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Abstract

Some problems of design of the rule base of fustgm for Intelligent Decision Support
System (IDSS) are considered. The rule base du#ay system used at decision making about
an accommodation of industrial and social objectg@rritories, dangerous from the point of
view of hydrometeorological factors is consideresl @bject of research. The approach to
determination of the parameter of rule base conepless of fuzzy model is submitted. Influence
of an input vector's structure of fuzzy model oa tkecisions that are offered by IDSS is
investigated. Research is carried out with useaakpge Matlab Fuzzy Logic.
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1. Introduction

In the modern conditions the use of different tgpéenformation technologies in management
significantly influences on the quality of acceptigtisions. The special attention is given to the
creation ofIntelligent Decision Support Systems (IDSBhey can be built in structure of
information systems of controls of regional andalolevel. Thelntelligent Decision Support
Systemscan function as local subsystems, or can be integravith other information
technologies (GIS, OLAP) and with internal and exaé¢ sources of the data.

Acceptance of strategic decisions on accommodatiah protection of industrial and social
objects in territories, which are subject to influe of the dangerous natural phenomena, always
is carried out in view of the hydrometeorologiaabrmation.

It is necessary to notice, that the hydrometeoioldgnformation is usually characterized by
incompleteness and illegibility. For this reasosutes of the decisions accepted on the basis of

this information are difficult for estimating bemuof absence of clear algorithms of decision



making. In such cases IDSS can serve for increlasenfidence of correctness of the decisions
accepted in view of this type of the informatioih. [5

At creation IDSS the problem of preparation of ems$ of their knowledge bases is playing
the major role. At formation of knowledge base thet should be considered, that decisions
making in view of the hydrometeorological infornzatioccurs in fuzzy conditions. It is reaching
by means of accommodation of fuzzy models in cdatehknowledge bases of IDSS. In work
[2] approach of Bellman and Zadeh [1] to the dedimm of fuzzy conditions is submitted.
According to this approach fuzzy conditions deveiapn the fuzzy purposes, fuzzy restrictions
and fuzzy decisions. Thus, fuzzy models should esgmt the fuzzy purposes (for example,
reduction of negative consequences of influencee@anomic objects of hydrometeorological
factors) and fuzzy restrictions (for example, foof¢he hydrometeorological phenomenon etc.).

Also fuzzy decisions (for example, an opportunifyaocommodation of object in the given
territory) should be submitted. At creation of fuzystems the important place will be occupied
by fuzzy linguistic models, which contain fuzzydunstic variables, the fuzzy sets and the fuzzy
rules, which are taking into account input-outpuidtional dependences of system. The rule base
of fuzzy model is the central component of thigsys

The question of quality of rule base always ar@edesign of fuzzy models for knowledge
base of IDSS. Quality of rule base, as is knowm loa estimated with the help of different
characteristics, for example, such as completeoesde base, characteristics of an input vector
of fuzzy model etc. [4]. Analyzing all these chagaistics, it is possible to evaluate quality of
created rule base, and accordingly, of knowledgedaf IDSS.

The purpose of this article is representation efdpproach to determination of completeness
of rule base of fuzzy model in case, if terms sg#tlinguistic variables are characterized by
different number of elements. Other purpose is esgmtation of results of the analysis of
influence of structural and quantitative charasters of an input vector of fuzzy model on
decisions of IDSS. Research was carried out orxample of rule base of the fuzzy model IDSS,
which is intended for support of decisions on aparfunity of accommodation of economic
objects in territories, that subject to influendeh® dangerous hydrometeorological factors. Such
decisions should be considered at a stage of atiemestimation of projects which financing is
supposed to be carried out from means of regionatld of development. During research

technology Matlab - Toolbox Fuzzy Logic was used.



2. Research of influence of some characteristics nfle base of fuzzy model on the decisions
of IDSS.

At elaboration of fuzzy models for systems of cl#3SS accuracy of decisions offered by
them play the paramount role. Obviously, accuraegethds on characteristics of rule base of
fuzzy systems. To these characteristics belongttivetural and quantitative characteristics of an
input vector of fuzzy model: the content and amoohinput's linguistic variables, and also
amount of elements of terms - sets of each linguigtriables; completeness and consistency of
inference rules, the structure and parameters ahbeeship function of input and output
linguistic variables; methods of fuzzification atefuzzification.

