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A method of project feasibility assessment
on creation of information-control systems
for complex technical objects on the basis
of fuzzy cognitive modeling

A.E. Kolodenkova* E.A. K halikova* V.V. Korobkin** and N.G. Gubanov***

Abstract : A redlistic assessment of the practical feasibility of a project on creation of information-control
systems (ICS) for complex technical objects (CTO) at theinitial stageof itslifecycleisthekey toits subsequent
successful implementation. Currently, project feasibility assessment is largely based on the analysis of the
previous experience of realization of similar projects and, in particular, on building a project feasibility modd.
The process of mode formation isweakly structured, becauseit is characterized by alack of accurate quantitative
input data about the project being developed (sometimes, the project parameters are not known precisely due
to limited knowledge of the project leader and its executors) and its multifactorial nature.

In this paper, we propose one of the most effective approaches to the study of the weakly structured processes:
the methodol ogy of fuzzy cognitive modeling, which consists in the construction and analysis of the structure of
a fuzzy cognitive modd (FCM) under the fuzzy input data. To analyze the FCM structure, some system
indicators of the FCM can be used, calculated on the basis of the processed fuzzy input data, as well as the
categorical methods based on a homomorphic (structural equivalent) representation. The results obtained by
calculating the FCM system indicators under fuzzy input data will enable, on the basis of the values, to select
the control vertices with the greatest influence on the target vertices and to evaluate the extent of thisinfluence.
The results obtained using categorical methods allow preserving the integrity of the presentation of complex
technical objects dueto theinvariant character of a poly-mode object description and allow reducing the study
of the problems of one kind to the problems of another kind.

Keywords : Fuzzy cognitive mode, processing of fuzzy input data, categorical methods.

1. INTRODUCTION

Presently, thecreation of ICSfor CTO isatime-consuming process, becauseit isconnected with sgnificant
expenditure of materid, labor and financial resourcesin therisk conditionsdueto uncertainty of thefactorsof the
internal and externa project environment. Thisprocessaso includes scientific research, development, desgnand
experimenta works, field testsand the documentation preparation.

A ggnificant reduction of the development period and increasing complexity of the | CS result intheimpossibility
of applying the traditional design methods, overspending the budget and/or failure to meet the deadlines of the
project on1CScreation or just itscompletefailure. Therefore, at the stage of pre-project research at the beginning
of the| CSlifecycle, thereisaneed to assessthefeashility of the project on | CScregtionin the conditionsof fuzzy
input data, sncethereisaweak structuring of theoretical and factua knowledge about the project, it isnot dways
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possibleto obtain an accurate mathematica description of the | CS creation process dueto thelack of accurate
quantitativeinitial dataabout the project being developed (Lipaev, 2006; M cConnell, 2007).

Despitealarge number of worksby many domestic and foreign authors (E.O. Dmitrieva, A.P. Eremeeva,
N.V. Kostereva, |. Attarzadeh, P. Kumar and others) dedicated to creating ICS for CTO, the problem of
assessing the project redizability a theinitid stageof itslife cycleisstill open. Thisisdueto thefact that the tudies
do not providedetailed processing of theinput data (liyasov, & Vasl’ev, 2009; Stylios, & Groumpos, 2000). As
an assessment of the projects on ICS creation, they consider just an estimation of economic efficiency of the
project. Theabove-mentioned worksare devoted to the problems, arising during the stage of design and manufacture
of ICS, becauseitisfarly easy to analyze themand to comprehend using the experienceand theavallable statistical
data. The project feaghility assessment on creation of ICSfor CTO inthe conditions of fuzzy initial datarequires
innovative approachesto analyzing and forecasting Stuations, which, asaresult, bringsenormouseconomic benefits
for the project.

Inthisregard, to guarantee compliance with the customer requirements, to achieve the necessary technical
and economicindicators, it isexpedient to apply fuzzy cognitive modeling, which consstsinthe construction and
analysis of the FCM structure, whichin turn makesit necessary to have deep knowledge in the subject areaand
perform laboriousresearchwork (Bozhenyuk, & Ginis, 2013; Ginis, 2015; Kolodenkova, 2016; Kosko, 1986).

