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AN APPROACH TO CRISPIFY THE
INTUITIONISTIC FUZZY NUMBERS

Sanhita Banerjee*, Suvankar Biswas** and Tapan Kumar Roy™

Abstract

In many problems the observed values of the variables are not exact yet the
variables must satisfy a set of rigid relationship and each value is modified
until they satisfy the relationship. In this paper we have presented a method
that can be used to adjust the values of the variables in many engineering and
mathematical problem. The approached method is to find the most
appropriate set of crisp numbers. Here we have considered the approximate
observed values as P-norm Generalized Trapezoidal Intuitionistic Fuzzy
Numbers. As an application, a transportation problem and circuit system has
been numerically illustrated.

Keywords: Intuitionistic Fuzzy Number (IFN); Genaralized Trapezoidal
Intuitionistic Fuzzy Number (GTrIFN); p-norm Generalized Trapezoidal
Intuitionistic Fuzzy Number(GTrIFN),; Transportation Problem; Circuit
System.

1. INTRODUCTION

In many practical engineering problems we come across in a situation in which the
observed set of values are approximate and they are required to be adjusted so that
they satisfy one or more relationship between them. Such an adjustment is
normally done by trial and error method.

Kikuchi [9] proposed a method that adjusts the approximate observed values
in the case of above problems by considering the observed values as Triangular
Fuzzy Number and used fuzzy linear programming to find the true value. De,
Yadav [8] considered the observed values as Trapezoidal Fuzzy Number in their
paper. In the present paper we have described the generalized form of Kikuchi’s
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method and have assumed all the observed values as P-norm Generalized
Trapezoidal Intuitionistic Fuzzy Numbers and it employs the fuzzy optimization
approach.

Here the objective is to find the set of values such that the smallest
membership grade among them is maximized and largest non-membership grade
among them is minimized. The paper presents the approach, optimization problem
formulation with realistic application example [9] in transportation engineering
and a circuit system.

2. PRELIMINARY CONCEPTS

Definition 2.1: Intuitionistic Fuzzy Set: Let U = {xq,x5,...,x,} be a finite
universal set. An Intuitionistic Fuzzy Set A® in a given universal set U is an object
having the form

At = {(xg, 151 (x), vz (x)): x; € U}
Where the functions
pzi:U - [01];ie,x; € U - pzi(x;) € [0,1]
and v:U - [0,1];ie,x; €U > vz(x;) € [0,1]

define the degree of membership and the degree of non-membership of an element
x; € U, such that they satisfy the following conditions:

0< /.lgi(xl') + Ugi(xi) <1lvx;eU

which is known as Intuitionistic Condition. The degree of acceptance u 4 (x;)and
of non-acceptance v ;i (x;) can be arbitrary.

Definition 2.2: (a, B)-cuts: A set of (a, )-cut, generated by IFS A¢, where a, § €
[0,1] are fixed numbers such that @ + 8 < 1 is defined as

Aiaﬁ _ (x,/,tgi(x),vgi(x)); x€eU |
nzi(x) 2 a,vz(x) < B; a, B €[0,1]

where, (a, )-cut, denoted by A"a,ﬁ, is defined as the crisp set of elements x which

belong to A® at least to the degree a and which does belong to A* at most to the

degree S.

Definition 2.3: Intuitionistic Fuzzy Number (IFN): An Intuitionistic Fuuzy
Number A is

An Intuitionistic Fuuzy Subset on the real line
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Normal i.e. there exists at least one x, € R such that uzi(xy) =1 (so
vzi(x0) = 0)

Convex for the membership function iz i.e.

(A + (1 — Ax3)) = min{puzi(xq), pzi(x2) }; ¥V x1,x, € R, A € [0,1]

Concave for the non-membership function v i.e.

vAi(Axl +(1- sz)) < maX{UAi(Xl),UAi(XZ)};V x1,%, €ER,1€[0,1]

Definition 2.4: Genaralized Trapezoidal Intuitionistic Fuzzy Number: A
Generalized Trapezoidal Intuitionistic Fuzzy Number (GTrIFN) is denoted by
At = ((ay,ay,a3,a4;w), (a;', a5, a3,a,’;u) ) is a special Intuitionistic Fuzzy Set
on a real number set R, whose membership function and non-membership function
are defined as:

