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GENERATION OF TEST BASES OF RULES FOR THE ANALYSIS OF
PRODUCTIVITY OF LOGICAL INFERENCE ENGINE

The subject of research in the article are test tasks to determine the performance of logical inference engines based on rules. The
purpose of the work is to create a method of forming a database of rules and a set of data for analyzing the performance of logical
inference mechanisms according to the given characteristics of rule activation and the complexity of finding a way to the target
conclusion. The article solves the following tasks: determining the requirements for the knowledge base to be formed; creation of a
knowledge base model; creating a way to form rules; identifying ways to increase the number of rules; providing testing of logical
inference mechanisms for the proposed test problem. The following methods are used: methods of comparison with the sample, graph
theory, logical programming. The following results were obtained: the method provides opportunities: creation of conditions of rules
that complicate the data flow network of the Rete-algorithm as much as possible; formation of test bases of rules for derivation both
on logic of the first order, and on offer logic; simply increase the number of knowledge base rules while maintaining the output logic.
The formation of the knowledge base is based on a graph that represents the meta-rules of mixing paints to obtain a new colour. The
vertices of the graph are colour classes. Each metarule is either an edge leading to the OR vertex or a set of edges in the case of the
AND vertex. Each meta-rule specifies a scheme for creating several rules, because its structural components are classes of paints. The
given structure of the graph significantly complicates the logical inference, because to prove the truth of the conclusion on AND-
vertices it is necessary to have the conclusions obtained in the previous steps of different search directions. Examples of rule
formation are given. Target vertices are defined, which determine the simplest and most complex cases of logical inference.
Conclusions: it was proposed a semantic model of the knowledge base in the form of AND/OR-graph, which allows you to test the
effectiveness of the implementation of conflict resolution strategies, as well as heuristic algorithms; a method of creating tests for
inference mechanisms, which allows you to generate a database of rules and a set of data of certain sizes, as well as to model the
complexity of finding the target output and activating the rules. Ways to increase the number of rules of the knowledge base to
complicate the problem of logical inference have been presented; formulation of tests to determine the performance of logic output

mechanisms for the proposed test problem has been done.
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Introduction

The state of the issue

Modern  software  needs an intellectual
component, in particular, drawing conclusions based on
pre-accumulated information and operational data. In
practice, such a problem often has to be solved on

the basis of the results of image analysis from
cameras by neural networks, for example, in
on-board software systems, in monitoring and

diagnostic systems. Another application of rule-based
systems is the analysis of large data sets, such
as Web data.

The implementation of logical inference is carried
out on the basis of software tools, which contains the
mechanism of inference and resource representation of
rules. If obtaining logical conclusions is one
of the many tasks of the software system, its solution
should not delay the execution of other tasks. On the other
hand, in  stand-alone  expert systems  with
very large rule bases, speed is also an important
factor and inference slows sharply with increasing task
size.

Therefore, the development of new mechanisms of
logical inference and improvement of existing ones,
primarily aimed at optimizing the inference by speed. This
criterion is also important when choosing a mechanism for
inference to implement the current task. Thus, the
development of tools for objective analysis of the
performance of inference mechanisms is relevant and has
practical significance.

In [1], a framework for comparative analysis of
inference engine based on rules (benchmarking) is
proposed.

A world-renowned provider of high-performance
rule-based systems, Production systems technologies
currently provides the results of the effectiveness of the
proposed software tools according to the Manners and
Waltz tests [2]. These tests (benchmarks) are one of the
historically first tasks of building rules for analyzing the
performance of IE (inference engine) mechanisms. It is
believed that Manners has proven itself to test the same IE
on different platforms and processors [3]. This benchmark
was first proposed in [4].

In [5], for comparative analysis of the efficiency of
pattern matching algorithms TREAT and LEAPS,
problems were identified that became classical IE tests. In
addition to the mentioned Manners and Waltz, there are:
WaltzDB, ARP, Weaver.

The article [6] proposes a methodology for
computational experiments to compare the efficiency of
expert system shells on the example of CLIPS, VP-Expert
and Ibis. As a test task, simple knowledge bases were
generated according to the instructions, which had no
semantics and, according to the authors, could not be
reference tests. In particular, the samples were submitted
in terms of a given length.

In [7] the specified methodology and metrics of the
analysis of productivity of means of development of
expert systems are resulted.
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Specific approaches to test problems are presented in
[8, 9]. In [8] it is noted that the classical tests are focused
on determining the speed of the output mechanisms by the
logic of the first order, and proposed tests by the proposed
logic: Chess and Christmas Tree.

In [9], optimized comparison algorithms are
presented. Proof of their effectiveness was carried out
directly on the graphs, using Petri net benchmark and
The Object-to-Relational schema mapping benchmark.
In the latter case, the mapping algorithms were
tested on relational database schemas derived from UML
classes.