Inthis paper, amethod of project feasbility assessment on creation of ICSfor CTO using fuzzy cognitive
modeling isconsidered. To analyze the FCM structure, it is proposed to undertake the calculation of system
indicators based on the processed fuzzy initial data and the categorical methods based on a homomorphic
representation.

2. DEVELOPMENT OFAMETHOD OF PROJECT FEASIBILITY ASSESSMENT WITH
APPLICATIONOFFUZZY COGNITIVEMODELING

The method of project feasibility assessment on creation of |CSwith application of fuzzy cognitive modeling
congstsin processing fuzzy input data, the construction and analysis of the FCM structure. To redize thismethod,
we proposed eight stages.

Stage 1. Identification of factorsC,i = 1,...,hand theconnectionswij betweenthefactors(i = 1,..., h;
] =1,...,h), histhenumber of factors.

Stage 2. Setting the current valuesof thefactor parameters*C, and the connectionsw, i between them.

Thevaluesof thefactor parameters can berepresented in theform of :

1. Precisenumbers(they differ by the unitsof measurement and orders of magnitude);

2. Trapezoidal fuzzy numbers; xCi =[*C;1,C2,*C;3,*C4)]

3. Linguigtic descriptions.

The valueswij of the connections between factorscan berepresented in theform of :

1. Fuzzy numbersfromtheinterva [—1; 1];

2. Trapezoidal fuzzy numbers ; w = (Wi, W 2

3. Linguigtic descriptions.

Here X ;, X 4; W, are the pessimistic and optimistic estimates of the factors and their connections,
respectively, XC;'= [Xc » Xo.als Wy = W, Wi, aretheintervals of most probable estimatesof the factorsand
thelr connections, respectively. Let usnotethat, so far, we are not dealing with FCM asamathematical apparatus,
we are only operating with the notion of factors (C)). Assoon aswe start working with FCM, wewill operatewith
thenotion of avertex (v,).

Sage 3. Processing of fuzzy initial data. Thealgorithmis presentedin Section 3.
Sage 4. Congruction of the adjacency matrix and afuzzy cognitive model.

The element W of the matrix W at the intersection of thei-th row and the j-th column characterizesthe
influence of the vertex v, onthevertexvj.

s Wiz Whig]
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Sage5. Andyssof thestructure of thefuzzy cognitive model.

After the formation of the matrix W, we conduct an analysis of the FCM structure, i.e., we caculatethe
systemindicatorsof the FCM, alowing studying the forces of mutual influences between the verticesor betweena
vertex and the system. Inwhat follows, asystemisunderstood asafuzzy cognitive model.

To determinethemutual influence of theverticesfromthe original fuzzy adjacency metrix W with the positive-
negativefuzzy connections, it isnecessary to moveto afuzzy matrix of postive connectionsR = ||rij||2h «onOf the
size 2h x 2h, theelementsof which aredetermined fromthe matrix W = [[w i, of the szeh x h by thefollowing
substitutions (Borisov et al., 2007; Korostelev et al., 2009; Silov, 1995):

Then, atransitiveclosureof thematrix iscarried out inthefollowing manner:

if W, >0, TOK, 155 =Wy, Iy =W,

if w, <0, TOr, 1, =-W,
the remaining elements take non-zero val ues.

M2 = — W,

Then, atrangtivedosureof thematrix R™ - R™M = Rv R? v...v R™ iscarried out inthefollowing manner:

R™ = [™0, j=Lhm=1h; ™ = max(r{™?; rm . r )
where histhenumber of vertices,
if m < h, then the construction of the matrix R(™ is continued:;
if m = h, thenthe construction of the matrix R(™ isfinished.

Since thedimension of the matrix of trangtive closure may belarge, we proposeto represent thisresult inthe
form of amatrix of mutual influence. This matrix consists of positive-negative pairs Z = ||(z, , zj)||, where Z;

characterizesthe strength of the positiveinfluence z; , thestrength of the negativeinfluence of thei-thfactor onthe
J-thone, formed according to therule:

Onthe basisof the matrix Z, the system indicators of the FCM can be calculated, which allow distinguishing
the control verticeswith the greatest impact on the target vertices and assessing the extent of thisinfluence.

