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ABSTRACT

Any production system consist of different factarsl they are interrelated to each other.
Corresponding to each factor there also exist sagkein continuation or failure of that
production system due to the lack of sufficiency aiy factor. since there are
interrelationship between the factors a fuzzy ciigmimap (FCM)has been considered in
this present model. The factors values are takéngunistic form i.e., fuzzy form. Now the
risk is associated with each factor so to relagerigk with the factors a new fuzzy number
has been introduced in this paper which is nameddasble fuzzy number". Some
properties corresponding to this double fuzzy nunalso has been introduced. To analyze
the total risk of the system, the application oistdouble fuzzy number has been
considered. The proposed production system hasaredyzed with a numerical example.

Keywords: Risk; Fuzzy Cognitive Map; Production; Linguistf@lues; Triangular Fuzzy
Number;Double Fuzzy Number.

1. Introduction

Fuzzy set was first introduced by Zadeh [20]. Itswastablished to describe the
nondeterministic situation. Real situations arg/\aten uncertain or vague in a number of
ways. Due to lack of information, the present amure states of a system is not known
completely. So fuzzy set theory has an huge agjgitan real world problems. The fuzzy

set theory has encompassed large area of mathentatiguen [8, 9] showed the intention
of the authors to generalize the classical notiba set. Zadeh [21] also introduced the
concept of linguistic variable and its applicatimnapproximate reasoning. Dubois and
Prade [6] presented theory and application on fgztytheory. Atanassov and Stoeva [1]
first introduced intuitonistic fuzzy set.

A production system depends upon varioutfa. The factors are dependent on
each other. As a result the system becomes comiptexcomplex dynamical systems,
conventional methods have limited contribution indmling and controlling such systems.
So a new technique is required for developing andlyaing such system. Some
investigators have used fuzzy cognitive Map (FCMyévelop such a complex system.
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Fuzzy cognitive maps are symbolic representatiortife description and modeling of a
system. They consist of concepts which descrilferéifit aspects in the behavior of the
system.The human experience and the knowledge aftbration of the system are used to
develop the fuzzy cognitive map. An FCM illustraties whole system by a graph showing
the cause and effect along concepts and it is plsimay to describe the behavior of a
system in a symbolic manner. FCM was first intrastlidy Kosko [10]. It has been
introduced in decision analysis and operation mesely Craiger et al [5]. Luo et al. [12]
used a TFN-ANP based approach to evaluate viresg¢arch center's comprehensive
performance. Kyriakarakos et al. [11] introducefiizzy cognitive map petri nets energy
management system for autonomous polygeneratiorognids. Papageorgiou et al. [14]
presented a fuzzy cognitive based approach foriginegl yield in cotton crop production.
Elomda et al. [7] introduced an extension of fudegision maps for multi-criteria decision
making.

In a production system, there must be sosks in the business of profit/loss in
the system. So analyzing risk of a system is vargmessential. There are also some fuzzy
risk analysis problems in different areas. Variouethods are there to investigate fuzzy
risk analysis in different areas. Ranking methodfafzy number is an important
techniques to evaluate risk analysis. Chen efl@hf{bduced Fuzzy risk analysis based on
ranking generalized fuzzy numbers with differerit d right heights. Chen and Wang
[2] presented the ranking fuzzy number usiarg cuts, belief feature and signal/noise ratio
for risk analysis of a manufacturing system. Ched S8anguansat [4] introduced a new
fuzzy ranking of generalized fuzzy number for rizkalysis. Patra and Mondal [15]
presented a new ranking method of generalizedzmgal fuzzy numbers and applied it to
evaluate the risk in diabetes problems. Also tlaeeesome similarity measure methods to
evaluate the risk. Wei and Chen [17] presentedva similarity measure of generalized
trapezoidal fuzzy numbers to perform a fuzzy rislgsis using linguistic term values. In
2010 Xu et al. [19] also introduced a new similarity asare using COG point of two
linguistic valued trapezoidal fuzzy numbers andes rarithmetic operator of linguistic
values trapezoidal fuzzy numbers. Patra and MofitB]l presented a new similarity
measure method of generalized trapezoidal fuzzybeusnand applied it to evaluate the
risk in a production system. Wu et al [18] presdnisk analysis of corrosion failures of
equipment in refining and petrochemical plants gidizzy set theory. Markowski et al
[13] used fuzzy logic to explosion risk assessment.