Another way to determine the performance of IE is
to create rules for processing existing large data sets. This
is especially true of Semantic Web data. The project [10]
created a resource OpenRuleBench, which presents a set
of various tests to analyze the performance of systems.
Test results for systems based on five different rule
representation / processing technologies are presented.
According to the technologies, the following software
development tools are tested: 1) deductive databases:
DLV, IRIS, Ontobroker; 2) Prolog-based systems: XSB,
Yap; 3) production rule systems: Drools, Jess; 4) systems
with triple engines: Jena, SwiftOWLIM, BigOWLIM,;
5) general knowledge bases: CYC.

In [11], the Berlin SPARQL Benchmark (BSBM)
test performed a comparative analysis of rule-based
inference engines: Euler YAP Engine (EYE), Jena
Inference Engine, BaseVISor. From the point of view of
realization of considerations, the first of them (rule
reasoner) is based on Prolog YAP engine, last two — on
Rete. The BSBM test simulates an e-commerce usage
scenario based on product data, suppliers, consumers, and
product reviews. BSBM was chosen by the authors
because it is closer to real enterprise scenarios
than  several independent datasets offered in
OpenRuleBench.

Works [12-14] are also devoted to the problems of
presentation and processing of Semantic Web knowledge.
In these works, cases of logical inference based on rules
that may be impossible (defeasible rules), in particular, in
the presence of conflicting information. Such cases are
presented in formal form and in the rules of logical
languages used by software tools for processing
information of Internet resources and ontologies
(Semantic Web, Ontology Based Data). In [12], a method
of generating knowledge bases for testing defeasible
reasoning tools was proposed. The following tools were
tested: ASPIC +, DEFT, DelLP, Flora-2, SPINdle. For
computational experiments, logic derivation schemes in
the form of chains, trees, directed acyclic
graphs (chain, tree, directed acyclic graph) are proposed.
The rules were represented by abstract classes of
existential rules.

In these models of test problems, the search for the
target conclusion is carried out either on graphs of state
space (State Space Graphs), or on a fairly simple in
structure schemes. The complexity increases due to the
increase in the number of parameters of the problem, i.e.
the number of rules that define the edges of
the search graph. To bring the test tasks closer to the real

ones, in  particular, it is  necessary that
the current conclusion is made on the basis of the
conclusions obtained in the previous steps of different
areas of search. To fulfill this condition,
the logical inference should be performed on
a clearly defined AND/OR-graph representation of meta-
rules.

The mechanisms of both directions of logical
inference draw conclusions based on representations on
the logic of the first order (with limitations characteristic
of the current approach). This allows you to create a
model of a test problem (benchmark problem), in which
you can display the specificity of different cases of
inference and generate both a database of rules and a set
of data with the ability to determine the characteristics of
both components. Such a test task can become universal
for output mechanisms.

The aim of the work is to create a method of
forming a database of rules and a set of data
for analyzing the performance of inference mechanisms
according to the given characteristics of rule activation
and the complexity of finding a way to the target
conclusion.

To achieve this aim, it is necessary to solve the
following tasks:

1. Define the requirements for the knowledge base to
be formed.

2. Create a knowledge base model.

3. Develop a way to form rules.

4. ldentify ways to increase the number of rules.

5. To provide statements of tests of mechanisms of
logical inference on the offered test problem.

Requirements for a knowledge-based system

For further definitions we use the representation of
systems on production rules.

The rules for reasoning are contained in the
Knowledge Base. Logical expressions that represent the
conditions of derivation in the rules correspond to the
logic of the first order. Specified and proven
facts are accumulated in a special structure — working
memory WM  (Working Memory). Each step
of logical inference is carried out on the basis of one of
the rules applied in the case of proving the
truth of its conditions and leads to the determination of
new facts or refutation of previously proven.

WM working memory contains a display of the
current state of the solution of the output problem in the
form of a set of true facts F; (Fact):

WM = {R, R, ..., Ry} €))

Each rule — or product — contains two parts, which,
due to their location in the record of the j-th rule R; (Rule),
are denoted by LHS; (Left-Hand Side) and RHS;

(Right-Hand Side), respectively:
LHS;—> RHS;, 2)




CyuacHuii cman HayKkogux 0ocniodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 3 (13)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

where LHS; is a conditional part of the j-th production
rule, RHS; is a part of the j-th production rule.
Part LHS; is a logical expression from samples P«

(Pattern), the structure of which corresponds to the facts
of WM. Unlike facts, sample arguments can have
unrelated variables. The RHS; part contains a list of

actions to change the WM. Each action means adding a
new F+ fact or removing an unnecessary for further
reasoning F. All WM facts at each output step are
compared with the Py samples of the conditional parts of
the rules.

