networks and creates the appropriate structures.
CKLONE is a KLONEUSERS package, written by Frank Zdybel at BBN, which extends
CLISP to include form for creating KL-ONE structures. The CKLONE language
has three advantages.

1. It can represent a fairly large subset of KL-ONE structures.

2. It can be prettyprinted by Lisp.

3. People can easily read it.

The ISI package is similar to CKLONE but it creates KL-ONE structure when it
is reading forms, as opposed to when it is evaluating forms.

The BBN group reported upon an old I/0 facility called BRACKETREADPRINT.
The language that this package uses to store networks is highly specialized
and quite difficult for people to read. However, the output portion could be
modified to generate CKLONE-like notation.

This discussion led to the following agreements:

o Rusty Bobrow offered to modify the output component of
OLDBRACKETREADERINT to generate forms which can be read by the IS1
input package.

o Tom Lipkis, Richard Fikes and Rusty Bobrow agreed to design a single
language for storing networks on files that both the INTERLISP KL-ONE
and KloneTalk could read. Presumably, this language will be the
union of the existing KloneTalk and ISI languages.

o Jim Schmolze made a contingent offer to construct a concept editor
similar to the KloneTalk editor, where the contingency depends upon
the availability of manpower.

However, some difficult problems remain with the I/O facilities in that
this design will not help with the following:

6This package, called "NTw, is now complete. It reads and writes KL-ONE
networks using either ISI or Klonetalk notations.
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o merging uetworks,

o maintaining syntactic validity across files (and to handle, e.g.
forward references to as yet undefined names)

o handling the problems raised by the heavy reliance on names,
especially in the context of merging nets.

The Classifier

The discussion of I/O facilities also raised questions about the place of
the classifier (see Tom Lipkis' paper on page 128). The ISI input facility
uses the classifier as a matter of course, which several of us felt was a bad
idea. After all, the classifier can be an expensive device to use and there
are times when the KL-ONE programmer knows that a piece of network being
loaded need not be classified (e.g., if the network being loaded has already
been classified at some earlier time with respect to the current network).
After some discussion, a consensus arose supporting the idea that the
classifier should be invoked only under the call of the programmer. It should
be available to re-clasarfy a concept (or subnet) that was edited, or classify
a new concept (or subnet) that was being integrated into an existing network.
But it should not be thought of as a black box sitting between either file I/O
and the KL-ONE network nor the editor and the network.

A KL-ONE In-Core Editor

Finally, the problem of in-core editors was raised, causing lively
discussion about structure editors versus text editors, concept editors versus -*
network editors, editors we could build today versus research for future
editors, JARGON versus standard editors, etc. Luckily, from amongst these
orations arose a modest proposal, modelled after the KloneTalk editor. We
agreed that the KL-ONE editor we build next would have the following traits:

o It would edit concepts and not networks.

o It would use the I/O facility discussed earlier to generate readable
descriptions of concepts for editing and create the resulting KL-ONE
structures after editing.

o The editor would be a structure editor versus a text editor, since
the concept descriptions to be generated are list structures.

o It will edit in-core structures.
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o It will assume that all new desoriptions of concepts are both
complete and local.

I This design requires that the 181 input package be amended to reace
structure and not simply create new structure. For now, we will determine
replacement versus creation based upon the names of KL-ONE objects, for both
concepts and roles. We are not happy with this, but it is a realistic short-
term solution. One problem lef t unresolved was how to handle both local and
inherited information, since we want to be able to view inherited information.1 but not edit it. [loneTalk handles these distinctions, but in a manner that
was not satisfactory to the group at large.
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1.T Ia, role orderlngs and quantification L
Chaired by Rusty Bobrow (BBN)

Despite our intention that KL-ONE have a clear semantics, several
components essential to the expressive power -f KL-ONE are currently so poorly
specified that no two KL-ONE afficionados can fully agree on their intended
interpretation. The collection of structures broadly referred to as SD's,
RSR's, and RTH's is a notable example of this difficulty. We have attempted
to use these structures to simultaneously solve several related
representational problems, but the range and number of these problems has made
it difficult for us to provide a clear and cohesive semantic interpretation
for the SD, RSR and RVM mechanisms.

The goal of this session, broadly stated, is to answer two questions:

o What is the intended role of the SD mechanism (including RSRs and i
RVMs) in KL-ONE and its components?

o In what ways must the SD mechanism 1 be modified, extended or 5
contracted to fulfill this intent?

In particular, this session will focus on three problems, and propose a
common solution mechanism. Briefly, these problems are:

o How do we provide at least the expressive power of standard predicate
logic quantification in SDs?

o How can SDs be used to extend the types of structures and "name
spaces" for structured objects available in KL-ONE?

o How can KL-ONE concepts containing SDs be specialized by
strengthening or specializing those SDs? (What are the useful and
natural ways to strengthen the constraints defined by SDs?)

The first and third problems have been raised several times at this
meeting and elsewhere, but the second is likely to be less familiar. Its

1For simplicity, we will often refer to the collection of data structures
and programs in KL-ONE that define SDs, RSRs and RVMs as the RSD mechanism." I

RoleSet Relations 4i TECHNICAL DISCUSSION REPORTS

i.



Report No. 4842 Bolt Beranek and Neiman Inc.

relation to the other two problems will be explained, and its importance as a

rpresentational issue will be discussed.

- iTo place these problems in perspective we must first ask *why have SDs

been included in KL-ON2?' One characterization of SDIs, clearly enunciated by

* Michael Freeman and widely accepted within the KL-ONE community, is that they
- are merely "sets of assertions (propositions, logical clauses).' This is a

particularly narrow view of the SD mechanism. SD. are intended to provide the
glue that holds concepts together, to define the meaning of the roles whichI give each concept its internal structure. Clearly one way in which they can

do this is simply to make a set of assertions about the role fillers of a

:- -concept. Certain concepts, however, have a structure which cannot be defined

simply in terms of facts about the fillers of their roles. Simple examples
include the concepts needed to describe many of the structured objects and
abstractions familiar to people in computer science and artificial

* intelligence, such as a linear list. There are no predicates on fillers which
can be used to define the first, second, third, etc. roles in a linear list,
since the same set of fillers can occur in different orders in different lists
(and the same filler can occur more than once in a single list).

*We will propose one possible mechanism, based on SDs, for defining such

structures, after we explore the ramifications of first problem: the need for
quantification in SDs.

KL-ONE, in common with other frame-like languages, provides facilities

for describing structured entities such as arches. It does this, in part, by

stating that such an entity is composed of a number of constituents of
specified type each of which fills one or more roles in the overall structure.
This is not enough information to define such a structured entity. The
fundamental representation issue is that an arch is not merely a pile of
blocks. An arch is a collection of blocks, two of which fill the role of

uwrJgbl and one of which fills the role of lintel, but it is not true that

every collection of three blocks forms an arch. There are other constraints

that must be met for us to say, for example, that a particular block fills the

l role in some arch.

j SD. provide the mechanism needed to specify these further constraints, to

state the predicates that must hold true of the filer of certain roles in a

concept An a at o their XJL.±n those rolea. Thus, for an arch to

exist, two blocks must fill the uight roles, and one block must fill the
J±Af&J role, each upright must "support" the lintel, and the two uprights
cannot "touch" each other.

In KL-ONE, predicates such as 'support" have traditionally been
represented in terms of generic concepts, (for example, a concept called
SUPPORT), in order not to expand the number of primitive categories of
structure which must be supported by the KL-ONE system. Thus, when we define
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the generic concept ARCH, we must make use of the concept SUPPORT, but If the
generic concept ARCH is to be taken as a aschema" for defining the structure
of individual desoriptions of an arch, then the use of the SUPPORT concept
must be restricted or parameterized in terms of the roles of the ARCH concept. [1
In particular, we must be able to specify the structure of particular
instances of SUPPORT as a function of the constituents of each individual
instance of an ARCH. Individual instances of ARCHes and SUPPORTs will be
represented by KL-ONE individual concepts or =~a, and we use KL-ONE
Paralndividual concepts (=&a) to specify the desired functional relation
between the fillers of roles in an individual ARCH and the argument roles in
the related SUPPORT ICs. This is indicated in Figure 1.

L.
lintel upright

Arch Brick

%I

' ' ISpport •

Spporte suepporter"

i Support

supPortee suipporter

FIG. 1. THE GENERIC CONCEPT ARCH WITH A PARAINDIVIDUAL SUPPORT CONCEPT

Ii
Note, however, that this specification of the support relations for an

ARCH Is ambiguous. Do both uprights jointly support the lintel? Does each
upright individually support the lintel? Does only one upright support the
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lintel, and if so which one? The ambiguity here arises because we have
RoleSets in KL-ONE, specifying a set of similar roles (e.g. the two ILjtal
roles in an ARCH), and we have not specified a mechanism for defining a set of
predicate instances in terms of one or more sets of roles. We have provided
the equivalent of lambda expressions, in the form of paraindividuals, but we

*have not specified how to provide the expressive power given by the
quantifiers in standard logical formalisms.

-To reiterate, while paaindividuals provide a way of specifying a single
predicate or related object determined by the roles of an Individual concept,
they do not, by themselves provide a way of specifying jat of such predicates
or objects. Thus, given the standard KL-ONE description of an ARCH, which has
a Roleset uwrighk with oardinality 2, we must distinguish among the following
possibilities:

o there is one SUPPORT relation with two supprter and one suaportes,
or

o there is one SUPPORT relation with a single nunwr*z (just one of
the uprigtst) and s, or

o there are two SUPPORT relations, each involving a different one of
the 1jahts of the ARCH.

The notion of a kole =et Relation or NLU was introduced as a way of
Meeting this need. A PI can be viewed as a schema for IC's, with a set of
holes or arguments to be filled in. Each element of the set of
predicates/ob ects described by an SD is the result of plugging in the fillers
of some tupleg of IRoles in the Individual concept into a corresponding set of
roles in a PI. Given this view, a essential component of an SD is a means of
(partially or completely) specifying a set of tuples of IRoles. Such a
specification is exactly what is done by the quantifiers in a prenex formula

in a "typed" predicate calculus.

!2
2I will use the phrase *predicate or object* to abbreviate *predicate or

object or anything else describable by a IL-OVB concept', since we do not have
a single name for this class of entities.

E 
3 We must have something like ordered n-tuples, rather than unstructured sets

of IRoles, since we must specify the way in which the IRoles in the collection
are to correspond to the arguments in the PI.
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At this point two questions arise:

o Should we be quantifying over (or forming relations among) the roles
of a concept or over the fillers of the roles?

o What are the desirable characteristics of a language for specifying
relations or sets of tuples? (What is lost by simply using standard
typed quantifiers, for example?)

The answer to the first question depends in part on an issue to be
discussed later, that is, the representation of structured ites such as
linear lists and plans. A partial answer can be given without touching that
issue, however. The entities being quantified over must be distinct,
otherwise quantification makes little sense. But one of the important

features of Ml-ONE is that one entity may fill several roles in the same
concept. Thus, a single person ight be fill the two roles viln-zzrmidn and 1

atrollar, in a single company. We would really like to quantify over the
fillers as they participate in the framework established by the concept as a
whole, i.e. "the fillers as they (each) fill some role.* At the level of ICS,

this notion is captured by the KL-ONE construct of an 1Role, an individual
role, and we view the proper domains for quantification to be the sets of
IRoles defined by RoleSets. 5

As to desirable characteristics, two critical ones are some form of
completeness and perspicuity. One touchstone for completeness is the ability
to express all relations expressible as quantifier collars in some typed I
predicate calculus. Such quantifier collars define relations by
characterizing sets of assignments for named variables. These assignments are
constrained in two ways: first, by giving the domains over which each variable
is to range, and second by giving a set of SgMbjaltnr4A1 constraints such as
whether all the elements of some domain must be represented in the set of
assignments (this is part of the meaning of a universal quantifier). Since
the class of relationships expressible by such collars depends on the types of
domins that can be specified as type restrictions, a subsidiary question we
ight pose is 'what sets of roles do we want our quantifiers to range over?'

* This point engendered some discussion during the technical discussions.
It was generally agreed that we wish to range over the RoleSets which form
part of the concept to which the R33 is attached. In addition, all of roles
which could be defined by roleobains should be available as domans for
quantification. Thus, for example, In Figure 2 we could have as domains the
.Am of a PERSON, the h of (any of the) am, and the fLtMs of (any of
the) hands of (any of the) aMa of a PERSON.

There was soe disagreement as to whether certain constraints should be
expressed as restrictions on the domLins of quantification or as peart of the
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FIG. 2. ROLESETS DEFINABLE BY ROLECHAINS

predicate being quantified over. For example, suppose one wanted to say that
the fingers of a person (i.e. the fingers of the hands of a person) are all
connected to the hands in which they play a role. In predicate calculus terts
we could express this fact by either of two logically equivalent expressions

Ah/hand(Person),Af/finger.of.hand(Person) :[(f in
finger(h)) z> connect(f h)

.Ah/hand(Person),Af/finger(h): connect(f h)

It seem that the second expression is more perspicuous, because the

•The quantitfioational notation used here is one in which the
quantificational prefix consists of typed quantifiers separated by ooams
separated from the satrix expression being quantified by a colon; the typing

of the variables is indicated by a slash followed by the domain; and the
letters A and 2 are used to indicate universal and existential quantification,
respectively.
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first expression includes in the matrix the predicate Of in finger(h). That
predicate seems more naturally a part of the specification of what objects the
'connect' predicate is being asserted of. Thus, the participants in the
technical discussions suggested that the ability to; specify such 'dependent
domains' be made part of the language for domain specification for
quantification.

Several issues were discused with regard to the perspicuity of the
representation language. In paiticular, we want to compactly express facts
about the relationship between sets that are somewhat awkward to express with
the ordinary quantifioational apparatus of the predicate calculus. If for
example, one wants to say that a relationship R is a 1:1 correspondence
between two sets A and B, then one must say:

Ax/A,gy/B:xRy &
Ax/A,Ay/A,A/B:[ (x z&ylz)->xxy] &
As/A,Ay/B,A/B:E(xly&xRz)->yzz] &
Ay/B, Ex/A: xRy

where the four successive clauses of this conjunction deal respectively
with specifying that every element in the domain A has an image in B under the
relation R, R is a function, R is one-to-one, and R is onto B.

In the course of the above specification, the domains A and B are
mentioned 5 times and the relation R is mentioned 6 times. If the
specification of either of these domains or of R is complicated, then the
overall expression can be enormous. Moreover, this repetitive mention of the
relation and the domains hides the essence of what's going on such that if
expressions such as these are given to a theorem prover or mechanical
inference system, it is not readily apparent that a relationship of 1:1
correspondence Is being described. Additionally, there is no obvious way In
which the notion of a 1:1 correspondence from A to B can be thought of as a
more specific relation than a 1:1 mapping from A into B, since there is no
single constituent of the above specification that can be thought of as the
specification of the relation. (If a compact notation for typed quantifiers
is not used, the situation is even worse.)

Similarly, if one wants to express some of the facts that are compactly
expressed in English with the locution 'and vice versa*, then one must
redundantly mention the matrix sentence and the domains of quantification in
question. (g.,*'very little boy loves a puppy and vice versa').

Thus our goal is to devise a notation in which relationships between sets
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ire compactly represented without redundantly montioning either the domains or
the matrix expression being quantified. In addition, the Oquantificational
factu asserted about that expression and those domains should be distinguished
as a single constituent that is capable of being analyzed and taxononized in a
space of quantificational relationships. The ability to taxonomize such
quantificational collars will be important when concepts using such
quantifiers must be placed within a taxonomy of concepts.

The notation proposed here hinges on the observation that a
quantiticational statement is essentially an assertion about one or more
domains of quantification and some matrix expression. Thus, we would like to
specify it in a notation in which each of those domains and the matrix
expression appear as single constituents and the remaining quantificational
import appears also as a single constituent (possibly containing analyzable
substructure). For example, the relationship "for every x there exists a y*
in a statement meaning Ax/A,Ey/B:P(x,y) should be expressed as a single
constituent of the representation--not as a fact derivable from scattered
pieces of the representation. This can be done if we think of the
quantificational import of such an assertion to be essentially an assertion
about sets of ntuples from the cross product of the domains in question.

The particular language used to express assertions about relations or
quantificational collars must still be specified, and this was left to be
worked out in a design document promised by Rusty Bobrow and Bill Woods.
Rusty proposed that a useful starting point might be found in the operations
of the relational algebra proposed by Codd for work in relational data bases.
These have the advantage that not only is the quantificational collar (the
assertions about the relation) visible as an independent constituent of the
structure, but the relation itself can be viewed as a single entity, and can
be used as part of the description of the structure of the concept as a whole.

In any event, the language for describing quantificational uollars must
have the expressive power of standard quantification (this has been shown to
be the case for the relational algebra), and it should allow easy inclusion of
particularly useful assertions about relations as terms that can be
independently defined and used. Among the quantificational operators that can
be individually defined and then combined with ordinary logical connectives
are:

o ONTO(x,y) - equivalent to AE(x,y)&AE(y,x)

o ONU-TO-ONE(x,y) - equivalent to the uniqueness conditions in the
definition of 1:1 correspondence above

o AT-LEAST(n,x) - asserts that there are at least n elements of the
domain of x for which the matrix is satisfied
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o ATMOST(nx) - asserts that there are at most n elements of the domain
of x for which the matrix is satisfied T

o EXCTLY(n,x) - asserts that there are exactly n elements of the
domain of x for which the matrix is satisfied

o ALL(x) - asserts that the matrix is satisfied for all elements of the
domain of x

o ALL-CONBINATIONS(xl,x2,...,xn) - asserts that the matrix is satisfied
for all combinations of elements from the n specified domains

The formalism should also be capable of specifying a variety of subtle
variable dependenies--including those that have motivated notions of
*branched quantifiers* for expression facts that would be expressed in English
by locutions such as 'for every x there is a y and for every z there is a w
such that P(x,y,z,w).'

The role of RflRs in extending the range of structures readily expressible In
KL-ONE "

Once we have introduced such a notion of a mechanism for defining
relations among the roles of a concept (as opposed to simply predicates on the
fillers of roles), this opens up the range of structures readily described in
KL-ONE. To understand what this means, we must first take a look at one of
the purposes of roles in KL-ONE.

KL-ONE concepts can be looked at as a way of providing 'family names' for
entities which are to be treated in a uniform way by some class of processes
(often external to KL-ONE). For example, the concept LEGAL-PERSON might be
used to group together those entities that were to be treated in a uniform way
by the some body of 'Judicial' procedures (and might include both human beings
and corporations, but not partnerships).

In an analogous sense, a role can be viewed as giving a name for a class
of entities, specified relative to some other entity, which are considered to
have similar properties. Thus, the Officers of a company night be treated in
a uniform manner by procedures that deal with the responsibilities of the
principal members of an organization.

Currently in KL-ONE, we have only one way of Introducing a structure in
the set of roles for a concept. This is the role differentiation mechanism,
and it allows us to define a fixed, finite collection of RoleSets for each
concept. With this mechanism, however, it is difficult or impossible to
define a structure with an indefinite but distinguishable number of roles,
such as a linear list. Here we would like to specify a RoleSet ±tm for the
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items In the list, a distinguished sub-role of JIm called flJrl., and a linear
ordering anz among the sub-roles of JIm. We could then write prooedumes
that operated on the elements of a linear list in sequence, by considering the
roles first, neaz(firat), naxt(n2"(first)), ... and In that order.

The incomplete proposal for RSRs described above would provide a means
for defining such a structure on concepts. If the Role Set Relations can be
used independently of the paraindividual mechanism, it would be possible to
specify that a LINEAR-LIST was a concept with a RoleSet ItM, a RoleSet first
which had one element and which was a differentiation of I&=, and an RSR Ant
which was a linear ordering on the RoleSet it=. It should also be possible
to define such structures as arrays, in which there are two inter-defined
orderings, the notion of r=e-Aet and of .2Jm-nhzk.

This idea was briefly discussed during the technical discussions, and a
more complete specification was left to the design document on RSRs which
Rusty Bobrow and Bill Woods volunteered to write.

Other Issues touched upon

The following issues were mentioned but not discussed in depth during the
technical discussions:

o When a Concept is specialized, in what way can the SDs on the Concept
be strengthened (cf. Mike Freeman's position paper on a calculus of
structural descriptions)? Clearly, one could strengthen the
individual assertions specified by paraindividuals, by replacing them
with more paraindividuals of more specific generic concepts. In
addition, one could strengthen the "quantifier" of the SD, as in
going from gAx/X,Ey/Y:Pzy w to 'Ey/YAx/X:Pxy". This could be done
simply strengthening the predicate on RoleSetRelations that forms
part of the SD.

o Can SDs be differentiated just as RoleSets, to define sub-olasses of
constraints that form part of the definition of a concept, and to
allow these sub-classes to be strengthened independently? We can
readily conceive of RSR's which are sub-relations of a given RSR, in
just the same manner as the differentiation of a Roleset specifies a
subset of that Roleset. Since RSR's are defined in terms of specific
Rolesets as domains, and each such Roleset can be differentiated, one
natural differentiation of an RSR is obtained by restricting it to
subsets of each of its domains given by appropriate Roleset
differentiations.

o How can both the RSR and the associated PI's be raised to the status
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of full structural elements of fL-Oil? By this we mean, for example,
how do we use RSR's Just as we use Rolesets, to specify sets of
roles. Given a Roleset R linearly ordered by an tSR 0, we would like
to specify such subsets of R as "the initial element of R (under 0)0,
*the tail of R (that is, all elements of R following the initial
element of R), eta,

o What is the position of RVM's relative to all this? They are rather
peculiar, in that rather than dealing with roles at all, they are
defined in terms of the set of fillers of a set of roles, not in
terms of the set of roles at all. Clearly we need such a bridge
between the world of roles and the world of fillers (which have
sometimes been erroneously equated to the Wintensional' and
*extensional" aspects of the notation), but are RVM's the way?

o Do we want to continue using KL-ONE concepts to stand for predicates?
Or do we want to introduce a new set of 'assertional',
'propositional' or 'constraint' structures into KL-ONE?

iV

1.[I
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1.8 The QUA link

Chaired by Michael Freeman (Burroughs)

As initially conceived, the QUA link was proposed as a new kind of
inheritance cable pointing from the concept being defined to the RoleSet of
another concept taken as its definitional context. From a purely syntactic
point of view, the QUA-defined concept was considered subC to the V/R of the
RoleSet it pointed to. In addition, however, it acquired as derived roles

7 certain other RoleSets of the parent concept providing the definitional
context: in particular, any RoleSet related via an SD to the one the QUA-
defined concept pointed to in the parent concept was also incorporated into
the QUA concept itself. A QUA link was thus a kind of multiple inheritance

T cable. Given the concept of leasing or renting an apartment, for example, the
concept of LANDLORD would be QUA-linked to the PARTY/A RoleSet, making it subC
to LEGAL/ENTITY (the V/R of the PARTY/A RoleSet), but now augmented to include

T additional RoleSets such as TENANT, LEASED/APARTMENT etc. (v. Figure 1). As
long as the definitional context was a relational concept, there seemed to be
little problem in bringing down its RoleSets into the concept being QUA-
defined. A "child" from a "parentage* relationship, for instance, derives its
'father' and 'nother w RoleSets in a perfectly straight-forward way from that
relationship. If one were to consider "child* as being QUA-defined off of the
role concept of 'mother', however, there would clearly be a problem in trying
to derive its 'sex' role from that of 'motherw. This issue is taken up in
more detail in (4) below, where we address the original semantic motivation
for introducing the QUA link in the first place.

In cases where the parent concept providing the definitional context is
itself specifiable through multiple inheritance, one can induce a natural
partitioning on the acquired RoleSets of a QUA-defined concept, corresponding
to the different perspectives from which one can view it. Thus a LANDLORD can
also be looked at as a RENT/RECEIVER, APARTMENT/OWNER, etc. In order to make
explicit the source of these different vistas, we proposed marking the
standard KL-ONE superC link with the label VIZ in all such cases (v. Figures 2
and 3). Insofar as VIZ links are intended to provide a focus mechanism for a
problem solver (which would operate 'outside' of the KL-ONE interpreter), they
are functionally similar to 'perspectives' in KRL. However, by restrictingK their introduction to QUA-defined concepts, we are making an additional claim
as to what constitutes a conceptually well-formed context for their use. It
has been objected (e.g., by Richard Fikes and Danny Bobrow) that one may want
to ask for the RoleSets of a concept that were inherited from a particular
superC, whether the concept was QUA or not. Clearly one needs some forcing
examples to decide the issue one way or the other.
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FIG. 1. QUA-DEFINED LANDLORD AND TENANT

Since it was initially proposed, the QUA link has elicited two major
types of discussion within the KL-ONE oomunity. The first concerns whether
or not it can be subsumd by already existing constructs within KL-ONE. The
second concerns the actual specification of the QUA link and QUA concepts.

With regard to the first, it has been suggested that the QUA link is
really nothing more than a convenient abbreviation for an RSR within the so-
called QUA-defined concept. In the case of LANDLORD, for instance, there
would be an SD specifying that for any particular LANDLORD there must exist a
corresponding APARTMENT/LEASING whose PARTY/A filler is that particular
LANDLORD (v. Figure 4). Two points against this suggestion are:

QUA link 56 TECHNICAL DISCUSSION REPORTS

S



Report No. 4842 Bolt Beranek and Newnan Inc.

...... ( OAIL .r L ..

FIG. 2. THE QUA-RELATED VIZ BUNDLES

o it fails to convey the role-dependent nature of a QUA-defined
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FIG. 3. THE QUA-RELATED VIZ BUNDLES

concept, e.g., a person's being a LANDLORD .A& j, r~aiA= of the role he
plays in leasing premises he owns (a notion closer to functional

composition than to aggregation or mere conjunction [of. 4I below]);

o conversely, it seems to imply that the concept that is para-
individuated (e.g., APARTIIENT/LEASING) can itself be thought of
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FIG. 4I. RSR VIEW OF QUA CONCEPT

Independently from the QUA-defined concept (LANDLORD) even though
everything about the latter is totally determined through such para-
individuation. This makes the SD here seem much more like what Bill
Mark (following a suggestion of Rusty Bobrow) refers to as a *further
description' (or FD), i.e., a circumstantial rather than definitional
component (see Bill Mark's summary of the "Realization" technical
discussion, on page 18, and his paper "Realization*, on page 78). As
a consequence, one would be forced to view QUA as an extensional1 rather than an intensional relationship, contrary to what was
initially intended.

With regard to the actual specification of the QUA link and QUA concept,

L there are five main issues involved:

1) There exists another version of QUA, tentatively referred to here as. RIC (for Role In Concept). As described at the second KL-ONE Workshop (see
also Richard Fikes's paper on "Highlights from KloneTalk" on page 90), there
is a link from the RoleSet to its RIC concept and an inverse link from the RIC

I concept to its corresponding RoleSet. We'll refer to this latter usage as CIR
(suggesting the inverse of RIC). The concept containing the RoleSet whose RIC
we're talking about will be referred to as the "parent concept".
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11
The RIC facet of a RoleSet is directly subsumed (in the concept

hierarchy) by the oleet'a V/R facet. As such, It inherits the Roleeets
which the V/IR can have, but no others. (This Is reminiscent of what Bill
Woods suggested some time ago, namely that there should be a *par-individual L
facet on RoleSets in order to represent role-dependent ooncepts.) If other
roles are to be *derived" from the parent concept, this has to be explicitly
Indicated In Role Value Haps of the parent concept. This presupposes of
course that one be able to establish Role-Chains over the RIC facet of a
NoleSet (v. Figure 5).

( APARTMENT., PT/11)

/ 1
/ ENTITY

|I \

(LEASED/APT) L (TENANT)

FIG. 5. ANOTHER TYPE OF QUA: RIC/CIR

It also seems that the RIC-dependent concept in such oases should have a
corresponding set of RVIs with Role-Chains going over the CIR link up to the
appropriate RoleSets in the parent concept. This entails however allowing one
to chain from the RoleSet at the bead of a CIR link to its parent concept and
then back down to other RoleSets of the parent (v. Figure 6). We will refer
to this as the RVm view of QUA concepts.

Insofar as the RVM view is simply a notational variant of the R1R view of
QUA concepts discussed before, It Is subject to the sawe remarks made there.

[I
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was to make a distinotion between oases in which one does or does not want to
have a role-dependent concept have RoleSets automatically derived from the
parent concept. Those In which they are to be automatically derived
correspond to QUA, those in which they must be explicitly :indicated via RVs
(or RSRa) correspond to RIC/CIR. The former can be viewed as establishing
intensional role correspondences, the latter as establishing extensional ones.
The fact that what is automatically derived in the case of QUA could perhaps
also be represented via the 11T (or 131) view of QUA merely obscures this
point.

There was also some discussion as to whether there might be other cases
than QUA in which one would want to have an intensional correspondence
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1i
established between local roles (e.g., personFifner on Person being equivalent
to the handFinger of the Hand of Person).

2) Given the intimate relationship between RIC- or QUA-dependent concepts
and the explicitly or implicitly defining RVs (or RSRs) associated with them,
their placement on the concept subsumption hierarchy forces one to address the
subsuaption relationship for RVIa and ISRs. For some thoughts on the matter,
see Rusty Bobrow's technical discussion summary concerning RSRs (page 4), our
position paper (*Towards a calculus of structural descriptions ... 9 on page
115), Bill Mark's ORealizationg (page 78), Bill Mark's technical discussion
summary on realization (page 18), and Tom Lipkis' *A XL-ONE Classifierw (page
128). Note that currently the latter do not seem to treat RVa or RSRs
uniformly in this regard.

3) By having the QUA (or CIR) link point to the RoleSet node itself, one
raises the possibility that what is being QUA-defined is the RoleSet as a
whole rather than members of the set. Where the cardinality is > 1, however,1
one would like to have both concepts QUA-definable (e.g., DOARD/OF/DIRECTOR,
as well as BOARD/MEMBER). Only in the latter case, however, is the QUA-
defined concept subC to the V/R facet of the RoleSet, as originally proposed.

(APARTMENT APARTMENT, PARTY/B)

(PARTY/A) LGL

(LANDLORD Ie(LEAS ED/APT ) -- TENANT

FIG. 7. TWO DIFFERENT QUA LINKS
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One way of dealing with the problem is simply to introduce a second type

of QUA link which treats the not-based facets or properties of the RoleSet as
RoleSeta themselves to be inherited by the QUA-defined concept. In place of

the V/R facet, however, would be a 'member w RoleSet whose V/R was the other
type of QUA-linked concept that we have discussed up to now (of course, this

I schema would require a calculus of sets). Automatically derived RoleSets from

the parent concept would in both oases follow the principles that were
elaborated earlier. This type of approach is illustrated in Figure 7.

I.

(APA TMENT) -- ARMNT,--PATY

(PRYA "-'.e .1 ARTL
PATY ENTIT

: (MENS) LEG--

EKI

~TENANT

S ROUP E

FIG. 8. RIC-LINKED COLLECTIVE VS. tIC-LINKED SET HWIBR

Another possibility Is to have an additional role on the parent concept
whose V/N is itself a set or collective entity, along with an RVh establishing
the necessary correspondence between its "memberm RoleSet and the appropriate
Roloet in the parent concept. A single type of QUA (or RIC/CIR) link could
then be used for both the collective entity and the RoleSet member one. This
type of approach is illustrated in Figure 8.

IiI
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4) The initial motivation for introducing the QUA link was semantio in
nature. The problem being addressed concerned ways in which concepts could be
specialized. KL-ONE provided essentially three ways: modification (i.e.,
specialization of a RoleSet' V/R or cardinality faet)9 differentiation
(i.e., creation of new RoleSets as subsets of some more general RoleSet in the
parent concept), and multiple inheritance. Given that the most abstract
concept in a KL-ONE taxonomy has a single RoleSet, whose oardinality facet is
>z 1, one sees that the introduction of new RoleSots is in a sense ultimately
always based on differentiation of that initial Roleset. The question we
asked was whether a framework could be established which would enable one to
make explicit the definitional context presupposed by many, if not all, such
differentiations. In the context of human society, for instance, certain
types of social/contractual interactions result in the association of specific
attributes with the participants of such interactions. Since these attributes
derive from the role-playing activity of the participants over extended time
horizons (of. our discussion of LANDLORD and Figures 1, 2 and 3), we
initially viewed the QUA link as being restricted to RoleSets in durative or
iterative processes. Thus HITTER could be QUA-defined only in a dispositional
sense, not a punctual one. And RoleSets of object concepts such as ARCH,
PERSON, BOOK, MESSAGE were all excluded as the head of a QUA link. Note, 
however, that since these latter concepts can themselves all be QUA-defined
relative to an appropriate framework, their RoleSets thereby also can. A
MESSAGE's REQUIRED/FIELDS, for instance, have exactly the same context of
definition as the MESSAGE itself, just as a LANDLORD's TENANT has. We thus d
hypothesized that QUA links to RoleSets other than those in durative or
iterative processes can always be treated simply as a notational abbreviation
along the lines just mentioned.

Note that under this hypothesis one automatically eliminates the
possibility of deriving inappropriate RoleSets (e.g., *sex" of *child* from
'sexw of *mother") or of creating conflicting inheritance paths for the same
QUA-defined concept. The formal properties of QUA of course can be divorced
from the issue of whether or not the hypothesis is correct. In the RIC
framework the question in a sense doesn't even arise, since all RoleSets, from
a purely syntactic point of view, have a RIC facet (just as they do a RoleName
facet). Whether or not it turns out to be a 'useful" representation mechanism
in any particular case is not regarded as having anything to do with its
implicit presence: that's simply part of the 'extra-terminological' advice one
night wish to make available to a user.

* 5) If one accepts the dependence of QUA links on process concepts, the
proper representation of the latter within KL-ONE becomes crucial. We have
advocated using Augmented Event Transition Networks (AETNa) as the basis for
modeling the role-dependent aspect of QUA-defined concepts. An AET Is a kind
of event grasmar, specifying the *expected' behavior of participant role-
players in processes that have extended time horizons, as well as the possible
transformations that physical entities can undergo relative to particular
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functional perspectives, without destroying their "objeothoodm. A formal
objects, AMNs can be represented by sets of propositions or clauses
incorporating special operators and connectives for dealing with such notions

- as tmporal realization, precedence, possible or eventual succession, eto.
Theose ideas are developed more fully in our position paper for this Workshop,
"Towards a calculus of structural descriptions ... ' (see page 115).

1-
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2. 0305? DZS303&003

During the second day of the main conference, we formed several working

Ugroups in order to promote informal, technical discussions. The topics

* discussed were chosen from suggestions made by the participants prior to the

Workshop. There were four of these groups, three of which are summarized in

this chapter. The fourth group, not represented in this chapter, worked on

*practice' problems using KL.-ONE.