In spite of the above developments, there are sgaps in the development of fuzzy
numbers and risk analysis of a production systengudazzy cognitive map. In this regard,
the present investigation has the following innoxeafeatures

« For the first time, double fuzzy numbed = (a,,a,,a,) where
a, = (a,,a,,a;),i =1,2,3 is defined and used in a production system.

» Here fuzzy cognitive map has been used usingcthesal relationship among the
components of a production system.

* The risk values are connected with each factdéh@production system.
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In any production system different factors arterirelated. If any of the factors is
insufficient to fill up the requirement to run theduction process then the system may fail
to continue. Therefore there exist a risk in camion of a production system
corresponding to each and every factor connectéld this production system. So the
evaluation of risk is very important to continuatiof a production system.

Again each and every factor associated witproduction system have some
numerical values. In real life these values arecrigp in nature i.e., they are fuzzy. Now
risk is associated with each factor. Corresponding particular value of a factor there
exist different risk values i.e., they are notgiig., fuzzy in nature. As each factor is fuzzy
valued so the concept of double fuzzy number isectmthe risk value corresponding to
each factor which is introduced in this paper.

In this paper a risk model has been estaddlito analyze the risk of a production
system using fuzzy cognitive map and a new tydazfy number is proposed by us which
has been termed as double fuzzy number. Since dugtion system is dependent on
various factors which are interrelated to each mtliezzy cognitive map has been
introduced to show the causal relationship betweem. Using this causal relationship, a
steady state of the system has been evaluatedtimglusing a threshold function for
different factors. The risk values for the diffetréactors have been calculated transforming
the state value by a fuzzy transformation. As altethe risk values are converted into the
double fuzzy numbers. Considering different weigtiisshe each factors, total risk is
calculated.

The rest of the paper organized as folldasection 8, some preliminaries ideas

about triangular fuzzy number and its operationselsas FCM are discussed. In section
83, proposed double fuzzy number and its operatioaglascribed. In sectiog4, risk

models have been constructed using FCM and doulatey fnumber. In sectiob, a

numerical example has been given and illustratedigk in both models and in section
&, a conclusion has been followed.

2. Preliminaries
2.1. Triangular fuzzy number and its operations

Triangular Fuzzy Number (TFN): A TFN A is specified by the triple{a,,a,,a,)
and is defined by its continuous membership fumctio; (x) : F - [0,1] as follows

X—-a, .
if a <x<a,
a,-—a
a—XxX .
_ = f < X<
=i, I asxsa ®
0 otherwise

Some Operations in Fuzzy Numbers. Assume that there are two trapezoidal fuzzy
numbers A=(a,,b,c;) and B=(a,,b,,c,) where a, <b <c and a,<b,<c,,
then some arithmetic operations between two trilmgiuzzy numbersA and B are
defined as follows:
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(1) The additional operator denoted by of A and B is defined as
ADB=(a,b,c)0 (&, b))
=(a ta, b +b,c +c,)

(2) The substraction operator denoted!bpf A and B is defined as
A-B=(ag,by,01) - (a2, bp.¢2)
=(a,-C,h -b,c -8a,)

(3) The multlpllcatlon operator denoted lhy of A and B is defined by
ADB=(a,b,¢)0(a,b,,c,)
= (a2, b, 6c,) 3

(4) The divisional operator denoted Bg of A and B is defined as
A%B = (a,,b,¢,)%(a,,b,,c,)
= (a/c,,b/b,,c/a))

The risk value is always lies betwef®l]. For this reason some operations of triangular
fuzzy numbers are denoted as follows. Assume tleaétare two triangular fuzzy numbers