According to the production model, the truth of a
logical expression is proved by comparing the samples it
contains with the facts of WM. So, the presence of all
relevant facts proves the truth of the conjunctival
connection. If the antecedent LHS; is true, then the

consistent RHS; can be executed. In this case, the j-th

rule is activated. This is its inclusion in the conflicting
Agenda set. At each step of the conclusion of a particular
strategy for resolving the conflict with the Agenda, one
rule is chosen for firing. It is his part of the action that
leads to the current changes in WM.

Thus, logical derivation in rule-based systems is
based on two concepts: pattern matching and conflict
resolution.

The most resource-intensive stage of logical
inference is the activation of rules, which is carried out on
the basis of comparison with the sample. Rule-based
software development software tools mostly use the Rete
algorithm for mapping. Therefore, when creating a model
for forming a test knowledge base, the task was, on the
one hand, to present the conditions in such a way as to use
the conceptual advantages of the Rete algorithm to reduce
comparison time, and, on the other hand, to complicate the
data flow network.

According to the results of comparative analysis of
Rete and TREAT comparison algorithms [15], the
characteristics of KB rules are determined, which
significantly affect the efficiency of logical inference.
Based on them, the following requirements are set for the
knowledge base to be formed according to the model:

1) the presence of temporary redundancy;

2) the presence of structural similarity;

3) the presence of the same variables in several
samples of the conditional part of the LHS of all rules;

4) the presence of variables of the same name in the
samples of the conditional part of LHS and the facts of
RHS of all rules;

5) the number of conditional LHS elements of each
rule is not less than 6;

6) the number of negative conditional elements of
the LHS of each rule is not less than half of the total.

These requirements apply to KB rules. In addition, to
track the logic of the output requires a semantic
representation of KB, which provides:

7) the possibility of obtaining the same conclusion
by different chains of reasoning;

8) modeling the process of logical inference based on
conflict resolution strategies based on the principle of
novelty.

The model of the knowledge base and the way of
generating a set of data are abstract in the sense that they
represent the concept of creating a test problem. Direct
recordings of the representation of these components
should be implemented in formats defined by
inference mechanisms, the performance of which is
analyzed.

Knowledge base model

The semantics of the Palette test knowledge base are
based on the rules of mixing paints to obtain a new colour.
This provides clarity for both KB views and tracing of the
reasoning process.

Since the proposed model is intended for the
formation of KB records, their representation has a single
formalization. The representation uses the common
notation of mathematics and logic of predicates, as well as
the symbols <> to distinguish variable parts of names.
Object names are used in Prolog syntax records, in
particular, variable names start with a capital letter and
atoms start with a lowercase letter.

We introduce the concept of colour classes. A colour
class is a general designation of several colours that can
be applied / obtained in the current logical output step.
Original colours are represented by the classes Primary,
Secondary and Neutral, which are defined as sets of such
colours, respectively:

Primary = {yellow, red, blue}, 3)
Secondary = {orange, violet, green}, 4)
Neutral = {white, black}. (5)

Classes gray, brown contain one corresponding
colour. All other classes define colours after toning and
have a name that is the first part of the name of the
corresponding colour.

It is the colour classes that are the units of
representation of meta-rules, for example:

PrimaryColour1*PrimeryColour2->
SecondaryColour, (6)

where PrimaryColourj is a paint from the set (3),
SecondaryColour is a paint from the set (4).

Fig. 1 shows the semantic model of KB in the form
of AND/OR-graph.

The vertices of the graph are colour classes. Each
meta rule is either an edge leading to the OR vertex or a
set of edges in the case of the AND vertex. Fig. 1
indicates this by the corresponding marks. Each meta rule
specifies a schema for creating multiple KB rules, because
its structural components are paint classes. For example,
according to meta-rule (6), 3 rules are created in the
knowledge base, which determine the possibility of
obtaining each colour from the set (4).
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In the table 1 in accordance with the symbols of fig.  the goal.
1 are given the rules that determine the first step towards
very Ifghtll ¢ H O light darkened O i : dark
Primary i Prima Primary
e
Primary/Neutral

Secondary

grayscale

Intermediate Intermediate

dark
Intermediate

Fig. 1. AND/OR- graph representation of the Palette knowledge base

Table 1. Defining the rules of the first step to the goal

Q

light
brownish
Intermediate

very light
ntermediate

MetaRule Rule
Sign Scheme # Scheme
A PrimaryColourl ” PrimeryColour2 -> SecondaryColour 1 red*yellow -> orange
2 red”"blue -> violet
3 yellow”blue -> green
B PrimaryColour » white -> lightColour 4 red"white -> light red
5 yellow™white -> light_yellow
6 blue*white -> light_blue
C PrimaryColour ” black -> darkenedColour 7 red”"black -> darkened_red
8 yellow”black -> darkened_yellow
9 blue”black -> darkened blue
D white ” black -> gray 10 | white “black -> gray
E PrimaryColourl ~ PrimaryColour2 ~ PrimaryColour3 -> | 11 | red“yellow"blue -> brown
brown