Thisanalyssalowsidentifying which of the verticeshave the greatest impact onthe entire systemand vice
versa, and aso which are most influenced by the system.

Sage 6. Conductingimpulse modeing on the fuzzy cognitive modd and ascenario analyss (Gorelova, 2015;
Gorelovaet al., 2006; Kulbaet al., 2002).

Stage 7. Andysisof thereaults.

Sage 8. Sdlecting ascenario of the system development.

A modification of the proposed method isthe use of an algorithm of the fuzzy initial data processng.

3. ALGORITHM OFTHEFUZZY INITIAL DATAPROCESSING

Next, we consider the developed algorithm of processing thefuzzy input data, consisting of twelve steps
(Kolodenkova, 2016).

Sep 1. Entering the values of the parametersof verticesand the connections between them.

Sep 2. Ifthevauesof thevertex parametersare presented in theform of trapezoidal fuzzy numbers, thengo
to step 3; if the conditionisnot met, to the step 4.

Sep 3. Normadization of thevauesof vertex parameters, presented in theform of trapezoidal fuzzy numbers.
For the normalization, we suggest the following transformation method :

{xvil X> X &4}

norm _

XM = max{x, };

’ 1 ’
max s
max max max 1<i<h

e D T T
where X" arethenormalized interval valuesof thevertex parameters, x;°" €[0;1],v. e V, i =1,h ;V istheset
of vertices,
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X ™ arethe maximum valuesamong the maximum valuesof the vertex parameters, presented in theform of
trapezoidal fuzzy numbers;

h" isthe number of vertices, the parameter values of which are presented in the form of trapezoidal fuzzy
numbers.

In order to obtain one normalized fuzzy value fromtheinterval, it isrecommended to use the following
conversion method:

Sep 4. If thevauesof thevertex parametersare presented in the form of linguistic descriptions, thengo to
gep 5; if the conditionisnot satisfied, to step 6.

Sep 5. Structuring the values of the vertex parameters. For the parameters of vertices, thevaluesof which
are presented intheform of linguistic descriptions, we proposeto carry out structuring, whereto each linguistic
description of the vertex parameter, thereisassigned one number fromtheinterva [0O; 1] (Table 1).

Table 1. Estimation of the value of the vertex parameter of the
linguistic variable” Thefactor level”

Linguistic description (the level of factor) Numerical value
Low [0.1,0.3]
Below average [0.31; 0.5]
Average [0.51;0.7]
Aboveaverage [0.71;0.9]
High [0.91; 1]

Sep 6. If thevauesof thevertex parametersare presented in the form of precise numbers (they do not differ
by the measurement unitsand the ordersof magnitude), then go to step 8; if the conditionisnot satisfied, to step 7.

Sep 7. Normdizing thevalues of the vertex parameters, presented inthe formof precise numbers.

For the normdization, we propose the following way of transformation:

norm norm norm norm

+ + +
)<:inorm — x’il XViZ 4)&.3 x’i4 (1)

where X, ., isthecurrent value of the vertex parameter.

Notethat theformula (1) for normalizing the values of the vertex parameters, presented intheform of trapezoidd
fuzzy numbers, isnot suitable astheinterval values of the vertex parameters should not intersect, becauseonly in
thiscasethe “maximum” or “minimum” relationships are established (Levin, 1998; Voshchinin, 2002).

Sep 8. If the valuesof the connections between vertices are represented inthe form of intervals, thengo to
step 9; if the conditionis not satisfied, i.e., the values of connections between the vertices are represented as
linguistic descriptions, then proceed to step 10.

Sep 9. Normalization of the connection values between the vertices, presentedintheform of intervals. The
assessment of the nature and strength of connection between vertices, presented inthe formof trapezoidal fuzzy
numbers, onthefive-grade scale, isgivenin Table 2.