( O0x<a
X—aq
az—a,
ppi(x) =4 wa<x<az |,
az—x
as—as

0,a4 <x

,a <x<a,

w ,a3 S X < Ay
( 1x<a
!

x—aq

1-(1-uw) pr—

vzi(x) = 1 u,a, <x<a

a,' <x<a,

1

a,' —x '
1—(1—u)a, az; < x < ay
=

a3’

Figure 1: Rough sketch of membership function and non-membership function of GTrIFN

where, w and u represent the maximum degree of membership and minimum
degree of non-membership respectively such that they satisfy the condition.
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0<w=<1l0<u<l1l0sw+uc<l
And al'SalﬁaZSa3Sa4Sa4'

If a, =as then Generalized Trapezoidal Intuitionistic Fuzzy Number
(GTrIFN) is transformed into Generalized Triangular Intuitionistic Fuzzy Number
(GTIFN) (((ay, az, as,;w), (a1',az, a3’ u) ))

Definition 2.5: P-norm Generalized Trapezoidal Intuitionistic Fuzzy Number: A
P-norm Generalized Trapezoidal Intuitionistic Fuzzy Number(GTrIFN), is
denoted by AL =((aj,ay a3,a4;w), (a1',az,a3,a,’;u) ), is a special
Intuitionistic Fuzzy Set on a real number set R, whose membership function and
non-membership functions are defined as

O0x <aq

1

ap—x \P1 /P

w[l—(z—)] 4y < x < a,
az—a;

pgi(x) =< w,a, < x <as ,

1

x-az \P1 /P

W[l—(—s)] a3 < x < ay
az—as

\ 0,a, <x

( 1x<a

1
—uP - p /P
u[1+1u(a2x)] a4 < x < a,

uP \a,—a,’
Ugi(X) = Uu,a, <x <as

1
P/ xea. \P1 /P
u[1+1u(ﬂ)] ,a3 < x < a,’

uP \a,'-as

l,a," <x

here w and u represent the maximum degree of membership and minimum degree
of non membership respectively, satisfying0 <w <1,0<u<1,0<w+u<1.
Alsoa;' < a; < a, <az <a, <a,' and pis a positive integer.

Definition 2.6: A (GTrIFN),, Aé, = ((a1,az,a3,a4;w), (a;1',az,a3,a,’;u) ) is
said to be positive if and only if a;" > 0 and is said to be negative if a;" < 0 and
is equal to zero if all the valuesa,’, a;, a,, as, as, a,’ are zero

Definition 2.7: A flowchart containing the relationship between different
Intuitionistic Fuzzy Numbers is shown below:
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(GTrIFN),{(a,, az, a5, ag; w), (@), s, 85,845 1) )y

}

iy = g
¥
(GTIFN)P
{(a,, az,a5;w), (a,", a5, 05'; u):’p
p=1 pP= '1l
r Az = 0y
GTrIFN —_— GTIFN
{(ay, aq, a3, a5 W), (a,", 6y, ag,a,";u) } (ay, az,a5;w), (@', a, 05" 1) )
I
w=1,lu=0 w=1, u==0
ay = dy
TrIFN TIFN
{(aiJ ., d;, a.:.::'; (a_t': as, sz, ﬂ.:.r)} {(au a, ﬂz:}J (a,,a5,a;"))
@' = avl a, =a, g, =a,a;’ =a
TiFN ' a, = as TEN
(ﬂij g, g, CL_.,:] > (ﬂ'il Qs aa)
alza:Jlazza‘i a_l:aszazl
| Interval Number ; = a3 Crisp Number
[az, as] * a;

Definition 2.8: Arithmetic Operations:

The arithmetic operations of (GTrIFN),, are defined as follows:

Let /I;', = ((ay, az, a3, ag;we), (a1', a3, a3,a4";ug) Yy and E;i) =

((bl' bz, b3, b4; Wb), (bll, bz, b3,b4,; ub) >p be two (GTI‘IFN)p . Then

1.

A;, + le, = ((al + bl' a, + bz, as + b3, ay + b4, min(Wa, Wb)), (Cll' +
b,',a, + by, az + bz, a,’ + b,'; max(ug, up) )p

Aé - B;i; = ((ay — by, a; — b3, a3z — by, a4 — by; min(wg, wp)), (a;" —

! 7 !
by, a; — b3, az — by,a,’ — by'; max(ug, up) )p

(Aaq, day, Aas, Aag; wy),
(Aay', Aay, Aas, Aay'; uy)
(Aay, Aaz, Aay, Aay; wg),
(Aa,', Aas, Aa,, Aay';uy)

{ )p for A >0

(

(
Al =
k )p for A <0
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(aiby, azby, azbs, asby; min(w,, wy)),

~ )p if A, > 0,B% > 0.