Obtaining the colour brown can be achieved in two
ways: by meta-rule E or by meta-rule L (fig. 1). Due to
this, the requirement to obtain the same conclusion by
different chains of reasoning is fulfilled. Meta rule L
defines 3 rules for mixing colour from set (4) and colour

Table 2. Defining the rules of the Intermediate class

from colour from set (4), which has not yet been used in
the output process.

The colours of the Intermediate class on the palette
are  intermediate  between  the  corresponding
PrimaryColour and SecondaryColour and are created
according to meta-rule G (table 2).

MetaRule Rule

Sign Scheme # Scheme

G PrimaryColour ” SecondaryColour -> IntermediateColour 12 | red”violet -> red_violet
13 | red”orange -> red orange
14 | orange’yellow -> orange_yellow
15 | green”yellow -> green yellow
16 | blue"green -> blue green
17 | bluetviolet -> blue violet

Further rules are built in the same way. They have
the idea of toning all the colours that can be obtained on
the basis of initial data. Toning is either one of the

specified neutral colours (5), or one of those obtained in
the output process: gray, brown.




CyuacHuii cman HayKkogux 0ocniodcenb ma mexnonoeitl 6 npomuciosocmi. 2020. Ne 3 (13)

ISSN 2522-9818 (print)
ISSN 2524-2296 (online)

The name of the tinted colour Toned according to
fig. 1 is an element of a subset of colour classes:

Toned € {light, very_light, darkened, dark, grayscale,
brownish}. @)

Toning is carried out according to the scheme:

Colour * Tone -> <Toned>_<Colour>, (8)

Table 3. Definition of tinted colour

where Colour is any colour specified or obtained by
mixing, <Toned> is the definition of the tinted colour from
the set (7), <Colour> is the part of the name of the tinted
colour that matches the name of the colour Colour.

Examples of determining the tinted colour (8) are
presented in table 3.

Available colour Tinted colour The resulting colour

Marking Sample Marking Sample
<Colour> red white light_<Colour> light_red
light_<Colour> light_red white very_light_<Colour> very_light_red
<Colour> red black darkened_<Colour> darkened_red
darkened_<Colour> darkened_red black darkened_<Colour> dark_red
<Colour> red gray grayscale_<Colour> grayscale_red
<Colour> red brown brownish_<Colour> brownish_red

The given structure of the graph significantly
complicates the logical inference, because to prove the
truth of the conclusion on AND-vertices it is necessary to
have the conclusions obtained in the previous steps of
different search directions. This provides additional
opportunities to test the implementation of conflict
resolution strategies.

The proposed model provides the concept of
generating rule bases. The rule entry must match the
syntax and format of the inference mechanism.

The way to present the rules

The knowledge base model reflects the sequence of
application of rules in the process of logical inference.
Each rule must be presented according to (2).

To represent knowledge usually use special
declarative languages, which in many cases are adapted to
a certain formalization of logical conditions. Let's define
rules by the clause form. We will assume that the j-th
phrase (clause) of such language represents a rule, the
conditional part of which is a conjunctive connection of
samples:

LHSJ = PlAPZA...A Pﬂ’ (9)

where LHS; is a conditional part of the j -th production

rule, B, isak-th sample.

Let’s determine the format of the samples. You can
use two approaches:

1) create different formats for each level of the
graph/branch of reasoning KB,

2) create samples of the same format, where the
search depth is displayed in the name of the samples
according to a given algorithm.

The following is the method of the latter approach.
The minimum number of samples required to meet the
above requirements 1-5 of the KB rules is presented.

The single LHS format for all rules contains 3 parts:

1) direct representation of colours that determine the
conditions of transitions;

2) abstract conditions of "load", in which variables
are introduced, most of which must be included in several
samples;

3) "load" conditions associated with colours that
contain variables are the same as in abstract "load"
conditions.

Colour is represented by facts:

colour(Colour), (10)

where colour — the name of the predicate that identifies the
pattern, Colour is the name of the colour.

To complicate the comparison, the common for all
rules of one level AND/OR-graph "load" conditions are
implemented, which contain positive and negative atomic
formulas and an additional condition that limits the
unrelated variable. For the first level, the "load" condition
is such a logical connection:

f1(1,X) A f2(X,Y,2) A Y>0 ~ = £3(Y,3,X), (11)

where f1, f2, f3 are names of samples, X, Y — unrelated
variables.