The chairperson of each group was chosen in advance and asked to prepare

Va description of the issues to be addressed at their session. These

descriptions were circulated among the Workshop's participants at the

beginning of the Workshop and participants then chose the sessions they wished

to attend.* This chapter presents summaries of these sessions, each written 
by

the corresponding chairperson of each group.
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2.1 Tranporting KL-OUR to other LISPS [.

Chaired by Tin Finin (Pen)

This section discusses the results of the group meeting concerned with
using KL-ONE in environments other than InterlI8p. In particular we discussed
Lisp versions of KL-ONE which are derived from the Interlisp IL-ONE rather
than entirely separate implementations based on the same functionality. We
perceive a strong interest in having such versions of KL-ONE available on
maohines which do not support Interlisp.

Our group explored various ways to share resources and help one another.
As a whole, the group shared the feeling that we would benefit from some sort
of organization, however loose, that would prevent any duplication of effort.
The discussions grouped around four major issues: the nature of our interest
in non-Interlisp KL-ONE translations, the nature of BBN's role, maintenance of
communication and the sharing of the Franzlator translation system and any of
its translations.

I. Who Wants What

The largest component of the group was interested in a version of KL-ONE
which would run on a VAX. This means either a FranzLisp version or waiting
for the release of Vax-Interlisp. The second largest component was interested
in versions of KL-ONE for Lisp Machines. There was scattered interest in
versions for several less-common Lisp dialects (UTLisp and various Lisps for
Univac machines). The future possibility for a CommonLisp version was brought
up and discussed.

There was a general agreement that it would be highly desirable to have
non-Interlisp versions "track" the current Interlisp one. This requires
mechanical translation or Interlisp emulation. The Franzlator translation
system appeared to meet the needs of the task.

II. BBN'w position on non-Interlisp IL-ONE

As of yet, BBN has not expressed a clear official position on its
relationship to external KL-ONE users, especially with regards to those of us
wishing to develop and use non-Interlisp versions of KL-ONE. The informal
position has been quite supportive, both in terms of encouragement and in
terms of computer resources and manpower. Ue recoxnize, of course, that the
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resources that can be devoted to spreading KL-ONE are very limited. The
following points were suggested:

o B1N should develop an official position on the distribution of the
EL-O source oode.

o BBN should decide what resources and how much of them can be devoted
to non-Interlisp users. In particular, it was suggested that BBN
might make the DlIMified KL-ONE source code available from the krpa
network. Another particular issue is to what degree BBN will be
willing to make source-level changes in the Interlip version to
simplify its conversion to other Lisps. This has already happened to
a limited degree in conjunction with the effort to produce a
FranzLisp version.

o A community of non-Interlisp KL-ONE users on the Arpa net will need
access to one of the BBN machines in order to send and retrieve
files. We should seek some kind of support, probably from ARPA, for a
computer account for this purpose.

III. Maintaining Communication

One of the more important, and perhaps simple, tasks is to set up the
mans of maintaining communications between non-Interlisp KL-ONE users and
potential users. Three suggestions were:

1. Set up an krpa network mailing list for those people with access to
the Arpa network.

2. Set up a U.S. Mail mailing list for those people who do not have
access to the Arpa network.

3. Set up lines of communication across the CSNet and CogNet networks
when they become available.

Jim Schmolze volunteered to maintain the U.S. Mail mailing list for those
people not on the Arpa network.

IV. Sharing Translators and Translations

The management of one or more non-Interlisp versions of KL-ONE is
. certainly a large and time-consuming task, involving the creation,
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distribution, documentation and maintenance of the code. Since none of us can
take on such a large task, we sought ways to distribute the work. The general
plan which we developed involved the following points: [

o The Penn group will make available the Franzlator lisp translation i
system, the Interlisp to FranzLisp translation rules, and the
Interlisp run-time support system.

o Translation rules for other Lisp dialects will be developed by the
interested parties.

o BBN will make available the dwimified source code for KL-ONE.

o Each of us will be responsible for obtaining the Franzlator and the
dwimified code and creating our own translation.

1*

I
I

..

Transporting KL-ONE TO GROUP DISCUSSION REPORT.,

4,



Report No. 4842  Bolt Beranek and Newman Inc.

2.2 Inferences in KL-ONE

Chaired by Ron Brachman (Fairchild)

I. Introduction

Work on KL-ONE the past few years has, for the most part, concentrated on
issues of structure. While it has always been implicit that the structure is

T to be built a certain way only to support inference over it, not much has been
said explicitly about the kinds of inference that were in mind. The purpose
of this discussion group was to try to articulate the kinds of inference that
the current system and/or conception of KL-ONE covers, as well as those that
were desirable to include in future work.

4--

This is the invitation sent out to participants in the Workshop:

The purpose of a representation language is to support certain
kinds of inference. The topic we would like to address at this
working meeting is, "what kinds of inference does KL-ONE support, and
what kinds of inference SHOULD it support?"

The notion of a classification lattice that KL-ONE has had for
most of its life has implicit in it several kinds of inference:
transitivity of the superConcept relation, parts inferences, etc. Can
we enumerate these and make it clear just what their functionality
should be? Without doing at least that, it is hard to explain or
justify the language to others (logical types, especially). In
addition, the assertional part of the language has been sparse, at
best. What kind of assertional inferences should we plan on handling?
Why Is coreferentiality of description any more important than modus
ponens? Can we somehow get away without a complete set of logical
connectives and rules of inference?

II. Discussion

At the outset, we tried to draw a distinction between three provinces of
inference in a representation framework: 1) those inferences that came "for
free' as part of the language design (e.g., classification), P) inferences
appropriate to a knowledge representation system, but not considered part of
the language design, and 3) those completely outside the scope of a
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representation system. After some discussion, we decided to drop the
distinction between the first two of these, and settled on the question of
what inferential power should come an part of a 'turnkey" representation
system, and what should not be considered the proper responsibility of a
representation system.

The discussion proceeded smoothly, with most everyone agreeing on a not
too extensive list of types of inference they would like to see included in
KL-ONE:

o *inheritance*, or the equivalent thereof (part of the discussion
focused on how inheritance was an implementation notion, and not a
logical one).

o classification of descriptions on the basis of their internal
structure; this, too, is an implementation notion - what is needed is
an ability to infer the answer to the question *does description A
subsume description B?", and classifying descriptions in a taxonomy
from which the answer to this question can be read off is one way to
implement it. d

o realization - inferring which individuals are described by which
descriptions just on the basis of descriptions known to apply to them
(e.g., that the conjunctive description Ran A which is a B' applies
to an individual that is known to be an A and known to be a B - see
the Technical Discussion on the Realizer).

o various inferences over Role Value Maps, including the fact that if
"A subset B" and 'B subset A' then "A = B'.

o inference of Value Restrictions through Role Value Maps (if two Roles
are known necessarily to corefer, then the restrictions on their
fillers can be inferred to be the same); this is the basis for Fikes'
'Active Role Value Maps'.

o co-specification inferences - it should be possible for the system to
be able to tell when it is no longer possible for two descriptions to
apply to the same individual, based on disjointness and
exhaustiveness assertions; it should, by the same token, be possible
to tell when two descriptions must specify the same individual.

o truth/reason maintenance - it should be possible for a knowledge
representation system to maintain the dependencies between
assertions, where those dependencies arise either from inferences
made by the representation system itself or by an outside agent. The
ability to detect inconsistencies among assertions, in general, was !
thought to be beyond the scope of a representation language.
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o unification of descriptions

o accessibility, as among contexts representing possible worlds

It was also nearly uniformly agreed that two types of practical
mechanisms are desirable: 1) tools for interfacing the system to a data base
or *the real world*, and 2) an Nescape mechanismn, so that a user of the
representation system can specify certain things in the language in which the
representation system is implemented. This latter was stated to be
particularly important, in that implemented systems are inevitably incomplete.

At least two kinds of things were felt not appropriate ground for a
representation system to cover:

1. perceptual activities, like recognition, wherein an "appropriate*
description is determined for some individual. The representation
system should be able to record the results of perceptual
recognition and contribute information to the mechanism doing the
recognition, but it is not the job of the representation itself to
do such processing.

2. color graphics, etc.

Finally, there were a few more things not particularly inferential in
nature that were expected to be present in an off-the-shelf knowledge
representation system. These included basic concepts and axioms, like
concepts for numbers; the most general description, from which all other
descriptions are formed (e.g., the KL-ONE Concept "THING", with its one Role
"subpart", from which all other Roles descend); concepts for LISP functions;
and a self-description that is understood by the system itself (wherein an
activity of the system can be made to happen by describing that activity in
the language itself and causing it to "take").

Ii
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2.3 Usge of ontexts fop representation at time and belief

Chaired by David Israel (BEN)

The notion ot a CONTEXT (or SITUATION or POSSIBLE WORLD) seems to be
necessary in specifying the semantics of a large class of important - so-
called *intensional" - constructions. Such notions were first used to explain
the meaning of the modal constructions - those in which the concepts at
necessity and possibility played central roles. Intuitively, to say that a
proposition is a necessary truth is to say that it's true in all possible
worlds; to say that it's false but might be true is to say that in the actual
world it's false, but that there are possible worlds (possible situations) in
which it's true. The same idea has been used in explicating the meaning of
counterfactuals - sentences of the form: If it were (had been) the case that
P, then it would be (have been) the case that Q. Others (most importantly in
AI, Bob Moore) have attempted to use the same kind of notion in explicating
the logic and meaning of propositional-attitude constructions, such as: S
believes (desires, hopes, wants, fears,etc.) that P. And a number of
researchers have used similar ideas in handling temporal constructions (It
will be the case that P; It used to be the case that P; but is now no longer.
Etc.)

No claim is being made that exactly the same ideas are at work in all
this work; but there are strong family resemblances among them. And central
to them all is the introduction of a domain (a set) of contexts whose1
intrinsic structures are left largely or completely unspecified. Since
theories of possible world-type semantics leave us so in the dark about the
properties of these, they had best tell us something about the relations
holding among them. And that's what East such accounts do: crucially, they
specify a set of dyadic relations among worlds, situations, whatever, which
are supposed to govern "movement" between these. In the case of the
modalities, these relations are termed relations of relative accessibility or
reachability; in the case of temporal constructions one might imagine, e.g., a
relation of precedence among SITUATIONS or TIME-SLICES (or INSTANTS).

Let's assume that we are all convinced that we want to handle the kinds
of constructions exampled above in KL-ONE; what then? Both the design and the
implementation Of such a facility raises significant problems. One that, in
some sense, takes priority, can be put thus: do we go extensional or do we
stay intensional? All of the constructions alluded to above are intensional,*
a natural way to treat them (and the way that in modal and tense logics and
the logics of knowledge and belief they are, in fact treated) is to introduce
intensional operators and either axioms or/and rules of inference governing
these. That is, to introduce a new logic (or logical theory.) One can,
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however, avoid this move and handle these constructions in a standard,
extensional (first-order) quantifioational way by slightly altering theI language one starts with in certain simple ways (and correlatively adding new
structures to the original domain). So for instance, this is how both Moore
and (though not so completely) MoCarthy and Hayes go about things. In KL-ONE,

3 this would require having a generic ooncept for SITUATIONS (INSTANTS, POSSIBLE
5WORLDS, what have you) and in conformity with the spirit of the thing,

specifying a theory of worlds, etc. for which some KL-ONEish version of a
sound (and complete?) proof-procedure for quantification theory was specified.
NOTE, this way, at least in its pure form, requires no new kinds of structure
(especially not if you think of KL-ONE as some oddly shaped notational variant
of a standard quantificational language.) It does require new and specialr. axioms dealing with possible worlds and relations among them and their
"inhabitants*. But this is up to the applications designer, in just the same
way that it would be if the theory at hand were an arithmetic or biological
(as opposed to a metaphysical) one.

The other way - and of course there are many variants here - surely will
require new kinds of fl-ONE structures and new problems about their
interactions with each other and with other KL-ONE structures (e.g. and most
famously, perhaps: individual concepts and/or nexuses).

A major issue of discussion at the session was on the significance -

within fl-ONE - of the difference between these two kinds of treatment. Was
it a matter merely of semantic net design? (There were also heated exchanges
on the different kinds of context-dependence with which, e.g., a netural
language understanding system would have to deal.) There was, as well,
explicit recognition of the ways in which these issues connected with issues
about the treatment of propositions in KL-ONE. But, alas, there was no clear
consensus.
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3. PAPERS FOR PRETED TAL93[
Several formal talks were presented at the Workshop. The papers In this

I chapter correspond to those talks. The series of talks that occurred on
Honday night (entitled *Talks from various sites) are not reported here as
they were intended to be informal descriptions of various projects. However,
all other talks are represented by papers in this chapter. The first paper in
this chapter wa presented during the technical discussions. The others were

presented at the main conference (each paper Is noted as to when it was
hipresented).

Please note that the section numbering scheme vithin each of these papers
is disjoint from that of this proceedings. Whatever scheme was selected by
each author was left intact, even though it may appear to overlap the section
numbers assigned to other portions of the proceedings.
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Realization

William Mark

USC/Intormation Sciences Institute

(Presented during the teohnical discussions)

1. Introduction

All knowledge based systems have as a key task the problem of
*recognition", that is, relating a new piece of knowledge to the existing
knowledge base. In KL-ONE, there is a strict separation between the
intensional characteristics of representations in the knowledge base and their
extensions in the real world. Intensional information is kept in the form of I
a taxonomy of concept definitions. Extensional information consists of the
association of descriptions with real world objects and environments.
Therefore, the recognition process can be viewed as consisting of two parts: i
use of Intensional information to Lt the incoming description into the
definitional hierarchy, xlsfia lon'; and use of extensional information toassociate the incoming description with the appropriate real world entities,

1.1. Definition of the Problem r
The realization problem is defined by the following "principles*: -

o a description describes all real world entities described by its
subconcepts;

o the only way to tell whether a description describes real world
entities other than those described by its subconcepts is to use
extensional knowledge;

'See Tom Lipkist' paper "A KL-ONE Classifier" on page 128.
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I
o unless Attnd to be true at creation time, the ooreferentiality of

two descriptions (i.e., the faot that they describe the same real
world entity) must be determined by extensional realization.

The first principle says that the realizer can find all of the real world
entities that any description is defined to describe simply by looking down
Its suboonoept chain. As each real world entity is created (by the action of
processes external to the KL-ONE formalism), it will be given an initial
description. By following the relationships defined in the knowledge base
(and maintained by the classifier), the realizer can determine which of these
initial descriptions--and thus which real world entities--are encompassed by

.- any description of interest.

But the second principle warns that this reasoning is of limited utility.
It will often be the case that descriptions of interest describe real world
entities of interest not "by definition* (according to intensional knowledge),
but wby circumstance* (depending on extensional knowledge). For example,
knowing that "message that has been seen" describes the same real world entity
described by "message 17' requires an appeal to extensional knowledge.

The final principle is really a simple corollary of the other two--but it
emphasizes an important aspect of the problem. Many descriptions contain
constraints involving coreferentiality as part of their definitions. For
example, an "operation composition* of two operations requires in its
definition that the input of one operation be coreferential with the output of
the other. This means that in order to determine if some description

1. represents an operation composition, the classifier must ascertain (among
other things) that its outer operation has as input the output of its inner
operation. But unless the classifier knows by definition that this is in fact
the case, in short, unless the description was created as a subconcept of the
operation composition description in the first place, the classifier can never
make this determination. Realization using extensional knowledge is
necessary.

Realization must therefore be used not only when a reasoner must find
real objects in order to perform some task, but also whenever the reasoner is
trying to determine the relationship between two descriptions when
ooreferentiality constraints are involved (i.e., whenever a description
contains an RSR). Therefore, assuming that we wish to go beyond definitional
reasoning--or assuming that we are incapable of representing everything we
want in the definitional network--realization using extensional knowledge is a
fundamental part of the reasoning process, complementing classification at all
stages.

[ 1.2. The Need for Simplification

[
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1..
The real world is a complex place. Reasoners must deal with partial

knowledge, belief, context-dependent and context-independent information,
information about individual objects, information about groups of objects,
etc. Descriptions of all of these types certainly have bearing on the L
realization problem (any description a2uld describe any real world entity--or
influence decisions about the description of any entity--and enough
computation could conceivably discover that fact). As a practical matter,
realization must be restricted due to the incompleteness of the current KL-ONE
formalism and to the need for conceptual and computational tractability.

Any realization algorithm in the current L-ONE environment must be an
approximation. L-ONE has no methodology for expressing and asserting
propositions. Its context mechanism provides an implementation framework, but
no restrictions on the interpretation and use of contextual information. The
nexus construct has known limitations. Realization must work around these
shortcomings until the formalism is complete.

Even in a complete formalism, realization will inevitably be approximate;
the conceptual/computational problems of a complete scheme are too formidable.
Every time a new description enters the system, the realizer must decide which
real world entities must be examined, which existing descriptions have to be
taken into account (the system could have widely dispersed information about
contexts, partial knowledge, negative information), which existing
realizations have to be changed, etc. This would require a seemingly I
boundless use of resources. Simplifying assumptions must be made if
realization is to be feasible. J

The next section describes the realizer implemented in the Consul system.
I will outline the approximations and restrictions that allow it to work in
current EL-ONE (and to work at all) and give examples of its use. Following
sections examine the advisability of making realization part of the *standard
L-ONE system" and discuss the possibility of extending the current scheme in
the direction of total realization.

2. The Consul Realizer

Given that the general realization task is of arbitrary complexity, the
artliuA problem of realization becomes one of defining a process that works
within the current limitations of the EL-ONE representation, is limited enough
to be computationally feasible, performs a useful (if not complete) range of
reasoning tasks, and is clean enough to allow modification and extension.

The Consul realizer is an attempt to meet these goals. It is designed to
support Consul's major inferential processes: mapping, explanation, and
acquisition. It uses the EL-ONE representation to the fullest extent
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possible; where it mast go beyond KL-OUE, the knowledge it uses is oarefully
isolated, packaged up, and attached to the appropriate perts of the KL-ONE
representation. To provide computational feasibility, it is invoked only

under certain well defined conditions. The result In that under a restricted

set of circumstances, it can determine whether a restricted set of

descriptions describe a restricted set of real world entities, given a rather
restricted view of the real world. In particular:

o Z aLInna n Xon a±±tn: The realizer is called only when the
classifier adds a new description to the network, and even then only
when the incoming description has certain characteristics (see

below).

o Resrin s n Duaoriittna InrvemLfu Lnd: Only a small set of
descriptions (the "realization set*) is considered during each
invocation:

. the incoming concept;

. superconcepta of the incoming concept;

c concepts that would be subooncepts or superconcepts of the
inooming concept except for the presence of non-preempted RSR
constraints;

. . all other descriptions of nexuses for which a new description is
found during the invocation.

to Bsoiaia na kaZ=kMI noxl M Ud: All of the extensional
knowledge that can be used to perform the realization must either be

part of the realizer code (i.e., knowledge about how to process
certain network structures with no reference to the "meaning* of the

concepts in those structures) or be represented as procedures
attached to concepts that are expected to be paraindividuated (these

[J procedures define the *meaning" of that particular concept).

o Restrition an Vorld Wetn:

The only way to say something about the real world is to assert
the description of a nexus in some context. No other
descriptions (e.g., general propositions, descriptions of

environments and configurations of nexuses) can be asserted (see
Section 1.1, page 8).

0 A nexus is a simple describable object (there are no variable
nexuses).

V. Mark 81 PRESENTED PAPERS



Bolt Beranek and Newman Inc. Report No. 4642

A context is an arbitrary grouping of nexuses. The realizer
knows nothing about the semantios of contexts (e.g., how one
context relates to another).

The world of nexuses is considered to be closed: it is assumed
that every real world object that should be represented by a
nexus is represented by a nexus. This is accomplished by
processes outside the realizer.

For a given invocation of the realizer, only those nexuses which
are described by descriptions in the realization set are
considered.

The realizer makes no decision about the merging of nexuses.

2.1. The Realization Algorithm

The action of the realizer is as follows: I

(1) after the classifier classifies an incoming description, it calls

the realizer with a list of pairs, each consisting of the incoming
description and (a) one of the "almost subconcepts" of the incoming
description that do not have some RSR's that are on the incoming
description, (b) one of the superconoepta of the incoming
description that do not have some RSR's that are on the incoming
description, or (c) one of the "almost superconoepta" of the
incoming description that have RSR's that are not on the incoming
description; the members of each pair are checked by the realizer
for a possible subdescription/superdescription relationship (the
incoming description may be either the subdesoription or the
superdescription of the pair);

(2) the realizer first checks to see whether the possible subdescription
happens to describe the nexuses described by the possible
superdescription:

o if the possible subdescription contains non-RSR information not
contained on the possible superdesoription (e.g., a mvre
restrictive VR for one of its roles), the realizer cannot
determine whether it describes the nexuses described by the
possible superdesoription; no further checking is done, and the
pair is discarded;

o otherwise, the realizer checks to see whether the RSR

[
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constraints on the possible subdescription are in fact

satisfied by the nexuses attached to the possible
superdesoription; if they are, there is indeed a
subdescription/superdescription relationship, and the nexuses
of the superdescription are attached to the subdescription;

I (3) the realizer then checks to see whether the possible
superdescription describes the nexuses described by the possible

Iaubdesoription:

o if the possible superdescription is an actual superconcept of
the possible subdescription, it is automatically known to
describe the nexuses described by the subdescription, and
nothing further needs to be done;

o otherwise, the realizer checks to see whether the RSR
constraints on the possible superdescription are in fact
satisfied by the nexuses attached to the possible
subdescription; if they are, there is indeed a
subdescription/superdescription relationship, and the nexusesof the subdescription are attached to the superdescription;

(4) every time a new description wire is created, the realizer finds all
of the existing descriptions of the nexus involved; if there are
more than one, it creates the common subconcept of all existing
descriptions; this new description must also describe the nexus, so
it is appropriately attaehed; the new description is then classified
in the network.

*Satisfaction of RSR constraints* with respect to a particular nexus is
determined by checking to see whether its attached descriptions accord with
the structural relationship expressed by the RSR and (in some cases) with
procedural specifications for the paraindividuals involved. Constraints
involving only "further description" and role value maps can be checked
structurally--the meaning of particular paraindividuals is not in question.
In all other cases, the meaning of the paraindividual must be considered, and
is represented via an attached procedure (i.e., not in KL-ONE). Also included
in each constraint is the number restriction on each role coreferenced by the
RSR: it tells the realizer how many nexuses the value description of that role
is allowed to describe.

if 2.2 An Example of Realization

This may be easier to unravel in the context of an example (see Figure
1). Suppose there are three nexuses described as messages; two of the
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See See
Eventi Event2

bJ obi

L4*ss~e 8Messge 9sage.O

receverreceverreceiver
9 10

FIG. 1. A NEW DESCRIPTION IS INiRODUCED INTO THE KNOWLEDGE BASE

descriptions are also value restrictions of See Event's. Now we introduce a
new description, Nessagel: *messages that have been seen". In the course of
classification, this incoming description will be compared with tMessage.8,
Nesag.9, and Nesaage.10. Since Messagel would be a superconoept of the
other message descriptions except for the SD See Event, Message.8, Message.9,
and Message.1O are "almost subconcepts" of Messagel. Following step (1) of
the algorithm, the "possible subdescription*/Opossible superdesription* pairs
(Megaage.8 Nessagel), (Nessage.9 Messagel), and (Message.1O Nessagel) are
passed to the realizer.
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For each pair, the realiser first attempts to determine whether the
possible subdesoription describes the nexuses described by the possible
superdesoription (step (2)). In each asse, this is prevented by the fact that
there Is additional non-SR information on the subdscriptlon (the VtRs of thesender and receiver roles, the additional Id role).

I The realizer must next ee whether the possible superdescriptions
describe the nexuses described by the possible subdesoriptions (step (3)).
This mans determining whether the constraint expressed by the 'furtheridesoriptionu See Event Is true of the nexuses described by Msrsage.8,
Message.9, and Nssaage.1O (respectively). Further description implies that a
suboonoept of the paraindividuatod concept has a role with a value as
indicated by the corer role of the paraindividual. That is, the further
description constraint expresses a template that can be checked in the network
structure. In this case, the template is satisfied if the Message in question
fills the object role of some kind of See Event description.

This notion of *filling the object role' must be examined carefully. In
IL-OE, the fact that a Message description is the VtR of the object role of a
See Event description says nothing about whether a particular entity (nexus)
described as that Message is in fact in an 'objeot' relationship with the
particular entity described as a See Event. This would only be true if we
could somehow show that the description essage AgLgamll describes that
particular entity, i.e., that that description could not possibly describe any
other nexus, so it must man this one. In short, for the reallser to cheok
the further description constraint, it must see whether the Message
description is individual in this way under these circumstances

2.

In this case, 4essage.8 is determined to be an individual description.
It is then cheocked to see whether it is the value of the object role of some
kind of See Event that describes a nexus; it Is not. The further description
constraint therefore does not hold, and Messagel does not describe nexus N1.
However, similar reasoning for Message.9 and Message.10 leads to the
conclusion that Hessagel does indeed describe nexuses N2 and N3. The realizer
therefore attaches Messagel to N2 and 13.

F oI will postpone discussion of step (4) of the algorithm and go on to
Figure 2, showing the introduction into the knowledge base of another new
description, Message2: 'messages from Jones to Smith when both were logged
on. In the previous case, the incoming description was the possible

2This j argument, as well an the system's mechanism for determining
individuality, is described in much greater detail in Mark's sumary of the
technical discussion on "Individuality in IL-ONZ', Section 1.3, page 23).
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See See
Eventi Event

obi obi

sede idsne d edr i

N1 N2 N3

FIG. 2. ANOTHER NEW DESCRIPTION IS INTRODUCED INTO THE KNOWLEDGE BASE f
superdescription of the existing desoriptions Mesage.8, M aage.9, and ["
Nesasage.10, thus exercising step (3) of the realization algorithm. In this
case, Nossage2 is a possitle subdescription of Nessage.8 and Nsssage.9, so
that step (2) is the one that is applicable. Realization processing takes
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I
place much as before except that the SD Logged On Is not a *furtherU description", and requires different processing.

The realizer must essentially determine whether the constraint expressed
by Logged On is true of the nexuses described by Nessag.8 or Iessage.9. The
desired constraint is that the message have the characteristic that both its
sender and receiver were logged on when it was sent. The question is how this
can be represented and how the realizer can determine whether or not it holds
in this case. I will make the assumption that the constraint is not easily
represented in term of the current KL-ONE formalism, and must therefore
somehow be represented extrinsically, i.e., outside the world of network and
nexuses. The problem then becomes to appropriately package extrinsically
represented constraints so that they can be accessed and checked by the
realizer in a consistent manner.

The mechanism chosen in the current realizer is to express all
constraints except *further description" SD's and role value maps as
procedures attached to the relevant generic concepts. When these concepts are
paraindividuated, the constraint procedure is inherited. Then when the
paraindividual becomes involved in a realization, the realizer accesses the
procedure, evaluates it on the relevant arguments (as determined by the coref
roles of the 3D), and returns true or false. Thus, in this case it could
determine that, say, the Logged On constraint was true of Message.9 but not
,essage.8.

Note that there is nothing in Figure 2, in other words, nothing in the
KL-ONE representation of that situation, that indicates why Meassge2 describes
the nexus described by Hessage.9 but not Message.8. For further description
constraints, it must be the case that the relevant nexuses have been
explicitly created and appropriately described. For procedural constraints,

all of this knowledge can be implicit (i.e., "somehow* known to the procedure,
and to nothing else).

L This is certainly undesirable: we want to move in the direction of the
explicit structure-based reasoning possible now only for constraints that

express nothing more than ooreferentiality relationships, i.e., only for[ further descriptions and role value maps. Extension of the scheme to more
complex predicates awaits the new propositior representation (see the Section
"Extensions', page 20, in the summary of the technical discussion on
Realization).

There is one more set of nexuses that can be found by the realizer, as
defined in step (4) of the algorithm description. It is illustrated in Figure
3. The upper part of the figure shows a nexus N4 described as both a red
haired girl and a cyclist. Now the new description Cyolist'--a red haired

cyclist--is introduced. The realizer should be able to discover that it too
describes nexus N. The problem is that there is no single concept in the
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The necessary information is in fact the conjunction of all concepts known to
describe 14. If the realizer is to discover this sort of realization, It must
somehow be aware of the different pieces of information in the network that
can be taken oonjunctively.

This capability is provided in the current realizer by prior construction
of the common subconcepts: vhenever the creation of a nov description wire
produces a multiply described nexus, the comon suboonoept of all the

- descriptions of that nexus is created and attached to the nexus. This method
was chosen to simplify the action of the realizer-it allows this case to be
handled naturally in the framework of realization as an adjunct of

Sclassification. If oomn suboonoept creation were left implicit or made
* explicit only on some sort of *need" basis, that is, if common subconcepts
- were not always explicitly represented in the network, classification could

not be relied upon to find all realisation opportunities.

In this case, when it was discovered that both Cyclist and Girl describe
P , the description Red Haired Girl Cyclist was produced. When (some time

T- later) the red haired cyclist Cyclist' is introduced, Red Haired Girl Cyclist
will be a suboonoept of it, and Cyclist' will be seen to describe N4 by
suboonoept link examination. This situation, the actual one produced by the
realizer, is shown in the lower half of Figure 3. This is another example of
structural reasoning by the realizer: there is no appeal to extrinsic
knowledge.

In the examples shown in Figures 1 and 2, each multiply described nexus
has one of these comon subooncept descriptions like Red Haired Girl Cyclist
(e.g., N1 would have the additional description *message from Jones to Smith
with id 8 that has been seen). However, since no new realizations are
revealed by the resulting suboonoept relationships, these common suboonoept
descriptions are not shown (the diagrams are complicated enough as it is).

Imagining the presence of the appropriate common subconcepts and a
description wire from N2 to Messagse2, Figure 2 shows the complete result of
realization on the examples.
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ErAghl1&ts fm KlonoTalk: Display-Daod SLtting and Bromaingo
ooompoatton, Qua Concept8p and Aivea Rol* Value Ma

L

Rohard Fikes

Cognitive and Instructional Scienoes Group
Xerox Palo Alto Researoh CenterPalo Alto, California

(Presented during the main oonference) 1

This presentation describes some of the distinctive features of an
implemention of KL-ONZ in Smalltalk [61 called KlonsTalk. The motivation for -
this Implementation came from some work done by Austin Henderson and myself 8

involving the development of systems that understand how procedural tasks are
actually done in an office rather than how they are described in policy andproedure manuals [1 and 41. We were interested in developing a termitnology
for describing office tasks, functions, and procedures and we needed a formal
language in which to express that terminology. We decided to use KL-ONE as
the formal language and to develop a set of system faclities for oreatingp

editing, extending, and browsing KL-ONE networks that would support the
terminology development. We wanted a display-based interface for our system
and the capability to extend KL-ONE itself when necessary to provide the I
representational facilities necessary for our project. These requirements led
us to build our own implementation of a subset of the KL-ONE language.

1. THE LONETAIK U-SSR INTERFACE

KlonTalk presents the user vith a display-based interface containing
facilittes for creating, editing, extending, and browsing fl-ONE networks. In
addition, there is a file package that allows the user to read and writeportions of a network onto text M63e in a *pretty print" format that is human

readable and editable *off line" using a text editor. This section is an
overview of that user interface. (For a more detailed description, see [2]).

1.1. The Network Index Window

IA videotape was shown which demonstrated the user interface to lloneTalk.
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For each KL-ONE network (typically only 1) in the systems the user can
display a window containing an index Into that network. The Index oonista of

four lists of name, alphabetically ordered. Th lists awe ft generic
concepts, Individual concepts, nexuses, and contexts. Figure I shows an
index for a small network.

I (Note: We have focused our attention in the implementation almost
entirely on generic and individual concepts, to the exclusion of nexuses and
oontexts. Hence, even though nexuses, contexts, and description wires can be
represented in KlonTalk, we have given no aLtention to providing user
interface facilities for their convenient usage.)

IThe user can select any item on these lists and then obtain a menu of
operations for the selected item. For any of the four types of items, those
operations include Rename, Remove, Spawn View, and Spawn Full View. For
generic concepts, the operations also include Speoialize, Typify, and
Individuate.

The network index window is intended to be used primarily to initiate ar series of interactions with a network. Most sucoceeding interactions will be
done from item viewing windows in a browsing mode, as described below.

1.2. Item Viewing Windows

When the user seleots the "Spawn View" operation, a new window is opened
on the soreen at a location and with a size specified by the user with the
mouse. A description of the item to be viewed (e.g., a generic concept) is
then created using a simple parenthesis language and displayed in the window
as a text string (Figure 2 shows an example of a view of a generic concept).
The user can then edit that description using the standard Smalltalk text
editor. The menu of edit oonmands inoludes *Compile*, and when that oomand
is selected, the item described by the edited text is stored in the network.
If that item has the same name an an existing item in the network (as it would
in the typical case where the edits do not change the item's name), then the
old item is replaced by the now item in such a manner that all other items in
the network that pointed to the old item now point to the new item (more about
how that is done later).

SThe same menu operations that are available in the network index window
are also available in an item viewing window. For example, when a generic
concept is being viewed, the user can specialize or individuate it. If theIa

[ 2A11 figures are included at the end of this paper.
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L
name of an item is selected in a viewing window, then the menu of operations
applies to the selected Item rather than to the item being viewed. So, the
user oan browse the network by selecting the name of any item mentioned In the
description (say as the value restriction of a role), and then use
SpawnView menu command to create a view of the Item mentioned.

It is often very useful when viewing concepts to be able to see
descriptions of the inherited information in addition to the local
information. The "Spawn Full View* command provides that capability. In a
full view of a concept, the local Information is displayed in bold and the
inherited information in non-bold (Figure 5 shows an example of a full view of
an individual concept). The user can edit a full view, changing the edited
sections to bold, and compile it. During the compilation, the parser Ignores
all non-bold characters.

The full view provides a complete description of the concept. Such a
description is particularly useful as an editing template when new concepts
are being created, since it indicates the rolesets that are available to
modify or differentiate. A standard way of extending a network is to use a
Specialize or Individuate comand to create a new concept, spawn a full view Iof the new concept, and then describe the concept by editing the full view.