High accuracy of fuzzy model and little number ofiaference rules is rather difficult for
combining. At aspiration to increase of accuracfuaky model it is impossible to avoid increase
of number of rules. In this connection the seardhe appropriate compromise is one of the
problems, which must be decided at designing offanyy systems.

It is possible to assume, that there are no obgchathematical ways of grade estimation of
such type of systems. However comparison of charatts of different variants of fuzzy
models, such as completeness of rule base or tiypeembership function, allows choosing
variant of rule base of necessary quality. In Hritcle the results of the analysis of influence of

some characteristics of rule base of fuzzy modelamisions IDSS are submitted.

2.1. Structure and amount of linguistic variablesm fuzzy model

At designing of fuzzy model for knowledge base I&fSS it is necessary to create the rule
base in which fuzzy linguistic variables will beeds The structure and amount of linguistic
variables in the fuzzy model included in base adwedge IDSS, obviously, influences on the
decisions of this system.

According to the aim of the article the variantsstructure of fuzzy model are compared at
different characteristics, such as dimension oingut vector of system and amount of elements
in terms - sets of input linguistic variables.

In article the procedure of defuzzification of cuttfinguistic variables is not considered, as it
does not influence essentially on decisions.

As an example the system with the following inpd @utput linguistic variables was chosen:

+ S -social and economic significance of economjealfor the given region,



« U — utility of territory for accommodation of tlggven object,

« M - influence of hydrometeorological factors on dtioning of the economic object placed
on territory,

+ E - expedience of object’s accommodation in thewgiterritory.

The block diagram of this system is shown on fig. 1

S —»
M —p

Fig. 1. Structure of fuzzy model IDSS

During inference IDSS should give the answer (liajo variable E) to the question: whether
is possible (and in what degree) accommodationhefdiven economic object on the given
territory at taking into account of all input facto The answer should be submitted on universal
set Te of values of this linguistic variable in the forof separate fuzzy variables tr which
area of search of values is the universal set }0,100].

Researches have an object to find an influencewipteteness of rule base and structures of
input’s linguistic variables on the characteristiéslecisions IDSS, which received at simulation
on fuzzy model.

Before to analyse results of these researcheshalemesent the approach to an estimation of

completeness of rule base.

2.2. Estimation of completeness of rule base of fzyz model

The problem of an estimation of completeness @ balse is considered in detail in work [4].
In this work is emphasized, that the rule basbesmajor part of fuzzy model, and characteristics
of rule base of this model are submitted.

One of the basic characteristics of rule basesicampleteness. According to the definition
submitted in work [4], the rule base of fuzzy modinguistic complete in the event that to each
linguistic state of each input vector there coroggfs, at least, one linguistic state of a output
vector.

Formalizing process of estimation of completendssile base, we shall present a parameter

of completeness as follows:



C=— (1)

where:
C -an index of completeness of rule base,
N - number of the rules, which are taken into accauttte output mechanism,
P - the greatest possible number of consistent rules
Parameter P is defined by the formula:
m
P=T1 pj (2)

j=1
where:
m - dimension of an input vector of fuzzy model
pj - number of elements of term-sets of an inpujdistic variable with the appropriate index
"
In works [3, 4] a little bit other formula for estationP is submitted:

p=z"% ©)

where:
w - dimension of a vector of model’s input,
Z - number of elements of term - set of each linguistigable.
It is easy to notice, that results of calculatidsiae P under formulas (2) and (3) coincide in case
when terms - sets of all linguistic variables ofigput contain identical number of elements.
Formulas (1), (2) allow to carry out calculationasf index of completeness of rule bases at any
number of elements in terms - sets of linguisidable of fuzzy model. It is obvious that the
parameter of completenestkrule baseC should be equal to 1, if it is possible

2.2. Research of influence of structure of inpus' linguistic variables on decisions IDSS.

Research was carried out for two variants of thelehsubmitted on fig. 1. As the first
variant the structure of terms - sets of the lisgai variables, submitted in table 1 was
considered.



Table 1. Structure of terms - sets of linguistidadales in fuzzy model IDSS

The name of a linguistic

Term - sets of linguistic variables

variable
S - significance S1 - high S2 - middle S3 - small
U - utility U1 - high U2 - middle U3 - small
M - meteo M1 - small M2 - middle M3 - high M4 - very high
E - expedience Elp—oggiré?ienly E2 - possible E3 - doubtful rec%?nﬁneorfd ed

According to the formula (2) maximal number of tiies submitted in the conjunctive form
for fuzzy model in this case makes 36. Limitatidrnvolume of article does not allow resulting
completely the report of 36 rules. In table 2 @suited only 3 of the developed system of rules.