In the conditional part of the rules of each
subsequent level in the functor is added one:

SI>I1LX)<I>2(X Y, 2)MNY>0 N~ (<1>3(Y,3,X)), (12)

where f<1>1, f<1>2, f<1>3 are names of samples, X, Y —
unrelated variables.

The LHS part of the rule contains only one
connection (12). The link that corresponds to the colour
obtained later than the other (that is, with more units in the
sample names) is represented.

Additional "load" conditions associated with colours
are represented by the following samples:

—f4_<Colour>(Z,z)"~f5_<ColourName>(check,Z,Y,X), (13)

where X, Y, Z - unrelated sample variables, Colour — name
of colour, <Colour> — the part of the sample name that
matches the colour name.
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Thus, LHS is a conjunctive relationship of conditions
and is determined by (10 — 13).

Running the rule (firing) means getting a new paint,
i.e. adding to the WM 6 facts that correspond to the
samples of the new colour obtained from the expressions
(10 —13). Part of the rule is a set of these facts:

RHS; = {F" F) 1o o ] (14)

where RHS; — conditional part of the j -th production rule,

F" — i- th fact that corresponds to one of the expressions
(10 — 13).

In this method, the logical output is considered
monotonous — the facts are only added to the working
memory, deletion is not provided. Therefore, in the future
the facts are recorded without a mark " + .

Here are examples of typical rules of the knowledge
base by formulas (2, 9-13) and:

1) meta-rule A (fig. 1):

{ colour(violet) , f11(1,X), f12(X,Y,2) , —f13(Y,3,X)), ~f4_violet(Z,z), —~ f5_violet(check,Z, Y, X) }

2) meta-rule P:

colour(red) ~ colour(blue) " f1(1,X) * 2(X,Y,2) "Y>0" — f3(Y,3,X)" (15)
N—f4d red(Z,z) ~ —f5_red(check,Z,Y,X) ~ — f4 blue(Zz) ™ — f5 blue(check,Z Y, X)
olour(red_violet) ~ colour(gray) » (16)

f111(1,X) ~f112(X,Y,2) " Y>0 " —(f113(Y,3,X)) »
"f4_red violet(Z,z) ™ —f5_red violet(check,Z,Y, X) " — f4_gray(Z,z) ™~ f5_gray(check,Z,Y,X)

{colour(grayscale red violet), f1111(1,X), f1112(X,Y,2), —f1113(Y,3,X), —f4_grayscale_red_violet(Z,z),
= f5_grayscale red violet(check,Z,Y,X)}

All rules (except those created by meta-rule E) are a
mixture of two paints, i.e. their LHS contains 9 samples (3
for each paint and 3 — "load"). For rule E, the LHS
contains 12 samples.

The values of the set of variables {ColourName, X,
Y, Z} are determined by the initial facts of WM, which
correspond to the colour samples of classes (3, 5)
(Primary/Neutral vertex).

Generating a data set of the required size is done by
creating additional facts of working memory, which may
or may not meet the samples of LHS rules.

Increasing the knowledge base

into new ones. Thus, you can multiply the number of rules
while maintaining the logic of inference by forming new
parts of the knowledge base as a reflection of previously
formed.

Benchmark Palette testing

You can create 70 rules from the graph shown
in fig. 1.

You can increase the knowledge base by adding new
rules not applied in the presented AND/OR-graph. The
deepest level on the way to the target conclusion is 4.
Obviously, the graph can be completed at all previous
levels. For example, add a meta rule of mixing Primary
colours with brown. In addition, you can add new classes
of shades, increasing the number of transitions to the
target output.

Another approach to increasing the knowledge base
with an unchanged AND/OR-graph structure is to define
new LHS formats and generate rules based on them, which
actually duplicate the existing rules with insignificant, in
terms of records, differences. For example, you can leave
the colour representation unchanged. It is enough to
replace the symbol "f" (according to the formulas (11-12))
in the samples and facts of the rules with another symbol
or their sequence and turn the previously generated rules

To complicate the task of testing the performance of
inference mechanisms based on Palette knowledge in the
data set can be provided:

- the existence of several successful substitutions of
the set of arguments of the conditional part of the rule
{X, Y, Z} to create the appropriate number of instances
(instantiation) of the same rule;

- increasing the number of variables LHS (when
generating a data set for samples other than those
proposed above);

- the presence of facts, the arguments of which do
not agree with the arguments of the samples of the
conditional part of any rule.

The given structure of the graph of the knowledge
base (fig. 1) significantly complicates the logical
inference. To prove the truth of the conclusion on AND-
vertices, it is necessary to have the conclusions obtained
in the previous steps of different search directions.