A=(a,b,c) and B=(a,b,c,) where O<as<bs<c<l and
O<a,<b,<c,<1, then some arithmetic operations between two drbar fuzzy
numbers A and B are defined as followgL 8]
(1) The additional operator denoted by of A and B is defined as
ADB=(a,b,¢)0(a,.b,.c,)
=(a,+a,~aa,,b+b, - blbz’C1+C —CC,)
(2) The substraction operator denoted!bgpf A and B is defined as
AB = (a,b,¢)0(ay,b,,c,)
= (maxX{(a, =C;),0} max{(b, ~b,,0}, max{(c, ~a,,0})
(3) The multlpllcatlon operator denoted hy of A and B is defined by
ADB=(a,b,¢)0(a,b,,c,)
= (aa,,0b,,cC,) L
(4) The divisional operator denoted Bg of A and B is defined as
A%B = (a,,1,¢,)%(a,,b,,C,)
= (a/c,,b/b,,c/a,)
wherea/b = {a/b, | a<.b
1, otherwise

2.2. Fuzzy cognitive map
A Fuzzy cognitive map (FCM%,7,10,1114] represents a graphical causal relationship

of all attributes known as concepts in a systemwalt originally introduced by Kosko [10]
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as an extension of cognitive map model. In this ehtidere are some concepts knowi
nodes and soe causal relations associated with each edge. Edge (C;,C,) is

associated with a number known as wei(w;) which determines the degree of cat
relation between the concefC; and C, . The weight for any interconnection is simpl

crisp number that ranges ov[—1,1]. Three possible states arise there suc(i) the
weight w; equal toO indicates that there is no relationship between ¢anceptsC,

and C;, (ii) w; >0 indicates that the increase (decrease)Cinleads to increas
(decrease) inC;, (iii) w; <O implies that the increase (decrease)C, leads to

decrease (increase) i@, . A graphical representation of FCM has been ginefigure 1

where each node indicates the concept and eacbtatireedge indicates it cau
relationships.

I"Vq_:

Figurel: Simple Fuzzy cognitive map

The influence of a specific concept to other coteepn be calculated using the follow
equation

n
(t+1) — t t
A =1k D AW, +K,AY)
j=1,j#i
The coefficientk, represents the proportion of the contribution efphevious value ¢
the concept in the computation of a new valk; represents the influence of t
interconnected concepts in the configuration ofriteer value of the conce|A. In this

paper, it is considered that the influence of ttevipus value of each concept is very h
and it is supposed thdt, = k, =1. This means that the previous value of each carize

a great influence in the determination of new valdence the value cA for each
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conceptC; can be calculated as

A= (Y AW, +AY) 2)

j=1,j#i
where A™ is the value of the conceff, at time (t+1) and A' is the value of the
conceptC; attimet and W, is the interconnection from the concept to C;. f

is the threshold transformation function that igdiso normalized concept values to a
certain binary or bipolar ranges. These threshahdtion may be different such as
Hard limit function

f(x)z{l for x=1 X0[0.1]
0 for x<1
Hyperbolic tangent function

f (x) = tanh(x)

=(1-eM)/(1+e™) x0O[-1,1]
Logistic function

f(x)=1/(1+e™*) x0[0,1]
The threshold function operates until the stestdye arises. The simplicity of FCM
model becomes apparent from its mathematical reptaon and operation. Suppose
FCM is consisted ofn concepts. It is mathematically represented Hy<an state vector

A which gathers the value afi concepts by amxn weight matrix W . Then the

fuzzy cognitive map operation with compact mathérahtnodel described in equatidn
transform into the following form

AT = £ (ADW + AY) 3)
Therefore equatiof4) computes a new state vectéd'™.

3. Double fuzzy number
Definition: Double fuzzy number: A fuzzy number is called double fuzzy number iffan

point of this fuzzy number is also fuzzy number #risl denoted asA.

For example A=(4,,3,,3,) is known as triangular double fuzzy number whose
membership function is defined as

X=a . o~ ~
— if a<x<aq,
a8
a—X o~ ~
-(X)={==—= If a,<x< 4
w0z & <xsa @)
0 otherwise

where & =(a,;,a,,8;,),8, = (8y,8,,,8,),8, = (8;,,8,,,8;;) are also triangular
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fuzzy number and the membership valuesagh are defined as

X% if a.<x<a
a,-a, a, a,
;=X ;
_(X)=!——— if a,<x<a 5
ﬂai() a,-a, 2P %3 (5)
0 otherwise

1=1,2,3.

