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VARIABLE-VALUED LOGIC:

System VLl

by _

Re S. Michalski
Department of Computer Science
University of Illinois at Urbana-Champaign
Urbana, Illinois 61801

ABSTRACT

The paper defines the concept of a variable-valued logice

(VL) system and discusses in detail one specific VL system called VLl.

The main motivation for the development of the VI system
concept is to construct a well-defined, general formal system unifying
various combinatorial problems and adequate, in particular, for problems
of 'learning from examples' (problems which are of special interest to

areas of pattern recognition and machine intelligence).

INDEX TERM:
Variable-valued logic, many-valued logic, switching functions,
disjunctive normal ferms, feature selection, classificaticn rules,

inductive systems.
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INTRODUCTION

This paper describes a forﬁal system, called VLl, which
is a specific system within a broader concept of a variable-valued
logic (VL) systems One of the basic assumptions underlying the
definition of a VL system is that every proposition (a VL formula)
and each of the variables in the proposition, can accept its own,
independent .number of values *ruth-values'),which are selected
on the basis of semantic or problem-oriented considerations.,

The concept of 'truth', the'fundamental concept of logie,
is treated here as a property of our knowledge about nature in the
broadest sense, similar to any other property characferiziég natufe.
Therefore, the 'truth' is not considered as a concept which has an
absolute number of 'truth-values' ('true - false', or 'true-false-
possible’, etc, ) but as a concept which can take any number of values
which is adequate in a given situation or appropriate for the meaning
of the sentence. The main motivation for the development of the concept
of a VL system is not theoretical, however, but practical, namely to
construct a well-defined,Ageneral formal system, which would be adequate for
solving various practical problems of combinatorial nature, in particular,
problems characterized as 'learning from examples'. Such problems are
of special interest to the areas of pattern recczaition and machine
intelligence.

The VLl system, discussed here, though a very simple system, displays
many of the desired features in the mentioned direction. It can be used
ag a formal basis for designing software or hardware systems able
to infer ('learn') the simplest, in a well-defined sense, and also

generalized, descriptions of complex objects (or object classes) from
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specifie samplé facts or examples characterizing the objects. These
descriptions can then be used, e.g., as simple rules.for classifying
or recognizing the objects. Another application can be to infer the
simplest expression for a deterministic relationship existing among
various objects, from examples of this relationship.

The set of operations which VLl uses to create such
descriptions is limited to only a few basic logical operations and
one arithmetic operation -- addition (which is used only in a restricted
context, namely to express symmetric propverties of functions with
regard to their variables or inversed variables).

: The original facts or examples, from which system can 'learn',
have to be expressed in a special format: as sequences of properties
taken from various finite (ordered or unordered) domains (i,e. a
'questionnaire formet') or, in the most general case, in the form of VLl
formulas.

The concept of a VL system énd the definition of VLl were
first introduced2 at the IFIP Working Conference on Graphic Languages,
Vancouver, Canada, May 1972,

In this paper we present an extended definition of VLl which
includes certain new concepts, such as a symmetric selector i |
exception and separation operations and a combined VL formula, We also

1

cive here a grammatical description of the syntax of VLl and describe

various concepts relevant to the system: equivalence-preserving
operations, merging and simplication rules, concept of minimality of VLl
formulas under a lexicosraphic functional, a zeometric model of VLl

formlas,

A Reader interested in applications of the system and its

computef implementation is referred to other papersl’2’3.






