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1. INTRODUCTION

This position paper is intended to provide a
perspective for research on conceptual modelling
carried out over the past five years at the Univer-
sity of Toronto and to draw some conclusions from
the experiences we have accumulated. '"'Conceptual
modelling" here refers to the activity of construct-
ing abstract models of knowledge about some world
and is synonymous with the terms "knowledge repre-
sentation" and "semantic data model" as they have
been used in AI and Databases respectively. Much
of the research on the subject has focused on the
development of descriptive tools for the description
of such models. Less attention has been paid, so
far, on methodologies for building such models.

The basic premise that has guided much of our
research is that useful descriptive tools for con-
ceptual modelling can be developed within a frame-
work that is characterized by the following
features:

a) Is object-oriented, i.e. its atomic units are
objects intended to represent entities and they
can be created, have properties throughout their
lifetime and can eventually be destroyed.

b) Uses procedural attachment, in the sense of
[Winograd 75], to define procedurally the "meaning"
of objects.

c) Pays special attention to the organization of
all units constituting a model along different
dimensions defined in terms of organizational
principles such as aggregation, generalization,
classification (as discussed in section 2) or a
context dimension ([Hendrix 75]).

- The premise is being tested with the design of
PSN', a knowledge representation language, and

t+ PSN: Procedural Semantic Networks,
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TAXISTT, a semantic data model, PSN treats tradi-

tional semantic network concepts within a procedural
framework ([Levesque 76,77,79], [Schneider 78,791,
[Kramer 80], [Lesperance 80]). TAXIS, on the other
hand, is a programming language for the design of
interactive information systems (IISs) such as air-
line reservations and credit card verification
({Mylopoulos 78,80a,80b], [Wong 80], [Barron 801}).
The position paper outlines the most important
similarities and differences between the two formal-
isms, examines the influence each one had on the
other and describes some open questions that are
currently under investigation.

2. AN OVERVIEW OF PSN

The PSN framework has its origins in semantic
networks (see [Brachman 79] for a survey) and
Abrial's work on data semantics ([Abrial 74]). As
described in [Levesque 77,79], a model ("knowledge
base') is a collection of fokens and (binary) £inks
between them. Every token must be an instance of
a class and every link an instance of some
nelation, The "meaning' of each class is defined
through four procedures that specify respectively
how to {nsent, remove and fefch instances of the
class and how to fesf whether an object is an
instance of the class. PSN departs from Abrial's
proposal with the introduction of three organiza-
tional principles which are used to structure a
model:

a) Agghegation: an important aspect of the defini-
tion of a class is its internal structure given in
terms of 4£ofs which are bound to particular values
for each instance of the class. For example, the
class PERSON may have slots ''mame'", "address" and
"phone#" and this means that with each particular
person token, say john-smith, we can associate a
particular name, address and phone# by binding it
to the corresponding slot. Each slot has a fype,
another class, and constrnaints that limit the range
of objects that can be bound to it. A slot can
also have a defauft that will be used when no value
is provided for the slot during the creation of an

instance. If class A has slots named sl

with types the classes Bl’BZ"'°’Bn’ we say that
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are the pants of A or that the special

Tt TAXIS: from Tafls, Greek noun meaning order as

in "law and order" or class as in "social class",
"university class", etc.



relation PART-OF holds between B; and A, l<i<n.
PART-OF defines the first organizational principle
of PSN as it allows certain objects, the instances
of class A, to be viewed as aggregations of others,
namely instances of the classes Bl’BZ’ ..,Bn

b) Genenalization: defined through the special
partial order relation IS-A which organizes classes
into a hierarchy with respect to their generality/
specificity. Thus the class PERSON is a generaliza—
tion of the classes STUDENT, EMPLOYEE and is placed
higher up along the generalization dimension, If
class A is a generalization of class B then every
instance of B is also an instance of A and every
slot of A has a corresponding slot of B with the
same name. ALL classes, including relations which
are treated as classes, have a coordinate with
respect to the generalization dimension,

c) Classification: defined through the INSTANCE-
OF relation that holds between an object and each
class it is an instance of. ALL objects, i.e.
tokens, links and classes, must be instances of
classes. This introduces the notion of a metaclass,
a class whose instances are classes, and allows the
definition of a third dimension along which a
model can be structured.