14 ! 12 i
(a;'by’, azby, azbs, ay'by ; max(ug, up)

(aiby, azbs, azb,, asby; min(wy, wy)),

~ ( )p ifA, <0,B; > 0.

! ! 12 !
(a1'by’, azbz, azb,, a,'by 5 max(ug, up)

(asby,azby, azbs, asby; min(wy, wy)),
(a4’b1', asb,, a;bs, a1'b4’i max(Ug, Up)

~ ( ), if A}, > 0,B} < 0.

(ayby, azbs, azby, aiby; min(wy, wy)),
(a4’b4', asbs, a; by, a1’b1’i max(Ug, Up)

~ ( ), if A}, < 0,B} < 0.

—-,—,—,—, min(w,, w )
by "b3’ by’ by’ a *b

3. THE APPROACH
The approach is the following:

Here we discuss the approach is the case of n + 1 observed values.

Suppose the problem is to

Find XL, Yir=1.2,..,n

Such that ¥ = f(X1, X%, ..., X%)

XLV >0,r=12,..,n

Let us consider all observed values as Intuitionistic Fuzzy Sets.

6. X7 = (o, pgr (), vgi (), 7 = 1,2, .. ,nand V' = (y, upi (), 51 ()

Here the membership function of each value is Hgi (x1), Mg (x3), ..., Hgi (xn)
and pyi(y) and non membership function of each value is U)?li(xl),v)?zi (x2), <
v;(,il(xn) and vgi(y).

Then the problem becomes

Find x,-,y,r = 1,2, ...,n where

Max Min (.“gi' (x1), Hxi (x2), e, Hgi (xn), M?i(}’))
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Min Max (UX;' (xl),v)?zi (x3), ... Vgl (xn),vyi(y))
Such that y = f(xq, x5, ..., X5)

X1, X2, 0, X,y = 0

Now if we let « = Min (H}?li (xl),ﬂ)?zi (x3), ...,M)?Til(xn),[.lyi(y)>

and B = Max (vii-(xl),vizi (x2), ...,U}?%(Xn),vf,i(y))
Then the problem can be rewritten as
Find x4, x5, ..., X5, v, @, § Where
Max a
Min 8
Such that y = f(xq, x5, ..., Xp)
.Ugli(xl) = a, .U;zzi(xz) 2 a, ---'M;?;L(xn) = a,
ppi(y) = a
Ugi (r1) < B,vgi(2) < B, o, 0z (xn) < B,
vpi(y) < B
X1, X2, 0, X, ¥ = 0
0<agpfp<land0<a+pf<1
Let the left and right hand sides of each membership function be
‘[l)?rl:L (x,),r=1,2,..,n, HoiL (y) and MX;:R (x),r=1,2,..,n, HoR )
and the left and right hand sides of each non-membership function be UXTL.L (x,),r =
1,2,..,n, (e (y) and v)?riR (xq),r=12,..,n, U iR )
then we can write the above problem as
Find x4, x5, ..., X5, y, @, § where
Max o
Min S
Such that y = f(xq, x5, ..., Xp)
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MX{L(xl) >a, ‘ll)?ziL(xZ) >a, ...,,ui#(xn) > aq, yyiL(y) >a
,quiR(xl) > q, y}?zip(xz) > q, ...,MX}IR(xn) > q, ,u?iR(y) >a
U)?liL(xl) < ﬁ' UX;'L(xZ) < ﬁ' "-'UX%L(xn) < ﬁ' vyiL(y) < ﬁ
UXIiR(xl) <8, UX_ZL-R(xz) <pB, ...,UX_TilR(Xn) <B, v?iR(y) <p
X1, X2, v, X, ¥y =0
0<aqpf<land0<a+p=<1

3.1. Formulation of the Problem as Optimization Model:

The proposed formulation is formalized in the form of multi objective optimization
model as

Max a
Min 8
SUbjeCt to y= f(xll X2y ey xn)