The interface contains many detailed convenience features not described
here. One worth mentioning is an "Informationm menu comand that applies to
an item being viewed or whose name has been selected in a view. That command
results in display of an additional menu of conmands that can provide the user
with various data about the item that is not included in the text desoription. I
Such information primarily involves identifying other Items that point to this
item. For example, for a generic concept there are commands to list the roles
of which the concept is a value restriction, the concept's specializations, 11
and the concept's individuals. This information menu (for any item) also
contains a book into Smalltalk's facilities for viewing Smalltalk data
structures. That wInspectu command allows the user to view the data structure
that represents the item for debugging or system modification purposes.

-I

1.3. Automatio Definition of Mentioned Concepts

The compiler will define any item mentioned in a description that does
not yet exist in the network. So, for example, if a role's value restriction
is not already in the network, then it will be created as a new generic
concept specializing Entity (the most general concept in our network). The
compiler uses whatever information it has from the context when creating new I
items. So, for example, a role's value will be created as an individual

concept individuating the role's value restrictions.
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This compiler capability of defining an item whenever Its sme isr mentioned is very convenient for the user when adding conoepts to a network,
and allows Items to be mentioned in descriptions on a file before the
mentioned Item In described on the file. Some protection is needed for the

-.- user, however, from the system creating a new item when the name of an
. I existing item is mistyped.

* - 1.4. Internal Methods for Changing the Network

Care mast be taken in designing the compilation methods for changing an
existing item in a network. For example, when the user asks to view a
concept, edits the description of the concept, and then issues the Compile
menu oomwand; if be has not changed the name of the concept, we assume that he

p- intends the existing concept in the network to be altered so that it intches
-. the edited description. That alteration aunt be done in a manner so that any

other items in the network that reference the old concept or any of its parts
continue to reference the appropriate places in the new concept.

- The methods we have implemented reuse the same data structures for
concepts, roles, structural descriptions, nexuses, and contexts so that
pointers to those structures are still valid. (That Is, we assume that If one
of those items has the same name in an edited description as it had before the
edit, then the user intends all references to the old item to now be
references to the new item.) The difficult problem then becomes one of
dealing with references to items deleted by an edit. For example, during the
edit of a concept, a role may be deleted that is differentiated by a role of a
specialization of the edited ooncept.

We have organized our implementation so that whenever an item is being
removed, a wremove* funotion for that type of item is called (hence, there Is

r- in effect a RemoveRole function, a ReoveGenerlcConoept function, etc.). Our
current versions of those functions take a zeroth order approach to the

ti problems by simply insuring that all pointers to the item being removed are
also removed from the network. For example, if a generic concept is a value
restriction of some role and is removed from the network, then it is also
removed from the role's list of value restrictions. These functions therefore
maintain syntactic consistency in the network, but provide no help in assuring
reasonable semantic consequences of the removals.

My intuition is that desirable versions of these removal functions would
inform the user when references to the item being removed are found in the
network, and, whenever possible, present reasonable options of what to do with
them in addition to deletion. For example, when a generic concept Is beingremoved that has specializations, one might present the option of altering the
specializations so that they become specializations of the concepts that the
removed concept specialized.
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2. ADDITIONS TO KL-ONZ

In the course of using IloneTalk, we have experimented with several
additions to KL-ONE. This section discusses tvo of those that have proven
particularly useful: decompositions and qua concepts.

2.1. Decompositions

In our use of KloneTalk, we wanted to be able to include in the
definition of concepts statements of the form *all X's are either T's or Z's.0
and *an X cannot be a YO. To provide that capability, we add facilities that
allowed the definition of a generic concept to include a collection of
decompositions, each of which specifies a way in which the concept's
specializations decompose it.

Each decomposition consists of a set of constituents, a disjointness
flag, and a completeness flag. Each constituent is a generic concept that is
a specialization of the concept being defined. For example, a "Person" I
concept might have an "age" decomposition consisting of "Child" and "Adult"
that is complete and disjoint (i.e., is a partition). Given this

decomposition, the system could conclude that if N is a Person, then N must be I
a Child or an Adult, and if N is a Child then N is not an Adult. Also, the
"Person" concept could have an "AdultsBySex" decomposition consisting of *Man*
and "Woman" that was disjoint but not complete (i.e., does not include
children). Given that decomposition the system could not conclude that a I
Person must be either a Man or a Woman, but could conclude that a Man is not a
Woman.

2.2. Qua Concepts

We have included in KloneTalk a version of "Qua" concepts (first
suggested in [5]). In our implementation, each role at each concept has an
implicit qua concept associated with it. Qua concepts allow the description
of characteristics of the value of a role that the value has only because it
is the value of that role. For example, the "wife" role of a "Marriagew may
have "Woman" as its value restriction. But a woman who is a wife could be
considered to have roles such as "husband", "mother-in-law", and "maidenName"
that she acquires only because she is the wife of a marriage. Hence, those
roles would be defined as being part of the definition of the qua concept for
"wife" at "Marriage". The qua concept for a role is by definition a
subooncept of the role's value restriction. Hence, in our example, the qua
concept for "wife" at "Marriage" would be a suboonoept of "Woman".
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I
Qua concepts have the following implicational import in the assertional

portion of KloneTalk. Lot Q be the qua concept for role R at concept OC.
Then, describing nexus N1 as a Q in a context implies the existence of a nexus32 in the same context describable as a OC whose R value also describes N1
(i.e., bels Qtish implies being Rish for some OC).

I In our implementation, a Qua concept for a role is simply a generic
concept with an additional *qua link" to the role. In addition, it is
required to be a suboonoept of the value restriction of the role and, if the
role is inherited from some concept, of the qua concept of the role at that
concept.

[ 3. ACTIVE ROLE VALUE MAPS

I Several members of the rJ,-ONE oommuntty have found "Role Value N -

(RVIM) to be a particularly useful subclass of roleset relations. We
found in our work with KloneTalk that their usefulness extends to aidin
building and editing of concept networks as follows. When new qu.
individual concepts are added to a network, information implicitly represented
In RIVMS of concepts already existing in the network oan be explicitly added to
the description of the new concepts. The concept description additions
involve differentiating roles at the end of role chains and adding values to
those differentiations, or adding new value and number restrictions to roles
at the end of the role chains. Such "active role value maps" relieve the user
of the need to supply that information himself.

This section describes the syntax and semantics of RVMs as they are
implemented in KloneTalk, and then provides an example of how they are used to

. automatically add information to qua and individual concepts. (For a more
detailed description, see (3].)

[13.1. RVM Syntax and Semantics

A RIM in KloneTalk has the form:

<RIM> :a <role chain> <connective> <role chain>
<role chain> :a (Each) <role id> I

<role chain> (Each) <role id>

i <connective> := < I I >

A role chain specifies a sequence of role identifiers (<concept name,ft role name> pairs in KloneTalk) whose first element is a role of the concept

.
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that the 111M is attached to. It defines a tree of paths, since any role in 
the sequence may be differentiated.

Each path through a role chain tree leads to a set of roles (called the L.
"end roles*) that are differentiations with number restriction 1 of the last
role in the path. A path also speoifies a set consisting of the values j
(called "end values") of the end roles. The connective refers to the sets of
end values and is interpreted as either "=" (set equals), 0<0 (subset of), or
*>" (superset of).

When a role chain contains no occurrences of 'Each", the RVM applies to
the union of the sets of end values for the entire role chain tree. For
example, a concept Parentage might have an RVM:

(child from: Parentage) < (father from: Parentage)
(child from: Father)

meaning that the children of a parentage (i.e., of a particular coupling) are
a subset of the children of the father. An occurrence of 'Each' preceding a
role id in a role chain means that the RVM applies successively to each I
subtree defined by each differentiation of the role indicated by the role id.
For a given subtree, the constraint refers to the union of the set of end
values in that subtree. For example, the concept Parentage might have an RVM: 1

(father from: Parentage) = Each (child from: Parentage)
(father from: Child)

meaning that the father of a parentage is the father of each of the

parentage's children.

3.2. Examples of RVM Activation

Our methods for applying an RVM proceed by forming descriptions of the
end value sets for the two role chains and then considering each pair of end
value sets that are being constrained. For each role chain, the set being
constrained is the set of possible values for the roles at the end of the
chain. Changes can be made in such an end role if all the roles on the chain
that led to it either had values or had qua concepts defined for them. Hence,
an RVM can only be used to change the description of roles of individual
concepts and qua concepts.
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Rather than describe in this sumary the details of the activation
algorithms, I will illustrate their usage with a sequence of examples.
Consider compilation in KloneTalk of the generic concept 'Parentagew shown in
Figure 2. If the Child, Father, and Mother qua concepts did not previously
exist in the network, then the compiler would create them and give them the5roles mentioned in Parentage, as shown in Figure 3.

Activation of the RMes of Parentage would then cause the descriptions of
those concepts to be augmented as shown in Figure 4. ParentageSD3 is used to
imply that the value of the *mother' role of a Child must also be a value of
the *mother" role of a Parentage, and since each Parentage as exactly one
mother, that each Child has exactly one mother. ParentageSD4 implies the same
results for the 'father' role of a Child. ParentageSDI is used to imply that
a Father has at least one child and that at least one of those children ust
also be the wohildw of a 'Parentage'. Similarly, ParentageSD2 is used to
imply that a Mother has at least one child and that at least one of those
children must also be the "child" of a 'Parentage*.

Consider the effects of compiling and applying the RVM3 of an
individuation of Parentage such as the one shown in Figure 5. If Child,
Father, and Mother had the descriptions discussed above (and shown in Figure
4), and Joan, Jack, and Sue were not defined in the network before the
compilation, then those individual concepts would be defined by the compiler
and have the descriptions shown in Figure 6 after application of the RVMs.

Note that Joan could not be added as a child to the descriptions of Jack
and Sue because the information is not available to determine whether Joan is
an individuation of 'child' or of 'ohildSubl'. However, if before this
compilation the user had edited the descriptions of Father and Mother, adding
the information that the value restriction of the 'child' roles is 'Child' and
deleting the 'childSubl' roles (so that every child is a Child)o then
application of the RVMs of ParentageOfJoan would cause the descriptions of
Jack and Sue to appear as shown in Figure 7. In those descriptions,
ParentageSD1 was used to determine that Joan is one of the children of Jack,
and ParentageSD2 was used to determine that Joan is one of the children of
Sue.

4. Acknowledgements
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system's design, and a participant in the programming. Ron Brachnan, Ira
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FIG. 1. AN INDEX FOR A SMALL NETWORK
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I(Parentage (a:Reainhp
(Tcxt: 'he relationship resulting from conceiving a child')
(RoleSets:£ (ozhcrs Woman)

(Qua: Mother)
(Number: 1))

(father
(ValuelsA, Man)
(Qua: Father)
(Number: 1))

(childI (ValuelsA: Person)
(Qua: Child)
(Number: (1 nil))))

3 (Rolc ValueMaps:
(ParentagcSDl

(Trext The children of a Parentage are same of the children of its rather')
1. (Map: (child from: Parentage) < (father from: Parentage) (child from: Father)))

(ParcntageSD2
- (Text Thbe children of a Parentage arc some of thc children of its mothcr')

(Map: (child from: Parentage) < (mother from: Parcntage) (child from: Mother)))
(ParentageSD3

(Text 'The mother of a Parentage is the mother of cach of its children')
(Map: (mother from: Parentage) = Each (child from: Parentage) (mother from: Child)))

(ParentageSD4
(Text: 'ihe father of a Parcntage is the father of each of its children')
(Map: (father from: Parentage) = Each (child from: Parentage) (father from: Child]

L FIG. 2. THE "PARENTAGE* GENERIC CONCEPT
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[Child (a: Person)
(Qua: (child from: Parentage))
(RoleSets:-

(mother)
(father]

[Father (a: Man)
(Qua: (father from: Parentage))
(RoleSets.

(child]

[Mother (a: Woman)
(Qua: (mother from: Parentage))
(RoleSets:

(child)

FIG. 3.CONCEPT DESCRIPTIONS RESULTING FROM COMPILATION OF PARENTAGE

Ir
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[Child (a: Person)
(Qua: (childtam: Parentage))I (RoleSets.

(mother
(ValuelsA: Mother)
(Number~ 1))

(Mier
(ValuelsA: Father)

(Number~ 11
(Father (a: Man)

(Qua: (rather from: Parentage))
(RdleSets

(child
(Number (1 nil)))

(chitdSubl
(Difs:. (child from: Father))
(Number: (1 nil))
(ValuelsA: Child)

[Mother (a: Woman)
(Qua: (mother from: Parentage))
(RoleSets:

(child
(Number. (1 nil)))

(childSubl
(Dif's: (child from: Mother))
(Number: (1 nil))

(ValucisA: Child]

[ FIG. ii. DESCRIPTIONS AFTER ACTIVATION OF THE RIS OF PARENTAGE
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[ParentageOfJoan (a: Relationship)
(Individuates: Parentage)
(Text: 'The relationship resulting from conceiving Joan')
(RoleSets:

(mother (from: Parentage)
(Value: Sue)
(ValuelsA: Mother)
(Number. 1))

(father (from: Parentage)
(Value: Jack)
(ValuelsA: Father) j
(Number: 1))

(child (from: Parentage)
(Value: Joan)
(ValuelsA: Child)
(Number. (1 nil))))

(RoleValueMaps:
(ParentageSDl I

(Text: 'The children of a Parentage are some of the children of its father')
(Map: (child from: Parentage) < (father from: Parentage) (child from: Father)))

(ParentageSD2
(Text 'The children of a Parentage are some of the children of its mother')
(Map: (child from: Parentage) < (mother from: Parentage) (child from: Mother)))

(ParentageSD3 3
(Text: 'The mother of a Parentage is the mother of each of its children')
(Map: (mother from: Parentage) = Each (child from: Parentage) (mother from: Child)))

(ParentageSD4
(Text 'The father of a Parentage is the father of each of its children')
(Map: (father from: Parentage) = Each (child from: Parentage) (father from: Child)

FIG. 5. AN INDIVIDUATION OF PARENTAGE

R. P[I
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[JoanI (Individuates: Child)
(RoleSets:

(mother (from: Child)I (value: Sue)
(ValuelsA: Mother)
(Number~ 1))

(father (fronc Child)
(Value: Jack)
(ValuelsA: Father)

[Jc (Number 1

(Jndividua~tcs: Father)I (RoleSets:
(child (from: Father)

(Number: (1 ail)))
(childSublII: (Difs: (child from: Father))

(Number: (1 nil))
(ValuelsA: Child]

(Sue
(Individuates: Mother)
(RoleSets:

(child (from: Mother)
(Number: (1 nil)))

(childSublL(Difs: (child from: Mother))
(Number: (I nil))[ (ValuelsA: Childj

UI FIG. 6. DESCRIPTIONS OF INDIVIDUALS I14PLIED BY PARENTAGEOFJOAJI
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L
[Jack L

(lndividuates: Father)
(RoleSets

(child (from: Father)
(Number. (I nil)))

(childl,
(Dirs: (child from: Father)) L.
(Value: Joan]

[Sue
(Individuates: Mother)
(RoleSets:

(child (from: Mother)
(Number: (I nil)))

(childl
(Difs: (child from: Mother))
(Value: Joani

FIG. 7. DESCRIPTIONS OF JACK AND SUE IMPLIED BY PARENTAOEOFJOAN, ASSUMING
AN EDIT OF FATHER AND MOTHER

d.
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Translating EL-N from Interlisp to FranzLisp lI

Tin Finin

Franz KL-ONE translation project
University of Pennsylvania

(Presented during the main conference)

This section describes an effort to translate the Interlisp KL-ONE system .
into Franzlisp to enable it to be run on a VAX. This effort has involved Tin
Finin, Richard Duncan and Hassan Ait-Kaci from the University of Pennsylvania,
Judy Weiner from Temple University, Jane Barnett from Computer Corporation of
America and Jim Schmolze from Bolt Beranek and Neuman Inc.

The primary motivation for this project was to make a version of KL-ONE
available on a PDP 11/780 VAX. A VAX Interlisp is not yet available, although
one is being written and will soon be available. Currently, the only

substantial Lisp for a Vax is the Berkeley FranzLisp system. As a secondary
motivation, we are interested in making KL-ONE more available in general - on
a variety of Lisp dialects and machines.

When we began the effort (summer 1981) we first looked at several
existing inter-dialect Lisp translation systems (e.g., Interlisp's TRANSOR,
SRI's MaoLispify, the MIT MacLisp system developed to transport LUNAR to the
Lisp Machine, and several smaller systems). None of the sy3tems quite fit our
criteria so we decided to create our own translation system. Our approach was
to first build a general purpose inter-dialect Lisp translation system that is
driven by transformation rules. We then developed a set of specific Interlisp 7
to FranzLisp translation rules and an appropriate run-time support system for
the resulting FranzLisp version of KL-ONE.

The current status of the project is as follows. The basic translation
engine (Franzlator) has been implemented and is running smoothly. Our
collection of Interlisp to FranzLisp rules, which is tailored for translating
fL-ONE, numbers about forty. The run-time support environment (dubbed
InterFranz) contains about 250 functions, mostly macros. In addition, a
rudimentary DWIM-like facility has been developed to handle certain classes of
expressions which tend to slip through the translation process.

Building a general purpose inter-dialect lisp translation system is a
fairly large project in its own right and may seem to be an inefficient way to
transport KL-ONE from Interlisp to FranzLisp. We have chosen to do this for
several reasons. The chief ones are:

T
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o Ve want a FranzLisp version of KL-ONE whioh tracks the current
Interliap version. Since the KL-ONE system in still evolving
rapidly, this will require periodic re-translations. Thus effort
spent to mechanize the translation task will pay off in the long run.

o We anticipate a desire to transport KL-ONE to other Lisp dialectssuch as LispHachine Lisp or Common Lisp. A properly designed inter-
dialect translator will minimize the future cost of this effort.

3 o We expect to use the translation system to import other Interlisp
systems into Franzlisp. Current candidates are RUS and PSI-KLONE.
We also expect to write other sets of translation rules to use the

* translation system to import from other Lisp's and to export native
FranzLisp programs. Thus the cost of building a general purpose
translation system will be shared by other projects.

A. Translation versus Emulation

I In undertaking to transport a large system such as KL-ONE from one
dialect of Lisp to another there are two basic approaches: translation and
emulation. Translation involves transforming the Lisp code from the initial
source-dialect to the desired target-dialect. The result is a program that
can be run directly in an unmodified interpreter for the target-dialect.
Emulation involves reconstructing the source-dialect's environment in the

3target-Lisp's interpreter. Properly done, this enables the unaltered source-
code to run directly. These two approaches are, of course, poles on a
continuum which admit a wide range of hybrid systems.

< I The emulation approach, or a mixed system which is near to pure
emulation, is very attractive from several points of view. An emulator tends
to be easier to construct for many of the same reasons that interpreters are
typically easier to construct than compilers. The emulator's task is

intrinsically easier since all of the work takes place at the last moment (at
run time) when all of the information is available. Once we are successful in

I emulating the environment, other packages of code from the source dialect can
be run directly without any additional work. Still another advantage is that
the source code which is run in the emulation environment is identical (more
or less) with the original code. This Is in contrast to a translation system
which might transform readable source language code into executable, but
unreadable, target language code.

In spite of these apparent advantages, we have taken a translation
approach. The major reasons for this are:

'3 o Maintaining a FranzLisp environment.

I
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We want to maintain an environment in which any native FranzLisp code
will run. Constructing a fairly complete Interliep emulator would
entail fundamental changes in the environment.

o Avoiding naming conflicts.

Many of the differences between Interlisp and Franz can be handled by
adding definitions for those built-in functions which Interlisp
provides but Franz does not (e.g. TCONC). In many cases, however,
Franz and Interlisp use the same name for different functions. One
common difference arises when the same symbol refers to two unrelated
functions. The function e, for example, is a conent introducing
function in Interlisp and multiplication in FranzLisp). A second
class of differences arises when there is variation in the *syntax"
of the function. The function MAPCAR, for example, takes it
arguments in a different order in Interliep and Franzlisp. A third
class of differences involves the 'semantios of the function. An
example here is LISTP function which in Interlisp returns T only for
non-empty lists and in FranzLisp returns T for any list, including
NIL.

o To have a stable textual Franz Lisp version of KL-ONE.

The output of the translator is a set of files which comprise a Istable text-level representation of Franz Lisp KL-ONI. We believe

that this makes it easier to debug, maintain and modify a large
system like KL-ONE. I

o Generality.

We believe that a translation approach will be easier to extend so
that we can eventually produce versions of KL-ONB for other Lisp
dialects. An emulation approach is more likely to depend on features
of the target language will may not be present in a new candidate
target language. Macros, for example, would typically be used in an
emulation approach whenever possible. Some Lisp systems, such as MTS
Lisp, do not support Macro functions.

ALthough we charaoterize Franzlator as a translation system, it is in
fact a mixed system which has a significant run-time component. Most of that
runtime component consists of definitions of functions which Interlisp
provides but FranzLisp does not. We have chosen to define these functions an
macros whenever appropriate (e.g., for simple functions like G3Q, which
compares two numbers for a 'greater than or equal to* relation). This has the
effect of enabling us to vary the size of the run-time component by simply
including a translation rule which expands calls to macros at translation time
instead of run tim or compile time.
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II. The Translation Process

Although we have written a translator in FranzLisp, the entire
translation proess involves a total of four machines. The process begins on a
JERICHO where the Interliap DWI4IFY function is used to translate all of the
CLISP code into standard Interlisp. The resulting dwimitfied files are then
transferred to the BBRG machine from w'..tch they are FTPed to WHARTON-1O and
finally transferred by a local networking facility to a VAX in Penn's CIS
department. There the files are passed through the FRANZLATOR system to
produce two sets of files. One set represents the FranzLisp version of KL-ONE
and the other a collection of notes about the translation process (e.g.
unrecognized functions, exprdssions which may require hand translation, etc.).

In translating KL-ONE, the FRANZLATOR system uses three major databases:

o A database of Interliap to FranzLisp translation rules.

o A database containing information about the Interlisp system
functions (e.g., function type, number of arguments, special forms).

o A database describing functions in the InterLisp runtime environment
(InterFranz).

III. Organization of the Translator

The Translator is organized as a two-pass system which is applied to a
set of source-dialect files and produces a corresponding set of target-dialect
files. During the first pass all of the source files are scanned to build up
a database of information about the functions defined in the file. In the
second pass the expressions in the source files are translated and the results
written to the target files. The translation of an s-expression is driven by
transformation rules applied according to an Neval-order" schedule (i.e, ther arguments to a function call are translated before the call to the function

L itself). In addition to the transformation rules, the translator is guided by
the data bane of information about the functions, both the built in Interlispv- functions and the user-defined ones.

An additional pass, to be done initially, may be required to perform
certain character-level transformations. In translating KL-ONE from Interlisp
to FranzLisp, however, we found that all of the necessary character level
transformations could be done through the use of multiple readtables. The
readtable used when reading the original Interlisp files ,for example, treats
the character ";' as a normal alpha-numeric and %" as an escape character.
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A. The First Pass

During the first pass all of the source files are scanned to build up a
database of Information about the functions defined in the file. In
particular, for each user-defined function we need to know how many arguments
it expects and whether or not it evaluates them. The translator must know how
many arguments each function expects in order to supply default values for
missing arguments or to remove any extra arguments. This is important since
Interlisp functions can take any number of arguments. Missing arguments are
supplied as NIL arguments and extra arguments are not passed to the function.
It is common practice for many Interlisp programmers to rely on this
convention, especially with regards to missing arguments. An example is to
write (CONS X) rather than (CONS X NIL).

The translator needs to know how each user-defined function evaluates its
arguments in order to correctly translate the arguments in a call to that
function. If a function parameter is not evaluated (as is the case in a Fexpr
or Nlambda type function) then the translator should not translate the
corresponding argument in any calls to the function. If the argument is
evaluated, either by the interpreter or explicitly by a call to EVAL from
within the function, the the translator must translate the argument. The
problem, of course, is how to determine whether or not a function explicitly
evaluates an initially un-evaluated argument.

The handling of function arguments which may or may not be evaluated is
problematic in systems such as this. The proper thing to do is to examine the
code to the function and try to determine whether there is an explicit call to
EVAL. Franslator takes the more practical approach of assuming that the
function either will or will not explicitly evaluate all of its un-evaluated
arguments. The decision is controlled by the value of a global variable. A
facility is supplied which allows one to directly inform the translator about
a function's type, number of arguments and exactly which arguments are
evaluated.

B. The Second Pass I

During the second pass, each source-dialect file in the set is processed
independently, resulting in a corresponding file in the target-dialect. The I
processing, for the most part, is simply a matter of translating each s-
expression in the source file and writing the result in the target file. In
addition, for each of the source files, a file containing notes about the
translation is produced. Entries are made, for example, when the translator
discovers a function which is not in its data base and upon encountering a
function call with an improper number of arguments. In addition, any rule can
add notes to this file as one of its side effects.

T
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I
IV. Transformation Rules

The aotual translation is done by a st of transformation rules. Each
rule specifies the translation of one a-expression into one or more resultant
s-expressions. In addition to the usual "pattern" and Oresult" parts, rules
Uan be easily augmented with arbitrary conditions and aotions.

A. The Structure of a Rule

A rule has two obligatory parts: a Mttern which determines the
expressions the rule applies to and a rsalt which specifies the result of the
transformation. In addition to these, a rule can have up to five optional
attributes such as a jtakt and proity. The syntax of a rule is:

<rule> -> ((pattern) <result> . <attributes>)
<attributes>-> () I (<attribute> . <attributes>)
<attribute> -> (<attribute name> <attribute value>)

<attribute name> -> test I side-effect I priority ...
<attribute value> -> fan s-expression)

Variables in the pattern are specified using a variation of the MacLisp
Obaokquotem convention. Any symbol in the rule's pattern which is preceded by
a U,0 is taken as a variable which can match any one s-expression. A symbol
preceded by ",#" can match any number of sister s-expressions. In the result

*1. part of a transformation rule the comma and @ have a slightly different
interpretation. There, s-expressions which are preceded by a "," are replaced
by their values and those preceded by ",@Q have their values *spliced in" in

* their place.

Some examples of transformation rules are shown below.

• [r] (NIL nil)
[Er2] ((NLISTP ,x) (not (dtpr ,x)))
Jr3] ((PRO1 ,@args) (prog2 nil ,@arge))
[rA] ((MAPCAR ,list (FUNCTION ,f))I (mapoar ',(makefonadic f) ,list))
[r5] ((DECLARE: ,Oargs) ,(translateDeclare: ,args))
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L
Rule (rt] is the simplest, mapping the symbol ONIL' into the symbol

*nil". Rule [r2] introduces the use of a simple variable. The third example
rule shows an application requiring a *R variable. The rule [r] sbows an
computation embedded in the result part of the rule. The second elmnt of
the result will be a list whose CAR is QUOTE and whose CADR is the result of
calling the function makeonadic with argument f. The last rule, [r5] is one
in which the entire result is computed.

The optional rule attributes include TEST, SIDE-EFFECTS, PRIORITY, TYPE
and REGIME. The value of a TEST attribute is an Lisp expression which must
evaluate to non-NIL before the rule can be applied. The test is run after the
pattern has matched so that the pattern's variables will be bound to values.
An example of a rule using the TEST attribute is:

((PLUS ,@argsl ,x ,@args2 ,y ,args3) ; pattern

(PLUS ,@argal ,args2 ,args3 ,(+ x y)) ;result

(test (and (numberp x) (numberp y)))) ;test

This rule causes any numeric arguments to PLUS to be collected and summed at
translation time.

The SIDE-EFFECT attribute introduces a Lisp expression which will be N
evaluated whenever the rule is applied and the result has been computed. Side
effect attributes are typically used to write messages about the translation
into the file of translation notes or to the terminal.

The PRIORITY attribute is used to rank the rules. Whenever two rules both
apply to an expression being translated, the one with higher PRIORITY is
applied first. Our current Interlisp to Franzlisp translation rules do not
use the priority feature.

The TYPE attribute should have as its value either nhjjgj or ngl.Min
(which is the default rule type). A splicing rule is one in which the result
is a list of expression which are to be msplioed' into the list containing the
expression being translated. A splicing rule is used, for example, to
transform a call to DEFINEQ into a sequence of calls to defun at the top level
of the file. In a replacing rule, the result is simply replaces the original
expression.

The REGIME attribute must be either eveli. or Aa lg (the default case).
A cyclic rule can apply more than once to the same expression whereas a
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aoyolio rule can only be applied onoe. The default REGIME is acyolio. AnSexample where a cyclic rule is appropriate is:

3 ((and ,fx (and ,ty) ,@a) ; pattern

(and ,f ,y ,Oz) ; result

(regime cyclic))

This rule eliminates a call to AND if it is embedded in another AND by raising
its arguments.

B. Rule Representation

The translation rules are presented to the system in the form described
above and are Immediately Roompiled* (by macro-expansion) into Lisp code. Each
rule becomes a monadic function whose argument is an s-expression to be
translated. If that expression matches the rule's pattern then the function
will compute and return the translated form. If the expression and pattern do
not match, then a special symbol indicating failure is returned. The Lisp
code generated for a rule is optimized for efficiency. The pattern atching
operation, for example, is *open coded" into a conjunction of primitive tests
and action (e.g.,EQ, EQUAL, LENGTH, SETQ).

Each rule is indexed by first assigning it to one of four classes
depending on the nature of its pattern. The four classes are rules whose
patterns are: (1) atomic; (2) lists with literal atoms as their first element;
(3) lists with variables as their first elements; and (4) lists with lists as
their first element. Rules in class two are indexed on the property list of
the symbol in their CARs. The other classes are not further indexed.

[C. Controlling the Translation

The translation system was designed to provide a high degree of
transformational power in a simple format. A person writing a set of
transformation rules may want to have greater control of the translation
engine. In order to provide for such situations, the translation system makes
available a number of control functions and certain relevant global variables.
For example there exist functions for aborting the application of a
translation rule and for prematurely ending the translation of expression

T. Finin 113 PRESENTED PAPERS

IT
ER.. .. .



Bolt Beranek and Neuman Inc. Report No. 4842

|U
without considering the application of any other rules. The rule writer has
aocess to such values as the stack of forms undergoing translation (to allow
for context sensitive rules), and the name of the current Lisp function being
translated.

In addition, there are various support and debugging functions which
facilitate the development of new sets of translation rules.

V. Summary, Current Status and Future Directions

This section has reported on the development of a general inter-dialeot
Lisp translation system and its application to the task of translating the
Interlisp implementation of KL-ONE into FranzLisp. The translation system is
running smoothly and fairly efficiently. The current set of translation rules
and run-time support functions appear to cover all of the basic facilities
needed by KL-ONE. We are currently in a cycle in which a translation of
fL-ONE is made and then run to discover bugs in the translation rules or run-
time support system.

Some future work will be directed towards experimenting with extensions
to translation system to allow for more flexibility, power and/or efficiency.
Other work will involve broadening the set of interlisp to Franzlisp
translation rules to handle constructions not required in translating fL-ONE
and to handle CLISP code. A third direction is the writing of rules for
translating between other pairs of Lisp dialects. A set of Interlisp to
CommonLisp rules might be very useful, for example.
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Towards a calculus of structural deaoriptions
(or, how to do away with ahLtran preemption

in specialization hierarchies)

U
Michael Freeman, Chris J. Tomlinson (co-authors),

Donald P. McKay, Lynette Hirsohman,
David P. Oster, Karl 0. Puder.

Information Modeling and Management
R&DIFSSa

Burroughs Corporation

(Presented during the main conference)

.. This paper is based on the following premises:

1. Structural Descriptions (SDts) can be specified as sets of logical
clauses (propositions, assertions);

2. A is a superC of B only if given the SD of B, one can prove or
derive that of A (viz, B I- A); in other words, the SD of B
represents a theory that is a specialization of the theory
represented in the SD of A.

There are two classical manners in which theories can be specialized or
1. strengthened: 1) through substitution of terms, 2) through addition of axioms.

For example, if an 'arch w is a kind of 'structure", then by (1) all the axiom
and theorems of 'structure' become part of the "arch* theory through
substitution of the term "arch" for that of *structure" in all axioms and
theorems in which the latter is mentioned. By (2), we may add axioms such as
"If x is a component of an arch, then x is either a lintel or an upright.'

There is a third manner in which one might wish to specialize a theory,
however. This is one familiar to people working with associative network
types of representation and involves specializing individual axioms other than
through substitution. For instance, starting from 'the height of one upright

of an arch is greater than or equal to the height of the other upright of the
arch*, one might wish to specialize to "the height of one upright of a slanted

Iarch is greater than the height of the other upright of the arch.'

Now, it turns out that if one places the propositional connectives on a
generalization/specialization hierarchy, one gets the lattice shown in Figure
1.
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FIG. 1. GUNRALIZATION/SPECIALIZATION LATTICE

A expected, one finds here that unique characterization specializes or
strengthens disjunction, and is itself specialized or strengthened by
conjunction. What happens, however, if one specializes a term In a particular
disjunction or conjunction? Is the resulting disjunction or conjunction itself
a specialization of the original one? This oan be shown to indeed be the
case, provided one Is dealing with non-negated predicates. In the case of
negated predicates, however, just the opposite obtains. In fact, this holds
true even at the level of unique characterization (e.g., NOT(STRUCTURE) is a
specialization of IOT(AI1CR) rather than the other way around.) This has
obvious consequences for the specialization of (material) implications. In
particular, by specializing the consequent of a conditional, one obtains a
more specialized version of the implication, but in specializing the
antecedent, what one ends up with is a weaker or more general version of the

Jl[[

implication. Stated more formally:
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[I] (A--> -9-x> (A --> B) ff

[(A a A') A (BI =am> B)] V [(A can> A') " (BI m)l
V [(A ..,> At) ^ (B' -=> B)]

where *A ===> A'" is to be read as NA is a specialization of A"R (i.e.,
logically entails it).

To get an intuitive feel for the validity of this metas-principle,I consider the following pair of propositions:

[2] NOT(Deteoted(x)) --> Safe(x)

[3] NOT(DetectedByReconnaissanceUnit(x))
...-- > SafeFrouReconnaissanceOGeneratedAttacks(x)

*For most people [3] is generally accepted as a specialization of [2],
even though its antecedent is more general than that of [2].