Table 2. Assessment of the natureand strength of the connection between vertices

Numerical value Linguistic description

0 Absent

[0.1; 0.3; 0.6; 1][-0.1; -0.3; -0.6; -1] It strengthensvery little It weakensvery little
[1.1;1.3; 1.6; 2][-1.1; -1.3; -1.6; - 2] It strengthensdightly It weakensdightly
[2.1; 2.3; 2.6; 3][-2.1; -2.3; -2.6; -3] It strengthensmoderatelylt weskensmoderately
[3.1; 3.3; 3.6; 4][-3.1; -3.3; -3.6; -4] It strengthensstronglylt weskens strongly

[4.1; 4.3; 4.6; 5][-4.1; -4.3; -4.6; -5] It srengthensvery stronglylt weakensvery strongly
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For thenormalization of therelation vaues, we suggest asmilar way of transformation asfor thevauesof the
vertex parameters.

Sep 10. If the values of connectionsbetween vertices are represented in the form of linguistic descriptions,
then proceed to step 11; if the condition is not fulfilled, i.e., the values of relations between the vertices are
represented by fuzzy numbersfromtheinterval [- 1; 1], thengo to step 12.

Sep 11. Structuring the values of the connections between vertices. The structuring consgsin thefollowing:
to each connection value, presented in theform of linguigtic description, there isassociated onefuzzy number from
theinterval [- 1; 1] (Table 3).

Table 3. Assessment of the natureand strength of the connection between vertices,
presented in theform of linguistic descriptions

Linguistic description Numerical value
Absent 0

It srengthensvery little It weakensvery little [0.1;0.3][-0.1;-0.3]
It strengthensdightly It weakensdightly [0.31; 0.5][-0.31;-0.5]
It strengthensmoderatelylt weakens moderately [0.51; 0.7][-0.51; -0.7]
It strengthensstronglylt weskens strongly [0.71;0.9][-0.71; -0.9]
It srengthensvery stronglylt weakensvery strongly [0.91; 1][-0.91; -1]

Sep 12. Construction of afuzzy cognitive moddl.
End of theagorithm.

4. CATEGORICAL METHODSOFREPRESENTINGAND STRUCTURINGINFORMATION
TOANALYZETHE STRUCTURE OF THEINFORMATION-CONTROL SYSTEMS

Using the categorical methods of representing and sructuring informationfor analyzing | CS, we have constructed
aformal mathematical apparatus for presenting data, based on including the formed category of generalized
computational modelsinto the production systemsof knowledge representation.

Oneof congtructivewaysto reduceuncertainty inthe processesof preliminary preparation of these procedures
of the decision-making support isasynthesisof deductive, inductive and abductivelogica inference methods
(Ontilev et al., 2006; Potapov, 2007). These methodsare based on the scientific concepts such astherelationships
between “the generd” and “the particular”.

Thestructureand functioning of the analytica systems S depend on the following information entities: the
object of the ICS analysis Q; the purposes of functioning of the analytical system G, determined by a specific
decison-making task; the poly-model complex defining the structure of thesystem M; the environment defining the

system parameters C, aswell astherelations betweenthese structuresR = (rQi wlocloemeom o o)
Let d= <nid : Cd> where n" isthe name of the parameter of theobject of the | CS analyss; C, isthevaue of

the parameter . Generdizing the frame-based model of representation of the declarative knowledge, we represent
theinformation sourcesasfollows: D = (DN, Dt, DX), where D isadatabase; DN isthedatafromthe measuring
tract of the system; D isthe datacollected during the operation of such class of systemsinother regions; DK isthe
data accumulated inthetown planning documentation (Batishchev, & Gubanov, 2010).

Inthe caseof DV, there holdsthe following condition D" :<XL” = X, XX = ®> .D'-dataarea

“black box”; the subject of monitoring isthe set of input parametersand the set of output parameters, when, based
on the input and output values, a model (mapping) of the input parameters into the output ones

D" =<XL”,X§“t, P = > is recovered (selected); DX is the data (knowledge), obtained as a result of
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research and design-experimental activity D* = (X", X, F;‘L"*Xi’“ ") . Taking into account that the system
componentsare programobjects and taking asabasisa system of products, we consider the following formal
model P = (M, M R, O, > . Inthismodel, asaset of givenliteral M; of the product system and the set of the
formed literals M; of the product system, the generalized computational models are defined. R, isthe set of

products of the i-th kind, O, is the set of assigning procedures of the i-th kind. M = <A, F, > 0, where
A={a,i=1,..., n} isafinite set of the object state parameters, F,, is afinite set of relations on the set of
parametersfrom A. F=<f,i=1,....k| a € A>isarelation onthe set of parametersf = <A, gr(f)>0. We

denote: the set of al mappings[omega] for dl relationst e F,,, theinput parameters in(w) = Z? for theoperator
[omega), the output parameters out(w) = Z%" for the operator [omegal.