Uniformity of representation has been a basic
design principle for PSN throughout its development.
Viewing relations as classes and classes as objects
which are themselves instances of other classes are
two particular uses of uniformity as a design
criterion. A third, and perhaps more interesting,
use involves the treatment of procedures in PSN.
Procedures are viewed as classes whose execution
instances are special tokens related to the corres-
ponding procedures through the INSTANCE-OF relation.
The body and the parameters of a procedure are
defined through its class structure and procedures
are organized into an IS-A hierarchyT, since they
are classes. This treatment of procedures has two
advantages over others that view procedures as
executable atomic units. Firstly, it adds greatly
to the perspicuity of a model where everything is
represented and organized according to the same
rules, Secondly, and in a sense more importantly,
it encourages model design which proceeds from the
representation of more general concepts (procedural
and non-procedural alike) to the representation
of more specialized ones.

Another interesting feature of PSN which is
also heavily dependent on the uniformity of the
formalism, is the degree of "matural' self-
description that is possible within the formalism.
[Levesque 77] includes a complete description of
an early version of PSN in PSN which is based on
a small set of primitive notions.

T The notion of IS-A hierarchies for procedures
evolved out of earlier work done for the TORUS pro-
ject [Mylopoulos 76] where IS-A hierarchies of
events served as a basic organizational tool for
the knowledge base of a natural language understand-
ing system. The notion of a SIMULA subclass [Dahl
72] is also relevant, with the major difference
between the two notions being that unlike a SIMULA
hierarchy of classes, an IS-A hierarchy of proce-
dures imposes strict semantic constraints on proce-
dures that may be introduced at the bottom of the
hierarchy [Mylopoulos 80a].
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Some representational issues were not treated
satisfactorily, if at all, in the original version
of PSN [Levesque 77,79]. - Among them we note des-
cndiptions which may or may not refer to any entity
in the world that is being modelled (e.g. "a man
who kissed Mary'") and {ndeginite objects, i.e.
objects whose existence has been confirmed but
whose identity remains unknown. Another difficulty
arises from the strict rather than default inheri-
tance rules associated with the IS-A relation.
According to these rules, if a class A has a certain
slot s then every specialization of A has to have
an s slot perhaps in a more restricted but never in
a contradictory form. This means that classical
representational problems such as representing the
fact that penguins are birds but (unlike birds)
they don't fly, could not be represented in an
obvious way in PSN.

3. FROM PSN TO TAXIS: AN ADAPTIVE APPROACH

TAXIS was conceived as a potential solution to
an existing problem: the lack of software facili-
ties for the design of IISs. Much of its develop-
ment was guided by our convinction that traditional
software development methodologies which stress
decomposition as a design paradigm (e.g. [Wirth 71])
are primarily applicable to situations which re-
quire the representation of a few complex concepts/
problems and they do not address themselves to
modelling situations which involve farge amounts
of sdimple detail, such as those encountered during
the design of an I1IS. This observation led us to
the design of a programming language which offers
the organizational principles of PSN but emphasizes
generalization, which appears to be a major
abstraction facility humans use to cope with large
amounts of detail, while de-emphasizing aggregation
and classification. Particular points of major
difference between the two formalisms are listed
below:

a) TAXIS limits the classification dimension to

3 levels which include respectively tokens, classes
and metaclasses. This was meant to be a simplifi-
cation of the conceptual framework used for TAXIS
over that of PSN.

b) TAXIS restricts the kinds of information that
can be attached to slots to type and default infor-
mation. Other constraints on the values that can
be bound to slots have to be represented proce-
durally.

c) In TAXIS two different times are recognized

in a program's lifetime: program creation time and
run time. Classes can only be created at program
creation time. This is a clear concession to effi-
ciency at the expense of flexibility.

d) Although the ability to associate procedures
with a class is retained in TAXIS, it is modified
so that procedures can define arbitrary operations
on instances of a class they are associated with.

e) Since run time exceptions play an important
role during the life of an IIS, much attention was
paid to exceptions and exception handling. As with
all other constructs in TAXIS, exceptions are treat-
ed as classes thus maintaining the uniformity of

the underlying conceptual framework of the language
and keeping it consistent with PSN. Moreover,



whereas in PSN a procedure had exactly four asso-
ciated expressions which define its body as consis-
ting of a precondition, an action, a postcondition
and a complaint, in TAXIS a procedure can have an
arbitrary number of associated expressions each of
which belongs to one of four categories., This modi-
fication of the PSN framework was needed in order

to allow a more flexible exception handling mechani-
sm in TAXIS.