Where there is no linguistic negation in the antecedent, however, one's
intuitions seem much less clear, as the following modifications to [2] and E3]
may help to demonstrate:

*j [2'] Deteoted(x) -- > InJeopardy(x)

[3'3 DetectedByReconnaissanceUnit(x) --> InJeopardy(x)

Since the antecedent in [3'] is a specialization of the one in [2'], and
the two oonsequents are the same, then according to [1] we should find [2'] to
be a specialization of [3']. At first glance, this seems counterintuitive.
The problem here is that [3'] doesn't distinguish between oases in which

p: something is detected# albeit not by a reconnaissance unit, and those in which
it is simply not detected at all. Given the truth table for material
Implication, (3'] would be considered true in both these cases, whereas what

- one normally intends is that complete lack of detection would in fact remove
one from being in jeopardy (i.e., [3'] should be false in this case).
Pursuing this line of reasoning, however, one sees that [2'] can also be
regarded as suffering from exactly this same type of underspecification, i.e.
if one is NOT detected, then one is not in jeopardy (at least not In jeopardy
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[1
from. having been detected). Although it may seem that what's at fault here in
the peculiar nature of material implioation itself, there's another way of
looking at the problem which not only gets around the difficulties raised so [1
far, but also seems to capture a basic insight in doing so. What we propose J
is simply that one specify along with the "primary* implication a "secondary"
one that takes into consideration those oases arising from a failure of the
antecedent in the first. This gives rise to conjoined implications, much
along the lines of "if-then-else" statements. In forming the antecedent for
the second conjunct, however, one does not merely take the negation of the
first conjunct's antecedent; rather one takes the relative complement of the
latter with respect to the antecedent of the more general implication one
wishes to specialize. And therein lies the insight. Thus, if we transform
(3'] in line with what has just been suggested, we get:

(3"] f[DetectedByReconnaissanceUnit(x) --> InJeopardy(x)])
([(Detected(x) A NOT(DetectedByReoonnaissanceoUnit(x))]

-- > [InJeopardy(x) NOT(InJeopardyFromDeteotionByRecon(x))])

Schematically what we are proposing then is to consider the following as
a proper specialization of the implication "A --> B":

[4] [A' --> B'] [(A A A') --> (BA "B')],

where A=---> A and Bt =am> B. A formally equivalent and perhaps somewhat
more perspicuous way of representing this is the following:

[11' A -- > [(A' -- > B') A (A' -- > (B A

Since "A -- > B" can be derived in a straight-forward manner from [4s1,
the latter also constitutes a valid specialization of the former from the
purely formal point of view set forth in our second premise. Note that even
though replacing the second conjunct in [4] by "A -- > B" would also allow one
to make this derivation trivially, one would not have a formally equivalent U
conjunction. To see this, consider the case where all the predicates except
B' are true. The proposed "simplification" of [4] would yield true, whereas
E43 itself would not.
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te should point out that it is possible to achieve the sane results with
a slightly weaker version of [4] or E41], namely one in which the final
consequent i. simply some arbitrary specialization of B, say BO, rather than
(B a -BI). What we would like to propose is that when this is the case, then
it Is necessary to express the speoialization in a fully explicit form, e.g.:I

I (401 A --> [(A' --> Bt) - (-At --> DO)]

Otherwise, one need specify simply *A' -- > B' = as a specialization of *A
-- > B, and the system then automatically fleshes this out in accordance with
the schema given in Ei] or EI11 (provided, of course, that A' ===> A and B'
UZ=> B).

IGiven our view of what constitutes a proper speoialization of an
implication, an obvious consequence Is that as one proceeds down an
Implication hierarchy, specializations become more and more embedded within
the universe of some most general antecedent. This still leaves open the
question of how the top-most implication is to be treated. In particular,
what is the universe with respect to which one specifies the relative
complement for the antecedent of the "else' conjunct? This, of course, is
precisely the same problem that needs to be addressed in any hierarchy
involving negation. As long as we can relativize negative concepts wlth
respect to our most abstract 'Thing' concept, then we are all right. But as
soon as we wish to allow in "NOT(Thin)", we are in trouble. Let us therefore
stipulate that whatever resides at the top of a hierarchy cannot be
specialized through negation. Applying this principle to a predicate
hierarchy enables us to guarantee that there will always be some universe with
respect to which we can take the relative complement of an antecedent,
provided that we never use that predicate itself in an antecedent. Note that
in this view of things, material implication loses such of its peculiarity and
in fact can be taken as an abbreviation for those cases in which the
consequent of the *else' conjunct of our schema is simply *true*.

I Another area in which the type of theory specialization discussed above
is directly applicable concerns our work on Augmented Event Transition
Networks (ARTNa). An ARTS is a kind of event grammar that forms part of the
specification of a conceptual entity for us. It serves as the basis for
modeling the role-dependent aspeat of the entity, specifically: the 'expected*
behavior of participant role-players in events that have extended time-
horizons (e.g., contractual obligations and rights of soaio-legal entities
such as LANDLORD or DIPLOYn), and the possible transformations which physical
entities can undergo, relative to particular functlonal perspectives, without

I destroying their OobjoothoodO. As formal objects, A &NI can be represented by
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sets of logial clauses or propositions incorporating special operators and
connectives for dealing with such notions as temporal realization, precedence,
possible or eventual succession, etc. The latter type of oonnetives, given a
suitable axiomatization, can be arranged on a generalization/specialization
hierarchy in much the same way as the logical oonnectives examined earlier.
Of particular interest are the two oonneotives for *eventually (in every
future)' and *possibly (in some future)", which we will represent by w-') and
--'>0 respectively. Thus 'p --> qu is to be read as Rp eventually leads to

q', and 'p "> qw as 'p may (possibly) lead to qw (i.e., there exists at least
one possible future in which p does in fact lead to q). Clearly for p to
eventually lead to q, it must ipso facto be possible for p to lead to q. Thus
'eventually' should be a specialization of *possibly', and indeed it can be
proved formally that:

5] (p > q) --> (p "> q) V

In giving a logical specification for AETNa, two types of concern need to
be kept in mind. The first has to do with the inferences that can be drawn
from an initial set of axiom, in order to make explicit the fully expanded
version (or 'theory') of an AETN. The second has to do with the inheritance I
rules for AETNs, guiding the construction of complete AETNa out of 'fragments'
distributed throughout the generalization/specialization hierarchy.

As an informal example of the first concern, consider the following two
axioms of an ANTI for a 'marriageable' person:

[6.1] Birth eventually leads to death.

(6.2] Birth may possibly lead to marriage (provided
death doesn't intervene).

Clearly, one of the things one should be able to conclude from this is
that if marriage indeed does take place, then eventually death still is going
to take place, i.e., marriage eventually also leads to death (not necessarily
in any causal sensel). Furthermore, one should also be able to conclude that
it is not possible for death to lead to marriage.

In order to illustrate the second concern, let [6.1] represent the
specifioation of one ASTV and [6.2] the specification of another one. By
making [6.2] a specialization of [6.1], we in essence wind up with the AN F
discussed in the previous example.

.
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Before listing a somewhat more formal version of the two types of
deductions illustrated above, we will introduce one last bit of notation in
the interests of simplifying our representation:

1(7 p I-> q :: p "> q Vr(NOT(q '> ))

1 The following then are examples of deductions associated with expanding
an initial axiom set characterizing an AETN:

[8] [(p I'-> q) ̂  (p "> r)] -> (r -> q) ̂  NOT(q "> r)]

(This is simply a restatement of the example connected with [6.1-2]. In
all subsequent formulations, we will use the 01-->" construct in the
consequents also, thus eliminating the need for any "NOT* oonjuncts.)

[91 [(p 1--> q) (p "'> r) (p "'> s)]
-- > [(r t-> q) (s 1-> q)]

(10] [(p 1--> q) (p "'> r) A (p "'> s) ( Cr I-> 3)]
-- > [Cr I~> q) Cs l"> q)]

Associated with the specialization of AETNs are a number of deductions
Ii such as the following:

[111 Let net A a p I"> q, net B a p "'> r, and B :::> A.
The full expansion of B =

(p 1--> q) ̂  (p "'> r) A (r I-> q).

(This is a restatement of the example wherein (6.2] cu=> (6.1].)

(12] [(A = (p 1-> q)) ( CA <am- B, wherein q' a==> q)]
-- > [B - p 1--> q1]

[131 [(A a (p 1-> q)) A (B s:> A, wherein p' zxu> p)]
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I --> [B 1-p-I> qA]

(1) [(A a (p 1> q) A (p "'> r)) (B ( Cr I-> a) ( Cr "'> t))

(C um.> (A ̂  B))]

--> [C a (p I"> q) ̂  (p '>r) (r I-> q) (r 1-> a)
(r "> t) (t 1-> a) (a 1"> q) ̂  (t 1"> q)]

[15] [(A (p I-> q) (p "> r)) ^ (B (p 1-> a) (p "> r))
"(C = (A" 4 ))]

--> [C a (p 1> q) ^ (p "> r) ( Cr I-> q) ( Cr I-> a)
A (p --> a) 4 (q --> a)].

(See Figures 2 and 3 for a graphical representation of [ 14] and [15].)
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A Knowledge Representation Model of Prototype Theory

Benjamin Cohen

Cognitive and Instructional Sciences Group
Xerox Palo Alto Research Center

Palo Alto, California

(Presented during the main conference)

I'm currently using KL-ONE, or at least something that bears a family
resemblance to KL-ONE, as a modelling tool in cognitive science. I want to
model a recent theory of concepts known as prototype theory developed over the
last ten years by the psychologist Eleanor Rosch up at Berkeley and a number
of others in cognitive science. There are a variety of motivations for
modelling prototype theory. My own motivation is to reply to a recent critique
of prototype theory developed by Dan Osherson and Ed Smith, two psychologists
who think there's something fundamentally incoherent about prototype theory.
They base their critique on a fuzzy set model and I want to use knowledge
representation as an alternative to the fuzzy set model which is not subject
to their criticism.

1. OVERVIEW OF PROTOTYPE THEORY

Prototype theory in psychology is a well-established body of experimental
and theoretical doctrine. The core is the view that concept instantiation is
not all-or-none but more-or-less, not a matter of satisfying a definition but
a matter of typicality or resemblance to a prototype. For example, if I ask
you what is a typical bird you are likely to say robin, than either Ahink=n or
asgAg=. Facts such as these show up in a variety of experimental paradigms as
well as in natural language.

The traditional definitional picture of concepts which goes back to
Aristotle, represents concepts by a statement of necessary and sufficient
conditions--the paradigm being the definition of bachelor as unmarried male.
To see the difficulties with the definitional view you don't need to go into
the lab and do reaction time experiments. A quicker approach is the following
thought experiment. Choose your favorite natural kind term from the
dictionary. If we put the dictionary definition of horse into the form of
necessary and sufficient conditions we get something like the following.

For all x, x is a horse if x has 4 legs & x eats grass x & x is an animal
& x is used for riding.
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With the possible exception of animal, none of these conditions are

individually necessary let alone jointly sufficient for horsehood. A 3-legged
horse that hated grass and was never used for riding Is an atypical horse, but
a horse no less. What about animal? I claim there's no contradiction involved
in the notion of a robot horse--it's just atypical. The saw holds for female
bachelors. A more accessible example is the definition of father as male
parent. The typical father is a biological parent, but there are fathers who
are not biological parents. Again there's a grading off with the prototype
father being a biological parent.

What prototype theory provides is an empirioally motivated alternative to
-- the definitional account. Now there may be other perfectly legitimate

motivations for choosing a terminological or definitional approach to
concepts. So my position need not be regarded as in conflict with the current
definitional approach to KL-ONE.

2. THE FUZZY SET MODEL

O&S embed the fuzzy set model in a referential theory of concepts as
classes or extensions rather than a theory of concepts as mental
representations. The concept BIRD for example Is a quadruple <B, b, o, d>
where B is the class of birds, b is the prototype bird, a measures Obirdinessm
and d is a distance metric on pairs of birds. Using this scheme the core
empirical findings of prototype theory can be captured by constraining c to
vary inversely with d. But as is typical of the extensional approach notice
how little knowledge of birds is encoded. There is no syntactic or lexical
information and no mention is made about bird' relation to other concepts.

The thinness of this extensional account can be thickened to a structured
fuzz by using roles and inheritance from standard KL-ONE. So far no problem.

* The question is how can we represent typicality in a KL-ONE-ish setting? One
suggestion is to put explicit real-values on links to indicate semantic
distance. This has an appealing vividness and I actually have proposed this
but have since thought better of it for it seems a very strong assumption to
make, particularly when outside of experimental contexts it is never clear
what a given number means. So instead I use partial orderings, partial
orderings of instances, roles-values and sub-concepts. A concept is regarded

*not as a definitional entity but as set of instances partially ordered by
* their typicality or degree of resemblance to a distinguished instance called

the prototype.

What is the real problem with this theory of partial orderings? It's not
absence of formal detail, but the lack of a theorX f .QL kl1Jga. This is a
matter for empirical and theoretical investigation that psychologists likeTversky have only recently begun to seriously investigate.
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3. THE PROBLEM OF COMPLEX CONCEPTS

01S state the following compositional criterion of adequacy for any 1.
theory of concepts. Given an arbitrary mode of combination *, a theory of
concepts should specify the representation for I2Y solely in terms of the
representation for X and Y. Thus for conjunctive concepts, the fuzzy set model
should tell us how to determine the quadruple for the conjunctive concept X&Y
solely on the basis of the quadruples for X and Y.

The min rule is the fuzzy set solution for conjunctive concepts.

xaY(x) = min(X(x), Y(x))

It says that something's X&Y-ness is the mi of its X-ness and its Y-
ness. An obvious consequence of this rule that the typicality of an instance
of a complex concept is never greater than that for the constituents. Yet as
OS point out this is very counter-intuitive. My pet guppy is a more typical
Mt fah than either a pet or a fish.

We could try to improve the min rule in the fuzzy framework but it bill
still fail for the great mass of non-intersective NPs like large naauata,
olve l, motor o=l, =tL factory, L kife. There is much more to said
about the problem of complex concepts. The lesson I want to draw is the
inadequacy of know-nothing extensional semantics to account for our
competence. Whatever this competence involves it is not a matter of combining
fuzzy extensions using simple rules of combination. At the very least
extensive knowledge of prototypes and rules for constructing prototypes for
complex concepts is required.

4. A KNOWLEDGE REPRESENTATION APPROACH

In general in attempting to understand anything there may either be too
few representations--the nonsense case like jn J.da--or too many--the
ambiguous case like aluminuama sonup t which may either be a soup pot made of
aluminum or a pot full of Campbell's aluminum soup.

The basic model of complex concepts I propose is a pretty straightforward .

application of KL-ONE which introduces the notion of a madi±tgL rala. The
reason 'green idea' is anomalous is the absence of a mediating color role on
the concept JAA which takes A= as value. Ideas don't have color. The
reason Aran &221& makes sense is because AgLaJ inherit a color slot (say)
from phyal objec which takes M as a value. This value is understood to
restrict the meltating role. The reason alziMnu scuR BLk is ambiguous is
that there are two mediating roles, a nsad-ot role on pot and one on soup.
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This theory divides KL-ONE nodes into two olasses: compositional and non-
compositional. Compositional nodes are nodes that have structure and are usedI to represent prototypes for complex conoepts like aluminum soup pot where
specialization is matter of restricting values of mediating roles. We use '1'
(read slash) for composite nodes and write potlsouplaluninum where the
mediating roles are m ad-for on Ik which has soup as a restricting value and
am de-ot on Zot (perhaps inherited from a super-concept) which has al as
a restricting value. To summarize here's a rough definition of mediating role.J A role R is a mediating role for concept C and modifier m in network K.

1. R is a role on the prototype instance of C and m satisfies the value
restriction for R or

2. R is an inherited role for C in K and m satisfies the value
restriction for R.

In addition to providing an alternative to the min rule and its ilk, I
believe this theory of complex concepts can be extended to handle the
classical problem of default conflicts in multiple inheritance schemes.
Conflicts like the case of Clyde, who is both elephant--hence gray if he is
typical--and an albino--hence white if he is typical--may be resolved by
finding the complex prototype which is most typical. In this case Albim
.alnhWL in which ele~h= is the head and albina the modifier wins over
sa hMt Anba ino since the latter does not resolve the color ambiguity.
Assuming the knowledge-base is not simply contradictory or ambiguous the
conflict can be resolved by the principle of typicality: Choose the most
typical interpretation. Here albino elephant is more typical than elephant
albino since the latter does not resolve the color ambiguity.

i

Ii
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A IL-O0 Classifier L
1.

Tom Lipknl

USC/Information Sciences Institute

(Presented during the main conference) "

1. THE NEED FOR CLASSIFICATION

Taxonomies are one of the most natural and useful ways to organize
descriptive terms in a knowledge base. They are easy for people to
understand, and they facilitate many common operations such as determining
whether one term is an instance of another, and finding all instances of a
generic term. While static taxonomies can be constructed manually,
maintaining dynamic taxonomies requires the ability to automatically classify
now terms -- that is, to procedurally determine the taxonomic relationship
between a new term and existing terms, and then to incorporate that
relationship into the knowledge base. Many AI programs use taxonomic
knowledge bases (semantic networks) to model changing domains, and therefore
require the automatic classification of new knowledge as it is obtained.
Automatic classification also provides a means of enforcing network semantics
and checking consistency of descriptions, and is therefore a superior
alternative to manual construction in the implementation of static taxonomies.

This note describes a classifier developed for the KL-ONE representation
language (see [1], [2]). Some examples of the use of classification in the
Consul system (see [3]) are first presented, followed by a brief discussion of
the import of network semantics on classification. The semantics of KL-ONE as
it relates to classification is then described, and finally an outline is
given of the classification algorithm itself.

2. USES OF CLASSIFICATION IN CONSUL

The key to Consul's ability to provide users with a cooperative interface
to interactive services is the large body of knowledge it has about those
services. Its knowledge base consists of both service-independent and
service-dependent knowledge. The service-independent knowledge models
interactive computer systems in general, describing a taxonomy of concepts
common to interactive services (e.g., display operations, delete operations,
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tles and messages). These servieo-independent concepts are instantiated by
aervioe-dependent concepts that describe the actual objects and functions
available In a particular service. Consul uses this knowledge base to map
descriptions of user requirements (parsed user requests) into actions to be
performed by the system (either servioe execution or Consul explanation of3 service capabilities).

The situations in which the classifier is invoked fall into two
categories: network building and mapping.

o Network Building: Network building in Consul occurs in two different
contexts: building and maintenance of the initial service-independent
knowledge base by Consul designers, and automatic acquisition of new
service-dependent knowledge by Consul's acquisition component (see
[I3). The classifier is used in network design to make sure that the
piece-by-piece construction of the network produces a valid KL-ONE
structure that can be used for later information retrieval. The
classifier also insures that all changes to network structures are
reflected in appropriate changes in the network taxonomy. New
knowledge is obtained through interaction between individual service
builders (having no knowledge of KL-ONZ) and Consul's acquisition
component. As a service builder defines or changes service objects
and functions, the acquisition component calls on the classifier to
insert them into the knowledge base and check their validity.
Information about the classification of these objects and functions
is then presented to the service builder for verification.

o Mapping: Mapping in Consul is a process of redescribing structures by
applying inference rules of the form winstances of X can be
redescribed as instances of Y,* where X and Y are existing structures
in the knowledge base. When a rule is applied (because a description
of interest is found to instantiate its antecedent (M)), a new
structure is built which instantiates the rule consequent (T). This
new structure is then classified, perhaps instantiating another rule
antecedent.

3. CLASSIFICATION AND NETWORK SEMANTICS
1

Most current semantic network formalisms represent taxonomies through

some kind of wis-aw link and some notion of inheritance of properties down is-

'See E5] and especially [6] for more detailed discussions of these issues.
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a links. Most, however, are unclear as to the semantics of a ter., or
description. Many treat descriptions as prototypes, expressing default
conditions which can be violated. For example, walruses have two tusks, but I
we may know that Herbert the walrus has only one tusk. Herbert certainly is awalrus, so we merely cancel the inherited "nmber of tusks* property.

Defaults of this sort are extremely useful to AI programs, but their use
seriously affects the expressive power of a representation language. The fact
that properties of a description can be cancelled means that these properties
are non-definitional. Without the ability to analytically define terms, one I
cannot create composites (e.g., the concept of a four sided polygon), and so

every term in the language is primitive. With only primitive terms, the
system cannot tell whether one term is a specialization of another, so 3
automatic classification of new terms is impossible.

In KL-ONE, cancellation of properties is not allowed, and descriptions
AMk definitional. Thus automatic classification based on the structure of
terms is possible. Furthermore, KL-ONE distinguishes between the operations
(links) used to define concepts as formal objects ii the network, and the
domain-dependent relationships between the elements of that domain. The
existence of a separate "epistemological" level of representation makes it

possible to write general, domain-independent routines for constructing and
maintaining networks. In KL-ONE, the fundamental network creation and
maintenance process JA classification: the determin _-in of the taxonomic
relationship between objects, and the incorporation of this relationship into
the network. 3
4. SEMANTICS OF A KL-ONE TAXONOMY

A KL-On description is in the *right place* in the taxonomy if it
specializes or instantiates the most specific description(s) which subsume it,
and is specialized or instantiated by the most general description(s) which it I
subsumes. This section briefly describes the structure of KL-ONE
descriptions, then defines the semantics of the subsumption relationship in
terms of that structure. 3
4.1. KL-ONE Structure J

A KL-ONE network consists of two distinct parts: a taxonomy of
intensional descriptions and an extensional database of objects (*nexuses*) to
which descriptions can be attached. The classifier deals only with the

I
T. Lipkis 130 PRESENTED PAtPERS

~~I



I

3 Report No. 4842 Bolt Beranek and Newman Inc.

intensional taxonomY2 . Descriptions are represented by *conoepts,* and the
specialization (ia-a) link Is oalled a "superoonoept cable.* Concepts have
attributes which are represented br- roleasta (often referred to simply as
*roles"). Roleaets consist of facets which define constraints on the et of
values that my fill then. The cardinallty of the fillers is specified by a
range called the "number restriction,* and the type of filler by a *valueI description,' which is a concept. For example the concept Quadruped has a
limb role whose number restriction is four, and whose value restriction Is theU concept MaalLimb. This structure is shown in the top concept in Figure 1.

Moo IM( d ift

# n2 Armb

Tai

*_w roles '.f a concept are Inherited by all its subconcepts unless they
are explicitly modified. Modification indicates a restriction of the

2Tb realiser deals with the extensional, see [7]
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attribute of the superoonoept and is represented by a 6mod" wire from the role
of the subooncept to the role of the Superooeept. A role can also be
differentiated, which indicates a decomposition of the fillers of the role
into distinguished subsets. Examples of these are shown in Figure 1, where -
the tail role of of a Nan In restricted to be a VtstigalTail, and the limbs of
a Quadruped are decomposed into Han's arms and leg. Roles of a superoonoept
which are differentiated but not modified are still inherited, as the
differentiators are not necessarily exhaustive. Thus Man still inherits a
limb role which is differentiated by arm and leg. Differentiation of roles
within a single concept is also permitted.

Constraints on the relationships between fillers of roles are specified
by "role set relations* (RSR). In the most general kind of RSR, the
condition is specified by a "para-individual conept,' an instantiation of a
generic concept which is parameterized to refer to parts of another
description. The roles of a pars-individual 'are called 'caret roles" because
their fillers are co-referential with the fillers of the generic roles they
point to. An example is shown in Figure 2, where the uprights of an Arch are
constrained to support the lintel.

,lintel upright
~~Brick Arch rkI

I !;

FIG. 2. A ROLE SET RELATION

'Role value maps' (RYIs) are a restricted form of RSR in which a built-in
o' ondtion is speoified in place of a para-individual. RI4s always have two
coret roles, and specify either that the set of fillers of one role is equal
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to the not of fillers of another, or that the fillers of one are a subset of

the fillers of another.

In order to acommodate primitive concepts such as Dog or Red which
cannot be oriterially defined, concepts can be marked as *natural kindsU
which means that their definitions specify necessary but not sufficient
conditions. It is not possible to recognize instances of natural kinds by
their properties.

4.2 The Right Place

Because a concept in a KL-ONE network inherits properties from its
superconoepta, a superooncept cable can have one of two distinct meanings
(which are not distinguished in KL-ON). If all of the properties which the
suboonoept inherits from the superconeept are also represented explicitly on
the subconcept, then the superconcept cable does not affect the definition of
the subconcept, and merely represents a relations p that happens to exist
between the two concepts. If, on the other hand, there are some properties
which the subconcept has only because it inherits then from the superoonoept,
then the superconcept cable is definitional; the subsumption relationship
depends on the presence of the cable. Definitional superconcept cables are
created by processes which build new concept structures. Putting each new
structure in the right place requires finding all of the happenstance
subsumption relationships between it and existing structures, and creating
superconcept cables to represent these relationships.

In terms of KL-ONE structure, a concept Super subsumes a concept Sub if:

o Each role of Super is modified by a role of Sub.

o The value description of each role of Super subsumes the value
description of the corresponding role of Sub.

o Sub has a subset relationship (differentiation) between any roles
1 corresponding to roles of Super which have a subset relationship.

o The number restriction of each role of Super subsumes the number
!j restriction of the corresponding role of Sub.

o The constraint specified by each role set relation of Super is met by
Sub.

o All primitive (natural kind) concepts that are ancestors of Super are
also ancestors of Sub.
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L
A oonoept subsume Itself and all of Its speolailsers; a role set subsumes
itself and all of role sets that modify or differentiate it; a role set
relation subsumes itself and all role set relations whose oomponents are [
subsumed by Its ooponents. These relationships are shown in Figure 3.

di" Description
#1 (1.4)
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.3. Issues in Determining Subsumption

While the subsmption criteria are defined explicitly by KL-OKE, there

ae some open questions involving the type and extent of reasoning t hat is
I a~ppropriate for the lasifier to perform. One question regads the amount of_

effort the classifier should expend to determine whether some subsumption
relationship holds. For example, in order to make use of concepts
representing integers, one might encode an axiomatization of the integers into
KL-ONE structure, and then expect the classifier to be able to determine that
the concept Integer subsumes the concept 439. With an appropriate reasoning
ability the classifier could do this, but the time involved would likely make
it impractical. While it seems useful for the classifier to be able to
perform reasoning of this nature, it is clearly necessary to limit the amount
of resources that it can consume.

Another question is whether the classifier should use knowledge which is
not explicitly represented in the network. One alternative to axiomatizing
the integers in KL-ONE is to encode a certain amount of number theory in the
classifier itself. It would then be quite easy to determine that Integer
subsumes 439 (though probably not to determine that EvenInteger subsume
The5ythDi)itlnTheDeoimllxpansionOfPI), but this would violate a principle of

7' fL-ONE; namely that concepts are defined purely by their structure, and carry
no hfidden" meaning.

These same issues arise in the determination of whether an RSR constraint
on one concept is met by another concept. If that other concept has an RSR
specifying the same constraint, then it can be trivially determined that the
constraint is met, as it Is stated explicitly. If, however, the second
concept specifies a stronger constraint, some amount of reasoning may be
necessary to discover that fact. Another possibility is that the second
concept specifies no constraint explicitly but still satisfies the required
constraint by virtue of its structure. For example, an RSR which specifies a
LessThan relationship between the fillers of two roles is satisfied in a
concept in which the value descriptions of the two roles are 6 and T,
respectively. Again, it would be useful for the classifier to make this

I determination, but here, in addition to the two issues previously mentioned,
UI there Is a third issue involved: the distinction between intensional and

extensional knowledge. Role set relations express constraints between the
" •fillers of roles, and while it is certainly inappropriate for the classifier
U• to use extensional knowledge about the actual role fillers in any instance, in

some cases (such as this example) there is sufficient information about what
those fillers can be to determine that the constraint must be true in any

3 extension.

Unless the decision is made to allow the classifier to consume an3 I arbitrary amount of time reasoning, there can be no guarantee that it will
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find all the subsumption relationships that hold in the network. Thus, as a
praotical matter, the classifioation process In incomplete, and the taxonomy
is only a partial representation of the set of subsumption relatiohahips.

5. THE ALOORITID

The job of the classification algorithm in to determine the right plaoe
In the network for each incoming description, and to establish the description
In that place. This is done by searching the existing network to find the
most specific concepts that subsume the new description, and the most general
concepts that It subsumes, and then making these subsumption relationships
explicit.

New descriptions are always built as refinements, elaborations, or
combinations of existing descriptions in the network. Every new description
therefore has an initial Oplaoe" in the network by virtue of this construction
process. However, this may not be the "right plaoe," since the description
has not yet been formally classified. Each new description must therefore be
classified - made part of the taxonomy -- after it is built. Once a concept I
has been established as part of the taxonomy, the classifier assumes it will
not be changed or deleted, as the effects of such changes on other concepts in
the network are, in general, unpredictable.

A description is normally classified by first classifying the concepts
which make up its subparts (role value descriptions), then the description
head concept itself. The reason for this is illustrated by Figure 4. In
order to determine whether SendOperationi is subsumed by SendOperation, it
must be determined whether Message subsumes Messagel. For the purpose of
classifying SendOperationl it would be sufficient .o make this test, establish
Messagel as a subconcept of Message, and go on. However, Nessagel is an
incoming description in its own right and so its right place must also be
found. In this case Nessagel is also subsumed by TypedMessage, but this would
not be discovered by the above top down procedure. Messagel must therefore be
classified independently of the classification of SendOperationl. This can be
accomplished by classifying descriptions in a bottom up manner.

However, in the event that part of the description is cyclic (as in
Figure 5), classification of the cyclic part cannot proceed bottom up. But,
since each concept in the cycle has as one of its subparts the entire cycle,
the problem of classifying Neasagel shown in Figure 4 cannot arise. Thus,
there is no need for independent classification of the subparts. Testing the
subsumption relationship between any concept In the cycle and an existing
concept still requires knowing the relationship between the concepts'
subparts. Since one of these subparts is the entire cycle, all concepts in a
cyole must be classified in parallel. This is performed by assuming that the

T. LipkIs 136 PRESENTED PAPERS

-,.3 ,



Report No. 4 2 Bolt Beranek and Newman Ina.

OreO attnon ru a e

sender'rrecipienK -"ctt

t maaaepe

yenTye

geerliat O p fteatio ih prsne nter Mefthsgeten

sneenden r oe a reciindutedt dtee
Draft

FIG. . CLASSIFICATION OF SUBPARTS

necessary subsumption relationships exist for each subpart, then checking to
see if that is actually the case. This parallel classification is a
generalization of the algorithm presented in the remainder of this section.

The overall classification problem has now been reduced to the problem of
classifying a concept, all of whose subparts have been classified. For each
such concept, two sets of concepts must be found: the most specific concepts
which subsume it, and the most general concepts which it subsumes. TWO
independent searches are conducted to find these.

T. Li s 137 PRESENTED PAPERS

. .:: ', .:, . .: - -- :. .- , z: . . .. 4 ' . . ..



Bolt Beranek and Newman Inc. Report No. 4842

FIG. 5. A CYCLIC DESCRIPTION

5.1 Searching the Network

The search for subsumers starts at the top of the lattice and performs a
depth first traversal, testing each node to see whether it subsumes the
concept. If it does not, none of its children could either, so the subtree
below it need not be searched. If it does, it is remembered as a subsumer and

its children are searched. If none of its cbildren subsume the concept, then

it is the most specific subsumer (in this subtree) and a superconcept cable is
established between the concept and its newly found subsumer.

While at first glance it might seem that this search need only include

the subtree below a concept's initial classification, this is not the case.

As shown in Figure 6, the concept AthenaCorporation is known to be a kind of
Corporation, but not a kind of Woman'sOrganization. In order for the
relationship to Woman'sOrganization to be found, the search must encompass

more than Just the subtree below Corporation. Note that if all possible
conjunctions of concepts were represented in the network this would not be
necessary, as the concept WomansSoientifioCorporation would exist as a

subooncept of both SoientificCorporation and Woma'sOrganization. It is still
not necessary to search (potentially) the entire network, as the relationship

of the subparts of AthenaCorporation to the rest of the network provide some
constraints on what must be searched, but this information is not currently

* used.

More constraints are available to limit the search for a concept's

subsumes. First, because the subsumption relation is transitive, all
subsumees of a concept are also subsumed by its subsumers, so it is only
necessary to consider the subconcepts of the superconcepts Just found.

Second, since a concept's subsumees must have all of the roles that the
concept has, it is only necessary to search those subtrees in the network

consisting of concepts which have all of those roles. The appropriate
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FIG. 6. SEARCHING THE NETWORK

subtrees are traversed, and the concept being classified is established as a
~superoonoept of the highest concept in each subtree which it subsumes, if any.

5.2 Determining Subsumption

Both traversals of the network perform the same test at each node to
determine whether one concept subsumes another. In one traversal the

potential subaumer is a concept already in the taxonomy, and the potential
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subsumee is the concept being classified. In the other traversal the reverse
is the case. For the remainder of this section, the potential subsumer will
be referred to as Super, and the potential subsume as Sub.

The first condition for subsumption is that Super is not a descendant of
any natural kind concepts of which Sub is not a descendant. This test can be
made without examining the subparts of either concept and is performed first.
The remining aubsumption requirements express oonditions on the relationships
between corresponding subparts of the two concepts, so the next step is to
determine and check these correspondences. Concepts have two different kinds
of subparts: roles and role set relations. In order to determine the
relationships between role set relations, the relationships between the roles
involved must be known. Thus, the role subsumption relationships are
established and chocked first.

mo

FIG. 7. EVIDENCE FOR ROLE CORRESPONDENCES

Given a role A of Super, and a role B of Sub, the fact that all of the
facets of A subsume facets of B is not enough to determine that there is a
relationship between the ma&ULg of A to Super and the Maga" of B to Sub.
(Eg., Just because a Person has a Nother which must be a Voman and a Na has
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a Vife which smet be a Vomn does not man that the Mther role of Pers" is
in any way related to the Vite role of Nan.) The only way suoh similarity of
m aning is represented in KL-ONR Is in term of the odifioation and
differentiation relationships between roles in the network. f a role of
Super and a role of Sub are both desoendants of a oomon role (which
necessarily belongs to a ooncept whioh is a parent of both Super and Sub),
then there is evidenoce for some relationship between the two roles. As shown
in Figure 7, both the R role of Super and the Y role of Sub modify the J role
of A, implying that R has the same meaning to Super as T does to Sub so that,
were Super to actually subsume Sub, role T should modify role 1. Similarly,
the X role of Sub differentiates role I which in modified by the S role of
Super, so role X should differentiate role S. Since there I8 no information
available that role T of Super is the AmM subset of I as is x of Sub, no
relationship can be inferred between X and T.

Having discovered the relationships between the roles of Super and Sub,
the role subsumption criteria can now be checked: for each role of Super,
there must be one role of Sub which modifies it, and possibly others which
differentiate it; if one role of Super differentiates another, there mast be a
similar differentiation relationship between the corresponding roles of Sub;
the number restriction of each role of Super mst specify a range which
include the number restriction of the role of Sub that modifies it, as well as
any roles of Sub which differentiate it; and the value description of each
role of Super must subsume the value description of each of the roles of Sub
which modify or differentiate the role.