The triangular fuzzy number can be also written as

A= (81810, 313), (81, 8591 B55), (351,85, 855)  The  graphical ~representation —of

triangular double fuzzy number is given in the Feg2

.Il.yr

Figure2: membership graph of triangular double fuzzy numbe
Property 1. Let A and B are two triangular double fuzzy numbers where

'F‘Z\ = ((an: a5, 313)1 (3211 ay,, 323)1 (3311 a3, aes)) and
B = (b, b, Big), (B0, B, D), (041,055, 1,,)

with the conditions O<a,<a,<a,<1, 0<b,<b,<b,<1, i=1,23 and

a;<a,;, b<b,;, 1=1,2 & j=1,2,3 then the sum of these two triangular double
fuzzy numbers is given

'Z\ U é = ((an + b11 - allb.l.l’ a,+ b.L2 - a12b.l.2’ st b.L3 - ai3b13)' (a21 + b21 - aZlel’ At bzz
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- a22b221 Ayt b23 - a231323)1 (a31 + b31 - 331b31, ag, + b32 - 832b32, Ay t+ b33 - a33b33))

Proof: Let A= (841, A2 A3), (Bn1s Bnp Br3), (355, g, B33)) @nd
B= ((b,b,,b), (b, b,,,0,5), (b, bs,,b,5)) are two triangular double fuzzy numbers
where 0<g,<a,<a,<1and0<h,<b,<b,<1, i=123.

Consider thatd, = (a,,a,,a,) and b = (b,,b,,b,).i=1,2,3. Now, § and b are
two triangular fuzzy numbers, so

g +b =(a,; +b; —ab,,a, +b, —a,b,,a,+by —ah,),i =1,2,3
Since g;,b; 20 and g; <1,s01-4a; 20 for i, j=1,2,3 Hence

a; +b; —a;b, =, +b;(1-4,)=0
Again a;,b; <1 then

a; +b; —ab, <(1+1-1.1)=1
ie, 0<a; +b —ab <1.

Therefore the sum ofg and g is

ADB=(& +b,& +b,, & +b,)
= ((311 + b.l.l - a:l.lb.l.l’ a,+ b12 - a12b.l.2’ st b13 - a13b.|.3)! (a21 + b21 - a21b21’ a, + b22
- a22b221 Ayt b23: 323b2321 (a31 + b31 - a31b311 A, * b32 - 832b32, Ayt b33 - assbss))

Property 2. Let A and B are two triangular double fuzzy numbers where

A= (841805, @15), (8211351 Br3), (831, 857, 855)) aNd

B = (011,015, B55), (0,1, 0,5, 055), (053,155, b55))

with the conditions O<a,<a,<a,<1, 0<b;<b,<b,<1, i=1,23 and
a;<a,, b <b,;, =12 & j=1,2,3 then the substraction of these two triangular
double fuzzy numbers is given by

A-B = ((mex(ay, ~by;,0),max(a,, ~by,,0),max(a,; ~ b, 0)),(mex(ay, ~by;,0),
max(azz - b22'0)1max(a'23 - b21,0)),(max(a31 - b1310)'max(a32 - b12!0)1max(a33 - blro)))

Proof: Let A= ((8,y,8,5,15), (o1 8z Bs), (81, By )

and B= (b, by,,b,5), (byy,0,,,0,5), (s, b5,,b55)) are two triangular double fuzzy
numbers wherdd<a, <a,<g,<1 and0<h,<b,<b,<1, i=1,2_3.

Consider thata = (a,,a,,a,) and 61 =(b;,b;,,05).,i,j=1,2,3 Now, & and EJ
are the triangular fuzzy numbers, so
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a _bj = (rnax(ail —bjs,O),max(a,.z —bjz,O),max(a,.S _bjlio))!i’ J =1,2,3
Now O<@a; <1 and 0<hb, <1 for i, j,k,1 =1,2,3. So
max(a; —h,,0)=0 when a; <b,
rnax(a'ij -b,,0) = a; —b, >0 when a; > b,
The value ofa; —b, is maximum when the value &; is maximum i.e..1 and the
value of by, is minimum i.e.,0. Hence the maximum value @ —b, is 1 ie.,
a; —b, <1. Therefore, for all case® < max(a; —-b,,0)<1