M}?{L(Xl) > a, M)?ZiL(xz) > a, '""u)?,if(x") > a0 (y) 2 a
.UX{R(M) = aq, ‘u)?ziR(xZ) >a, ...,u)?rilR(xn) > q, 'uf’iR(y) > a
U)H-L(X1) <B v}?zl.L(xz) <B, ...,v)?#(xn) <Bv,e() <P
in.R(Jm) < ﬂ'UXZiR(xZ) <B ...,v)??iqR(xn) <Bv,r() < B

X1, X2, s X,y =0
0<agpf<land0<a+p<1

Now we can covert the above multi objective optimization model to a single
objective optimization model by using average operator as

a+(1-p)

M
ax >

Subjecttoy = f(xq, x5, oo, Xp)

. > . > . > X >
uXiL(xl) =aq, .UXEL(xz) = aq, ---.uXhL(xn) = a,p(y) 2 a

u}?{.R(xl) >a, H)?ZiR(Xz) > a, ...,u)?rilR(xn) >a, ﬂ?iR(y) >a
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U)H-L(xl) <B, UX£L(Xz) <P, ""U)?}'f(x") <B, UW.L(y) <pB
UXIiR(xl) <pB, UX_ZL-R(xz) <pB, ...,UX_TilR(Xn) <pB, v?iR(y) <p

X1, X2, s X,y =0
0<agf<land0<a+pB<1
Now solving the above optimization model we can easily find the crispified
values of x4, x,, ..., x, and y.
4. APPLICATIONS

4.1. Example: Traffic Volume Consistency

Let us consider the case shown in Figure 2. The number of observed values (traffic
volumes) is 7. For each value, a intuitionistic fuzzified range is assumed. Let
X1,X3,...,X; be the obtained values in (GTrIFN),,and let x;,x,,...,x7, the
unknown values which satisfy the following relationship must be satisfied at points
P and Q; therefore, the relationships are:

at P:x1+x2+x3:x6
at Q:xg+ x4 —x5 =%
% iy
pY X,
i ‘s %, %
— — —

Figure 2: The described traffic volumes
Let,

(2000,2500,2600,3150; 0.80),>
(1950,2500,2600,3200; 0.15) P’

(6240,7800,8500,10100; 0.85),)
(6200,7800,8500,10200; 0.12) P

o = ((960,1200,1300,1520;0.89),
3~ 1(950,1200,1300,1560; 0.07) 7 *

iz <(4000,5000,5200,6100; 0.70),>
4 7 1(3900,5000,5200,6240; 0.26) P’

X' =

X, =
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where,

uzf(x) =9
U)?ii(X) =
,Llj(;i(X) =
U}.Gi(X) =

e

t

\

0.15 [1 +

(1440,1800,1800,2000; 0.75),>
(1400,1800,2000,2400; 0.20) P’

(10800,13500,15000,17800; 0.83),>
(10600,13500,15000,18000; 0.14) P’

(13760,17200,19000,22500; 0.9),

X5 =¢(

X =¢(

—~1
X7 ={13700,17200,19000,22800; 0.09))1’ '
0,x < 2000
1
0.80 |1 (2500—x)p 4 2000 < x < 2500
' 500 ’ =X=

0.80,2500 < x < 2600

1
X — 2600\P] /7

0,3150 <«x
1,x <1950
1—(0.15)? (2500 — x)p
(0.15) 550
0.15,2500 < x < 2600

1 — (0.15) /x — 2600
(0.15)P ( 600
1,3200 < x
0,x < 6240

1
0.85 |1 (7800 — x)p i 6240 < x < 7800
' 1560 ’ =Xs

0.85,7800 < x < 8500

1
0.85 |1 (x _ 8500)p 4 8500 < x < 10100
' 1600 ’ =X=

0,10100 < x

1,x < 6200

1—(0.12)7 (7800 —x
(0.12)P 1600

0.12,7800 < x < 8500

1
1—(0.12)7 (x - 8500)” /v 5500 < x < 10200
(0.12)7 \ 1700 ’ =*=

1,10200 < x

1,
,1950 < x < 2500

Y
p1/p
0.15 [1 + ) ] ,2600 < x < 3200

p1Y/p
0.12 [1 + ) ] ,6200 < x <7800

0.12 [1 +
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,U)?;i(x) =4
U)??:i(X) =3
Hﬂi(X) =