The subsumption criteria for RSRs is that each constraint specified for
.Super must hold for Sub. The classifier currently demands that the
constraints be explicitly stated on Sub, that is, each RSR of Super must

I.
3Roles also have names, but these are only notational conveniences and carry

no semantic information, except perhaps to processes external to the network.

4There are actually two possible interpretations of differentiation; the
decomposition my be defined by the structure of the differentiating roles (as
in the decomposition of a limb role into arm and leg roles having value
descriptions of Arm and Leg, respectively, meaning that the arms are exactly
those limbs that are Armish), or it may be unspecified (i.e., the value
description expresses a feature true of the differentiated role but does not
completely define the differentiation). In the first case the classifier
would have enough information to match up the differentiating roles. However
the two cases are not currently distinguished by fL-ONE, and the classifier
assumes the second interpretation.

I
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subsume same SR of Sub. Unlike roles, the meaning of a role set relation to
a concept is completely represented in its structure. Furthermore, the
relationships allowed in KL-ONE between role set relations are not an rich as,
those between roles, and are expected to change in the near future. For these
reasons, the correspondenoes between role set relations are determined solely
on the basis of their structure. For each role set relation of Super a search
is performed for a role set relation of Sub which it subsumes.

Two conditions must be met for a role set relation of Super (SuperRSR) to
subsume one of Sub (SubRSR): the relation expressed by SuperRSR must subsume
the relation expressed by ubRSR, and the parts of Super related by SuperRSR
must subsume the parts of Sub related by SubRSR. These parts are expressed as
chains of roles specifying a path from the concept to which the RSR belongs to
a role within its description, which is the actual part. One rolechain
subsumes another if the two chains are of equal length, and each role in the
sub chain modifies the corresponding role in the super chain.

If the role set relations in question are role value maps, then if the
relation type of SubR3R is EQUAL, then one of the two rolechains of SuperRSR
must subsume one of the roleohains of 3ubRSR, and the other must subsume the I
other. If the relation type of SubRSR is SUBSET, then the relation type of
SuperMSt must also be SUBSET, the left hand roleohain of SuperRSR must subsume
the left hand rolechain of SubRSR, and similarly for the right hand
roleohains.

If the role set relations are para-individual role set relations, then
SuperRSR's para-individual must subsume SubRSR's para-individual. However,
because para-individuals are parameterized and individual, it is not possible
for there to be a subsumption relationship between them directly. While
KL-ONE allows arbitrary specialization of a concept when it is para-
individuated, the classifier assumes that the para-individual is merely a -.

functional instantiation of its generic parent (i.e., it contains no
additional structure), a, so tests the subsumption relationship between the
parents (as in Figure 3) - Analogously to role value maps, the roleohain
stemming from each coref role of SuperRSR's para-individual must subsume the
roleohain stemming from the corresponding coref role of SubRSR's para-
individual.

5The situation is actually somewhat more complex than this, as it is
possible for the para-individual to Inherit information from the concept to
which it belongs (such as when a coref-role points to a role with a value
description). If necessary, a new generic concept that contains this
information is created and classified, and used to test subsumption.
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5.3. Identical Conepts
. If 3. which I identical to one already in the taxonomy is entered

into the network and classified, then it will both subsume the existing
Iconcept and be subsmed by it. In order to correctly represent th
Urelationship between these two concepts in the network, they must be merged.

The first time a cable is established between a concept being classified and
" an existng concept, the classifier tests whether the two concepts are
5identical'. If they are, all pointers to the new concept are changed to point

to the existing concept, any rolechains going through roles of the new concept
are rerouted through the corresponding roles of the existing concept, any
nexus description wires or attached data are moved, and the new concept isI discarded. This procedure can result in a loss of information if some process
external to the network uses names to access parts of the structure. In order

T to help such external processes deal with this, the classifier provides as
part of its result a list of concept substitutions it has made.

T5.4. Interface to the Realizer

The Consul realizer (see Bill Hark's paper "Realization", page 78, and
also E7]) is responsible for insuring that all incoming descriptions are
attached to the nexuses they describe. While the classifier takes care of
this for cases where a description describes a nexus by definition (i.e., some
subconcept of the description already describes the nexus), external knowledge
is required to determine whether a nexus described by some existing concept
happens to also be described by a non subsuming incoming description. Making
this determination in general is an intractable problem, so the realizer is
only invoked in a restricted set of circumstances. Currently, the realizer is
able to determine that two descriptions describe the same nexus when the only
differences between the descriptions are coreferentiality constraints or
structural descriptions. The classifier detects this occurrence when it Is
testing the subsumption relationship between two descriptions and invokes the
realizer. The realizer uses external knowledge to decide whether the nexuses
described by one description meet the structural constraints of the other, and

i : 5 I perform the necessary attachments.

I 6Circularities in the superconcept hierarchy are not allowed in KL-ONE.

IIdentio here means structurally identical. Differences in names are
ignored, as are attached data.
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6. Conclusion L

The classifier is currently being used by the Consul system an described
in Section 2 of this paper. It is also used by the Consul explainer to
determine why one structure does not subsume another, in the process of
explaining why Consul was unable to redescribe a user request as an invocation
of a servioe operation. It is expected that the classifier will be used by
more systems in the near future, and that it will eventually be incorporated
into KL-ON. t

Some work still needs to be performed on the Implementation. There are
some oases where ambiguous relationships between two oonoepts will cause a
subsumption relationship to be missed. The algorithm must be modified to try
all pospible relationships in these oases before deciding that the subsumaption
relationshAp is not present. The algorithm must also be extended to properly
handle oyulic structures as described in Section 5. Even when these
shortcomings are rectified, the classifier will need attention periodically as
fl-OH is still evolving. Since the classifier is the embodiment of the
KL-ONE semantics, it must evolve with the language.

The Ideas and techniques presented here should be applicable to any
knowledge representation system which supports analytical definition of terms.
A classifier for systems which do not provide domain independant
epistemological primitives would have to be domain specific, as it muat
contain knowledge of the meaning of the description building operations of the
language. Such a classifier would still provide all of the advantages of the
fl-OH classifier, but in a restricted domain.
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A IL-URB Based Knowledge Representation Kernel
and

Closing Remarks

Ron Braohuan 1.
Fairchild Laboratory for Artificial Intelligence Research

Palo Alto, California j

(Presented during the main conference)

Now is as good a time as any to sit back and refleot on what has happened
as KL-ONE has developed over the past few years. From this Workshop it is
obvious that, whatever KL-ONE really is, it has succeeded at one important
scientific task: it has drawn together a large number of very capable people
to discuss issues of critical importance to knowledge representation and
Artificial Intelligence in general.

Its service as a focal point for energetic pursuit of the important
issues of the day may be the most significant contribution of KL-ON - it is
certainly the most easily articulated. Technical details are fleeting, and as
we all know, it is often hard even to enumerate enough of those technical
details to pin down what it is that KL-ONE is. Several of us (including Danny
Bobrow, Richard Fikes, Austin Henderson, Hector Levesque, and Hark Stefik)
have been musing over this point recently. With a surprising amount of hard
work (considering that we thought that we knew what KL-ONE was), some fieroe
head-scratching, and a lot of mind-changing, we have begun to understand what
the kernel of fL-ONE is all about.

The technical details of our rational reconstruction are covered in large
part in the report on the technical discussion on Assertions (Section 1.1,
page 8, in this Proceedings). I will take the opportunity here to touch on
some of the high points of the KL-ONE kernel, to some extent indicating the

Idirection that I think research on IL-ONE should be going in the future.
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Our investigation into the foundations of representation began with an
observation of some inconsistencies in our story about KL-OUE. On the one
hand, it was easy to consider the number of subConcepts below a Concept as
literally representing the number of subtypes of the supertype. For example,
if we found INDIAN-ELEPHANT and AFRICAN-ELEPHANT below ELEPHANT, a rational

explanation ight be that this represented the fact that there were exactlytwo types of elephant (some story needs to be told here about whether this is

with respect to one world, all possible worlds, etc.). On the other hand, we
have tried to emphasize KL-ONE's support of compositional Concepts (see
[Israel and Braohman 81]). One consequence of handling structured Concepts in
the way we have advocated is that any Concept is oonsidered to have an
infinite number of subConcepts below it - all complex terms formable with that
Concept an head. It was clear that our networks were being asked to serve
different purposes at the same time.

At the same time we discovered that there were some issues arising out of
our network notations that didn't really make sense. In our networks we had
the notion of a Olocal Role' - you could fetch all of the Roles of a Concept
that were att-ohed to it directly, rather than by inheritance from some more
general Concept. With a few momenta' thought, one can see that a
differentiation between local Roles and those that are inherited is an
artifact of the node-and-link-style language that we have used to express
EL-ONE Concepts. 'Hods' links were an attempt to reflect in structure the
fact that a Concept descended from another was supposed to have the very same
Roles as that superConcept. We couldn't easily have a physical structure in
two places at once, so in the descendant's case, we created a pointer to the
Role that was considered inherited. Once we allowed local modifications to
that Role, we began to visualize the pointer-plus-modifications as a full-
fledged Role. The net result was that we began to talk about an
Implementation of a certain conception an if it were the conception itself.

[
loms on funtionality

Given the above sorts of confusions, we chose to address the problem in
the large. We asked ourselves these questions: 1) what multiple purposes were
we asking our network language to serve?, and 2) which of our concerns were

aImplementation concerns, and which were about the functionality of a
representation language, independent of its implementation?

We have only begun to sort out the major types of functionality we want
i for our representation system. Roughly speaking, we have two principal

omponents - one that deals with matters of terminology, and one that handles

1. Braehan 147 PRSIETED PAPERS..K



Bolt Beranek and Newman Ina. Report No. 4842 _

assertional concerns. Our experience wi th KL-OUI has taught us that an
effective way to segment the knowledg represntation task In to deal with
strictly terminological knowledge on it own grounds. For one thing, keeping
strict matters of terminology to themselves admits the idea of a classifier,
which maintains analytic subsumption relationships (I.e., which other
descriptions a description subsumes by virtue of moaning). Also, conceptual
composition - the ability to form now compound terms from an existing
terminological basis - has emerged directly from our consideration of purely
definitional knowledge distinct from asserted facts about the world.

Interestingly enough, one could imagine implementing both a
terminological competence and an assertional one in a snemantic network* type
framework. Both kinds of information might easily benefit from 'inberitanoo
and transitive inclusion relationships (in the one case, a definitional
Inclusion relationship - 'subsuption' - and in the other, a set Inclusion
one). A brief look at some of the confusions in semantic net history tells
you how seductive this similarity is: the infamous *isa* link has wanderedj
back and forth from meaning simple set inclusion to conceptual composition to
even a 'general-purpose inheritance linkO, with which one can specify
arbitrary patterns of features to be inherited. j

In KL-ONl, we have traditionally used a network-style notation to
represent our classification hierarchy and the Internal structure of Concepts.
The network language - *Structured Inheritance Networks' (SI-Nots) - I
emphasizes some features of KL-ONE Concepts and helps us visualize the
taxonomic relations among Concepts. However, we should remember that SI-Nets
have properties of their own that are not relevant to KL-ONE; SI-Nets are an I
implementation modium for a knowledge representation language like KL-ONS, but
not KL-UR itself. We should always be on the lookout for SI-Not issues in
disguise, lest 'Nods' links and 'local Roles' become diversionary problems.
It must also be said that there is a definite place for concerns at the SI-Net &
level. As we mentioned above, it is quite possible that the notion of say, a
wsubConcept" can be used in support of both terminological and assertional
reasoning. We should just be careful to acknowledge which level we are I
addressing.

Other aspeots of the rranswork

A few of the details of our reconstruction of IL-ONS should probably be
sunmarized before closing. One central point is that analytic description
subsumption is the primary consideration when dealing with the terminological
component of a representation system. However a terminological machine
('Tbox' as we have called it elsewhere) is constructed, its job is to answer
the question, 'does description dl subsume description d2?" The taxonomic

a, lattice that we have constructed out of SI-Nots is one way to implement this
capability, but not the only one. Notice also that Inheritance Is strictly an
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implemntational consideration with respect to subsuaptior. It is exactlY
because one description subsumes another that the latter seems to minherit
properties from the former. Since we are used to dealing with labelled nodes
in our networks - i.e., we comunicate with names rather than with full
descriptions - it seems as if we are learning something when we find that
I3OSCULS-T4RIAGLE Oinherits' three-sidedness from TRIANGLE. But, in reality,
LSSCELES-TRIAMGLE Is just a label for a more complex description, which when
seen in its entirety (polygon with three sides, the lengths of two of which
are equal), makes it obvious that we are talking about a three-sided figure.

The lesson here is that the right way to approach the Tbox is not to
think of *adding* a concept, or putting something in a place In the network,
but to think of constructing a description out of a fixed set of compositional
desoription-forming operators, such that the description itself is a *place*
in the subsumption lattice. Simply mentioning a description gets you to a
place in the terminological space such that all of the *right" inferences
(subsumption ones, in particular) follow from being 'at' that place.

The kinds of descriptions ([1.-ONE Concepts) we have in mind for the Thox
are roughly akin to noun phrases in a natural language. Sentences are the
province of the Assertional Component (Abox); the 'terms' used in the
sentences come from the Tbox. Our Concepts are more like predicates than like
sentences, and thus correspond to noun phrase rather than sentences (this is
not to say that the Concepts are predicates - our feeling is that the Tbox
deals with Concepts, the Abox with predicates, and there are mappings from one
to the other).

The Tbox is actually a set of rules for forming Concepts out of other
Concepts and a set of rules for determining subsumption relations among

* Concepts. We have been looking back at KL-ONE to try to determine exactly
. Uwhat the implicit rules there were. For the most part, these are obvious - we

have Conoept-foration through ultiple-superConoepts, for instance, with the
accompanying statement that if x is describable by A and is describable by B,
then it is describable by the compound Concept, A&B. Other ways of forming
Concepts include 'tightening' a Value Restriction on a Role, tightening a
uNmber Restriction, QUA, adding a new Role to a Concept (this is actually a
special kind of Differentiation), and deriving Individual Concepts and
Prilitive Concepts (formerly called 'magic'). Subsumption can be derived just
from the internal structure of Concepts in all cases where they are formed

r compositionally, but not In the case of Primitive introduction. The latter is
necessary to get started, and to form terms corresponding to those with no
necessary and sufficient conditions. THING, the most general Concept, is

7. primitive. We have also dotermined that Role Differentiation comes In both
compositional and non-copositional varieties, with the former being the way
to get Roles like 'male children' directly from the Role 'child' and the V/R
male', and the latter being the way to introduce now Roles without necessary

and sufficient conditions. Work on the logic of the Thox is continuing, and
we hope to report on results sometime soon.
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Conolusion

It is obvious from the attendance at the Workshops the diversity of
points of view expressed in the position papers, and ongoing research (like
that reported above) that work on KL-ONE is continuing vigrously, both on a
variety of issues, ard with a wide speotrum of approaches. It Is nice to see
such a diverse comunity at work on common goals, and I would like to
enocurage non-experts to (continue to) participate in the research community,
and experts to try harder in oomunicating with non-native KL-ONE speakers
(there are so many more of them than there are of usl). It is also good to
see alternative ways of thinking about the language beyond our network-style
pictures - one lesson we have learned in our reconstruction is that it is easy
to become carried away with issues of syntax and implementation.

Also, please use the mailing list at the back of this Proceedings. The
more we communicate, the better off we'll be.

. 1EI

I • I

iI

I
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I 4. POSITION PAPERS

Prsitor to the Workshop, we: asked each potental iattendee to submit a
poiinpaper dsrbnhi/eineetn LOZ Ingeneral, each group

of participants rsoddjointly (as ye suggested). However, some
individuals submitted their own position papers. This chapter contains the
papers we received. The actual text of our request follows:

Write a 1-3 page paper on your group's opinion regarding the
* following issues:

If you use KL-ONE, either on a computer or on paper, tell us what
- gives you the most trouble with it: what is hard to represent? why?

*what features don't you like? Also, tell Us about what you find
appropriate in KL-ONE for representing your domain, and what features of
the language you think are best.

If you are considering using EL-ONE for some reason, tell us (in
some detail) why KL-ONE might be appropriate to the problem area to
which you would like to apply it. Have you considered other
representation languages? If so, what can you tell us about how they
compare with IL-ONE?

If you have a general interest in representation, or are a
*critic*, tell us about what you think are the most significant concerns
in representation work, and what you know about how well IL-ONE and
other languages address these concerns.
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Robert J. Bobrow (author), Candaoe Sidner,

David Israel, Jim Sohmolze, Bill Woods,
Brad Goodman, Madeleine Bates

Knowledge Representation for Natural Language Understanding,
Bolt Beranek and Newman Ino.

THE NEED FOR ROLE SET RELATIONS IN KL-ONE

In addition to the use of KL-ONE to represent the syntactic and semantic
structures needed to interpret the parses produoed by the RUS parser , I have
also been interested in the strengthening of the RSR (SD?) component of
KL-ONE. This stems, in part, from I ork done by Candy Sidner and myself on the
representation of plans in K-ONE . In particular, we have found that the
representation of plans would be facilitated by the ability to represent
orderings and other relations among the Roles of a Concept.

Thus, we argue for the need to maintain and expand the RSR facility in
fL-ONE. In particular, we would like to see the n-ary relations which are
part of RSR's (except for the RVM type of RSR) become part of the "structural T
component* of a concept, as well as part of the "assertional component". We
will explain this distinction below.

Central to the view we are presenting is a distinction to bear in mind
when one considers the elements of KL-ON, the assertional and the structural
aspects of KL-ONE. These relate to the differenoe between the use of [1-ONE
to assert both universal and contingent properties of objects, relations,
etc., and its use to "name' and thereby provide access to the conceptually
relevant structural components of objects, etc.

1See Bobrow&Webber "Knowledge Representation for Syntaotlc/Smantic
Processing" In the first AAAI proceedings.

2 See the position paper by Sidner and Bobrow in this collection (page 182).
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The original version of RSR's as (partially) designed and implemented
included the notion of a distinguishable component of a concept which
represented an n-ary relation among the roles of that concept. This wasprovided In part to give a basis for the quantification needed to define theway in which Pi's are associated with a concept.

It was also provided in order to allow the description of structures
which have an ordering relation among their parts. Thus, it would be possible

I, • to describe a LIST as having one Roleset 1MB, and having a linear ordering
5 relation NEXT whose domain was that Roleset. This allows the elements of the

list to be the fillers of the HEMB roles, and to have properties asserted of
T- them independent of their position (or number of occurrences) in the list.

Thus, in a list which represents a queue for some process, the MEMBs are all
processes which will (should) eventually be run. The relation NEXT provides a
means of accessing list elements in the order determined by the list itself.
Note that this is a property of the Role and not of the filler, since a given
item my appear more than once on a list, and the NEXT item depends on the
position (Role) within the list.

While the LIST example does not bring out the use of the relation NEXT as
part of the assertional mechanism, consider a case where a company is
described as having a Roleset OFFICER and a Roleset DEPARTMENT, and there is
an assertion that for every DEPARTMENT there is an OFFICER such that some
relation (expressed by a Paralndividual, such as REPORTS-TO) holds between the
DEPARTMENT and the OFFICER. While this seems to be a simple case of AE (that
is, "for all ... there exists ...') quantification applied to Rolesets, it
would be valuable to give a name (say RESPONSIBLE-OFFICER) to the relation
(the Skolem function in this case) implied by the AE quantification. If such
named relations were accessible just like Rolesets, it would be possible to
ask for the RESPONSIBLE-OFFICER for a particular DEPARTMENT, or the set of
DEPARTENTs for which a given OFFICER is the RESPONSIBLE-OFFICER. Note again,
that this is a relation between the Rolesets and not the fillers. If Jones is
both the Financial Vice President and the Purchasing Officer, he might have
different departments reporting to him in each Role.

r One common view of RSR's is that they simply provide (intensional)
assertions about the components of an entity described by the concept
containing the RSR. In this way they are distinguishable from Rolesets, whose
primary purpose is to provide a means of imposing a structured view of an

entity, providing *names* or intensional means of describing components and
entities which are related to the central entity described by the concept as a
whole.

This distinction is rather problematic, however, when one takes into
account the number facet on Rolesets. That facet appears to make an assertion
that any entity of the given type will have some number (constrained by the
number facet) of components of the type represented by the Roleaet. In a
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similar but reverse direction, the features of RSR's which are normally viewed 1
as providing for *quantification* of assertions are actually valuable for
providing a means of referring to components of the entity described by the
concept.

The notion of n-ary relations as part of RSR's has been neglected, in
part because of the fact that until recently there has been no critical need
for representing structures which have non-trivial internal orderings. It has
also been avoided because there was no concrete proposal to provide a
descriptive characterization of the relations, e.g. whether they were partial
orderings, functions from one Roleset onto another, eto.

In our work on the representation of plans in KL-ONE, we have come up
with clear cases of structures which seem best represented with Internal
orderings, and in fact with many orderings that interact. We have some ideas
for declarative characterization of relations, and have also uncovered a need
for a structuring of RSR's that corresponds to the notion of Diffs in Rolesets I
-- in fact, combining with Mike Freeman's note on strengthening of theories,it suggests that RSR's be treated in a fashion very similar to Rolesets.

1
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Ron Braohman
Fairchild Research and Development

THOUGHTS On IL-ONE

Having been as close to IL-ONE as I have, my general impression of it is,
naturally, positive. In particular, I am most proud of the way that the
IL-ONE community has developed and of the research methodology that has been
the foundation of work on the language. I think that the people who have
contributed to the language/system development over the last four years have
taken as broad and intellectually honest an approach to knowledge
representation as anyone else in the field (and this is despite the fact that
the work initially emphasized natural language so heavily).

We have had our shortcomings, however, in particular in the lack of
communication with the world outside of our small (and usually isolated)
community. If it were not for the strong support of ARPA, and the vigorous
activity of the community actively using and discussing KL-ONE, I think it
would have fallen on hard times some time ago for lack of telling anyone about
ongoing research and any claims we had to offer. I don't know if we have been
worse than most other research communities, but we have time and again failed
to write down our conclusions, and have thus re-walked the same research paths
in quite a few oases (I have certainly been as guilty as anyone on this
score). I think that we as a community have a tremendous amount to offer the
rest of the knowledge representation world, and really should try harder to
share our work with them. The proceedings of this Workshop should be a good
start.

Now, with respect to more technical issues, I think that we have
developed a language that is cleaner than most, and as communicatively> 1 powerful as any (despite its perhaps inferior expressive power - at least with
respect to predicate logic - at the moment). The strongest points of fL-ONE
are its acknowledgement of the need for definitional as well as contingent

r representations, the whole idea of an analytic classification hierarchy with
an implicit classifier, the notion of RoleSets and the aubsumption hierarchy
for Roles (with both Role restriction and differentiation), and at least the
idea of 3D's (despite the lack of technical detail on their structure) as
supporting the meaning of functional roles within Concepts.

On the other hand, there is an incredible amount of work left to do; we
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have just waved our hands at the representation of contingent information, lot

alone the default/prototype kind that is so Important in reasoning, and SD'a
still remain a mystery. There are still open questions as to what power is L
required of the classifier (for example, how nuohp if any, number theory do we
need to include in order to olassify with Number Restrictions that are more
powerful than the ones we have), what the relation between Concepts and Roles
is, and how to handle multiple worlds (we have failed to say anything about
including worlds inside of descriptions, for example). I would love to see
more work on the JARGON idea - there is something important in talking to a
representation system in terms of the domain to be represented rather than in
terms of "RoleValueNaps" and such (I thank Heotor Levesque for making me
realize the importance of this).

All in all, though, I think that we have been headed in the right
direction. Some of us in our own local KL-ONE-klatch have been looking back
and trying to understand the differences between the node and link structures
we are used to thinking in and what we REALLY wanted to say (this is reported
elsewhere in this proceedings) - I am constantly impressed with the way we
have torn apart old ideas and found that they were, in the end, very close to
wright", although not usually for any explicitly understood reason. I sure
hope this continues.
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Jeff Conklin and David NoDonald

Department of Computer and Information Science,
University of Massachusetts at Amherst

F SPATIAL RELATIONSHIPS IN KL-03

Our goal is to generate English descriptions of scenes of suburban
houses, these being the principle subjects of the local research on vision.
Our syste, takes as input a non-linguistic 3-D representation of a particular
scene and generates a natural-sounding paragraph description from it.

Our concern with KL-ONE is in representing visual information about
objects and their relationships. There are three main kinds of relationships
we need to capture. Some relationships are tightly bound to some object:
structural ('part-of') relations, e.g. the Roof is ZAPrlt- the House; and
'schematic' spatial relations, e.g. Fences Surround Houses. By *schematic" we
mean that a fact is regular and predictable enough to be encoded as part of a
generic concept.

Other relationships (mostly spatial) are not part of any scene concept:
e.g. the Person is I-Font-Of the House.

We represent a structural relation as a role node on the concept node of
the major object (Figure 1).

FI. 1.
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Ii
Schematic spatial relations are concept nodes In the Structural

Description of the generic concept, and specify hoy the roles relate (Figure r
2).

FIG. 2.

Any non-sohematio spatial relations are individuated under some more
abstract generic concept, e.g., in the net in Figure 3 the generic In-Front-Of
is restricted only to having *Things' as its Agent and Object role fillers.
This is not to say that In-Front-Of is in itself a non-sohematic relationship:
a sohematic case, e.g., Mailboxes are I Houses, vould be handled an
in Figure 2.
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Tin nin, Richard Dunaan, Nassan Ait-aoi

Frans KL-O Trsnslation Projeot,
University of Pennsylvania

Ve are involved in bringing up a version of IL-ONN In FranzLIsp for use
on aAX computer. Our approach has been to build a general purpose inter-
dialect Lisp translation system with a well-developed InterlLp-to-Franskisp
component. Thus, we hope to keep up with new versions of Interlisp KL-OII.

~H

Ii
3For a more detailed discussion of this project, please refer to the paper

presented by Tin Fnin, entitled "Translating IL-ONU from Interlip to
FransLispw.
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lan Frisch, James Allen

Natural Language Projeot,
Computer Science Department,

University of Rochester

Last year at the fl-ONE Workshop, we presented a position paper. The
paper raised some representation issues that are often neglected but seemed
crucial based on our work in natural language processing. The issues
addressed at that time were:

1. the Indexing of concepts by contexts, I.e. by beliefs of agents, by
time, and by situations;

2. the explicit representation and Inference about ooreference of
concepts; and

3. the precise specification of retrieval mechanisms and inexact
matching of concepts.

These issues have occupied our attention throughout the last year.
Papers have been written that deal with time [2, 3], coreferenoe [II, 5], and
the specification of retrieval mechanisms [5, 6].

The natural language project now consists of 8 researchers (Gary
I Cottrell, Hans Koomen, Diane Litman, Lokendra Shastri, Steven Small, Marc

Vilain, and ourselves) actively implementing a system to partake in English
! dialogs [1]. The system is organized as a set of communicating concurrent
J7 processes, one of which Is a knowledge base.

The processes communicate in a representation language whose notation is
r" a syntactic variant of first-order predicate calculus. As In KL-ONE, it uses

a fixed set of epistemological predicates that are defined by a fixed set of
domain-independent axioms.

The knowledge base stores representation language sentences and provides
retrieval facilities for the other modules to use in the course of performing
their task-speoific inferences. We view knowledge retrieval as a limited form
of Inference operating on the stored knowledge. The knowledge base only
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performs those inferences for which it has adequate control knowledge to
perform efficiently.

We have developed a methodology for using a meta-language to specify
limited inference in the representation language. This technique has been
used to specify a retriever that cannot perform arbitrary logical inference
but can perform inferences typically found in semantic networks such as
inheritance E5, 6]. The specified retriever has been implemented and is
currently being used by the dialog system.

Some aspects of our work has been influenced by KL-ONE. Clearly, the use
of a fixed set of epistemological predicates is consistent with the IL-ONE
philosophy. Our representation has also been influenced by KL-ONE in thatj
there are predicates used to build concepts and predicates used to make
assertions about these concepts. On the other hand, the representation is
similar to Hendrix's partitioned semantic networks in that it treats all
concepts as individuals at the bottom level of a type hierarchy. In fact, the
subset of our representation language that deals with describing concepts can
be viewed as an axionization of the Hendrix system.

Other aspects of our work diverge significantly from KL-ONE. Our use of
the notation of first-order predicate calculus is a crucial methodological
commitment that removes all problems of notation design. On the other hand,
it forces no representational commitments. Our primary criticism of KL-ONE is
its lack of a well-defined inference system and a retriever based on this
inference system. (This deficiency my be due to the fact that the assertion
language is still in its infancy.)

1] J. F. Allen (1980)

*The Rochester Natural Language Understanding Project.* JQ8.
11 faUHaW A9ig j Camad~r ie iu . Computer
Science Dept., Univ. of Rochester.

(2] J. F. Allen (1981)
*What's Necessary to Hide?: Modelling Action Verbs.'

at MhA J= Aunnl Mi at U1 AAA2laLt fZr
mkk.n1aJJ , July.

[3] J. F. Allen (1981)
'Maintaining Knowledge about Temporal Intervals.' froaga.
nf Jka 1& na=h Jznant Confn race An kUMJ
Ln~a11±gmna, August. I.

(1 O. F. Allen and A. M. Frisob(To appear, 1982)
'What's In a Semantic Network Matcher?'
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[51 A. K. Frisob (1981)
"A Formal Study o Knovleds, Representation and Retrieval."
Ph.D. thesis proposal, Computer Scienoe Dept., Univ. of
Rohester, June.

[6] A. M. Frisoh and J. F. Allen (To appear, 1982)I novledge Retrieval as Limited Inferenoe.'
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Austin Henderson, Richard Fikes, Mike Villias, L
Fred Tout Don Cohen 1.

Cognitive and Instructional Soences Group,
and Daniel Bobrow, VLSI Group,
Xerox Palo Alto Researoh Center

Richard Fikes

IMPLD TER: Richard has created a version of IL-ONR in Smalltalk. This
*KloneTalk* system has a display interface which has been tuned to permit easy
interaotion with networks.

INTERESTED PARTY: Richard is active in a group which is working on a
redesign of KL-ONE.

USER: Richard uses IL-ONE for modelling office procedures.

Austin Henderson

INTERESTED PARTY: Austin is active in a group which is working on a
redesign of IL-ONE.

PROSPECTIVE USER: Austin intends to use KL-ONE to represent objects in an
interface design environment.

i
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Mike nd Mike Willam and Fred Tau

U~n: Mke nd reduse IloneTalk to support studies of Ref ormunative
Infomaton etreva. Te pistesology of fL-Oil Is central in this effort.

Don Cohen

INTERESTED PARTY: Den works on representing knowledge about typicality.

Danny Bobrow

INTERUSTED PARTY: Danny is active in a group which is working on a
redesign of fL-Oil.

POTUITIAL USER: Danny my use KL-09E (or saw derivative) to represent
knowledge concerning the design of VLSI chips.
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Hector Levesque
University of Toronto

The KL-ONE language, as it now stands, can be divided into two regions.
Region A contains entities like Concepts, Roles and Structural Descriptions.
Region B contains Contexts, Nexuses and Description Wires. My feeling on
IL-ONE that it 13 is this division that makes the language Interesting but
that the distinction between the two regions has been blurred somewhat in
practice. In what follows, I will elaborate on what I see as the nature of
the two regions.

Region A, as I see it, should be a terminological space. By this I mean
that the purpose of A should be to -structure and organize the various
components in terms of which knowledge will be represented. The key point
here is that Region A itself does not express this knowledge. There is no
sense in which the components of Region A can be right or wrong; they are
merely terminological conventions. For this reason, the whole idea of
removing or modifying the components of A is, at best, operating on A at the
wrong level.

Region B, on the other hand, is the part of KL-ONE that is used to
represent knowledge using the terms of region A. The idea is that one should
be able to form, in Region B, a partial picture of a world, that can be
refined as knowledge about that world is accumulated. A major requirement
here is that it should be possible to represent knowledge that is very
incomplete, much more so than what is allowed by the calculus of Nexuses and
Description Wires.

So, to summarize, Region B is used to represent what is known (about a
world) using a language defined in Region A. My feeling is that the
definitional mechanisms of Region A should be kept completely separate from
the assertional mechanisms of Region B since the purpose and standards of
adequacy of each region are so different.

7
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Bill Mark, Bill Swartout, Tom Lipkis,
-: David Wilczynaki, Bob Lingard

3 CONSUL project,
University of Southern California,
Information Sciences Institute

4.

The Consul system is intended to be a cooperative environment for users
- of online services (message sending, text formatting, etc.)'. As such, the

system must interpret natural language requests, infer the service execution
necessary to satisfy requests, provide help when asked and explanations when
requests cannot be fulfilled, and acquire service-dependent knowledge
interactively with the service builder. Our decision has been to use KL-ONE
to represent all of the knowledge necessary for these processes in a single
system knowledge base--the program's sole repository of updatable, examinable

* knowledge.

We tend to be *strict constructionist" users of KL-OE, representing
descriptions of objects as definitional KL-ONE structures classified in the
system knowledge base. More precisely, we take descriptions to be
"definitional" internal to the system (allowing us to use our classifier to
put any incoming description in its proper place in the network), while
realizing that most descriptions cannot in fact be definitional in a broader
sense (i.e., from the perspective of an observer outside the system).
Descriptions are attached to nexuses--*old style* ones representing objects inI the world--via *realization*, a process that combines the use of existing
network relationships with procedures that may take into account extra-network
knowledge in order to determine whether an incoming description describes
objects (currently described in other ways) in the system. All objects exist
in contexts: one or more of three belief contexts (representing beliefs of the
system, user, and service builder), and one or more time contexts

(representing *the course of events").

I These KL-ONE rcpresentations are fundamental to the workings of all of
Consul's basic processes: in fact, the processes have been formulated in terms

j 1 This paper was presented during the technical discussions.
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1~.
of the KL-ONE representation philosophy (e.g., the system's inferential
process is a combination of redesoription/reclassifioation and RR-based -

realization; aoquisition is the creation of now instantiations and relevant
mapping descriptions; incorporating belief is realization in different belief
contexts). We have found KL-ONZ to be extremely useful as a guideline for the
design of these processes. The major benefit of [L-OUR per se has been the
strict oopartmentalization of different aspects of world knowledge as
different representational structures. For example, the idea of RSR' s and
Paralndividuals as distinct from 'normal' concepts has been key to the
realization process, and thus to inference and belief incorporation.