So the difference~betwee§ and g is given by
A-B= & _63152 _62'53 _61)
= ((max(ay, — by;,0),max(ay, —by,,0),max(a,; —b;y,0)),(max(a,, —b,,0),
max(azz - b22,0),max(a23 - b2170))’(rnax(a31 - b13’0)’max(asz - blz,O),max(a33 - bwo)))
Property 3. Let A and B are two triangular double fuzzy numbers where
A= (8118421 @13), (31, 85, Bp3), (Ba1, B35, Bg3)) @Nd
B = ((Buy, B Bia). (B, Doy o), (B, iy b))
with the conditions O<a,<a,<a,<1, 0<b,<b,<b,<1, i=1,23 and
a;<a,;, bj<hb,, 1=12 & j=1,2,3 then the multiplication of these two

triangular double fuzzy numbers is given by

ADB= (B b8 "Dl ™ D). (Bor* Do By Do s By (B, By "D B i)
PI‘OOfLLet A= ((ay, @15, 813), (Bo1, 5, By5), (B3, 7, 833))

and B= (b, by,,b,5), (byy,0,,,055), (s, b5,,b5,)) are two triangular double fuzzy
numbers wherdd<a, <a,<g,<1 and0<h,<b,<b,<1, i=1,23.

Consider thata, = (a,,a,,a,) and H =(b..b,.b;),i=1,2,3. Now, g and 5, are
the triangular fuzzy numbers, so
a*b =(a,;*h,a,*h, a;*b,),i=1,2,3
Now O<a; <1 and 0<b,; <1 for i,j=1,2,3 So0<aq;*b, <1
Hence the multiplication oa and E is
AOB=(&*h,a*b,,a;*b;)
= ((all* b.l.l’ a12* b.l.2' a13* b.l.3)! (a21* b21' a22* b22’ a23* 23)! (a31* b31' a32* b32’ a33* b33))

Property 4. Let A and B are two triangular double fuzzy numbers where
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= (841, Q2 33), (851, Appr ), (853, 5, B33)) @nd

(b1, by, b5), (0,1, 05, Bs5), (B, B35, by3))  with the conditions
O<a,<a,<a,<1, O<b,<h,<b,<1, i=123 and g, <a,;, b <b,;,
i=1,2 & j=1,2,3 then the division of these two triangular douhlezy numbers is
given by

AYB = ((8y,/bs3, 8,15y, ,5/0,.), (,1/bs5, 8,105, 8,5/1,1), (25 /b5, BBy, 855/ )
alb,if a<b
1, otherwise

Wi >

where a/b= {

Proof: Let
A= ((ay, a5, 813), (81, p, 8y5) (831, 87, 833))
and B= (b, b,,b5), (b, by, 0,5), (Byy,bs,,0,5)) are two triangular double fuzzy
numbers wherdd<a, <a,<a,<1 and0<h,<b,<b,<1, i=1,23.
Consider thata = (a,,a,,8,) and EJ =(b;;,b;,,05) i, =1,2,3 Now, & andgj
are the triangular fuzzy numbers, so
5ﬁ/b; = (aillbj3’aiZ/ij'a13/bj1)!i! =123

Now O<a; <1 and O<b, <1 for i, j,k,I =1,2,3. Consider thata,/b, =1 when
a;zb, . So 0<gq;/b, <1 for all i,]j,k,1=1,2,3,4, since a;,b, 20. Hence the

division of E ang §~is
A%B = (&/b,,&,/b,,&/b)
= ((any/bs;, 8,,/bs5, 8,5/051), (8,005, 80510y, B,3/11), (B21/by5, 85,1115, B34/, )

Property 5. Let A= ((ay1,81,,843), (821, 801 823), (851, 857, 853)) be a triangular double
fuzzy number then the defuzzyfied val@ge of this triangular double fuzzy number is

_ 1
given bY§(an+aiz+ais+a21+a22+a23+631+632+633)

Proof: Let A= (84181, 1s), (31, s Bn)s (81, B B3)) b @ triangular double fuzzy
number anda, = (a,,a,,a,),i =1,2,3 Since & 's are the triangular fuzzy number then

the defuzzyfied value ofy's are (a, +a,+a,)/3,i =1,2,3. Hence the defuzzified

value (d) of A is calculated as

(L EtEE
3
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_ (B 8y, +8,)/3+ (8, + 8y, +8,,)/3+ (85 + 8y, +85,)/3
3