Thus, the complexity of modeling is determined by:

1) the depth of the target conclusion on the graph;

2) the presence and number of AND-vertices;

3) the presence of more than one path to the goal on
the KB column;

4) the number and set of given facts that are not used
on the way to the conclusion, but increase the activation
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time, search space and the corresponding structures of the
Agenda and WM;

5) the presence of several solutions in the same way
to the goal due to several successful substitutions of
samples;

6) the presence of a set / sets of facts WM, which are
successfully compared with the relevant samples, but their
arguments of the same name do not agree with each other
in the conditional part of the rules.

The first two criteria relate to the choice of the target
conclusion. This provides additional opportunities to test
the implementation of conflict resolution strategies.

All other criteria are taken into account when
creating a data set.

The knowledge base generated on the basis of the
proposed method provides an opportunity to test the
mechanisms of logical inference:

1) directly when proving a given target conclusion.

In the simplest case, the target output is very light_
<Primary> or dark_ <Primary>, in the most complex —
light_brownish_ <Intermediate> (fig. 1). Criteria for the
complexity of the data set are taken into account when
generating the initial state of working memory;

2) to determine the effectiveness at the stage of
activation.

It is possible to determine the time of activation of
rules separately for any stage of logical inference. In the
most complex case, a mandatory part of the working
memory is to present all the facts about the colours that
can be obtained in the current output task, and all the facts
that correspond to the levels of the graph. An additional
part is generated to complicate the activation according to
the above criteria 3-6;

3) to test the efficiency/correctness of heuristic
algorithms.

The semantic model of the knowledge base allows
you to create heuristics to determine the priority of
Agenda rules in conflict resolution. Heuristics, the
parameters of which are colours, will allow you to follow
one branch of reasoning. Testing of heuristic algorithms
can be performed as a search on the AND/OR-graph.

The proposed method of forming a knowledge base
and data set for analyzing the performance of
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database of rules and a set of data of certain sizes, as well
as to model the complexity of finding the target output
and activating rules.

5. Ways to increase the number of rules of the
knowledge base to complicate the problem of logical
inference are presented.

6. Presentations of tests to determine the
performance of logical inference mechanisms for the
proposed test problem are presented.
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I'EHEPAIIA TECTOBUX BA3 ITPABUJI U1 AHAJII3Y ITPOAYKTUBHOCTI
MEXAHI3MIB JIOI'TYHOT'O BUBEJIEHHA