The major difficulties we have had with KL-ONE have been the lack of a
framework for quantification and the considerable ambiguity over the status of
*individuals*. Also, we have not been particularly successful in the
representation of such 'process' knowledge as the effect of an action,
'potentiala versus actual occurrences, etc.--but it's hard to call this a
fault of [L-ONU. No one really seems to be able to represent this kind of
knowledge satisfactorily and it seems unfair to ask a representation system to
solve the problem.

Our overall feeling about rL-ONE, then, is that it's the beat thing going
(wa did oonsider others), and that it currently needs extension rather than
major change.

1.
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Eric Nays, Aravind Joshi'I

I Dept. of Computer and Information Science,
Moore School of Electrical Engineering/D2,

University of Pennsylvania

Our interest in KL-ONE is generally due to a need to represent knowledge
required for certain aspects of natural language interaction with dynamic data
bases that is not currently available in the db system. Specifically, we are
striving for a description of the data base not only in terms of entities,
relationships, and attributes -- but also the process of change (i.e. how the
db is updated), indexing events and assertions by time, maintaining history,
and incorporating belief structures.

Although we believe that these requirements might be achieved by some
suitable logic formalism, KL-ONE achieves a more natural oonoeptualization for
the purposes of natural language interaction. The problem of indexing
propositions by time seems to be intimately related to that of indexing by
belief. We would hope to represent time and processes as concepts in the
KL-ONE framework, using structural description for precedence.

A substantial question is whether a mapping could be made from KL-ONE to
a standard dbms. It will most likely be the case that the coverage of the
domain in KL-ONE is broader than that available in the db. In the long term,
this would indicate areas for increased coverage by the dbms, but iumediately
raises problems regarding communication of coverage failures to the user.

[
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Peter Patel-3ehneider, Bryan Kramer,! T~ves Losperanoe, John J4ylopoulos, [

Hector Levesque, Andrew Oullen

Al group - PSN,
University of Toronto

Among the many important oonoerns in representation work, there are five
that are of particular interest to us. They are:

1. the need for semantics for representation languages,

2. the commitment of a representation language to its own rules,

3. the adequacy of a representation language in representing concepts
and interactions in many problem domains,

4. the need for new or different organizational primitives in semantic
network type representation languages, and

5. the ability of representation languages to represent procedural
knowledge. -"

Many representation languages are not concerned with giving their
constructs a real meaning. In these languages a construct's meaning is
determined by its use and nothing else. To us, such a representation language
is really Just a package of functions that implement a complex data base
system. A true language for knowledge representation must have some
commitment as to what particular constructs in the language mean. For
example, KL-ONE is based upon a set of epistemological primitives each of
which has an informal semantics. In this way all constructs in KL-ONE have an
implied semantics and thus actually do mean something. In PSN, we have a set
of constructs that have the same epistemological force as the rL-ONE
primitives. However, these constructs are not primitive and we have assumed
that their construction was correct. When we started investigating the formal
semantics of our language we found that these constructs had properties that
we did not expect. In order to determine the formal meaning of these
constructs, we are trying to formalize the semantics of PSN and we believe
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that a formal semantics is desirable for all representation languages, both to
give meaning to all constructs in the language and to show that there are no

(pleasant or unpleasant) surprises in the language.
Another important concern is the commitment of a representation language

to strong rules. Some representation languages do no have any rules but
instead are based upon the Idea of defaults. In these representation
languages organizational knowledge for domains is there to be used only if
nothing Is known about a particular object in the domain or no other knowledge

ficonflicts with it. Other representation languages, such as ILO-ONE and PSI,
have strong rules and all knowledge in them is tightly constrained by these
rules. The problems faced by these two types of representation languages are
quite different in that the unconstrained types aave a very hard time actually
representing rules in problem domains and the constrained types have to find
ways of handling exceptions to their rules.

All representation languages claim to be able to represent a large class
of problem domains. Each has a particular set of primitives that can be used
to model certain types of knowledge. In our opinion, no representationr language contains a complete set of primitives in that they can represent
everything and there is no reasonable way of doing this. The best that an be

* hoped for in a static system is that its set of primitives form a closely
integrated, conceptually clean group. One such set of primitives is the

* epistemological primitives of KL-ONE. Our approach to circumvent this problem
is to design a representation language in which new primitives (at some level)
can be defined, given a meaning, and added to the language. In this way, our
representation language can expand, and also contract, as need be.

One particular type of primitive are the organizational primitives of
semantic network type representation languages. We have been thinking about
whether new or different primitives are needed to go along with class
membership, clase inclusion, attributes and their inheritance, and contexts.
As far as we can see, these are currently considered adequate by many
representation groups. We have not come up with any radically new
organizational primitives but, in line with having an extensible
representation language In PSN, have designed a class of organizational[ primitives having to do with relationships between classes which contain class
inclusion and other related concepts such as set inclusion and similarity
links as members.

As [sic] representation languages contain a great deal of machinery for
representing declarative hierarchy. However, few contain very much about
representing procedural knowledge. Most that do contain procedures use them
as black boxes that cannot be examined or explained. We have always used
procedures in PSN as a basic part of the language and have made them full-
fledged objects that can be investigated and placed in organizational
hierarchies just as declarative objects can. This means that we can have
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procedural knowledge in a problem domain and are comfortable in using it, a
desirable property for any representation language. L

We believe that these five oonoerns are very important in ourrent
representation work.

I.

[
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Rachel Relohman
rInstitute for Cognitive Solence,

University of California, San Diego

I have reoently joined the computer scienoe faculty at the University of
California, San Diego, and the university's Institute for Cognitive Science.
Over the past few years, at BBN, I have designed a computational model for
extended discourse engagement. The model is not yet implemented and is
written in a predicate-caloulus-like language with predicates like *EXPRESS,*
OINFR,* and "INSTANCE," considered primitives of the system. In a fully
implemented system these primitives would serve as function calls to a
generator, semantic component, an inferenoer, and/or other pragmatic modules
in the system.

My goal at UCSD is to develop an AI center with natural language
processing a major area of research. First steps towards this end have
already begun with the university approving my purchase of an INTERLISP
personal machine - I plan to get a Jericho. Having the Jericho, I will begin
implementation of a computer conversational system by using my discourse
module, XL- O)l, and other natural language components already designed at
BBN. In the discussion below, I briefly overview the main features of this
discourse module and those features of KL-ONE with which I will be most
concerned.

The Discourse NMoal

The major feature of the module is to partition an ongoing ALaloa into
a set of distinct, but related and linked, context aift. Context spaces are
functionally defined and they contain information both explicit and implicit
in the dialogue. All utterances within a given context space fulfill a single

1 comuniative goal of a speaker(s). In the work, a oomnicative goal is
characterized as some thematic, functional relation between parts of a
discourse.

* - [. In the context space theory, a conversation is viewed as a sequence of
conversational moves wherein each move corresponds to a possible speaker

_ omunioative goal. A shift in comunicative goal is reflected in the work by
a shift in context space. *Challenge," *Interrupt," and 'Support,' are some
of the characterized goals.

At any point of discussion only sow context spaces are in the foreground
of discussion while others are rendered a background role. A major task of
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the discourse module is to identify and continually track which spaces are
currently in the foreground of discussion. The module perform this task by
orralaLJnK a set of effects with all conversational moves. Major effects of

a move are to (1) set up disoourse expectations of moves most likely to
follow; and (2) change the foreground- background role of preceding context
spaces. All oonversational moves also have a set of preconditions which

r specify the requisite discourse environment for the move to be veil-formed at
a given point of discussion, and they all have various modes of aJLUJfaaJ.
In the main, modes of fulfillment are characterized by abstract
logioal/somantio relations - for example, one way of supporting a proposition,
P, is to assort a proposition Q, where (INSTANCE Q P) is True.

As a conversation progresses, the discourse module constructs a "model of
the discourse structure,* which includes its context space partitioning of the 1.
discourse, the current topic of discussion, discourse entities currently in
focus, and a list of outstanding discourse expectations of moves to come.
Currently, the module constructs a single model, not distinguishing between d

its own conception of the discourse and its possible knowledge of a co-
conversant's conflioting model. One area of future research in my work is
designing rules, representations, and mechanisms for dealing with conflicting I
discourse modules.

RL-E Interfac

Discourse engagement is an interactive process. As a result of
discussion, one will often amend one's long term conoeptualization of a co- i
conversant and/or one's personal beliefs about the world. Additionally,
engaging in discussion often requires positing temporary, alternate views of
the world in order to capture and respond to a co-convereant's statements. J

Major issues which I am interested in are (1) representing and dealing
with definitions of terms that differ between two conversants for what see ms
to be a same concept; and (2) delineating possible structural criteria by
which to decide bow these alternate definitions affect the definitions ofother related concepts In the network.

For example, in informal debate, a conversant may challenge another
conversant's assertion by challenging one of the consequences of this
assertion. For instance, if someone asserts that a *bird is a type of
poodle,' we can challenge the assertion by claiming that "birds do not bark.*

The simplest and most consistent use of KL-ON here, I believe, would be
to integrate the concept of a bird being a poodle into a somewhat modified
version of one's initial view of the world. For example, here, the second
version would change an exclusive subset relation between birds, dogs, and
mamals, but It would retan the knowledge that dogs do bark. Then, using
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basic features of KL-0E, like inheritance, we could derive the above type of

5 challenge.

Groups like the BB natural language group plan to represent assertions
m as propositions in such a way that the propositional content does not affect

the initial knowledge of the system. So, for example, a conversant's
assertion that a bird is a type of poodle would not affect a hierarchical pre-
existing relationships between birds, dogs, and mammals in the description
world, nor would it cause creation of a second description world containing
such modification.

In addition, given the pre-existing definitlon that birds and dogs are
mutually exclusive subsets of mammals, it seems that it would be Nillegalm to
create such a conflicting description in KL-ONE. In my opinion, if it is
illegal, then, at maximum, it should be illegal to integrate the description
into one's own personal description space that has this exolusive subset
relation. However, once we can begin to index and partition the description
world so as to distinguish between one's own definitions and the seeming3 definitions of a co-conversant, such an integration should not be illegal.

At the Workshop, then, I would be interested in learning the mechanisms
currently being considered for using inheritance inferences and the like for
propositions, discussing possible alternative mechanisms (like directly
representing the propositional content into a definition space), discussing
methods for deciding what parts of an initial knowledge space should beretained in a modified version, and, fourthly, discussing the issue of

indexing and distinguishing between possible worlds so that we can use similar
mechanisms and representations to reason about one's own personal knowledge

5 and what seems to be a co-conversant's knowledge space.

Lastly, given the above example, while the description for a bird being a
type of poodle would only be in one's KL-ONE description world of one's ao-
conversant, the actual assertion of this utterance clearly lies in one's own

discourse world as well. Thus, in modeling conversations, we will need to
monitor discourse worlds in addition to separate description and belief
spaces.

i
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Ethan Soari, Carl Engelman, Tom Fawcett, Mike Pazasni,
Frank Jernigan, Bud Frawley, Peter Andreae, Sheila Sundaran

The Knowledge-Based Systems Group,
MITRE Corporation, Bedford, MA

This describes our data representation and related topics from a
perspective outside of the [L-ONE experience, since this workshop represents
our initial close encounter with IL-ONU.

MITRE's Knowledge Based System (KNOBS) is an experimental system which
displays ixed initiative in the completion and modification of stereotypical
plans and provides friendly truth maintenance and choice generation. Among
other facilities, the system responds to questions about the database posed in
English and offers the use of restricted English for the alteration of the
system's behavior through the modification of its production rule logic.

KNOBS now maintains a database, whioh includes plan and planning template
representation, embedded in a translation (into INTERLISP) and extension of
MIT's Frame Representation Language (FRL). In FRL, the attributes (slots) of
objects (frames) are related through facets to values and other associated
information. The facet corresponding to *ordinary' values ($VALUE) can be
supplemented by other system-defined facets vhioh contain default information
($DEFAULT), procedural attachment for forward-chaining ($IF-ADDD and $IF-
RESOVED), baokward-chaining ($IF-NEDED), or type-cheoking of values
(lRUIRE). Our experienbe is similar to others in finding *DEFAULTs to be
redundant, since default information is usually represented by the inheritance
of values through a generalization hierarchy.

FRL's generalization hierarchy has been extended to allow inheritance
along arbitrary attributes (called woolorsw), under user control. Ve have
attempted to integrate conceptual individuation into the language by defining
an 8AIO' (An-Individual-Of) slot to indicate concrete objects. The default
colors for inheritance are one (at most) AIO followed by any number of AKO
links.
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£IO links have been traditionally interpreted as designating set

membership and A1O as subset inclusion, but there are problems with this.
Since the notion of set membership has been superimposed upon that of
individuation (as has the notion of set been superimposed upon that of generic
concept), we have ended up using another pointer type (with programer-defined
semantics) to Indicate set membership of sets within other sets.

We have introduced another olass of frames, called 'templateas, which
contain procedural knowledge for planning and constraint management. A
template is attached to a generic frame, and controls individuation in that
its attributes correspond one-to-one with those expected in the individual.
The "values* of template slots contain procedures for calculating or
requesting the values for the individual. The template thus appears closer in
intent to a KL-ONE description than do our generic frames.

This scheme separates instructions for individuation from attribute
inheritance. Structurally, of course, templates are inelegant compared to
KL-ONE descriptions: if one slot is to have a 'value-restriction3 requiring it
to be filled by some particular sort of frame, then the attached procedure
must return that frame, and the constraints (below) must verify its
appropriateness. We could start using the generic frames as more of a
structural description for individuals. We have one active form of
modalityw: some template slots are marked *optional*, which means that they
are not instantiated in the individual unless specifically requested by
something (typically the user, or a failing constraint).

The original type-checking facility of FRL (the $REQUIRE facet) has beenL replaced by a more gereral CONSTRAINTS attribute which resides in the template
and contains references to constraining conditions among the slot values (in
the individual) of any subset of attributes. These constraints check the
validity of the frames' values, their mutual consistency, and their
appropriateness to the individual being assembled. Again, they are
structurally less elegant than IL-ONE's RoleValuemaps since their
functionality is procedurally determined. However, the constraint references
contained in the template are themselves a useful sort of structural
description-- they contain the knowledge that a constraint exists between some
set of slots (possibly outside the concept being individuated). The
structural usefulness of these constraint references may be diminished our
current restriction that the names of the referenced constraints be unique,
but they could be given inheritance capabilities which distinguish ordering
relations from equivalence classes, eto.

II
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Intearated Inferenoe Arohiteature

We have avoided some of the oonon problems in representing universal 1.
restriotions among objects and quantifioational and negative information, by
using constraints am a reservoir of procedural information. On the other
hand, some constraints are implemented as production rule invocations in an
attempt to avoid some of the problem oommon to purely procedural knowledge
bases. The FRL database and the production rule system form a hybrid system
in which rule invocations and database accesses may trigger each other.

Fially

Many of our representational problems remain unsolved, of course, and
many are still being discovered. We need, for example, to deal with abstract
or vague restrictions on values input by the user, and which may apply to
objects not yet created or to attribute values not yet filled.

We look to the IL-ONE community for sympathy and ideas.

P
!

I
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Stuart C. Shapiro, Donald P. McKay, Joao Martins,
i FZrnesto Morgado, Michael kJlida, Ran Yong You,

Gerard Donlon, Jeannette Neal, Terry Nuter, Lyn Tranohell

SNeRG, The SNePS Research Group,
Department of Computer Science,

State University of Now York at Buffalo

SNePS, the Semantic Network Processing System [3], is an alternative
knowledge representation system to KL-ONE. However, we find maintaining
communication with the KL-ONE community useful because both our groups are
interested in carefully thought out, fundamental issues of knowledge
representation. On the other hand, KL-ONE and SePS are also complementary in
that KL-ONE is an 'epistemological level* network while SNePS is a *logical
level* network (see E1]). L-ONE's structural primitives are at a higher
level than SHOPS', deriving from an analysis of how concepts are structured.
SHOPS' primitives derive from a version of predicate logic. The advantage of
KL-ONE's level is that its networks express epistemological notions clearly
and that epistemological level inferenes should be fast since they are
implemented directly. The advantages of SNePS' level are that different
epistemological structures can be tried easily, since SNePS makes no
commitments at that level, and that the semantics of SHePS' primitives are
easily understood, since hey are based on predicate calculus.

To further demonstrate the feasibility of using SHePS to experiment with
L various epistemological level representations, and to demonstrate the

explication of the semantics of an epistemological level network in a logical
level network, Lynn Tranchell is currently Implementing EL-ONE in SNoPS [5].
Zasentially, this requires expressing the EL-ONE inheritance rules explicitly
as deduction rules in SNePS. SNePS path-based Inference E2, 4] may be enough
for this although node-based inference is also available. Path-based
Inference infers an arc relation between two nodes from the presence of a
specified path of arcs between the same two nodes. Node-based inference in
S ePS uses rules expressed in the network using a formalism as rich as
predicate calculus. Path-based inference uses rules expressed as sentencesg over a regular grammar of aro relations.

One thing we have found is that existing documentation of EL-ONE does not
supply clear statements of L-ONE's inheritance rules. With Ron Brachman'sIhelp, we have now formulated some of these rules, a sampling of which follows:
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SUPERC <= (KSTAR SUPERC)

ROLED <= (RELATIVR-C0I4PL"MNTL
(COMPOSE (KSTAR SUPERC) ROLED)
(COMPOSE (KSTAR SUPERC)

ROLED
(KPLUS NODS)))

STRUCTURE <= (RELATIVE-COMPLEMENT
(COMPOSE (KSTAR SUPERC) STRUCTURE)
(COMPOSE (KSTAR SUPERC)

STRUCTURE
(KPLUS PREEMPTS)))

NAME <= (COMPOSE (KSTAR (OR DIFFS MODS)) NAME)

V/R <= (COMPOSE (KSTAR (OR DIFFS MODS)) V/R)

INDIVIDUATES <= (COMPOSE INDIVIDUATES (KSTAR SUPERC))

Tranchell's implementation of KL-ONE will also inolude an implementation
of JARGON as the KL-ONE user's language, although here too, the absence of a
clear manual is hindering us.
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301 ISSUES RAISED BY REPRESENTING SPEAKER PLANS IN KL-ONE L
An informal descrintion of one of a user's tanks

We have been studying the fl-ONE structures needed to represent a
speaker's plans. What we will present here is a description of one particular
task we have investigated, and the type of constraints we would have to
represent in KL-ONE to model adequately the various possible plans for this

tisk. We have a formalization in mind for these constraints, using slight
extensions to the RSR facility in fL-ONE, but we will not present it here due
to space restrictions.

The task to be described here is one of the possible tasks which might be
performed with the aid of KLONE-ED, a graphical IL-ONE editor with an English-
language front end. It consists of introducing a new concept into a network
to serve as a common abstraction of several sub-concepts of a given concept.
Thus, for example, suppose a user wants to form a new class for, say, HOUSEPET !
from some of the subconcepts of ANIMAL.

We wish to represent a family of possible plans that the user might have
to achieve this end. We wish to represent both the types of actions that
might be involved in such plans, and the ordering constraints which must be
placed on such actions. We assume that there is a concept TIME-ORDERED-PLAN
in our plan network that represents the high-order abstraction a timo-ordered
plan. This concept has a role for Action, and an RSR specifying a partial-
ordering of these roles to indicate time-constraints -- which actions must
occur before which others. We wish to create a sub-ooncept CREATE-
ABSTRACTION-PLAN of IIE-ORDERED-PLAN that describes the constraints on the
actions involved in getting the KLONE-ED system to create such an abstraction.

What are the actions that the user must plan for in such a task? We I
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assume that the user will have the system help in two aspects of the
operation, the determination of which concepts to Include under BRNO and

3 the actual reconstruction of the network and display.

Before the system will perform an action, it must have an idea both of
I the class of action, and the objects to be affected by the action. Thus, a

part of a user's task is sometimes communicating about the objects that are
part of an action. The objects must be singled out, and that task of singling
out will require that the user have some method for establishing referenoes to
those objects. The task of establishing a reference consists of using a
referential team or a deictic act that can be properly interpreted by the
system (the user's conversational partner). Once understood by the system,

|° the user can assume the system will use the same referential expressions (or
I. associated pronominal terms) for those objects. Thus reference is an act that

the user takes acoount of in his plans.

We assume that the user does not have in mind exaotly the set of concepts
to join under HOUSEPIT, but instead has a general idea of what such concepts
would have to be like. In such a case, the user would have to investigate
each potential sub-conoept (that is, the existing sub-ooncepts of ANIMAL) to
see if it should be included as a HOUSEPET, and then, if it met his/her
criteria, identify that concept to the system to be abstracted. Thus, the two
classes of actions the user would have to take are to investigate a concept,
and to identify it to the system as one of the concepts to be included under
HOUSEPET.

To investigate the possible sub-conoepts of HOUSEPET the user must got
the system to provide information about the subCs of animal.

Let us assume the user either asked explicitly for the subCs or asked for
them in a general way, and the system chose to provide this information by
displaying the subCs, either all at once or by screenful. We assume that by
inspection of the display, the user can determine which subCs u/he needs for
the abstraction, and that s/he then must communicate which ones they are to
the system. The user can say either *I need dog and oatw or Remember dog and
oat from their display; give me the next screenful. Remember turtle and

A I bird." (This latter case is needed for multiple screens). Otherwise, the
j user could point to the subCs he wants. Both methods of establishing
j reference to the objects of interest for the abstraction will promote

* oomunication; which method is used may depend on personal preference about
. typing as opposed to pointing.

Note that the user does not have to find out what all the subCs are! ~before he communioates to the system the ones he needs for the abstraction
relation. Instead he can interleave the two acts. Thus this task shows a
surprising feature which seems to be omemon to many plans -- while there are
strict time constraints on certain subsequences of actions, these are still

I
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L
loose enough to allow th steps to be aggregated in a amber of different
ways. For example, In the event that there are many sOreenfuls of animal
subCs, the user can look at the first soreenful, point out or mention the ones
be wants from that soreenful and go on. Or given a menu, the user can point
to a member of the menu and ask that it be drawn on the screen, and then
repeat this process for each other screenful. The behavior has a tree
structure like the one below:

Create-Abstraotion( HOUSEIUT subCs)

/\

InvestigatesubCe> Point-out<eubCe>

_// ! /\
/ / /\

Investigate(FISH) Point-out(FISH) Investigate(BIRD) Point-out(BIRD)

We now come to the representation of the ordering constraints on such a

plan. We wish to provide a minimal set of constraints, so that many
variations on the plan fall under the basic one. In particular, we wish to
cover both the case in which the user sequentially has each potential concept
displayed alone on the screen, looks at it, then indicates yes or no to the
system, and the case in which the user has the system display the concept
lINAL and all of its sub-conoepts on a screen, and then points at the ones |
s/he wishes to have included under "housepet*.

Presumably, there are no constraints on the order in which concepts are
Investigated, and there are no necessary constraints on the order in which
acceptable concepts are identified to the system. The only constraint Is
that, for each concept, it must be investigated before it is identified (if it
Is acceptable).

Thus, we need a mans of expressing several aspects of the actions
mentioned In the previous section; a means of stating the sequencing of
actions over time as a partial order, a means of expressing the interleaving
of actions, and of expressing the identity of arguments to different sub-
sections.

[
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[
The goal o this project is to design a structure and access method that

can assist online users by explaining: 1) oonepts relevant to the tasks they
have to carry out and to the systems they use; 2) what operations can be.11 hy s;oeatoso1
performed, and when and how to perorm then; and 3) errors, their waning,
causes, and remedies. This design is based on network knowledge
representation schemes. Our typical application is an operating system
command language. Eah node represents a concept such as a comand,
parameter, operatio or abstract object type. These are all attached to
desoriptlve text, i.e., we use textual as opposed to procedural attachment.i The nodes are related in hierarchies or the typical sort, e.g., SUPERC. But
In addition we are developing hierarchies specific to our problem domain.
These Include OPERATOR, NODE, SYiTAX, EXAMPLE, IS-ATTR, and ATTRIBUTE
hierarchies using arcs with these labels.

The relationship with our effort Is Indirect. The goal of KL-O M Is to

supply a rigorous foundation for knowledge representation. However, In
limited domains more efficient storage structure may be available which,
although not capable of meking the same distinctions as KL-ONZ, are sufficient
for the task at hand. We believe that our area of online assistance is one
such domain. The problem for us Is that the relations we are defining need to
have well-structured definitions. In an attempt to provide these, we are
trying to define these new relationships in terms of KL-ONE networks. Bence
these arcs are essentially mcro arcs. As an example, consider the 1S-ATTR

* arc which relates an 'ebjectu node to an *attribute" node. This attribute
node is related to other object nodes through a CONP relation. These object
nodes show the types of objects that would be distinguished by differing
values for the attribute. For example, the File node could IS-ATTR a

[
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Residenoe attribute which aould CUSP a Disk File nods and a Tape Fil* node.

Heno the IS-ATTR and COW relations are oapturing what would otherwise be
oaptured by SUPhRC, DATTR, and RESTRICTS relations. Vhat we are doing is to
define the IS-ATTN and COMP relationships In tors of thes more elmentary
relationships.
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I

* The goal of our project I is to add robustness to natural language
understanding systems by adding rule-based methods of handling Ill-formed
input [1]. This includes both ungrammatical and semantioally inappropriate
utterances. The method being used consists of the following procedure:

*1 1. attempt to prooess input as if it were well-formed,

2. if it cannot be understood as well-formed, localize the area of the3 suspected problem, and

3. based on what was found in attempting to process the input as well-
formed, execute one or more Oneta-rules" that express both bow to
relax some unsatisfied constraints and how to resume processing.

The meta-rules essentially characterize the types of errors that people
can make. They are 'meta because they state how to rewrite the rules of
normal processing to accept the ill- fornedness.

To date, the majority of our work has been on the problem of
ungrammatical input using the AT formaliem. We have been working with the
RUB grammr, developing an interpreter for it, and adding meta-rules to it.

We have begun work on semantic Ill-fornedness by focusing on the area of
case frame matching. In order to give form to our work, we have been
considering the storage of case frames in the IL-ONE representation and the
case matching algorithm employed In the PSI-KLOIN interface [2]. The

I.

'Natural Language Processing Systems and Ill-Forned Input (University of
Delaware/Sperry Univao; work partially supported by the National Science

* Foundation under Grant No. IST-8009673)
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Incremental Description Refinement (IDI) algorithm sequentially restricts the
net of case frames under consideration an now syntactic units are interpreted.
Consider Figure 1, which shows a part of the hierarchy of structures for Lclauses with *create* as their head. The clauses are differentiated by the
types of LBUBJ (logical subjects) and LOBJ (logical objects) they aocept. On
input of Sohmidt created X.LSP, the IDR algorithm would restrict focus to
nodes identified as 1, 2 and finally 3 as the verb, the subject and finally
the object are identified.

In order to focus on our work, consider the ill-formed input PX.LSP
created a file'. According to the fL-ONE hierarchy, files can not create
files. Howver, our goal is to develop methods to give each input the best
possible partial interpretation.

We first localize the problem. One of several promising heuristics is to
consider only the nodes where blooks occurred and the largest number of
constituents were accounted for. These would be nodes 3 and 4.

We then apply our meta-rules for semantic relaxation. The basic form of
the rules is shown in Figure 2. We require that all conditions be matched
before any and all actions are applied. The conditions test the state of the
interpretation, including the input string, at the time of the blockage. The
actions show how to relax the constraints and restart the interpretation. An
appropriate meta-rule for our example is given in Figure 3. It effectively
states that a possible semantic error is to use a file to refer to a program.
This rule would apply to change node 5 which is associated by inheritance with
the blockage at node 4. This relaxation then allows the modified node 4 to be
seen as the best interpretation possible for the ill-formed input.

The advantages we have gained by working with fL-ONE are in its well-
structured and well-defined taxonomies that make it possible to represent the
case and seleotional restriction hierarchies cleanly. This rigor is essential
as we continue to develop our meta-rules.

°I.
to

iI
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NETA-RULE STRUCTURES 

Cl C2 ... Cu a> Al A2 ... A
Ci : Conditions

(Case-Failure (test concept) head case)
-- assigning the constituent as the oase of

head failed because (test concept)
failed.

(Senantio-Class test)
---the predicate given by test is a semantio

class.

Ai : Actions
(Ne-Configuration substitutioni substitution2 ... )

-- make the given substitutions in the case
matching configuration.

Substitutions
(Substitute-in-Case pattern1 pattern2 )

---use pattern2 instead of patterni in
case matching.

(Failed-Constraint string)
---add the given string as a deviance

note to the interpretation.

(Resume) ---resume case matching.

FIG. 2. TE FORM OF META-RULES AND EXAMPLE CONDITIONS AND ACTIONS.

-1

E
I
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I
(CASE-FAILR? (PROGRAM ?Z) ?Verb ?Case)

S-,,-> (N' W-CONFIGURATIOl
(FAILED-CONSTRAINT NFILE REfERS TO PROGRAM*)
(SUBSTITUTE IN-CASE (PROGRAM ?Z) FILE ?Z)))

I (RESUME)

I
FIG. 3. META-RULE TO RELAX RESTRICTIONS SO THAT REFERENCES TO

PROGRAMS CAN BE MADE THROUGH REFERENCE TO FILES
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Naval Display and Projection in Tactical Situations,
Bolt Beranek and Newman Inc.

There are several areas where we intend to use fl-ONE:

o interface to APS

o knowledge-based simulation

o inferencing

o constraints

o representation of time-varying world models.

The knowledge-based simulation tool includes the other areas.

The use of an objeot-oriented language like KL-ONE is required for this
type of simulation facility, which basically deals with a collection of
objects and their relationships; Kl-ONE is the only game in town. In a
simulation model, many different types of objects must know different methods
for updating their state when the simulation clock is "incrementedO.
Flexibility derives from being able to extend the set of object categories
dealt with by the system without invalidating procedural knowledge which has
already been encoded. The database itself consists of know data (that is the
current state of an object with varying likelihoods) and temporary data
arrived at through the actual simulation process. The known data is updated
periodically, but generally not during the execution time-span of a specific
simulation *run*. The use of this kind of facility are varied; the specific
one which we are developing is a Naval Comand and Control aid for us6 on-
board ships.

The representation of time-varying models is crucial to such a simulation
tool. The problem with representing these models is:

o the relationship between time-variant and time-invariant attributes
of the model
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[
o the ability to represent this information oonoisely and effiaiently

o applying a meta struoture on sets of oontexts

In addition, there Is the problem of how to display the various oontezta
(i.e., internal states and state histories of decision models) in a user-
oriented and reasonable fashion. The hope is that an interfaoe to AIPS, which
is implemented in KL-ONE, can be oonstruoted for this purpose.

1I

[

I

,i 193 POSITION PAPERS



Dolt Beranek end Newan Inc. Report no. 4842

3. Judith Weiner
Computer and Information Sciences Department,

Temple University

USING IL-ON TO UNDIUSTAID METAPHORS

I -e investigating the possibility of using IL-ONE in some natural
language research which I an conducting. Specifically, I mworking on
metaphor processing although my work thus far has indicted that many other
phenomena of language can be similarly processed.

In my approach, metaphors are treated as a class of utterances at thej
opposite end of a continuum from strictly literal speech. Rather than
handling then uniquely then, they are processed by the same techniques that
are used for literal language. And the same techniques used to understand
classical metaphors of the sort ja= 1 jLa A=i can also be applied to other
figures of speech, such as personifications, oxymora, similes, ironies,
hyperboles, and even certain categories of jokes.

The focus of this research is on the procedures necessary for computer
"understanding* of natural language, whether literal or figurative. First, it

is necessary to clarify, from a computational point of view, just what I mean
by *understanding". The working definition which I am using is: A computer
understands an input sentence correctly if it can produce an appropriate
response (output sentence). This means that if I see fit to inform a machine
that I'm dying of hunger (and it has also the information that It is noon on a
normal working day, and I haven' t been abandoned on a desert island), It will
not prepare to erase my name from its files. It will rather integrate this
information correctly and have it accessible when it needs to respond to me.
In order to do this, it must have available to it some sort of a network of
knowledge of the world which includes certain pragmatic considerations, such
as time of day, identity of the speaker, etc. as well an some facts (roles)
about hunger, dying, etc. In addition to the pragmatic considerations, a
usable representation of knowledge must have the following characteristics:

1. There must be a store of general knowledge, in some accessible
structure

2. The linguistic context (linear in nature) must be available to I
augment the store of general knowledge

3. The computer must be able to interrogate the user to clarify meaning
if not available from general knowledge or context.
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4. It mst be possible to integrate user responses with existiag
i knowledge, i.e., the computer should have the potential to lea

(how and under what circumstances this is to be acoomplished is, of
course, no simple matter).

An example can illustrate how this can function. I say to the computer,
T John is a pig." If this is the first thing I say, then all that the omuputer
has to work with is its general knowledge. It doesn't know anything about
John. It doesn't even know which John I am talking about. But it knows that

i IoIAhn is a male name, it knows some general things about mn and soe general
things about pigs. On this basis, it has two possibilities open to it. It
can assume that John is a man's name (in which case it has to provide a
metaphorical interpretation), or it can assume that AoM is a pig's name (in
which case, no problem). It will have to get clarification from the user.
But would anyone start an interaction with a total stranger (or a machine) in
this way?

In normal discourse among strangers, a sentence like Ahn JA & i would
r be preceded by considerable linguistic context which would clear up the above

ambiguity. If this weren't the first interaction, (i.e., the oonversants
weren't strangers) the store of knowledge would have been considerably

-augmented by previous discussions. (One might, for example, know something
about John's table manners.) So it should be between people and computers.

In the light of the above, these problems of processing figurative
language are not substantially different from those of handling literal
language. Literal language processing has to contend with disambiguation in
general as well as resolving ambiguity of reference, e.g., John a22oM A
Auk bo. A tauanL A& aM X= Aunn.. and numerous other nasty problems
such as ellipsis. The technique/theory which I am describing here is
uniformly applicable to problems of both literal and figurative language. In

- this, it is a more general theory of processing than most. The corollary to
this is that computational processing can function as a one-step operation
instead of the comonly accepted technique involving two passes (one to
recognize that a metaphor has been encountered; one to understand the
metaphor). This is a plus in that it can result in a reduced expenditure ofL omputer time.

-I am considering a kind of global concept of a language understanding
system in which the dynamic nature of knowledge such as I've described is
taken into account. (How is a now piece of information added to the network?
How does it affect the store of general knowledge? When is something a
contradiction or a mistake rather than a metaphor - after all, John Is not
really a pig). How could KL-ONE figure in such a scheme?

If it is assumed that a semantic theory of natural language processing
includes a KL-ONZ type of knowledge network, then the following approach works

195 POSITION PAPERS
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nicely. Understanding t sentence involves a *reoonciliation* of two (or mre)
portions of the network'.