. 1
ie,d :5(811"'312+ai3+a21+a22+a23+asl+asz+ass)

4. Risk model formulation with the linguistic weights using fuzzy cognitive map in a
production system

The study of risk in a production system is venpartant. In this paper a production
system is considered which is connected with difiefactors such aé) availability of

produced item(C,), (ii) demand of the produced iteft,) , (iii) availability of raw
materials (C,), (iv) quality of raw material{C,), (v) transportation cost associated
with the system(C;), (vi) expertiseness of laboufC,), (vii) selling price of the

item (C,) and (viii) quality of the produced itenfC;) of the system. All these factors

are dependent on each other. Any change in onerfaas some effect on other factors i.e.,
if one factor increases then other factors mayeia®e or decrease or may simultaneously
be without any effect. For example

1. If C, increase, the cause could be a fairly high levehcrease ofC, and a low
level of increase ofC,.

2. If C, increase, the cause could be a low level of deereC, .

If C, increase, the cause could be a low level of isered C, .

If C, increase, the cause could be a high level of &aser®f C, .

If C, increase, the cause could be a very low level@giase ofC, .

2B

If C, increase, the cause could be a fairly low levéhofease of theC, and a very
high level of increase o, .
7. If C, increase, the cause could be a very high levééofease ofC, .

8. If C; increase, the cause could be a medium level céase of theC, .

Since causal relationship among the factors hdwepastructure, hence it may be difficult

to find the value of any other factor directly wharange in one or more of the factors are
performed. In such situation after continuous clesngmong the factors due to its
interrelationship, the system comes to a stabte sfter a certain time. To determine the
stable state of the system, FCM has been usedh Bsipaper, these eight factors in the

production system have been treated as differemtegis C,, i =1,2,...,8. Generally
the domain of any concept should [i51] in the parlance of FCM, but in the proposed
problem the domain of any concept may[lzeb] 0 R where a,b>0. So it is necessary
to normalize the real state values[By1]. For this purpose, a transformation function
g(x) has been defined as follows
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X-a
g(x)=—- (6)
b-a
where the real valuex of any concept lies in the intervgab] .

Now, as the risk in the system is dependent oedlsl factor of the system, then eight
values corresponding to different concepts areidersd here and that are denotecr,

for the conceptC, , i=1,2,...,8 respectively. The graphical representation of
proposed system is described in Fig 3

FH

Figure 3: Fuzzy cognitive map of the system with linguisweight:

considering these risk values of all factors, th@ltrisk of the system is calculated
follows.
Step 1: The initial state of the concepts have been consitlas
A =[% %, %] (7)
where X 's are triangular fuzzy numbers X = (X, %, %3),i =1,2,...,¢.
where 0< X, < X, < X3 <1. The value ofx; are obtained after thresholding the ac

real value of the concepts using the interf g which transforms the natural measure
the system to their representative concept valuései FCM and vice versi

Step 2. The causal relationship between any two concepstaliten in the form c
linguistic. Here these linguistic values have beensidered as triangular fuzzy numb
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The weights given to each causal relation betwegntwo given concepts in linguistic
form can be determined in the following matrix form

Wll W12 ) ) \Nl8
W21 W22 ) ) W28

W= (8)
W81 W82 ) ) W88

where v~vi]. 's are linguistic in nature determined by the denisnaker and denoted by

triangular fuzzy numbew; = (a,,b;,c;), a;<b, <c;,

C, increases with the increase of the conc€pt Again when the value of the concept

C, increases with the decrease of the cond@ptthen W, = (-c;,—b;,—a,).

when the value of the concept

Step 3: Now any change in concept value has some effectgheer concept values. So the
state vectorA®*Y at any timet+1 can be determined from the previous state vector
AY attimet as follows
AT = £ (AOW + AD) 9)
In this simulation procedure a steady state afies a certain time. To get the steady state
of the system, the following threshold function baen used