Astheobjects of the category M, there are defined the calculation models Ob(M ) ; for each pair of objects
Ob(M*) and Ob(M), there isdefined the set of morphisms Hom Ob(M}) ; for eachtriple of objectsthereis
defined composition of Ob(M;), Ob(M') and Ob(M); for the morphisms ¢ € Hom(M, M*) and
v e Hom(M*, M) thereisdefined composition gy € Hom(M, M) ; for each object Ob(M ) thereisdefined
aunit morphism1, € Hom(M, M}).

Based onthe proposed forma apparatus, amethodology has been created for the purpose-oriented formeation
of apoly-model complex, whichis characterized as a heterogeneous network structurewith hierarchical elements.
A method iscreated for automatic formation of anumber of agorithmsfor calculating thetarget parameters based
ontheanaysisof data pre-processing. Thealgorithms of implementation of the developed inductive inference
methods have been created and investigated.

Taking as a basis the approach (Stefanyuk, & Zhozhikashvili, 2007) to building an order on the set of
samples, weformulatetherules of structuring theobtained information: My if isabasisof themodel, (M, y) is
theinitial Situation, whereas (M !, 1) isaderivativesituation, A e Hom(M*, M) & 3 € Hom(M§, M¥) isthe
compatibility condition, then:

3 (e Hom(M{, MT)) — ((M{, 9)N(MT, v))
where N isthe sub-classing operation.

Thecondition of generalization of two modelsisexpressed asfollows:

(M 0); (M5, 0); 30 M 5> M 3puiMl 5> My & InliMf > My,
Ipl: M > My 3& 3 (x e Hom(M, — Mf 1)) — (M5, B).

Therulefor determining aparticular case:

(MS0); (M5, 0); 3n M 5> My & Fp:ME > My Il M > My,
& Fpl:M¥ - M, & 3 (8 e Hom(My — M) — (M, B).

Asaresult, astructureisformed consisted of aplurdity of model classes, each of whichisrepresented by a
hierarchical structure, the eements of which are connected by the“ generd-particular” relation.

In the formation of multi-model complexes, thefollowing strategy of operating the computational modelsis
used: either the model isan object of deductive inference and formsamore detailed result, or the model isan
object of inductiveinferencefor the structuresof higher hierarchy.

Thus, setting the purpose of analysis leads to activation of several competing computing schemes
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5. EXAMPLEOFPROJECT FEASBILITY ASSESSMENT ON CREATION OF INFORMA-
TION-CONTROL SYSTEMS

Assumethat the connection forcesbetween the vertices are estimated according to afive-grade scale and
presented intheform of trapezoidal fuzzy numbers. Asaresult of normalizing and structuring, an adjacency metrix
isobtained, wherethe values of connections between the vertices are represented by the numbers w;, fromthe
interva [- 1; 1] and arereflected in the constructed FCM of project feasibility assessment on creation of | CSfor
the nuclear power plants(Figure 1).

Vs @ i

vy 03 vo

Fig. 1. Fuzzy cognitive modd for project feasibility assessment on creation of ICS for the nuclear power plants.

Herethe vertex v, isthe number of tasks; v, isthe productivity of executors (work execution speed); v, isthe
number of estimates of the ICS project (the estimates can be obtained using different approaches and methods,
they canbe presented inaformet allowing making decisionsonthe | CSredization methods); v, isproject completion
(unsuccessful project completion, i.e. work schedule delay, project failure); v, iseconomic efficiency (carrying out
theworksat thelowest cost); v isthe | CSreliahility (ICSisin an operable stateduring acertaintimeinterval); v,
is security and protection of 1CS (the property of ICS to function properly without causing various negative
consequences for people and the environment); v, aretheexternal factors (the external factorsinfluencing the
nuclear power plant (seismicity, climate, floods)); v, isthe number of errors committed by theexecutors, v, ; isthe
time spent on the creation of the system; v, , isthefinancial resources spent onthe creation of | CS.