In the example, Jahn 11 R g, the KL-ONR diagras might appear as
follows:

FIG. 1.

The result of processing the sentence might be the special link
indicating the area that they have in common (indicated by the dotted line).

One of the main areas to investigate here is how such assertions can be
represented. It sems that the line between assertions and definitions
becomes blurred in examples such as the above (and this problem, of course, Is

1There are similarities between my approach to John I&. Ai and Winston's
Bobl iL • fmx. There are also many important differences, the discussion of
which is beyond the scope of this position paper.
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I
by no mans limited to mtaphors). Does the sentence, A&b I& & At
contribute to what we consider to be the definition of John, or Is this 0ply
something we are aserting about him? If IL-=E can be used to support a
dynamio view of knowledge In vhioh knowledge is acquired and modified on an
ongoing basis, bow can it decide to question for a given new processed
sentence? I feel oonfldent that the angle from which I am approaching the use
of IL-ONR will not only raise some now issues and point out some now problems,
but will provide some new solutions to old ones as well.[
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Prerequisites to Deriving Formal Specifications from
Natural Language Requirements L

Ve are implementing a system which taken an English description of a data F
struoture and creates a formal specification for it as an abstract data type'.

For example, our system will handle texts such as the following one,
which was constructed from pages 77 and 79 of Horowitz and Sahni (3]. I

A stack Is an ordered list In which all insertions and deletions
are made at one end called the top. Given a stack S=(A[1], ..., A[N])
then we say that AL 1] is the bottommst element and LI] is on top of
element A1I-1], 1(<.N. Associated with the object stack are several
operations that are necessary:

o CREATB(S) which creates S as an empty stack; [
o ADD(I,S) which inserts the element I onto the stack S and returns

the new stack; -I.
o DELETE(S) which removes the top element of stack S and returns

the new stack;

o TOP(S) which returns the top element of stack S;

1 oknowledgement: Research sponsored by the Air Force Office of Scientific
Research, Air Force Systems Command, USAF, under grant No. AFOSR-80-0190.
The United States Government is authorized to reproduce and distribute
reprints for Governmental purposes notwithstanding any copyright notation

herein. I
F
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o ISMT(S) which returns true if S is empty else false.

I The output will be a specification in first order logic with primitive
terms for sets, vectors, records, integers, reals, and characters. (Such an
output is very close to an existing specification language [5].)

We are paper users of fL-ONE, in that we use it to help organize our
approach to knowledge representation. One use is in the organization of awe
frame semantics for semantic interpretation of English. The syntactic
component of our system in the RUS grailer [1I]. An the parer finds complete
constituents, it sends messages to a semantic component for interpretation and

possible veto of the partial parse. Therefore, the case frames must be
organized to interpret constituents incrementally and to identify impossible
descriptions in the application of data structure specification. The
relevance of fL-ONE for this task has been demonstrated in Bobrow and Vebber[[2].

A second use arises from the fact that the person's description of a data
structure tends to be quite far from the concepts available in formal
specification languages. For instance, people tend to describe stacks in
spatial terms (e.g. ftop', "bottom*, "position", etc.). Formal
specifications involve mathematical objects, e.g. sets, tuples, functions,
records, etc. This gap seems pervasive in descriptions of data structures.
IL-ONE's strength for this problem of mapping between two rather distinct
conceptual structures is its precise, semantically clear means of organizing
concepts and their attributes. Thus, it can organize the two different sets
of concepts. Furthermore, the techniques of Mark E4] for mapping between
KL-ONZ concepts could be appropriate for our project.

Areas where fL-ONE could be improved for applications such as ours are in
roleset relations and the addition of a powerful inference mechanism which is
combined with a reasoning maintenance system. As an example of some of the
concepts one wants to represent at the level of a formal specification,
consider the fL-ONE net in Figure 1. To define functions as a specialization
of the concept of set, one must state at least the following:

1. All of the tuples that make up a function maust be the same size.

3 2. Let us call the size of the tuples n. For 1<:i(n, there is a domain
such that for all tuples the element in the ith position of the
tuple comes from that domain set.

3. All elements in the nth position of some tuple come from the range
set.

4. It is impossible to have two tuples which are Identical on their
first n-1 elements, but differ on the nth.
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I

Consequently, one should be able to state oonveniently that a particular
roleset Is a list and be able to refer conveniently to the ith element of the
list (as well an the first and remaining ones). Additionally, one must be
able to express oconveniently at least what can be stated easily in first order
lo6ic.

[I] Bobrow, Robert J. (1978)
*The RUS System', In Researoh in Natural Language
Understanding, by B. L. Webber and R. Bobrow, BIN Report No.
3878, Dolt Beranek and Newman, Ina., Cambridge, MA.

[2] Bobrow, Robert J., and B. L. Webber (1980)
*Knowledge Representation for Syntactic/Semantic Prooessing,'
in 2frA. g a r XM Zrst Anmal hU al fm lmm .0
ktltiGI, pp. 316-323.

[3] Horowitz, Ellis and Sartaj Sahni (1976)
i aa i l l n Data Structures, Computer Soience Press, Ina.,
Woodland Hills, CA.

[4] Mark, William (1980)
'Rule-Based Inference in Large Knowledge Bases", in
Prosedi a aL 2W First Anntr U lhUan" Conferenca nA
Alif l .ialJUsana, pp. 190-19k.

[5] Roubine, Olivier and Lawrene Robinson (1976)
SPECIAL Referenoe Manual, Teohnioal Report CSG-,5, Stanford
Researob Institute, Menlo Park, CA, August.
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Gerry Wilson, Jane Barnett

VIEW Project,I Computer Corporation or America

KNOMLMON REPRESENTATION, 9 L-ONE, thND TOE VIEW PROJECT

The VIEW system is intended to be a high level user interface for
information systems. VIEW in designed to use a separate (physically
independent) data base management system to handle data values (instances).
The types of data available cover a broad range, Including characters, text,
numbers, pictures, diagrams, combinations of these, and ultimately sound.

To the user the data appears to be arranged spatially, a la the approach
- employed in the Spatial Data Management System. This means that the data is

arranged on a collection of two dimensional planes, which are in turn linked
into a network. The user passes from one plane to another by means of bi-
directional ports, each of which connects a -specific region of one plan to a
-specific region of another. As a user enters a port to pass to a lower level
plane (called zooming in) the effect is to enlarge the perspective by giving
more detailed data about that segment of the total information apace.
Returning back through a port traversed earlier (called zooming out) provides
a more global and less detailed perspective.

There are three logical portions of the knowledge base in VIEW:

1. a meta-level description of the information available to the user,

1 2. a semantic description of pictures in terms of the underlying
database, and

:T 3. a rule-based collection of graphics composition knowledge.

9 The meta-level description of the available Information is used to
determine the segment of the available data that is relevant and useful to the
user asking the question, and appropriate clusters and suboluster of both
objects and their attributes. This information together with the picture

t semantics and graphics composition knowledge is used to determine the
arrangement of objects and attributes across and within the collection of two-
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dimensional planes, the ioons to be used to represent the data to the user,
and the appearance of these loons.

VIEV is principally a user of knowledge, rather than a creator. Although
we would expect this to change in the future, VIEW does not alter its
knowledge base as a result of the user actions. The structure and content of
the knowledge base is controlled by a human VIEW Adniistratoru.

Users pose questions to VIEW by mans of a menu facility driven by the
content of the knowledge base. Thus the users explicitly select concepts and..
rolesets which are of interest to then. This initial out at the answer space
in refined by VIEW using the knowledge base. Concepts and rolesets which are
expected to be of interest to the user, due to our prior knowledge of the
userts perspective together with the general knowledge of the semantic
structure of the data base, may be added to the wanswer spaoe'. The resulting
Information constituting the answer space is then further structured to allow
it to be presented as an appropriate set of two dimensional planes. This
requires consideration of both the semantic relationships and the graphical
constraints of presentation. All of this knowledge in represented within our
modified EL-ONE represented knowledge base.

The VIEV system is being designed and implemented in a multi-year project
of which the first-pass will be completed this fall. To date our work with I
EL-CUE has been strictly on paper, although we are beginning to implement a
primitive, first-out of the knowledge base. Our plans call for having at
least a subset of EL-ONE running early this fall. I

In our application L-ONE has several good points and several
shortcomings. The good points are: r

1. Epistemology a The approach of employing hierarchical collections of
concepts and rolesets seems to capture the general nature of the
object oriented worlds we have been using. Forcing us to structure .
this world carefully within the epistemological structure of KL-ONE

-' is a clear win.

2. Inheritance a Being an object oriented world many important
properties of interest to users posing questions to the database are
inherited and/or derived from properties of higher level concepts.

3. Generic vs. instance distinctions a Due to our distinct split
between meta-level knowledge and the specific data contained in the
data base, having a corresponding split in the EL-ONE representation
is mst important.

The shortcomings we have found with EL-ON in our application are:
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1. Handling of independent data instances = Because our approach
employs a data base of concept and roleset Instances which IsI distinct from the knowledge base, it is essential that we be able to
capture the Instance references in %he knowledge base without the
specific data values. Our ourrent approach is to add a new type of
node, called a logical data base reference node. This node fails
somewhere between KL-ONEs Individual and generic concept nodes. It
describes a set of specific data values, where the data may be found
in the data base, and how to query the DBM4S to obtain the data
values.

2. Alternative perspectives a The knowledge base must capture the meta-
level description of the data base applicable to all the potential
users of the information system. Yet clearly different users, and
even the same user at different times, have somewhat different
perspectives on the relative importance of various concepts and
rolesets, and may even perceive a different organization of the data
collection. We need to be able to capture these differences without
providing multiple independent knowledge bases and without requiring
computationally costly modifications to temporary copies. our
current approach has been to modify the nature of the structural
description nodes to incorporate predicate logic descriptions of
concept structures and associated bond-strength information
specifying the semantic strength of bonds between concepts and
rolesets.

3. Search efficiency aAlthough it is conceptually important to capture
the relationships between various rolesets and lower level concepts
by mans of the proper subset, roleset, instance, restriction, etc.
types of arcs, this does not always lead to efficient search
abilities. In particular, it is possible to systematically define
some new links which represent contractions of longer pathe thus
reducing the traversal times. While we do not yet fully understand
all the implications of making such changes in the XL-ONE
representation, we believe that changes like this are essential for
our application. If searches of the network are too costly, our
user Interface is doomed to failure because its response will be too
slow.

r4i. Heuristic knowledge = In our presentations there are many
alternatives available for the arrangement of the data both within
each plan and across planes, and for choices of scale, icons,
colors, etc. The selections must be made using a variety of
heuristic guidance manures, some of which are global and some of
which are local, that is, specific to the particular data to be
presented. Thus, it Is important for us to have a way to represent
this sort of meta-meta data within the uniform knowledge
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representation struoture. We are developing special nodes and arcs
to handle this type of information.

It in also of interest to note that our york is being done on a VAX and .
e that therefore we are involved in the problems of porting at least subsets of

KL-ONR to the VAX environment (currently to Franz Lisp).
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Beverly Woolf
Department at Computer and Information Scienoe,

University of Massachusetts at Amherst

AN INTELLIGENT TUTOR FOR BEGINNING PROGRASIERS

We have implemented a prototype bug tinder/tutor which detects run-time
semantic errors in student programs. It has been suocessfully tested in a
class of over 800 students where it described errors, provided tutoring
advice, and saved a copy of its results.

I A tutor which will dynamically generate explanations and tutoring advioe
to students is being developed in LISP on a VAX 11/780 using a UMass
implementation of the basic elements of KL-ONE. It uses empirical studies in
cognitive processes of programming to identify templates that experts use when
translating problem descriptions into code. These high level procedural plans
are the basis for representing programs in the KL-ONE network. Both correct
and incorrect code is represented as instantiations of the high level plans.
The knowledge base now contains 300 nodes, or about half of the concepts in a
one semester course in PASCAL, including WHILE, FOR, and REPEAT loops,
variable roles, running sums, counter totals, and assignment statements.

We frequently generate our explanations of the correct code in Pascal
after describing a student's incorrect code. This requires repeated movement
between the correct and the incorrect data bases. We needed a link to speed
up this process and to reflect our pragmatic requirements independent of
domain knowledge. As a computational shortcut, we built "meta-links* between
buggy knowledge and the corresponding correct knowledge.

REFERENCES

(1] Bonar, J., Ehrlich, K., Soloway, N., and Rubin, S. (1981)
*Collecting and analyzing on-line protocols from Novice
Programmers', Technical Report 81-12, Department of Computer
and Information Science, University of Massachusetts, Amherst.

* E2] Soloway, E., Woolf, B., Rubin, N., and Barth, P. (1981)
JMeno-II: An Intelligent Tutoring System for Novice
Programmers', proceedings of IJCAI-81, Vancouver, B.C.
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Frank Zdybel, Norton Greenfeld,
Jeff Gibbons, and Martin Yonke

Advanced Information Presentation System (AIPS) project,
Dolt Beranek and Neman Inc.

In our work with AIPS, we have found a number of things about KL-ONE
which give us trouble:

o It is generally hard to represent the behavior of a knowledge-baaed
system written in KL-ONE because the implementation is incomplete
with respect to RSR's and SD's (no enforcement or checking built in,
no breadth-first ordered inheritance of SD's.) Even if enforcement
should at this stage be left to the user, there should be some hooks
(other than Hooks) to allow clean implementation.

o It is difficult to express some types of domain relationships because
an SD can only pertain among the Roles of a single Generic Concept.
We feel we need to be able to describe domain relationships as
pertaining among the roles of objects, and not strictly either as
pertaining among objects or among the roles of a single object. In
doing this, we would like to have the fully declarative SD meohaniam
at our disposal.

j o The BBN Interlisp implementation is difficult to use because it lacks
a comprehensive and readable print representation, a reader/printer
with incremental, file-oriented dumping capability, and an in-core
editor.

o As we attempt to use less familiar features of the language, the lack[of a good primer/reference manual is troublesome.

KL-OIE features we don't like:

o Saved lists and IHooks make the code of the Interlisp implementation
ferociously complex. They make it difficult to determine the exact
semantics of KL-ONE functions by reading the implementation, and they
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make It more difficult to modify or extend the language to suit
speolal requirements. We believe the Saved inheritance results are a
large factor in KL-ONE's unseemly appetite for memory.

o In our view, IMooks are an extremely debatable feature because they
complicate debugging. However, they are a potentially valuable
escape mechanism. Realistically they should be viewed purely as a
method of advising fL-OKE functions per specific sites in a network.
If IMooks are to be kept for this purpose, we believe the OVERRIDE
option should be restored. IHooks cannot provide an adequate
declarative description of a default, and for this reason we believe
the DEFAULT option should be dropped.

What do we like?

o Generally speaking, we are happy with the purely descriptive syntax
of the language (Concepts, Roles, Wires and Cables).

o We are happy with a philosophy of incremental implementation of the

KL-ONE notation because there are good escapes to LISP (tags and
itags) and because of the etadescription feature of fL-ONE. These
have made it possible for us to *get along" with the language.

2I
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APPMDIX A

i AGUDAS

I
A. 1 Technioal Discussions

Sfrida.. O.tnber l6thj. i La Mj afternoon

Assertions, eto.
representing propositions and
asserting then in contexts

coreferenoce
woontingent superCa lion Braohman
defaults and

Contexts/possible worlds Hector Levesque
object constancy
variables

R ealization .. . ... .. .. . .. Bill Mark

System utilities.. ..... ... Jim Sohmolze and
Frank Zdybel

Stra October 7h

Structural Relations:I
RSRs
sequences & ordering Rusty Bobrow
quantification in RSRs

I QUA. . . . . . . . . . . . . . . . . Mike Freeman

[ kt~rAnAzmntu

Individual Concepts. . . . . . . . . . Bill Mark
Classifier ...... ........ Tom Lipkis
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Individual Concepts (cont'd) . . . . . Bill Mark{
system maintenance . . . . . . . . 0 . Jim Schucize
Classifier (oont'd) . . . . . . . . . . Tom Lipkis

&.2 General Conference

Sunday. GOtcao' lath

6: 30P Hors d'oeuvres, cash bar in the conference room -

8:00p -- Buffet dinner in the dining room -

Monday. Ocober, 19th

9:.00& Opening remarks
Jim Sohuolze (1311)

9:15a *Highlights from KioneTalk: Display-Based Editing and
Browsing, Active Role Value Maps, Qua Concepts, and
Decompositions'
Richard Fikes (Xerox)

10:00a Review of technical discussions
Ron Brachuan (Fairchild), William Mark (ISI),
Jim Schnolze, Rusty Bobrow (BBN), Michael Freeman

10:30a -- Break -

11 :00a Continuation of review of technical discussions

11:45a 'Translating KL-ONE from Interlisp to FranzLisp'
Tin Finin (Penn)

12:15a - Break for entire afternoon -

5:00~p -Coffee and cake -

5:30p 'Towards a calculus of structural descriptions'
Michael Freeman (Burroughs)
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6: OOp Talks from various sites
1) 8A Knowledge Based Graphical Interface for Databases*

Gerald Vilson (CCA)
2) 'Between Description and Assertion'

Alan Frisch (Rochester)I 3) Talks on 3 projects:
*Natural Language Processing System and Ill Formed

Input'
'Prerequisites to Deriving Formal Specifications fromI Natural Language Requirements'
*Online User Assistance*

Norman Sondheimer (Sperry) and
Ralph Wisohedel (Delaware)

4) 'The BBN Natural Language Understanding Project*
Candace Sidner ( BBN)

5) 'Extensible S ema ntic Networks'
Peter Patel-Sohneider (Toronto)

6) 'KL-ONE in SNRPS'
Stuart Shapiro (SUN!)

8:00p -- Dinner

Tuesday October 20

9:00a *A knowledge representation model of prototype theory"
Benjamin Cohen (Xerox)

9:30a Group meetings - I
1) 'Usage of contexts for representation of time and

belief' Chaired by David Israel (BEN)
2) 'fransporting KL-ONE to other Lisps'[ Chaired by Tin Finin (Penn)

10:30a -- Break --

I11:00a Group meetings - II
1) *Inferences in KL-ONE'

Chaired by Ron Braohuen (Fairchild)
2) 'Practice IL-ONE session'

Chaired by Rusty Bobrow and David Israel (BEN)

v 12:00 -Lunch -

1 :30P 'A IL-OU Classifier' Tom Lipkis (131)
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2:OOp "A KL-On1 Based Knowledge Representation Kernel"
Ron Breuakan (Fairohild)

2:30P Closing Remarks -Ron BrachuanL
2:45p AdJournment
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APPINDIX 9

PARTICIPANTS IN TEO 1981 IL-OJI WORKSHOP

I
B.1 Technical Discussions

I Rusty Bobrow (BBN)
Daniel Bobrow (Xerox)
Ron Brachnan (Fairchild)
Richard Fikes (Xerox)
Michael Freeman (Burroughs)
Jeff Gibbons (BBN)
Austin Henderson (Xerox)
David Israel (BBN)
Hector Levesque (Fairohild)
Tom Lipkis (131)
William Mark (SI)I-Jim Soholze (BBN)

William Woods (BBN)
Frank Zdybel (BBN)

B.2 Main Conference

Hassan Ait-Kaoi (Penn)
Jane Barnett (CCA)
Madeleine Bates (BBN)
Ron Braohman (Fairchild)
Rusty Bobrow (BBN)
Daniel Bobrow (Xerox)

I JAedeo Cappelli (Pisa)
Ban Cohen (Xerox)
Richard Duncan (Penn)
Richard Fikes (Xerox)
Tim Finin (Penn)
Michael Freeman (Burroughs)
Alan Frisoh (Rochester)
Christopher Fry (MIT)

I
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L
Jeff Gibbons (BON)
Brad Goodman (BDIN)
Norton Greenfeld (BBN)
Carole Harner (General Motors)
Austin Henderson (Xerox)
David Israel (BEN)
Bryan Kramer (Toronto)
Bob Krovets (ELM)
Henry Leitner (Boston University)
Heotor Levesque (Fairohild)
Tom Lipkis (131)
William Mark (131)
Erio Mays (Penn)
David MoDonald (UMass)
Lorenzo Moretti (Pisa)
Peter Patel-Sohneider (Toronto)
Raohel Reihman (UCSD)
Nathan Relies (Sperry)
Ethan Scarl (MITRE Corp.)
Jim Sobmolze (BB)
Stuart Shapiro (SUNY-Buffalo)
Candace Sidner (BBN)
Norman Sondheimer (Sperry)
John Vittal (BN)
Bonnie Webber (Penn)
Judy Weiner (Temple)
Ralph Weisohedel (Delaware)
David Wilozynski (18I)
Gerald Wilson (CCA)
William A. Woods (BBN)
Martin lonke (BBN)
Frank Zdybel (BBN)
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APPENDIX C

NME AND ADDRESSES OF IIBERS OF THE IL-OUR COMUNIT

i.
Hassan Alt-laoi
Dept. of Computer and Information Science
The Noore School of Eleotrioal Engineering
University of Pennsylvania
33rd and Walnut Streets
Philadelphia, PA 19104
(ARPANET: AITKACWHARTON)

Professor James Allen
7Department of Computer Science

Mathematical Sciences Building
University of Rochester
Rochester, ii 14627

Jane Barnett
Computer Corporation of Ameria
575 Technology Square
Cambridge, MA 02139
(ARPANET: JANZECCA)

0. Edward Barton
Artificial Intelligence Laboratory

*Massachusetts Institute of Technology
5415 Technology Square

Sr Cambridge, MA 02139
i. (ARPANET: ZNIT-AI)

[ Dr. Madeleine Bates
t* Dolt Deranek and Newman Inc.

50 Moulton Street
Cambridge, MA 02238
(ARPANNT: BATEIUDIG)
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I
Robert J. Beohtal
Code 8212 1
Naval ocean Systems Center
San Diego, CA 92152
(ARPANET: RBZCHTALBBNA) I

Dr. Daniel Bobrow
Xerox Palo Alto Research Center
3333 Coyote Hill Road
Palo Alto, CA 94301

Robert J. Bobrow
Bolt Beranek and Newman Inc.
50 Moulton Street
Cambridge, MA 02238
(ARPANET: RUSTYEBBNO)

Ken Bowen
Cis
313 Link Hall
Syracuse University
Syracuse, NT 13210
(ARPANET: BOWENUSC-ECL)

Dr. Ronald J. Braohman
Artificial Intelligence Research Laboratory
Fairchild Research and Development
4001 Miranda Ave.
Palo Alto, CA 94304-
(ARPAN T: BRACHNMAN@SRI-fL)

Professor David C. Brown

Department of Computer Science
Worcester Polytechnic Institute
oroster, MA 01609 "
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Dr. John Seely Brown
Xerox Corporation
Palo Alto Research Center
3333 Coyote itll Road

Palo Alto, CA 94304
(ARPANET: BROWN@PARC-KAZC)

3 Dr. Amedeo Cappelli
Znstituto di Linguistica Computaz-onale
Via Della Faggiola 32
56100 Pisa
Italy

I Professor Nicholas Ceroone
Department of Computing Science
Simon Fraser UniversityIBurnaby, British Columbia
Canada V5A 136

Eugene Ciooarelli
Artificial Intelligenoce Laboratory
Massachusetts Institute of Technology
545 Technology Square
Cambridge, MA 02139
(ARPANET: RCCOIIT-AI)

Ben Cohen
Xerox Corporat4 on
Palo Alto Research Center
3333 Coyote Hill ltoad
Palo Alto, CA 94304
(ARPANET: COHENOPARC-MAXC)

F" Professor Philip R. Cohen
1. Department of Computer Science

* .Oregon State University
Corvallis, Oregon 97331
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Jeff Conklin
Department of Computer and Information Soence
University of Massaohusetts
Amherst, MA 01003

Jos de Brun
Vakgroep Funotieleer
Payohologiach Laboratorium
Voeprplein 8

Amsterdam

Richard Duncan
Dept. of Computer and Information Soienoe
The Moore School of Electrical Engineering
University of Pennsylvania
33rd and Walnut Streets
Philadelphia, PA 19104
(ARPANET: DUNCARQWHARTON)

Dr. Robert Engelmore-J
Computer Science Department
Margaret Jacks Hall
Stanford University
Stanford, CA 94305
(ARPANET: ENGELMOREOSUMEX-AIM)

Martin Epstein
National Institutes of Health

-. National Library of Medicine
Lister Hill Center
Bldg. 38A, Rm. 8S-810
Bethesda, MD 20209
(ARPANET: MEPSTRINOLM-MCS)

Steve Fiokas
USC/Information Sciences Institute
4676 Admiralty Way
Marina del Ray, CA 90291
(ARPANET: FICKASISI)

Ii
I
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Dr. Richard Pikes
Xerox Corporation
Palo Alto Research Center
3333 Coyote Hill Road
Palo Alto, CA 94304
(ARPAINT: FIKES#PARC-MAXC)

I Professor Timothy V. Finin
Dept. of Computer and Information Science
The Moore School of Electrical Engineering
University of Pennsylvania
33rd and Walnut Streets
Philadelphia, PA 19104
(ARPANZT: TIM. UPUUUDEL)

Hark S. Fox
Department of Computer Science
Carnegie-Mellon University
Schenley Park
Pittsburgh, PA 15213
(ARPANET: MARK. FOZCUA)

Dr. Michael V. Freeman
R&D/FSSG
Burroughs Corporation
P.O. Box 517

L Paoli, PA 19301
(ARPANET: FRWEENNATON-1O)

Alan Frisch
rDepartment of Computer Science

Matbematioal Sciences Building
University of Rochester
Rochester, NY 14627

2
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Jeffrey A. Gibbous
Department of Artificial Intelligence
Bolt Beranek and Newman Ina.
50 Moulton Street
Cambridge, MA 02238 /
(ARPANET: JGIBBONSOBBNG)

Randy Goebel
Department of Computer Science
University of British Columbia
2075 Vebrook Hall i:
Vancouver, British Columbia V6T 1W5
Canada

Bradley A. Goodman
Bolt Beranek and Newman Inc.
50 Moulton Street |
Cabridge, MA 02238
(ARPANET: BGOOD,,NQBBNG)

Dr. Norton R. Greenfeld
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APPINDIX D
SMAUR! OF THE KL-ONE LANGUAGE

In this appendix, we present an overview of the KL-ONE language. This
discussion should provide a oonoeptual summary of the types of fL-ONE objeots
and their structural relations to one another.

D.1 Language Structure and Philosophy

KL-ONE is a language for the explicit representation of conceptual
information based on the idea of structured inheritance networks [Brachman
78, Brachman 79]. Before going into the details of KL-ONE structures, we will
first paint the background of cijr philosophy in developing the language.

As mentioned, fL-ONE is intended to represent general conoeptual
Information by allowing the construction of a knowledge base of a single
reasoning entity (although it has been used as a repository for information
from multiple sources). A KL-ONE network thus represents the beliefs about
the world (and other possible worlds) as conceived by the system using it.
Note that we are not intending to attempt to capture the world *as it really
isO - only the conception of It by an individual perceiver.

fL-Oil can be thought of as having two sublanguages - a description
language and an assertion language. The description language allows one toL form a variety of description terms (e.g., general terms, individual
descriptions) out of other description terms using a small set of primitive
description-formation operators. This Zives us an extensible repertoire of

' r conceptual terms (i.e., a conceptual vocabulary) that can then be used to make
assertions. For example, we would use only desoription-structuring in forming
a compound KL-ONE description corresponding to "a man from Mars', using the

r KL-ONI descriptions for "a man" and *Mars". Simply forming this description
asserts nothing about any particular man or planet since structures in the
description language have no assertional import by themselves (but see Section
D.3).

The assertion language, on the other hand, makes use of terms from the
description language to make statements about the world. The assertion
language is somewhat impoverished an compared, say, to a first order language
with equality, but it includes statements of ooreferenoe of description (in a
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particular context), and of existence and identity of individuals (in a
particular context). For example, we might form a description like fthe
person giving the talk*, and use it to assert that such a person exists. We
could then establish another description - say, "a man from Mars" - as
coreferential with the first, and thereby make the statement, "the person
giving the talk is a man from Mars. This latter type of construct is a
legitimate object of belief (whereas descriptions are not).

In the past, most of our work on KL-ONE has been on description-
formation; until recently very little attention was paid to making assertions
(it is felt that existing paradigms -- e.g. predicate logic -- are adequate
for this task). While we have now begun to focus more intensively on the
assertion language, the system that is described herein handles description
structure well and has only a crude mechanism for making assertions.

D.1.1 Epistemological Primitives

IL-ONE is, in a sense, an "object-centered" language. Its development
has proceeded from traditional semantic networks, but its principal structures
are not based on either propositions or sets as were those of several earlier
semantic net systems (e.g., see [Schubert, et al. 79] and [Hendrix 79)).
Instead, the principal element of KL-ONE is the structured conceptual object,
or Concept. 1

Our view of these objects comes from a careful analysis of early trends
in semantic networks and more recent trends in knowledge representation in
general. As discussed in (Brachman 79] and [Woods 75], the history of network
representations is fraught with imprecision on the meanings of nodes and
links. We have found links in networks to represent implementational
pointers, logical relations, semantic relations (e.g., "oases") and arbitrary
conceptual and linguistic relations. Network schemes consistent with
structures of any one of these "levels" (implementational, logical,
conceptual, linguistic - see [Brachuan 79]) can be compared and tested for
adequacy, but unfortunately, most of the existing paradigms mix structures
from two or more of these levels. This makes for confusing notation and
difficulty in explaining a system's interpreter.

Realizing the' value of consistency at a single level of network
primitive, we have set out to capture an adequate set of primitive elements
for structuring a broad spectrum of kinds of concepts. We are attempting to
determine a reasonable set of underlying object and relation types for .
generalized knowledge-struoturing. To the extent that we can formalize the
language of concepts ir a grammar for well-formed conceptual structures, we
have defined what might be called an "epistemology". This is not a theory of [
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any particular domain - one builds that on top of this level - but a
generative theory of the structure and limits of thought in general. We have
addressed our work on [L-ON to an epistemological level of network primitives
with the long-term goal of examining the scope of what is "thinkable'.

KL-ONE thus comprises a set of "epistemologically primitiva structure
types and structure-forming operations. We have attempted to understand the
important features of the internal structure of concepts, and to embody then
in a language that is expressively powerful and fairly natural to use.

D.2 Concepts and Roles

As mentioned, the principal elements of KL-ONE descriptions a8e Concepts,
of which there are two major types - Generic and Individual. A Generic
Concept is expected to act like the conceptual equivalent of a *general
term w EQuine 60] - potentially many individuals in any possible world can be
described by it. Individual Concepts are similar but can describe one
individual at most (in a particular context). A simple (albeit, incomplete)
view of the difference between Generic and Individual Concepts is captured in
the following contrast: "A man from Mars' (Generic) versus *IthM man from Mars'
(Individual).

Generic Concepts are arranged in a definitional taxonomy which represents
their subsumption relationships. We refer to this taxonomy as definitional
because the meaning of any particular Concept is derived, at least in part4

-from its location in the taxonomy. For example, by having the Concept HUMANI

subsume the Concept MAN, one simultaneously defines part of the latter, in
that all aomponents of the definition of HUMAN apply to MAN. The KL-ONE

I system provides inheritance facilities to support this property of its
taxonomies. It is important to note, however, that the Concept HUMAN does not
derive any of its meaning from the Concept MAN. In general, a Concept's
meaning is strictly determined by the definitions of its subsuming Concepts,[plus information located specifically with the Concept (the manner of this

2 There is a third type of Concept in KL-ONE - the Paralndividual - which we
will get to in Section D.5.

3From this point on, we will use 'Concept' to mean 'Generic Concept', except

- when 'Concept* alone would be ambiguous.

IiI
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I!

'looal" information, as veil an the inhltance facilities, will be described
throughout the remainder of this paper).

KL-0Ui taxonomies always have a single root Concept (which currently is
named THING) of which all other Concepts are descendants. In Figure 1 we
present a simple taxonomy. Each ellipse represents a Generic Conoept; each
link between Generic Concepts (the wide arrow) represents a subsumption
relationship where the "higher* Concept (the one being pointed to) subsumes
the Concept *below* it (the one being pointed from). Subsumption is a
transitive relation, so a Generic Concept actually subsumes all Generic
Concepts 'below' it.5 In KL-ONE terminology, the subsumption relation is
indicated by a superC cable (the wide arrow) and the subsumer and subsumes
Generic Concepts, respectively, are called the superConoept and subConcept.

You will note in Figure 1 that a Generic Concept can have many
superConoepts and/or subConoepts. The Concept MAN has both MALE-ANIMAL and
HUMAN as its superConoepts. Hence, both KALE-ANIMAL and HUMAN subsume MAN and
the Concept MAN Is defined as the conjunction of the two. The use of multiple
subConoepts (e.g., for the Concept ANIMAL) allows one to distinguish the
various subtypes or subclasses of a Concept (four types of ANIMAL are included I

We have stated that Concepts inherit at least part of their definition
from their superConcepts. In fact, KL-ONE places a strong emphasis upon
precise definitions for Concepts, where that definition is expressed
explicitly in the KIL-ONE network. This emphasis has several important effects
regarding the design of IL-ONE. In particular, names for IL-OR objects (such
as Conoepts) are not used by the system in any way. They are merely
conveniences for the user. Also, 'cancellation* of parts of a definition that
a Concept inherits from its superConoepts Is explicitly prohibited (this is
addressed more completely in Section D.3.3).

The components of a IL-OKZ Concept which constitute its entire definition
are:

4There has been considerable discussion suong IL-OII users as to whether or
not KL-011I should be able to represent rhaustion or mutual exclusion among a
ConceptIs subsumees. If it did, then a Concept could gather part of its
definition from those it subsume, in the case of exhaustion, or wlblingw
Concepts (Concepts which share the same subsuming Concept), in the case of
mutual exclusion. Currently, however, KL-OKl does not support either. i

5 Frem this point on, the notions of wabove' and 'below" will be used
Interchangeably with 'subsumer" and 'aubsumsee, respectively. F

[I
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L
o the definitions of its subsuming Concepts (its superConoept),

o its local internal structure expressed in

Roles, which describe potential relationships between instances
of the Concept and other closely associated Concepts (i.e., L
those of its properties, parts, etc.), and

Role3t Relations, which express the interrelations among the [
functional Roles.

A superConoept serves as proximate genus, while the internal structure
expresses essential eIifferences, as in classical classificatory
definition [Sellars 17]. The sumum genus is represented by the Concept
THING. THING is the only Concept that has no superConcepts.