(X X Xg) = (e, — o 1
1720 73 1+e_xil ’1+ e_xiz ’1+ e_xi3

(10)

Step 4: At the steady state, concept values are convartisir real measures and that will
be a triangular fuzzy number. Now risk is connettegiach concept, so the risk interval for

each concepC, is determined a$(k.,;, K ,,Ki3), (K1, Kiops King)], 1=1,2,...,8

Step 5: The risk value corresponding to a fixed conceieranay be different i.e., fuzzy.
So to convert the concept values to the risk values® fuzzy transformations

@:[ab] - [01] and J:[Ab] - [01] have been defined as follows
1 ifx<a
200=1L"Y itz<x<b (11)
b-a
0 ifx>h,

when risk value increase with the decrease oftineept value and
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0 ifx<a

(g_"i) ifa<x<b (12)
—a

1 ifx>b,
when risk value increase with the increase otthrcept value.

(¥ =

Step 6: The risk valuesf obtained in the stefp are obviously double fuzzy in nature.

Let W = (W, W,,W,) is the weight of a concep, , then the normalized weight of the
conceptC, can be obtained as

i:( ! 1 ’8. ) (13)

R=YW+F (14)

i=1

Step 7: The total risk of the system can be measured éyl#iuzzyfication of the double

fuzzy numberR as described in property.

5. Numerical illustration
In a production system, it is considered that tfstesn can produce items in the range of
[0 1000] in any instant of time. There is also have a dehudrthe item in the range of

[0 900] atthat time instant. There exists the availabditraw materials in the range of
[500 1000] unit. Now the quality of available raw materialsldngs in the range of
[0 1] and the transportation cost in the system iseérrdmge of[30  40] per unit
item. Expertiseness of the labours is in the raofgl) 1]. Selling price of an item is in
the range of RS00 600]. Quality of the produced item is in the range[0f 1].

Each factor in the system has some risk in pridfitv the risk interval of different factors
are given below
Availability of produced item:[(500,525550),(800,825,%0)]

Demand of the item[(450,475500),(750,775,80)]

Availability of raw materials:[(600,625650),(900,925,%0)]
Quality of available raw material$(0.5,0.550.6),(0.85,0.90.95)]
Total transportation cos{(30,31,32, (38,39,40)

Expertiseness of the labourg0.6,0.650.7),(0.85,0.90.95)]
Quiality of the produced iten{(0.5,0.550.6),(0.85,0.90.95)]
Selling price of an item[(500,510520),(580,590,®0)]
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Let a production system will start with such causédtionship described in Figurg. Our
aim is to find out the steady state of the systedeusuch type of relationships among the
concepts. For this purpose, it is considered tmatriitial state of the system is
A° = [(0.85,0.90.95)(0.75,0.80.85)(0.55,0.60.65)(0.75,0.80.85)(0.15,0.20.25)
(0.8,0.850.9)(0.550.6,0.65)0.65,0.70.75)] (15)
The linguistic values of the weights are represgiais triangular fuzzy numbers which are
shown in Tablet

linguistic variable Triangular fuzzy numbe
extremely low (EL (0,0.1,0.2

very low (VL) (0.1,0.2,03)

low (L) (0.2,0.3,04)

fairly-low (FL) (0.3,0.4,05)

medium (M) (0.4,0.5,06)

fairly-high (FH’ (0.5,0.6,07)

high (H) (0.6,0.7,08)

very-high (VH) (0.7,0.8,09)

extremely high (EF (0.8,0.9,10)

Tablel: Linguistic variables and its domains of triangulazzy number

For the described system, using the Tabl¢éhe weight matrixW is found as
(0,0,0) (0,0,0) (0,0,0§0,0,0) (0,0,0) (0,0,0}0.40.30.2) (0,0,0)
(0,0,0) (0,0,0) (0,0,040,0,0) (0,0,0) (0,0,0) (0.2,0.30 (0,0,0)

(0.5,080 (0,0,0) (0,0,0§0,0,0§0.2,0.3Yx0,0,0) (0,0,0) (0,0,0)
(0,0,0) (0,0,0) (0,0,0§0,0,0) (0,0,0) (0,0,0) (0,0,0) (0.6,0.Bp