IIpeameTrom mociKeHHS B CTAaTTi € TECTOBI 33/1a4i BU3HAYECHHSI MMPOJYKTUBHOCTI MEXaHi3MIB JIOTIYHOTO BUBEIEHHS, IO 0a3yIOTHCS
Ha mpaBwiax. Merta poOoTH — CTBOpeHHs MeToay (opMyBaHHS OasW MpaBWJI Ta HAOOpPy HaHUX AJsL aHANi3y IPOIYKTHBHOCTL
MeXaHI3MIB JIOTIYHOTO BUBEICHHS 32 3aJaHUMH XapaKTEPUCTHKaMH aKTHBALil MPAaBIII Ta CKJIAJHICTIO MOIIYKY HUIAXY A0 ILIEOBOTO
BHCHOBKY. B cTaTTi BUpILIyIOThCS HACTYIIHI 3aB/IaHHS. BU3HAUYEHHS BUMOT JI0 0a3u 3HaHb, 110 Mae ()OPMYBaTUCh; CTBOPEHHS MOJEINI
0a3u 3HaHb;, CTBOPEHHs CrOCO0Y (OPMYBaHHS MPaBUJI, BU3HAUCHHS CHOCOOIB 30iMbIICHHS KUTbKOCTI MPaBUIT;, HAJAHHS MOCTAHOBKH
BUIPOOOBYBaHb MEXaHi3MIB JIOTIYHOTO BHMBEJICHHS 3a 3alpONOHOBAHOI0 TECTOBOIO 3ajavecio. BHKOPHCTOBYIOTBCS Taki MeTOMH:
METOJM CIIBCTABJICHHS 31 3pa3skoM, Teopil rpadis, JoriyHoro nporpamysanHs. OTpHMaHO HACTYIHI pe3yJbTaTH: METO] HaJxae
MOJXKJIMBOCTi: CTBOPEHHS YMOB MHpPaBHJ, SIKi MaKCHMAJBHO YCKJIAJHIOIOTh MEpEXy MOTOKy AaHuX Rete-anroputma; (HopMyBaHHS
TECTOBUX 0a3 MpPaBWJI JJIsI BUBEACHHS K 3a JIOTIKOIO TEPIIOro MOPSAIKY, TaK i 3a MPOIO3UIIHHOIO JIOTIKOI0; MMPOCTOTO 301TBIICHHS
KUTBKOCTI MpaBWII 0a3u 3HaHb 31 30epekeHHsM JOTiKH BuBeneHHs. DopMmyBaHHs 0a3u 3HAHB 3IIHCHIOETHCS Ha OCHOBI rpady, sSKUi
MIPEICTaBIIslE METalpaBmia 3MilryBaHHS (Gapd UId OTpUMaHHS HOBOTO Koubopy. Bepmmuamu rpady € xmacu kombopiB. Koskae
MeTarpaBmio € abo pebpom, mo Bene 10 OR-BepmmHu, abo cykymHicTIO pedep — y Bunagky AND-sepmuan. Koxkae MeranpaBuio
3a7a€e cXxeMy JUIsl CTBOPEHHsS JEKUIBKOX NMPaBWJI, OCKIJIBKH HOTro CTPYKTYpHHMH KOMIIOHEHTaMH € kiacu ¢ap6. Hamana ctpykrypa
rpady 3HaYHO YCKJIAJHIOE JIOTIYHE BUBEACHHS, OCKLIBKY JJIs JIOBE/ICHHS ICTHHHOCTI BUCHOBKY Ha AND-BepiIrHax HeoOXiqHO MaTH
BHCHOBKHM, OTpPHMaHi Ha IOIIEPEJHIX KpOKaxX pPi3HMX HampsMiB moiryky. HaeneHo npuxnmagu ¢opmyBanHsS npaBwil. BusHaueHo
L[JILOBI BEPIINHY, SIKI BU3HAYAIOTh HAWMPOCTIIIN Ta HAWCKIIAIHIIINI BUIIAIKH JIOTIYHOTO BUBEJICHHS. BUCHOBKH: 3ampONOHOBAHO:
CeMaHTH4YHy Mojenb 0azu 3HaHb y BUTIILII AND/OR-graph, sika mo3Boinsie BHIpoOOByBaTH e(eKTHBHICTH peali3alliii cTpaTerii
PO3B’s3aHHS KOHQUIIKTIB, @ TAKOXK EBPUCTHYHHUX aJTOPUTMIB; METOJ CTBOPEHHS TECTIB I MEXaHi3MiB JIOTIYHOTO BHUBEICHHS, IIO
JI03BOJISiE TeHepyBaTH 0a3y mpaBWi Ta HaOip JaHUX BH3HAYCHHMX PO3MIpIB, a TAKOXX MOJEIIOBATH CKJIA[HICTh IOUIYKY LiJEOBOTO
BHUCHOBKY Ta aKTHBamii mpaBmi. [IpencraBiieHO: cnocoOH 30UMbIICHHS KUTBKOCTI TpaBWi 0a3w 3HAHB IS yCKIaTHEHHS 3ajadi
JIOTIYHOTO BUBEACHHS; IOCTaHOBKM BHIPOOOBYBaHb 3 BH3HAYCHHS MPOJYKTHBHOCTI MEXaHI3MIB JIOTIYHOTO BHBEICHHSI 3a
3aIpPOIOHOBAHOIO TECTOBOIO 33/1aU€H0.

KirouoBi cioBa: MmexaHi3m JsorigHoro BuBezleHHsi (inference engine); anami3 npomykruBHocti (benchmarking); excriepTHi
cucremu (rule-based system); Manners; Waltz; Palette.