A pictorial representation of THING is shown in Figure 2. The Concept
itself is represented by the ellipse labeled with its name; the Role subpart
is represented by the encircled square. As is evident here, Roles themselves
have structure, including descriptions of potential fillers (called 'Value
Restrictions*, or V/RVs), and names. In Figure 2 we see that the Role named
subpart has a Value Restriction of THING. This says that potential subparts
of THINGs must themselves be THINGa. While here such a restriction is vacuous
(there is no other possibility), the system interprets Value Restrictions as
necessary type restrictions on Role fillers. No Wancellation" of such
restrictions is allowed. Cases arise where several Value Restrictions are
applicable to a Role filler (these cases will be apparent as the inheritance
mechanism is explained). If more than one V/R is applicable at a given Role,
the restrictions are taken conjunctively.

There are two basic kinds of Roles in KL-ONE: RoleSets andlRoles (for
'Instance Roles'). RoleSets capture the notion that a given functional role
of a Concept (e.g., upright of an arch, officer of a company, input to a
program) can be filled in the same instance by several different entities. On
a Generic Concept, a RoleSet captures the commonality among a set of
individual role players (e.g., what all officers a given company will have in

6The intuitive form of this type of definition will be evident from the
'JARGON' statements in figures to follow. JARGON is a highly specialized,
English-like language for describing KL-ONR objects and relationships. It has
two important properties: it is usually easy to understand the KL-ONE
structures being described by a JARGON statement, and an interpreter exists
which can translate most JARGON statements Into appropriate KL-ONE structures.
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I

"A THING HAS PL SUBPART

(WHICH ARE PL THING)"

I FIG. 2. THE MOST GENERAL CONCEPT, THING.

common). Any object described by the Conoept will have its own set of role
players, so a version of the Concept that describes a particular individual -
an Individual Concept - will have a corresponding set of role descriptions,
each describing the binding of a given filler into the functional role (e.g.,
*the first-officer of the Enterprise is the man from Vulcan"). IRoles are the

I KL-ONE structures representing these individual bindings (see below).

Since the functional roles defined by RoleSets can be played by more than
Sone individual at a time, RoleSets have Number Retriotiona to express

cardinality information. At the moment, a Number Restriotion is a pair of
numbers (or NIL) defining the range of cardinalities for sets of role-player
descriptions (NIL means 'don't care*). Thus the Number Restriction in Figure
2 Indicates that any THING can have arbitrarily many subparts. All other

I
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faoets of the Generic RoleSet description we applicable individually to each
subpart (e.g., each will have the functional role nme subpart attributable to
it, and each subpart must satisfy the Value Restriction). L

ARHIr BLOCK

V r

pright

;sat

I i
-II

t FIG. 3. IRtOLISLID PARTICULAR IROLIS j

r

A RoleSet on an Individual Concept stands for the ot of role
descriptions for that Concept only (e.g., the particular set of uprights of a
particular arch) - it Is not a generic description. In such a case, we call
the Dole a *?artioular M.leletw. h2oles appear only on Individual Concepts,
and re used to represent partioular bindings of oles to Individual Concepts
(e.g., the lintel of a particular arch is a particular block). Since a
RoleSet describes a sat of fillers, when there we multiple fillers for a
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single RoleSet, several h1oles ust be used - one hRole for each binding.
Figure 3 shows a Generic Concept named ARCH that has two RoleSets, upright and
lintel. An Individual Concept of an ARCH, named ARCH#1, is below It
(Individual Concepts are depicted as shaded ellipses). ARCH#1 Is called an
individuator of ARCH - all Individual Concepts must individuate som Generic
Concept. The shaded arrow connecting the two is called an Individuation
Cable. ARCHE1 has a Particular RoleSet for upright (drawn as a RoleSet with
the circle tilled in) that states that all fillers for ARCH1'a uprights are
not only BLOCKs (the Value Restriction inherited from the ARCH Generic
Concept), they are also SQUARE-BLOCKs. The IRoles (filled-in squares) &how
the particular BLOCKs which constitute ARCH#1.

r Figure 4 motivates the distinction between Roles and their ftillers.
I- Contrast the intended referent of the word wit" in sentences a and b:

5. ALLIGATOR

FIG. 4. A ROLE IS NOT THE SAME AS A ROLE-PLAYER.

o The alligator's tail fell off.

I. a. It lay wriggling on the ground.
b. It will grow back again.

The *tails" that the pronouns are intended to refer to are different in the
two cases. In the first, the Role name is being used to refer to the previous
filler. In the second, since it in not the previous tail that will grow back,
the name must be referring to something more abstract. We take the intent of
this latter reference to be represented by a KL-ONE Role.
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D.3 Derivative Definition

As mentioned above, definitional generic knowledge in KL-ONE is expressed
in a taxonomic inheritance struc !;ure. The backbone of such a network is
formed by Inter-Concept inheritance Cables 7 which pass the structure of
definitions. The inheritance Cable is the primary description-formation
operator of KL-ONE. It specifies that the meaning of a Concept is to be
determined by conjoining the meanings of Its superConcepts. ,.

Note that we have not said that the Cable merely asserts the subclass
relation between two Independently defined olasses. The subConcept is defined
in terms of the auperConcept. This definitional relationship is akin to
lambda abstraction, such as that between A and B in
B(x) x lambda(z)A(x) & ...], and is the basis for our ability to build an 1
analytic classifier into the KL-ONE interpreter (see Section D.3.1).

Figure 5 illustrates how to define a simple Concept from one we have
already defined. The Cable is depicted as a double-shafted arrow. The lower
Concept constructs a more specific meaning from the meaning of THING by
restricting the subpart Role - in this case, to have V/R BLOCK (which is, for
now, an undefined type of THING). The Modifies link from the Role indicated
Or" to the subpart role of THING indicates that the fillers of the subpart I
Role of the lower Concept are restricted to be BLOCKs. Role r Is the subpart
Role for the lower Concept, and thus inherits all of its meaning from that I
superRole. The new V/R is taken conjunctively with the old one (to repeat,
you can not cancel an inherited V/R), and the Name and Number Restriction are
inherited intact. As a result, the lower Concept is "a thing whose subparts
are blocks*. All other Roles from the upper Concept that are not modified by
the lower Concept are inherited intact by the lower one (of course, this
example does not demonstrate this property since THING has only one Role).

In Figure 5, we call this lower Concept BLOCK-OBJECT. BLOCK-OBJECT is
not intended to be some observationally determined class, but merely a n=
t= in JAI descriinJ &. lamnas, defined to be nothing more than "A THING

7The superConcept link, which was introduced earlier, is only one type of
inheritance Cable. [

The link is not independent of the SuperC Cable. It can be thought of as

part of the Cable.
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THN

=3 SUBPART
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IABOKOJC SATIGWOEP UPR R LBOK
FIG. 5. BASIC DESCRIPTION FORMATION.

uuuos SUB PART ARE FL BLOCK*. The SuperC Cable between BLOCK-OBJECT and
* THING serves only as a use of the latter In the definition of the former.
- Decoause BLOCK-OBJECT Is defined in terms or THING, It must of ours be true

that (in any possible world) any BLOCK-OBJECT Is a THING.

[ 9 PL is the JARGON morpheme for expressing the plural form of a noun. Read

OSPANTSN for NPL SBPART8 and 'BLOCKSN for 'FL BLOCK*.
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D.3.I Ta=m ad the Classification Algorithm

Since 'BLOCK-OBJECT' nens "A THING VHOSE L SUBPART ARE PL BLOCKN, any
now tom derived from BLOCK-OBJRCT vil of necessity carry 'THINGO as part of
its oamnhg. By the same token, any entity with Oa thing whose subparts are
blocks' as part of Its description will necessarily be a BLOCK-OBJECT. fl-OE
enforces this subsunption of Concepts by guaranteeing that a Concept entered
In the network will be placed below all other Concepts that definitionally
subse It and above all Concepts that It subsume. This process of finding
the correct 0loatoa for a Concept is called classification and it is one of
the features of KL-E that makes it unique among current representation
languages - the Interpreter in a sense 'understands' the Conoept-formation t
language, and keeps all Concepts in a strict subsuaption taxonomy based on

their Internal structures.

Thomas Lipkis, of UC/ISI, has written a program that perform the .
classification Just described. The algorithm is complete with respect to the
knowledge-structuring primitives that are described In this paper. It Is
described In Lipkin' paper (see page 128), where he also discusses the
classifier's inferential limitations. In particular, he explains why one
cannot expect the classifier to 'understand" knowledge that is extrinsic to
KL-ONE (e.g., number theory).

D.3.2 Incompletely Defined Term

Many uses of KL-ONZ require the Introduction of terms that canApt be
completely defined via the term-forming operators introduced so far. "' To
meet this need, EL-OIIE provides a mechanisa for introducing primitive terms
from which other term may be defined - leaving the maning of these primitive
terms to processes outside KL-ONE. Such primitive terms are represented as
Concepts whose definition, viz-a-viz KL-OIE, is Incomplete. They are called
'starred Conocpts', and are depicted with a 'oe alongside the ellipse
representing the Concept (starred Concepts have also been called 'magio'
Concepts).

The use of starred Concepts lots the KL-ONE system distinguish between
terms which are primitive from term whose definition Is ocmpletely within the

I
1 0 1n particular, some doains require 'natural kind' terms (e.g., elephant),

the meaning of which, many researohers claim, cannot be fully analysed. I

24Appendices[



SReport No. 48s2 Bolt Beranek and N,man Ina.

taxonomy. This distinction in critical to the correct operation of the
classifier, which must prevent a Concept from beooming a specialization of a
starred Concept, unless that particular subsumption relation is stated
explicitly. For example, let ELEPHANT be a starred Concept with various
lRoles. If a second description estohes that of an ELEIPHANT, it need not be an

ELEPHANT - the structure of ELEPHANT constitutes necessary, but not
sufficient, conditions for recognizing an ELEPHANT. The classifier would
never infer that the second description was an ELEPHANT unless explicitly
stated. Concepts that are not starred are interpreted differently - their
structure provides the conditions that are both necessary and sufficient for
recognition.

Normally, these primitive terms are used as part of the definition of
more complex Concepts. For example, we can introduce a starred Concept for
POLYGON that has a RoleSet named side, whose Number Restriction is from 3 to
infinity. A TRIANGLE can then be defined completely; it is a POLYGON whose
side's number restriction is exactly 3. If a new Concept is classified that
is a POLYGON with exactly 3 sides plus other structure, it will become a
specialization of TRIANGLE. There are two crucial ingredients to this
inference: the new Concept was defined to already be a POLYGON (the classifier
would never make that inference), and it satisfied the conditions of TRIANGLE
vis-a-vis its KL-ONE structure.

D..3 A note on *cancellation*

The lack of cancellation of Value Restrictions might appear problematic
from the point of view of representing *exceptions" (e.g., three-legged
elephants - see [Fahlman 79]). However, if we allow cancellation of
properties within Concepts, then these properties are reduced in status fromU definition to default assertions. The KL-ONE taxonomy Afinm terms; non-
definitional information shao terms, such as defaults assertions, is more
appropriate41 expressed elsewhere. Furthermore, cancellation would derail the
classifier. ye intend, instead, to allow statements of default rules etmen
r MAnt& only. Thus (when implemented), one would not represent elephants'

16 typically having four lego as in Figure 6. Instead, one would assert~something like

S11The classifier has Its hands tied if Roles express defaults: a given
Concept can be forced to fit almost anywhere, since all we have to do Is
cancel the Roles that don't matoh up. In this way, TEIE-LEGE-LEPHANT can
Just as well be above FOUR-LMGED-ELEPHANT as below it. See [Braohan 80] for
more about this problem.
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Elephsnt(x) : N[Four-legged-suualx)]

Four-legged-umial Cx)

In the sunnr of [Rliter 80]. That Is, "unless you have inforsation to the
contrary, assum of an elephant that it is also a four-legged-mmmlO. This
leaves the Concepts of ELEPHANT and FOUR-LEGGED-MAIO(AL distinct (as they
should be), and inviolate. KL-ONE ses to be different fron many of today'sL
representation languages precisely because it uses strictly complex
predcates, such as *four-legged-inaual.0

(O,NIL)

FIG. 6. NOT THE WAY TO DESCRIBE ELEPHANTS.

D.4 Inter-Role RelationsL

= The 'Modifies' link of Figure 5 is only one of four types of EL-ONE links
for expressing inter-Role Inheritance relationships. Such relationships bear
the brunt of the "structured inheritance' carried by SuperC Cables.

The four types of relationship are summrized here: I
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o restriction (of filler description and/or number)12 ; e.g., given that
a COMPANY has officers, each of whom is a PERSON, a particular kind
of COMPANY will have exactly three officers, all of whom must be over
45.

o differentiation (of a Role into subRoles); e.g., differentiating the
officers of a COMPANY into president, vice-president, etc. This is a
relationship between RoleSets in which the more specific Roles

- inherit all properties of the parent Role except for the Number5 Restriction (since that applies to the set and not the fillers);

o particularization (of a RoleSet for an Individual Concept); e.g., the
I officers of BBN are all COLLEGE-GRADUATEs; this is the relationship

between a RoleSet of an Individual Concept and a RoleSet of a parent
Generic Concept.

I o satisfaction; this is the relationship between an IRole and its
parent RoleSet.

Role differentiation is one of KL-ONE' s unique features; Figure 7
illustrates its use. Since RoleSets have an associated cardinality, they can
be divided into "sub-Role Sets*. In the figure, we define the Concept of an
ARCH as a BLOCK-OBJECT, one of whose subparts is its lintel, and two of whose
subparts are its uprights. Since each of these Roles is also describable in
the more general terms of its superRole, they each inherit all of the
structure of that Role. Typically, the "lower" Role will have a more highly
constrained Number Restriction than the "higher" Role, as in the case of our
lintel and upright. However, the Number Restriction of the *lower" Role is
the conjunction of its own Number Restriction and that of the "higher* Role.

The purpose of RoleSet differentiation is to allow further specification
of subsets of RoleSets - the RoleSet can have sub-types, each of which is

S rexplicitly described. This is akin to the relationship between a Concept and

its subConcepta, and is supported by full inheritance from the *higher"
RoleSet to its "lower" RoleSets. We intend to generalize the differentiation
mechanism to pllow multiple partitions of a RoleSet - at the moment we allow
only one.

It should be noted that differentiation of a Role can, and should, occur
within a single Concept. RoleSets are inherited through SuperC Cables, so an
equivalent alternative to the previous definition of ARCH is that expressed in

12Vo intend at aome point to change the name of the "odifies" link to

"Restricts" to reflect this.
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• L-

° (SUBPART)

3 BLOCKJLLi

A LINTEL ,

2

"AN ARCH IS A BLOCK-OBJECT WHICH HAS A LINTEL I
AND 2 UPRIGHT"

UP

"THE LINTEL OF AN ARCH IS ONE OF ITS PL SUBPART

(AS A BLOCK-OBJECT)"

"THE UPRIGHT OF AN ARCH ARE SOME OF ITS PL SUBPART"

FIG. 7. DIFFNRUTIATION. F

Figure 8. The Modifies link expresses the faot that the RoleSet see2mi1glY
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BLLr

modifies

FIG.~~~Nl 8.INEIANTELR3IITI

local to ARCH is the very Bse one as its superfloe. Here there are no
further restrictions on ARCH's subpart, to this is simply making explicit a
structure that was for all intents and purposes already there. As far as
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IL-ONE is concerned, Role R is was good as there* in Figure 7.13

Also, we note that subRoles can themselves be modified (by Concepts
defined in terms of the one where the subRole appears) or differentiated (as
long as their oardinality in greater than one).

D.5 RoleSet Relations

While KL-ONE Roles are assigned looal "names*, and inherit then from
superRoles as well, these are meaningless strings as far as the system is
concerned. Thus, in the structure so far described, we have seen how Roles
describe actual or potential Role-fillers, but nothing (except our wishful
thinking) gives the Role its intended meaning as a functional role
description. In order to provide for the explicit representation of the roles
that Role-fillers play, plus provide for the representation of inter-Role
relations, we complete the structure of a KL-ONE Concept with a set of RoleSet
Relations (RSR's).

The first type of RSR we will examine is the RoleValuefap (RVM). An RVM
expresses a simple relationship between two sets of Role-fillers - either
identity or inclusion. An RVM can equate the sets of fillers (N.B. not
IRoles) of two Roles of the same Concept, or a Role of an Individual Concept
with a Role of another Concept. Figure 9 illustrates the RVM structure.
Imagine that we have augmented our ARCH description with the following:

1. AN ARCH HAS A NANE WHICH IS A STRING

2. AN ARCH MST HAVE A DEDICATEE WHICH IS A PERSON

3. A PERSON MUST HAVE A NAM WHICH IS A NAME

4. A NAME MUST HAVE A FIRST WHICH IS A STRING AND HAVE A LAST WHICH IS
A STRING.

These JARGON sentences define the non-dashed structure in the figure.

Ii
1 3 1ts 'being there' or not is an artifact of the implementation. Regardless

of the implementation, the Role Is there as far as KL-ONE is concerned, be it
explicit or implicit.
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a

I ARCH

I

NAME DEDICATEE

S (PERSON

- ! "| NAAEE

' F FIRST

TLAST

"THE NAME OF AN ARCH IS THE SAME AS THE LAST OF THE
KY NAME OF ITS DEDICATEE"

i FIG. 9. A ROLIVALUN4AP.

Now, suppose we wanted to give sme further indioation of the maning of an
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ARCH's name; In partioular, that it is the same an the last name of the person
for whom the arob is dedicated. The dashed structure in Figure 9 shove the
appropriate RoleValuedkp (the diamond). The RVM has two pointers: x, to the
Role name of ARCH, Indioating OTHE NAM OF AN ARCH'; and y, a role
chain, Indicating *THE LAST OF THE NAlE OF THE DEDICATEE OF AN ARCH" (the
first pointer, x, Is also a role chain, albeit a short one). The RVY is hung
off of ARCH, since it is part of the definition of ARCH (and not of PERSON,
NAME or STRING). Note that if any of the Roles in the y chain had potentially
multiple fillers, that ohain would *evaluate*, in an instance, to the complete
set of STRINGs obtained by iterating over all dedloates and all of their
name, and all of their lasts.

Because the RoleValuesap in Figure 9 is a part of ARCH's definition, each
instance of ARCH satisfies the generic relationship defined therein. That Is,
the net of STRINGs obtained by retrieving the names of a particular ARCH is
the same as the set retrieved as the lasts of the names of the dedioatees of
the very same arch.

One final note on the RVM Is needed to motivate the use of a chained
pointer. If the RVM were to point directly to the ultimate Role in the y
chain of Figure 9, that pointer to the last Role of NAME would happen not to
be problematic. However, if we had chosen to make the V/R of the name Role of
ARCH be NAME as well, then the direct pointer would fail to disambiguate
between the last of the name of the ARCH itself and the last of the name of
its dedicatee. Thus, the chained pointer that starts at a Role of the
enclosing Concept is neoessary. Reading from the RVI out, the y pointer might
be read as the "DEDICATEE'S NAME'S LAST", illustrating the prominent position
of the dedicatee Role. In fact, one can think of role chains as a variation
of functional notation, e.g., wlat(name(dedicatee(ANCH)))R.

The second type of RSR we will examine is the Structural Description
(SD). SD's express how the Roles of the Concept interrelate and how they
relate to the Concept as a whole via the use of parameterized versions
('Paralndividual Conceptsv) of other Concepts in the network. Taking our ARCH
example once again, we re-introduoe the two RoleSets defined for Figure 7,
lintel and upright. We can express the functional relationship between the
lintel and uprights of an ARCH, namely that the uprights SUPPORT the lintel,
with an SD that uses a Paralndividual Concept. This is depicted in Figure 10
(for simplioity, we have not drawn the remainder of the ARCH Concept). The
diamond in the figure depicts the SD. It contains a ParaIndividual Concept,
SUPPORT#1 (double ellipse), which in a parameterized version of the SUPPORT
Generic Concept. The arrow connecting SUPPORT and SUPPORT1 is called a
'Paralndividuates Cable' . The Roles on SUPPORT#1, called CorefRoles, have a
one-to-one correspondence to the Roles on SUPPORT, indicated by the
Coref~atisfies wires, and express their correspondence to the Roles on ARCH
via Coref wires (Coref wires have also been called Coreflalue wires). The
intent of this SD is that as part of the definition of an ARCH, there must be
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F

ARC lintel

BLOCK

SUPPORT SUPR# coe ref

supportee COrefsatisfi

FIG. 10. A STRUCTURAL DESCRIPTION USING A PARAINDIVIDUAL CONCEPT

.- !a lintel and more than one uprighbt, wher "ob upright must play the Role or

supporter or some Instan:e of SUPPORT in which the lintel (of the sam ARCH)is the supportes.

The use of Paralndividual Concepts has a natural analogy in progriming
languages. If one thinks of the Generic Concept of SUPPORT as being analogous
to definition of some function F with arguments A and B, the Paralndividual Is
akin to a call to F from some other function where the arguments, A and B, are
substituted by other expressions. Programming languages typically rely upon
argument order to make the correspondence between defined arguments and their
use, whereas IL-ONE uses the wires mentioned above instead.

pi
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In pneral, Rolebst Relations express quantified relationships smogn
Role~ets as set mappings. 3D's are the subclass of 1RI, that map over the
Roles of a single Concept (the Corer wLres muat go through RoleSets of the
Concept containing the 3D). R18's are Intended to describe mappings among
I1oles. They do this by specifying the mappings at the Generic Concept level.
They are Inherited through Cables and are restricted and perticularized In a
manner similar to that of Roles (for further discussion of R3Rs, see the
summary of the technical discussion on IRs, page 4, and Freeman' a paper on
'Towards a calculus of structural descriptions ... 0, page 115).

We should add one more note. In Figure 10, the Corer wires vent directly
from a Corefiole to a Rolet. In general, Coref wires are actually role
chains and have the same properties as role chains for RVK (which va
discussed earlier In this section). When used with Paralndividual Concepts, 4
the role chain can also point directly to the enclosing Concept in order to
express the participation of the instanoe's 'self' - that is, the thing as a
whole - in a relationship. For example, in Figure 11, the Concept of a
HUSBAND would have as part of its definition a RoleSet Relation describing a
MARRIAGE in which the male-spouse Role was to be filled by the HUSBAND itself.
For each instance of HUSBAND, there would have to exist a MARRIAGE description I
whose malo-spouse was that instance of HUSBAND (and not some other HUSBAND).

I °" !
D.6 Contexts end Nexuses

As mentioned earlier, the description formation part of CL-ONE has a
omplementary assertion-making part. We have tried carefully to distinguish U
between purely descriptional structure and assertions about ooreferenoe,
existence, etc. All of the structure mentioned above (Concepts, Roles, and
Cables) Is definitional. All assertions are made relative to a Context and
thus do not affect the (descriptive) taxonomy of generic knowledge. We
anticipate that Contexts will be of use in reasoning about bypotheticals,
beliefs, and wants.

One asserts the existence of some thing satisfying a description (i.e.,Concept) by connecting it to a Nexus within a particular Context. This

connecting link is called a Description Wire. A Nexus Is a structureless
entity which serves as a locus of coreference statements; it holds together
various descriptions, all of which are taken to specify the same object in the
Context. Nexuses have been conveniently thought of as corresponding to things
in the world; KL-OM, however, makes no such commitment. The Description Ii
Wires are also taken to be in the Context. Contexts are at the moment simply
collections of Nexuses and Description Wires. Thus, a Context can act as a
'world', which comprises a set of statements about existence and description [
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IF

MAN

• , HUSBAND

M II RR ] fmale-'Pr spouse

FIG. 11. A COREF THAT POINTS DIRECTLY TO ITS EICLOSING CONCEPT

ooreferene.14

n In Figure 12 (the Nexuses are small circles, the Contexts rectangles, and
the Description Wires squiggly lines), we have Nexus NI in Context C1

asserting that a Vulcan named *Spook* is the Firat Officer of the Enterprise,
* while in Context C2 these same desoriptions are used in a different way by

Nexuses N2 and N3 to assert that the First Officer of the Enterprise is a

1 4CO-O,eerenose Is not quite the right term, since the objeota Preferred

to w need not exist. Co-speolfioation of description is probably a better term

(see [Sidner T91).
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person nsmed UoburaN and a Vuloan naied Spook is the Captain or the
Raterprise. We should note that KL-CNU at the monent does not support any
meaingful relations bet-een Contexts, although a hierarohy of Contexts osa be
oreated by putting the meta-ancbor (i.e., a Nexus) of one Context into another
Context.

VETHE FIRST OFFICER

nod d 
OF THE ENTERPRISE"

"THE CAPTAIN OFI
"-THE ENTERPRISE"

Cl C2

FIG. 12. SGM EL-CU ASBERTIONS.(

t {

• 1~
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D.T U1sta-Deiptio

Nexus" allow us to come as close to real *reference* to objects outside
L the system as Is possible in this kind of representation environment. In

addition to the use of Nexuses as 'surrogates" for outside entities, EL-UZ
allows reference to Internal entities (e.g., Concepts) as well. Thus one can
mnta-describo' a IL-OR object In IL-ONR. Of course, to do this, the systemSneeds to have the Concepts of a IL-ON2 Concept, a IL-OUR Role, a IL-OUR
RoleValueftp, etc. These are not yet part of the implemented system.

In order to construct a meta-description, one uses the same type of

I structure used in constructing a regular description. Each KL-OUR structure
is considered implicitly to have a oorresppding Nexus that Is known to exist
in the 'U-OE base level" Context .'; Mota-descriptions are simply
descriptions (usually expressed in terms of the Concepts IL-U-CORCEPT,
KL-ON-ROLE, eta.) attached to those Nexuses by means of the Description Vire
Mochanism mentioned above. In the future, we expect to study how further to
exploit eta-desoription in KL-ONE. One can imagine the KL-OUR system
providing automatic access to a complete meta-description of any other
description, and also allowing one to affect the KL-ONE interpreter by
modifying these meta-desoriptions in a manner similar to that of Brian Smith's
3-LISP [Smith 82]. The primary questions in this effort deal with the details
of such a system, and more importantly, the determination of exactly what
leverage one gains by using it.

D.8 Attached Procedures and Data

The final feature of KL-ONE to be touched on here is the ability to
attach procedures and data to structures in the network. This Is purely a

- programing convenience - attached procedures and data are 'outside' of IL-OR
L and have no semantically justifiable place In the epistemology. Hence, this

section deals strictly with our implementation.

The attached proodure mechanism is Implemented in a very general way.
S .Procedures are attaohed to KL-ONE entities by 'interpretive hooks' (ihooks)

15Ve have on occasion called these Nexuses 'meta-anohors', In the manner of
[Smith 78].
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(006 Ctth Ta8), which specify the set of situations in which they are to be
triggered. An interpreter function operating on a KL-OUi entity causes the
invocation of all procedures inherited by or directly attached to that entity
by ibooks whose situations match the intent of that function. Situations
Include things like lndividuateu, *Modify, *Create*, 'RemoveN, etc. In
addition to a eneral situation, an ihock specifies when in the execution of
the interpreter function it i to be invoked (PRB-, POST-, or VH-).

Procedures attached to the conceptual taxonomy can make KL-OU work like
a special kind of object-oriented programing system. ye make no claims about
this use of the system (but see [Goodwin 79]) - the procedures are not
themselves written in KL-Oil, and there can be no guarantee that an attached
procedure will honor the integrity of the network. The facility itself is L
supported only in a very simple way. Attached procedures should ultimately go
away when we know bow to descriptively characterize behavior in general and
its relationship to intensional description. £

Finally, a facility has been incorporated to attach arbitrary data to
L-OM Concepts. The data is stored in property list format and is inherited

along superC cables. An second attached data facility exists which simply I
provides a property list format without inheritance. I
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~APPUDIX z

IN=: KL-OU TBCOICAL TI111I

The following index attempts to bridge the terminological gap that
newoomrn to CL-CUE must cross by giving brief descriptions of a number of
teohnioal terms used in this proceedings. Each description also includes a
reference to a more complete explanation within this proceedings. The set of
terms included here is , at best, a guess at those terms that a new CL-CUE
reader needs to know. Please accept our apoligies for those that we missed.

A113: Acronym for "Augented Event Transition Network". See page 64.

Attached Data: Mechanism for attaching arbitrary data to CL-ONZ object. See
Section D.8.

Attached Procedure: Mechanism for influencing the CL-ONE interpreter. See
Section D.8.

CIR: Inverse of the RIC link. See RIC in this index.

CCKLON: Software paokage for constructing KL-ONE networks. See page 41.

Classifier: A classifier for KL-ONE will automatically place new descriptions
at their appropriate looation in a CL-ONE taxonomy. See pages 128
and 24.

Concept: Usually refers to all types of KL-ONE Concepts, but it is often used
to refer only to Generic Concepts. The Concept is introduced on

Spage 235 and is discussed throughout Appendix I.

Context: Object that contains a set of assertions. See Section D.6.

Corer Wire: Wire that shows the value for a CorefRole. See page 252.

Coref Role: Type of Role found on a Paralndividual Concept. See page 252.

Coeftatisfies Wire: Wire that shove vhich oleSet a CorefRole corresponds to.
See pae 252.

Corefislue Wire: Synonym fro Coref Wire. See Corer Wire in this index.

Caato Wire: Synonym for CorefSatisfies Wire. See CorefSatisfies Wire in this
index.
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L
Description Wire: Wire that asserts the correspondence of a Nexus to a

Concept. See page 254.

Diff Role: A RoleSet that differentiates another RoleSet. See RoleSet
Differentiation in this index.

Differentiates: See RoleSet Differentiation In this index.

ABox: Assertional Component of the proposal by Ron Brachman and Hector
Levesque. See page 8.L

Fransi~sp: Version of Lisp (pattered after MacLisp) that runs on VAX machines.
It is the target language of a translation effort for the KL-ONE
system. See pages 68 and 106.

Generic Concept: Primary KL-ONE object which represents a general term.
Introduced on page 235 and discussed throughout Appendix E. I

Generic RoleSet: Represents a conceptual subpart of a Generic Concept.
Introduced on page 238 and discussed in Sections D.2 and D.4. I

IC: Shorthand for Individual Concept. See Individual Concept in this index.

lhook: Shorthand for Attached Procedure. See Attached Procedure in this
index.

Individual Concept: Object representing a individual tem. Introduced on page 1
235 and discussed in Appendix D.2.

Individual Role: Full name of Role. See IRole in this index. I

Individuator: An Individual Concept. See Individual Concept in this index.

IRole: Represents the binding of a Role, at an Individual Concept, to a
description of its filler. Introduced on page 238 discussed in
Sections D.2 and D.4.

KL-OI I/0 facility: Input/output facility for KL-ONE networks. See page 38.

KloneTalk: SmallTalk version of KL-ONR written at Xerox-Par. See page 90.

KLOUMKS3RS: A directory containing INTERLISP packages that aid a KL-ONE
programmer. It is similar in nature to LISPUSERS. 1"

Magic Concepts: A nmagic Concept is one that Is incompletely specified viz-a-
viz KL-ONZ. We have dropped usage of *magic" in favor of *starred*.
See Starred Concepts in this index. [
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Metalook: Mechanism for representing meta-desoriptions. Metalook refers to
the Nexus to which a meta-description is attached. See Section D.7.

Ieta Link: See Metafook in this index.

T Modifies Wire: Wire representing a Modifies relation between RoleSets. See
RoleSet Modification in this index.

Mod RoleSet: A RoleSet that modifies another RoleSet. See Roleet
Modification in this index.

Nexus: Object of co-reference for assertions. See Section 254.

ParaIndividuates Cable: Show the relation between a Paralndividual Concept and
its PparentP Generic Concept. See Paraindividual Concept.

Paralndividual Concept: Represents a parameterized version of a Generic
Concept. See page 252.

Particular RoleSet: Name for a RoleSet that is associated with an Individual
Concept. See page 210.

PI: Shorthand for Paralndividual Concept. See Paralndividual Concept in thisI index.

QUA Concept: Representation for a general role-filler, which is an extension
of the KL-ONE language. See page 55.

Realizer: A process developed at USC/ISI that attributes new descriptions to
individuals as a system learns about them. See page 78.

RIC: Acronym for *role in concept", which is an extension of the KL-ONE

3 language. See page 59.

Role: Represents a conceptual subpart of a Concept, for which there are

several types. Introduced on page 238 and discussed in Sections D.2
and D.I.

Role Satisfaotion: Represents the binding of a Role to a description of a-1 filler. See Section D.4.

RoleChain: A path through connected RoleSets. See page 252.

I RoleName: Each Role can have a name, which is inherited by subRoles. See page
240.

I RoleSet: Usually refers to Generic RoleSet, although sometimes to Roles in
general. See Generic RoleSet in this index.

U
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i
RoleSet DIfterentiation: Represents a partition of a Roleset into subsets.

See Section D.A. F
RoleSet Noditioation: Represents additional restrictions on an inherited

RoleSet. See Section D.4.

Rolefet Relation: Represents general relationships between RoleSets. See
Section D.5.

Role Value Nap: A type of RoleSet Relation that represents wither set equality
or set inclusion between RoleSets. See Section D.5.

RSR: Shorthand for RoleSet Relation. See RoleSet Relation in this index.

RVH: Shorthand for Role Value Map. See Role Value Hap in this Index.

Satisfies Wire: Wire representing a Satisfaction relation between a RoleSet
and an IRole. See RoleSet Satisfaction in this index.

SD: Shorthand for Structural Description. See Struotural Description In this
index.

Starred Concept., Roles, eto: a star is used to indicate an Incompletely
specified Concept, etc. It is a synonym for unagiew (i.e. a magie
Concept), although "starred* is our preferred term. See Section
D.3.2 for a description of starred Concepts and the discussion
summary of *Individuality in IL-0ON1 (Section 1.3, page 27), for
other uses of starred objects.

Structural Description: A type of RoleSet Relation that uses a Paralndividual
Concept and represents a relationship between RoleSets of only a
single Concept. See Section D.5.

SubC: Shorthand for SubConoept. See SubConoept in this index.

SubConoept: A Generic Concept that is subsumed by another. See Section D.2.

SuperC: Shorthand for SuperConcept. See SuperConcept in this index.

SuperConcept: A Generic Concept that subsumes another. See Section D.2.

TBOI: Terminological Component of the proposal by Ron Brachman and Hector
Levesque (see page 8).

Value Restriction: Representation of the restriction of the potential fillers
of a Role. Introduced on page 238 and discussed In Section D.2.
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I
Vt: Shorthand for Value Restriction. Se Value Restriction in this index.

5 V/R; Shorthand for Value Restriction. See Value Restriction in this index.
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