N= (0,0,0) (0,0,0) (0,0,0§0,0,0) (0,0,0) (0,0,0)(0.1,0.30 (0,0,0)(16)

(0.3,0.50 (0,0,0) (0,0,040,0,0) (0,0,0) (0,0,0) (0,0,0) (0.7,0.8p
(0,0,0) (-0.990.80.7)(0,0,0¢0,0,0) (0,0,0) (0,0,0) (0,0,0) (0,0,0)
(0,0,0) (0.4,0.3)p (0,0,040,0,0) (0,0,0) (0,0,0) (0,0,0) (0,0,0)

Using the threshold function the equilibrium stistéound as :
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C, C, C, C,
(0.789,0.8.4,0.836)

(0.592,0.@5,0.662(0.659,0.69,0.659(0.659,0.69,0.659)

C5 CG C7 C8
(0.696,0.2.3,0.730)[(0.659,0.69,0.65¢

(0.621,0.84,0.743(0.846,0.%5,0.881)

Table-2: Values of the concepts after simulations

From the above table it is observed that when thights of the causal relationships of the
concepts in the proposed model are triangular fazmgbers, then transforming the values
of the concepts in Tabl@ to real values of the system, following real val# the

concepts are  obtained: 51:(789,814,836) , C,=(533,552,96) |,
C, =(829.5,82%,829.5), C, =(0.659,0.69,0.659), C, =(36.96,3713,37.3),

C, =(0.659,0.69,0.659) C, =(562.1,568,574.3), C, =(0.846,0.85,0.881)

For the above concept values the risk values quoreting to different concept values are
determined by the said transformation as
r, =((0,0,0.034),(0,0.0314).1133)(0.0314,01133,0.25)

7, = ((0.44,0.867,0.816)0.5657,01433,0.992(0.62,0.867,1))

. = ((0.235,03473,0.48%,(0.235,0.373,0.482)0.235,0.373,0.482)
T, = ((0.4244,06886,1)(0.4244,06886,1)(0.4244,06886,1))
7. = ((0.496,0745,1)(0.513,0.86,1)(0.53,0.795,1))
7. = ((0.5457,0964,1)(0.5457,0064,1)(0.5457,0064,1))

r. =((0.057,01963,0.428),(0.116,0.7,0.5267)(0.179,0.388,0.631))
r, =((0,0.05430.1533)(0,0.1,0.3),(0.0089,01529,0.41§)

The weights of the different concepts are talselimguistic variables such aE/lz High,
VVZ = Very High, VTé = High, VV4= Medium, V‘\'/5 = Low, V‘\'/6 = Fairly High, VH\-/7=
Medium, andVT/8 = High. Considering the triangular fuzzy valuetwd tinguistic variables,
the normalized weights of the concepts are caledlas

W/ =(0.1071,01458,0.2)

W, = (0.125,0.567,0.225)

W, = (0.1071,01458,0.2)
(0.0714,01042,0.15)

~I
4
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W, = (0.0357,0625,0.1)

W, = (0.0893,0125,0.175)

W, = (0.0714,0L042,0.15)

W, = (0.1071,01458,0.2)
Now the total risk in the double fuzzy form ha&sh obtain as

R= ((0.1687,03533,0.583),(0.1865,03837,0.628),(0.2,0.4090.6517))
Now defuzzyfing the above risk value, the totakrin the system is found as
R=0.3957

Therefore the risk of the proposed modelO0s3957 when such type of relationship
among the factors exists as described in the peappsoduction system.

6. Conclusion

The idea of double fuzzy number has been introdircditis paper with some operations
on it. A production system has been considerechtdyae the risk associated with the
system. The risk of any production system depemdsasious factors involved in the
system. In a production system, the factors suavagability of produced item, demand
of the produced item, availability of raw materjajsiality of raw materials, transportation
cost associated with the system, expertisenesgolits, selling price of the item, quality
of the produced item are interconnected with orwhaer. So the fuzzy cognitive map has
been considered in this paper. The causal reldtiprmsnong the factors i.e., the concepts
have been considered as linguistic. Here a modeb&an considered and solved by fuzzy
cognitive maps. A numerical example has been pteddn illustrate the analysis of the
risk of the system using the proposed double fummpber.
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