4. CLOSING THE FEEDBACK LOOP

The development of TAXIS has, in turn, had its
influence on recent extensions to PSN. In parti-
cular, the treatment of procedures in TAXIS is
adapted to PSN in [Kramer 80]. The adaptation
includes the introduction of the notion of meta-
sthucture which allows a metaclass to limit the
allowable structures of its (class) instances in
the same way the structure of a class limits the
allowable aggregations that can be used for its
instances.

Another extension of PSN described in
[Lesperance 80] involves the introducticn of a
mechanism for handling both sfatic exceptions, i.e.
having an "instance" of a class whose components
don't satisfy the constraints specified in the
structure of the class, and dynamic excepfions
which arise during the execution of a procedure.

A separate aspect of this work involves the develop-
ment of a mapping mechanism between classes which
makes it possible to define a class as being simi-
lar to another. For example, the class PENGUIN

can be defined in terms of this mechanism as being
similar to the class BIRD except that the part of
the structure of BIRD which specifies that birds

fly isn't inherited by PENGUIN.

A third extension of PSN, not influenced by
TAXIS however, is described in [Schneider 79],
[Lesperance 80] and concerns the notion of contexts
(partitions in [Hendrix 75]) which is useful for
modelling multiple views (e.g. reality vs a fairy
tale world view), hypothetical worlds, belief spaces
and time frames. Contexts can be thought as means
of grouping together oljects so that for any given
context an object is either present (vis:ble) or
absent. Moreover, contexts are organized int) ¢
tree-structured context hierarchy with centexts
near its top representing global views whose
objects are visible in contexts ilower down unless
explicitly deleted from those contexts. Once thi:
additional dimension is added to a modelling frame-
work it is necessary to treat objects from a reia-
tivistic point of view since john-smith in the
reality context can bte a very different object from
john-smith in the fairy tale world context. One of
the issues discussed in [Schneider 79], [Lesperance
80] concerns the existence of invariants across
contexts. Another the treatment of contexts as
objects which requires that they be instances of
classes, have properties and be visible within other
contexts or even themselves.

5, FUTURE RESEARCH DIRECTIONS

We will mention two research questions which
are of great interest to us at this time. The
first concerns the introduction of (logical) asser-
tions into the framework outlined in section 1.
Assertions can be very useful for defining Anvatdi-
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ants of a class, i.e. conditions that must be
satisfied at all times by their instances, and
preconditions/posteonditions of procedures. To
introduce them, however, in PSN or TAXIS while
maintaining the uniform framework used so far means
that assertions too should be treated as objects
that are instances of (assertion) classes and can
be talked about in other assertions (see also
[Borgida 80]).

The research carried out so far has concen-
trated on representing knowledge about a slice of
reality. A major consideration during the design
of IISs involves the user interfaces through which
an IIS will communicate with its users. Some of
the questions that have to be dealt with in
designing a user interface are -

a) Linguistic: What are the allowable forms of
messages to be passed back and forth between the
system and its users or even between different
components of the system (graphic, restricted
natural language, some other special form,...)?

b)  Pragmatic: What types of dialogues will be
supported by the user interface? Should it support,
for example, clarification or explanation dialogues
such as those supported by RENDEZVOUS [Codd 7817t

As with assertions, the problem is not simply
to add facilities so that linguistic and/or pragma-
tic aspects of a system's design can be dealt with,
but rather to provide these facilities within the
PSN/TAXIS framework so that the designer of a
PSN/TAXIS model is presented with a single concep-—
tual framework within which he constructs his
model.

6. CONCLUSIONS

The one major difference between TAXIS and PSN
that we consider essential is the program creation/
run time distinction of TAXIS which limits the
kinds of things that can be done at run time to a
TAXIS program but opens the door to gains in effi-
ciency. This concern for efficiency at the
expense of flexibility is also reflected in the
implementation of the two formalisms. The imple-
mentation of PSN, described in [Kramer 80] involves
an interactive LISP-based system for the creation
and manipulation of a PSN knowledge base. The
implementation of TAXIS (under design) involves the
development of an interactive system for the
creation of a TAXIS program and then its transla-
tion into a PASCAL R program [Schmidt 77] which is
the final product of the design process.

In all other respects the representational
issues of knowledge representation formalisms were
found to have their counterparts in semantic data
model design and vice versa.
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