Thenwe cdculate the basic systemindicators. The resultsof calculation of the system parameters, reflecting
theinfluence of vertices onthe sysemand of the sysemonthe vertices, are presentedin Table 4.

It isobviousthat the greatest positiveimpact on the systemis exerted by the vertices v, (0.27) and v, (0.22),
whereas they do not experience astrong influence on thepart of the system. Slightly less positive impact onthe
systemisexerted by v, (0.06), v, (0.16), v, (0.08), vg (0.01). Influencing the listed vertices, onecan “turn” the
entire systemin apositive direction.

Theverticesv,, (0.23) and v, (0.32) areinfluenced the most by the system. It ishighly probable that the
impact of thesystemonthese verticesis capable of cancelling out any negativeimpact fromthe outside, i.e., if the
project manager intentionally wantsto exert somelong-term influence onthem, he/she should rely ontheindirect
influence, acting ontheverticesv,, v,, V,, Vg, Vo, Vg.

Theverticesv, and v, are ambivalent but balanced, since the vertex v, weakensthe sysem dightly (-0.03),
but the latter weakensit rather strongly (-0.22); the vertex v, weakens the systemrather strongly (-0.36), but the
sysemweakensit insignificantly (-0.04). That is, the vertices v, and v, arewith the negative two-sided influence
(thereareno negative cycles).
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Table4. Theresultsof calculation of the system parameters, reflecting the influence
of vertices on the system and of the system on the vertices.

Dissonanceof influence Consonanceof influence
Vertices I nfluence of I nfluence of of the vertex of thesyssem  of thevertex of the syste
the vertices thesystem on onthesystem  onthevertices onthesystem onthevertices
on the system thevertices

v, 006 0 043 0 057 100
v, 027 001 008 0 092 100
v 022 007 004 0 09% 100
v, 0 014 0 014 100 086
Vg 003 022 004 046 0% 054
v 016 001 004 015 09% 08
v, 008 007 004 015 09% 08
Vg 00L 0 009 0 091 100
Vo 036 004 053 015 047 08
Vi 009 023 004 012 0% 08
v 0 032 0 017 100 083

=
=

The consonance of theinfluence of the vertex v, onthe systemislow (0.47), whereasthe dissonance of the
influence of the vertex v onthe systemisrather high (0.53). Thissuggeststhat the project manager should consider
all kinds of connectionsof thisvertex with other vertices.

Notethat consonance determines how concordant the factorsarein the smulated system. Moreover, the
higher the consonance, the more convincing isthe opinion onthesign of influence. Dissonance expressesameasure
of distrust of theresult and may occur for variousreasons, for example because of alogica inconsstenceor dueto
theinconsstency of the past experience withthe present situation.

Thus, if the project manager counteractstheincreasing resstanceto changes (anincrease inthe number of
externa factorsand the errorscommitted by the executors) and paysattention to thetimeand financial resources,
then he/sheisableto carry out and obtain reliable project feashility estimates, aswell asto acceleratethe process
of ICScrestion.

6. CONCLUS ON

The proposed method of project feaghility assessment on the basisof fuzzy cognitive modeling allowscarrying
out analysisof the FCM structurein the conditions of fuzzy initial data. Theanalysisof the FCM gructure using
caculation of the sysemindicators dlowsdiginguishing the control verticesthat havethe greatest influenceonthe
target vertices and assessing the extent of thisinfluence and itsreiability. The proposed agorithm of processing the
fuzzy initid dataallows normalizing and structuring the vertex parameter values and the connections between them
so that the numerical values of the vertex parameters do not differ by the unitsof measurement or by the order of
magnitude and belong to the interval [0; 1], whereasthe connection values belong to theinterval [- 1; 1] for the
application of fuzzy cognitivemodeling. Theanayssof the FCM structure using aformal-mathematical apparatus
based on the categorical approach allows aunified approach to the formalization of data and the processes at
different stagesof information processing.

A distinctivefeature of the presented work isthe fact that the proposed method for assessing the project
feasbility can be used at the stage of pre-project studiesfor various branches of industry, economy and the
prevention of emergency stuationsin the conditions of fuzzy initia data.
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