U)—qi(X) =3

H}—(Ei(X) =3

\
,

e

t

\

0.07 [1 +

0.26 [1 +

0,x <960

_ -1
1200 — x\P] /7
_ (—) ,960 < x < 1200

0.89(1
240

0.89,1200 < x < 1300
_ _1/
(x — 1300)” p
220 /|
0,1520 < x
1,x < 950
.1/
1—(0.07)P (1200 - x)p P
(0.07)P 250 /|
0.07,1200 < x < 1300

1—(0.07)P /x —1300\"] /7
(0.07)? ( 260 )

1,1560 < x
0,x < 4000

1
0.70 [1 (5000 _ x)p r 4000 < x < 5000
' 1000 ’ =X=

0.91,5000 < x < 5200

1
0.70 |1 (x _ 5200>P 4 5200 < x < 6100
' 900 ’ =X=

0,6100 <x
1,x <3900

1—(0.26)? (5000 —x
(0.26)P 1100
0.26,5000 < x < 5200

1—1(0.26)? /x — 5200
(0.26)? ( 1040
1,6240 <x
0,x <1440
1,

0.75 |1 (1800 _x)p_ 1440 < x < 1800
' 360 ’ =X=

0.75,1800 < x < 2000
Y
p

0.75 |1 (x - ZOOO)F 2000 < x < 2300
' 300 ’ =X=

0,2300 < x

0.89 ,1300 < x <1520

0.07 [1 + ,950 < x <1200

,1300 < x <1560

1t/
) ] ,3900 < x <5000

1t/
0.26 [1 + ) ] ,5200 < x < 6240
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U)?Si(X) =

,U)?éi(X) =

U)?éi(X) =

Ui(x) =<

X7

U}?;i(X) =

e

e

\

1,x <1400

1—(0.20)? (1800 —x
(0.20)P 300
0.08,1800 < x < 2000

1—(0.20)? (x — 2000

(0.20)? 400
1,2400 < x

Y
b1 /p
0.20 [1 + ) ] ,1400 < x < 1800

0.20 |11+

1Y
) ] ,2000 < x < 2400

t 0,x < 10800

[ (13500 —-x
2700
0.83,13500 < x < 15000

1
x — 15000\"] /7
083 |1— (—)

0.83

p1/p
) ] ,10800 < x < 13500

<x<
2800 ,15000 < x < 17800

\ 0,17800 <x

1,x < 10600
1
1— (0.14)7 (13500 _ x)P /v
0147 \ 2900 /|
0.14,13500 < x < 15000

1—(0.14)? (x _ 15000)’" o

(0.14)P 3000 / |
1,18000 < x

,10600 < x < 13500

0.14 [1 +

,15000 < x < 18000

0.14 [1 +

e 0,x < 13760

3440
0.90,17200 < x < 19000

1
x — 19000\"] /7
0.90 [1— (—)

1
17200 — x\?] /7
0.90 |1 — (—) /13760 < x < 17200

<x<
3500 ,19000 < x < 22500

0,22500 <x
1,x 13700

1
1- (0.09)7 (17200 _ x)p r 13700 < x < 17200
(0.09)P 3500 ’ =*=

0.09,17200 < x < 19000

1—(0.09)? (x — 19000
(0.09)? 3800
1,22800 < x

0.09 [1 +

1/
0.09 [1 + ) ] ,19000 < x < 22800
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The optimization model formulation is as follows: (using average operator)

a+(1-p)
2

max

Subject to
x1 + xZ + .x3 = .x6
Xg + X4 — X5 = X7
1/p

2500 — x;\P
0.80(1 — (—)

1
X, — 2600)” /v
oo >
500

550

> «,0.80 [1 - (

_ P o \P1p
0.15[1+1 (0.15) (2500 x1>]

(0.15)? 550
1
1— (0.15)7 /x; — 2600\"] /?
33,0.15[1+ (0.15)7 ( 600 ) ] <k
1/p

0851 (7800 - xz)p
' 1560

1
- v osslt (xz —8500)” /v g
=®b 1600

1
01|14 Lo 012)7 (7800—x2)p /v
' (0.12)P 1600
<so1z2li+ 1 — (0. 12)P 8500 b -
<p0. (0.12)P —ﬂ
1
00ls (1200—x3)p P st —1300 P
. 240 = a,U. a,
1/p