I'EHEPAIIUSA TECTOBBIX BA3 ITPABUJI JISA AHAJIM3A
MMPOU3BOAUTEJIBHOCTU MEXAHU3MOB JIOIT'HYECKOI'O BBIBOJIA

IIpeqmeToM nccremnoBaHHS B CTaThe SIBISIIOTCS TECTOBBIE 337adM OMPENENCHUS MPOU3BOJUTEIBHOCTH MEXAHH3MOB JIOTHYECKOTO
BBIBOJIa, OCHOBaHHOTO Ha npasmnax. Lleas paboTs! - co3manne Merona GopmupoBaHus 6a3bl MPaBII M HAOOpa JaHHBIX IS aHAIHM3a
MIPONU3BOJUTENHHOCTH MEXaHU3MOB JIOTHYECKOTO BBIBOJA IO 3aJaHHBIM XapaKTEPUCTHUKAM AKTHBAIMHU IMIPABHI U CIOXKHOCTH ITOMCKA
IIyTH K IeJIEBOMY 3aKIIIOUSHHUIO. B cTaThe pemaroTcs ciaemyronye 3aJanusi: onpeeneHie TpedoBanuii kK popMupyemMoii 6a3e 3HaHUIA;
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co3maHue Mozenu 0a3pl 3HAHUM; co3maHHe crmocoba (OPMHUPOBAHUS TPABHUI, ONPEAEICHHE CIOCOOOB YBEIWYEHHS KOIUYECTBA
MIPaBWJI; MPEJICTABICHUE MOCTAaHOBKM HCIIBITAHMA MEXaHM3MOB JIOTHYECKOTO BEIBOJA IO IIPEUIOKEHHOW TECTOBOH 3ajaue.
Vcrionp3yroTcst creqyromyie MeToAbl: METOABI COIOCTAaBICHHS C 00pasIoM, TeopuH IpadoB, JOTHYECKOTO IPOrPaMMHPOBAHHUS.
[Momydens! crnegyiomye pe3yJabTaThbl: METOJ IPEJOCTABISIET BO3MOKHOCTH: CO3MaHMS YCIOBHH IIPaBHJ, KOTOPHIE MAaKCHMAaIbHO
3aTPYIHSIOT CETh IOTOKA JaHHBIX Rete-anropmrma; GopMHpOBaHHS TECTOBEIX 0a3 NpaBMJI BBIBOJA KaK KakK UIS JIOTHKH IIEPBOTO
MOps/IKA, TaK U NPONO3HULIHOHAIBHOM JIOTMKH; IPOCTOTO YBEIMYCHUS KOJNMYECTBA MpaBmil Ga3bl 3HAHMI C COXPAHEHHEM JIOTMKH
BbIBOsIa. DOpMHUpOBaHUe 0a3bl 3HAHUH OCYIIECTBIISIETCS HAa OCHOBE rpada, NPEeACTaBIIONIET0 METalpaBHiIa CMEIIHBAaHUS KPAacOK IS
MOJIy4eHUsI HOBOTO IBeTa. BepmmHamu rpada sBisioTCS Kiacchl IBeTOB. Kakaoe MerampaBuilo sBISETCS WIH peOpOM, KOTOpoe
BezeT Kk OR-BepimHe, WM COBOKYHMHOCTHIO pedep — B ciryyae AND-Bepmmnbl. Kaxxnoe mMetanpaBuiio 3agaeT cxemy Ui CO3IaHUs
HECKOJIBKHX MPaBHII, IIOCKOJBKY €r0 CTPYKTYPHBIMH KOMIIOHEHTAaMH SIBISTFOTCS Kilacchl Kpacok. IIpencraBienHas cTpykrypa rpada
3HAUUTENIFHO YCIIOXKHSET JIOTHIECKHH BBIBOJ, IOCKOJIBKY JUIS I0Ka3aTeIbCTBA HCTHHHOCTH BEIBOoJIa HAa AND-BepmiHax He00X0IiMMO
HUMETh BBIBOJBI, ITOJMYYEHHbIE Ha NMPEABIIYIINX IIarax pa3INYHBIX HalpaBieHWH mowcka. [IpuBeneHs! mpuMepsl (GopMHUpOBaHMS
npaBwi1. OnperneneHsl neleBble BEpIINHEL, KOTOPBIE ONPEeIeIIOT CaMblii MPOCTON M CaMBblIil CIIOXKHBIN CIIydad JOTHYECKOTO BEIBOJA.
BbIBOABI: TPEAIOKEHBI: CeMaHTHYecKas Mozens 06a3bl 3HaHuit B Bume AND/OR-graph, koTopasi MO3BOJISIET HCHBITHIBATH
3¢ (HeKTHBHOCTb peanu3alyii CTpaTeruii pa3perieHns KOHQINKTOB, a TAKKE IBPUCTHYECKUX aITOPUTMOB; METOJ CO3JaHHs TECTOB IS
MEXaHHU3MOB JIOTHYECKOTO BBIBOJA, KOTOPBIil MTO3BOJISIET FeHEPUPOBaTh 0a3y NMpaBWJl U HAOOp AHHBIX ONPEIENCHHBIX Pa3MepoB, a
TaKKe MOJCIHMPOBATH CIOXXKHOCTh IOWCKA ILIEJICBOTO 3aKIIOYCHUS M AKTHUBALMU TNpaBwil. IIpeacTaBieHbl: cHOCOO YBEIMYCHUS
KOJIMYECTBAa MNpaBWI 0a3bl 3HAHMH U YCJIOXKHEHMS 3aJadll JIOTMYECKOTO BBHIBOJA; IOCTAHOBKA HCIIBITAHUI IO OINPEAEICHHIO
MIPOM3BOJUTENHHOCTH MEXaHU3MOB JIOTHYECKOTO BBIBO/IA 10 IPEUIOKEHHOM TECTOBOH 3a1auei.

KnioueBbie cji0oBa: MEXaHHW3M JIOTHYECKOTO BBIBOJA; aHAIIM3 IPOU3BOAUTEIBEHOCTH; 3KCIEpTHBIE cucTeMbl; Manners; Waltz;
Palette.
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