Table 2. The fragment of rule base for the firgiasat of fuzzy model IDSS

S1|s2]s3| uly u2 u3 ML M2 M3 M4 Ell EF E3 E4
N v v \
2 [N v \ v
36 v v v v

For example, from table 2 follows what the rulertee as:< if S1 and Ul and M1 then EL

Some results of simulation are submitted in tab.3.

Table 3. Results of simulation: variants of proleati¢cisions E=f (M, S, U) for case U1=5

Significance S Meteo M <X, =0, 100]>

<Xs=1[0, 5> 0 20 40 60 80 100
High S1=5 83,5 68,2 59,8 40,2 33,9 33,7
Middle S2=3 63,7 46,3 36,3 36,3 315 16,2
Small S3=1 62,7 478 34,1 25,6 25,6 19,1




Further, in the second variant of simulation thenhar of terms of the input linguistic
variables submitted in table 1 was reduced:
« for S: Ts={S1 - high, S3 - small},
« for U: Ty ={U1 - high, U3 - small}
« for M: Ty ={M1 - small, M3 - high}.

In this variant the maximal number of the rulesigiesd under the formula (2), has decreased
up to 8.

Results of simulation on the data of this variditva comparison with the previous variant as
the number of terms of input linguistic variableschanged only, thus the structure of system is
left without changes. Owing to limitation of ared volume the rule base is not shown here.

Some results of simulation for the second varia@tsabmitted in table 4.

Table 4. Results of simulation: variants of proleati¢cisions E=f (M, S, U) for case U1=5 (the

second variant)

Significance S Meteo M <X, =0, 100]>

<Xs=10,5]> 0 20 40 60 80 100
High S1=5 78,8 68,1 56,7 471 40,3 36,2
Middle S2=3 69,7 63,4 54,7 46,7 39,3 34,7
Small S3=1 64,2 59,6 53,1 437 32,9 25,1

Further on fig. 2 diagrams of dependence E=f (M)tfeo cases is submitted for comparison:
at use of 36 rules and 8 rules (at S1=5 - the highificance of object and U1=5 - the territory is
high useful).

Diagrams on fig. 2 shows evidently influence of fiemof elements in terms-sets of linguistic

variables on character of decisions IDSS.
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Fig. 2. Influence of number of terms on charactehe decisions offered by IDSS

The analysis shows, that quality of decisions ID&Sived at use of smaller number of input
linguistic variables in fuzzy model, as a rule, dam sufficient at a stage of a preliminary
estimation of projects. Reduction of number of infinguistic variables essentially allows

reducing labour-intensiveness of creation of rsebof fuzzy model, thus quality of the decision
remains at a satisfactory level.



Author of article also investigated systems wittusture more a high level of complexity in
comparison with submitted in the present articlerx &ample, comparisons of two variants of
systems with a scalar output and four input lintyigariables are investigated. In the first of
compared variants the term-sets of three inpuulstg variables contained three elements, and
the term-set of one more input linguistic variallentained four elements. In this case the
greatest possible number of rules according tddhaula (2) makes 108. In the second variant
the term-sets of all input linguistic variables tained two elements. In this case the maximal
number of rules has made 16. The analysis of thateereceived at modelling in Matlab Fuzzy

Logic environment, has shown, that the divergericgesults has not exceeded 15 - 20 %.
3. Conclusion

In article the results of research of influencewé base’s characteristics of fuzzy model on
the decisions, which offered IDSS are analysed.e&ebes are carried out with use Matlab
Toolbox Fuzzy Logic on an example of rule baseheffuzzy model IDSS intended for support
of decisions on an opportunity of economic objeatsommodation in territory, which subject to
threat of influence of dangerous hydrometeorolddaetors. In the article two variants of fuzzy
models with different structure of input's- outgulinguistic variables are compared. Reduction
of number of terms of input linguistic variabletals essentially reducing number of rules in the
rule base of fuzzy model. As a result of it theolabintensiveness of creation of rule base can be
reduced. Results of researches demonstrate thgu#iiy of the decisions accepted in the fuzzy
environment at reduced number of rules in fuzzy ehochn be sufficient at a stage of acceptance

of initial administrative decisions.
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