1—(0.07)P (1200 - x3)p

07 |1
007[ T 0077 250

1— (0.07)? (x3 — 1300 )P]l/p

< 3,007 |1+
A [ (0.07)P 260

1 1
070ls <5000 _ x4)” /v - v or0ls (x4 _ szoo)p /v g
' 1000 =@ 900 =%

1—(0.26)? (5000 — x4)p]1/p

0.26 1+
[ (0.26)P 1100

1—(0.26)P (x4 — 5200>P]1/P 3

<5,026 |1+
A [ (0.26)P 1040



284 Sanhita Banerjee, Suvankar Biswas and Tapan Kumar Roy

1/p

1800 — x5\P
0.75]1 — (—)

1
Xe — 2000)” /v
s >a,
360

300

> a,0.75 [1 - (

1— (0.20)? /1800 — x5\"] 7
(0.20)P ( 300 )

0.20 [1 +

1
5020 |1 4 1= 0207 (xs _ 2000>P /v 3
<p.0. (0.20)7 400 <P
1 1
oeslt (13500 - x6)p v - o osslt (x6 _ 15000>1’ /v g
' 2700 = @b 2800 =%

1
1—(0.14)P /13500 — x4\ /p
o1 [H (0.14)P ( 2900 ) ]
1
1— (0.14)P /xg — 15000\7] /7
< p,0.14 [1+ 01 ( — )] <p
1/p

3500

1
000l (17200 - x7)p Xy — 19000)1" /v
' 3440 =%

> ,0.90 [1 — (

1
1 - (0.09)? /17200 — x,\P] /7
009 [1+ (0.09)7 ( 3500 ) ]
1
1 - (0.09)” /x, — 19000\"] /7
< B,0.09 [1+ .00 ( — )] <p

X1,%X2,X3,X4,X5,Xg,X7 = 0
0<agpf<tland0<a+p<1
The crispified results (traffic volumes) are shown for different values of p:

p=1 p=2 p=3 p=4
a= 0.65 0.34 0.70 0.35
B = 0.31 0.66 0.26 0.65
X1 = 2701 2855 2743 2856
Xy = 8867 8839 8920 8837
X3 = 1358 1363 1290 1362
X4 = 5186 5686 5103 5256
X5 = 1759 1835 1738 1776
X = 12926 13058 12952 13056

Xy & 16353 16909 16317 16536
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4.2. Example: Equivalent Resistance of Circuit:

Let us consider the case shown in Figure 4.2. The number of observed values
(resistance) is 5. For each value, a intuitionistic fuzzified range is assumed. Let
X1,X5,...,Xs be the obtained values in (GTrIFN),,and let x,x,,...,xs, the
unknown values which satisfy the following relationship must be satisfied,;
therefore, the relationships are

Xp. X3

Xq =

Xy + X3

X1+ X4 = Xg

— ., —
*—— v r—

Figure 3: The described circuit system
Let,

7 (48,60,70,80; 0.80), "
(45,60,70,86;0.15)'?"’
(320,400,450,535; 0.85),)
(315,400,450,540; 0.12) P’
(84,120,150,175; O.89),>
(80,120,150,180; 0.07) P’
<(80 ,100,120,141;0.70), y

(75,100,120,144;0.26) P’

<(135 ,170,200,236; 0.75), )y
(131,170,200,240; 0.20) P *

1
X =

55;"=<

where,

( 0x <48
60— x\P] P

0.80 1—( ) ,48 < x <60
| 12

ui(x) = 0.80,60 < x < 70

X1 ] 1/

x —70\P] /P
0.80 1—( 10 ) ,70 < x <80

0,80 <x
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( 1x <45
1
0151 4 1= 0157 (60 _ x)p 4 45 < x < 60
' 0157 \ 15 I =X=
U)Ti(x) = 0.15,60<x <70
1 ) 1
015 |14 1= 015" (x _ 7O)p 4 70 < x < 86
| 0157 \ 16 U EX=
k 1,86 < x
. 0x <320
_ 1
400 — x\P1 77
085 |1— (—) 1320 < x < 400
_ 80
U i(x) = 0.85,400 < x < 450
X, 1/
x — 450\P] P
0.85 1—( ) ,450 < x < 535
85
\ 0,535 <x
( 1x <315
1
0121+ 1= (0.12)7 (400 — x)p 4 315 < x < 400
' (0.12)P 85 )| =S
v_i(x) = { 0.12,400 < x < 450
2 1
0121+ 1= 0127 (x _ 45()),, 4 450 < x < 540
' 0.12)P 90 /)| MUY=
1,540 <x
( 0x <84
_ 21
120 — x\P] /P
0.89 1—( ) 84 < x <120
L 36 .
1 i(x) = 4 0.89,120 < x < 150
X3 ) _1/
x — 150\P] /P
0.89 1—( ) 150 < x < 175
L 25 .
\ 0,175 < x
( 1x <80
1
0.07 |14 120007 (120 _ x)p r 80 < x < 120
' (0.07)? 20 )| ==
vi(x) = { 0.07,120 < x < 150
3 1
N i (x — 150 )p 4 150 < x < 180
' 0.07)P 30 /| TS
L 1,180 <«x
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0.7011 —
,Ll}-(zi(X) =<
0.70 |1 —
)
0.26
Ufai(X) =
0.26 |1+
0.75 |1 —
,Ll)?;i(X) = 3
0.75 [1 -
\
.
0.20 [1 +
UY;L'(X) =
0.20 [1 +

0x < 80

21

(100_x)p r 80 < x < 100
20 OUSX=

0.91,100 < x < 120
l/p

(x—120)P' 120 < x < 141
21 VS XS

0,141 < x
1x<75
1—(0.26)? <100 —x
(0.26)P 25
0.26,100 < x < 120

1Y
)] ,75 <x <100

1 — (0.26)P (x — 120
(0.26)P 24
1,144 < x
0x <135

1
(170 _ x)p i 135 < x < 170
35 OO S XS
0.75,170 < x < 200

Y
(x _ zoo)p ’ 200 < x < 236
36 LIS XS
0,236 < x

1x <131

p1Y/p
)] ,120 < x <144

1—(0.20) /170 — x\P] /P
(0.20)7 ( 39 )
0.08,170 < x < 200
1-(0.20)7 x — 200\7] /7
(0.20)P ( 40 ) |
1,240 < x

,131 <x <170

,200 < x <240

The optimization model formulation is as follows: (using average operator)

Subject to

a+(1-p)

max
2

Xp.X3

Xy + X3
X1+ X4 = X5

X4
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1/P

1
0.80|1 (6O_x)p > 2,0.80 [1 (x—7o)P /p>
' 12 = @b 10 =@

1
1— (0.15)% /60 — x\P] /?
0'15[” (0.15)7 ( 15 )]
S —(015)1’ x—70p /P
=p0 (0.15)7
o]t 400—xp1/P> o]t x—450p
' _( 80 ) = ®0E LT
0154 4 1= (0127 400 —xy? o
S RN GET)Y ( 85 )
<012l 1-(0.12)? (x—450)” 1/P<
< B 01211+ =T\ "o <k
120 — x\] 77 x—150\7] 7
0.89[1—< — ) 20{,0.89[1—( = )] > a,

1— (0.07)? (120 _ x)P]l/p

0.07 |1+
[ (0.07)P 40

1 - (0.07)7 (x — 150 )*T/P <

< 3,007 |1
<k [ T 0077 30

0.70 [1 - (100 — x)p 1/p

21

1
X — 120)1” /v N
20 =@

> a,0.70 [1 - (

1—(0.26)? (100 _ x)”]l/l’

0.26 |1
[ T zer 25

1
_ _ /
< B,0.26 [1 L 10267 (x 120)1”] Y

(0.26)? 24
1 1
ol <170—x)” /P> ol (x—zoo)” /P>
' 35 =& 36 =@

1— (0.20)? (170 - x)l’]l/v

0.20 |1+
[ (0.20)? 39

1 - (0.20)? (x . 200)p]1/P <

< 4,020 |1
<k [ T 0200 \" 40
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X1,X2,X3,X4,X5 =0
0<agf<land0<a+pf<1

The crispified results (resistances) are shown for different values of p:

p=1 p=2
a= 0.93 0.41
B = 0.02 0.58
X1 = 68 69
Xy = 440 449
X3 = 148 143
X4 = 111 109
X5 = 179 177

5. CONCLUSION

The discussed method provides a mechanism of adjustment, given small
information about the nature of the observed values. The method uses the concept
of fuzzy optimization in such a way so as to find a set of values that respects the
original observed values as much as possible and at the same time they satisfy the
rigid relationship that underlies among the variables. The method can be expanded
so that it handles a fuzzy or intuitionistic fuzzy relationship among the variables
as well as the rigid relationship shown in the given models. This method will be
very useful for various data handling problems in engineering mathematics and
physics.
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