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1.INTRODUCTION

Intuitionistic fuzzy set is an extension of general fuzzy sets which was developed by
Atanossov [1]. Nagoorgani [5] proposed a new approach for solving linear programming
problem in intuitionistic fuzzy environment. Sujeet Singh and Shiv Prasad Yadav [6]
investigated on intuitionistic fuzzy nonlinear programming problem in modeling and
optimization in

manufacturing systems. Many researchers proposed different techniques for analyzing linear
and nonlinear programming problems involving intuitionistic fuzzy parameters. In this paper,
a new two-stage intuitionistic fuzzy simplex procedure is developed to solve fuzzy quadratic
programming problems whose quadratic objective function is assumed to be product of
fuzzy linear factors and all decision parameters are taken to be triangular intuitionistic fuzzy
numbers (TIFN). Furthermore, an average ranking method is introduced to identify the
entering and leaving fuzzy variables. To validate the effectiveness of proposed method, a
numerical example is illustrated.

2. PRELIMINARIES

We review the basic results and definitions which are applied to this study.
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Definition 2.1 Fuzzy Number

A fuzzy set A defined on the real numbers R is said to be a fuzzy number if its membership
function 4« : R — [0,1]has the following characteristics:

(i) A(x) is convex. ie., A(Ax + (L— A)X,) >
min [A(x), A(x,) | 2€[04]vx,,%, R

(i) A is normal .i.e., there exists an x e R such that A(x)=1.
(ili) A is upper semi continuous.
(iv)  Supp (A)isbounded inR .

Definition 2.2 Intuitionistic fuzzy number
An intuitionistic fuzzy number Al is

(i) Al isan intuitionistic fuzzy subset of the real line .

(i) Alisnormal. i.e., there is any x, € R such thatpzi(x,) = 1.

(iii) Al is convex for the membership function and concave for the non membership
function.

Hx1(Ax; + (1 —2A)x,) = min (U.Al (X1), Mgt (XZ)) Vxy,X; € RA€E[0,1].
Yz1(Ax; + (1 — A)x;) < max (SAI (x1),9x1 (XZ)) V x1,X, € RAE[0,1].

Definition 2.3 Triangular intuitionistic fuzzy number (TIFN)

A triangular intuitionistic fuzzy number (TIFN) A! = ((a,b,c); (a’,b, c")) is an intuitionistic
fuzzy set in R with the following membership and non-membership function.

X—a

;a<x<b

1%
o]

wp(x) =

;b<x<c

o
0 ;otherwise

=2

b<x<c
Lc,_b,b_x_c

1 ;otherwise
wherea' <a<b<c<c;pux) +9ux) =1orpzu(x) =9u(x); VXER
Definition 2.3 Arithmetic operations of TIFN
Let A" = ((a, b, c); (a’,b,c’)) and
B! = ((d, e, f); (d’, e f")) be any two triangular intuitionistic fuzzy numbers. Then
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(i) A'+B'=(@a+db+ec+f);@ +d,b+ec +f))
(i) A —-B'=(@a-fb—-ec—d);@ —f,b—ec —d))
(iii) A+ B! = ((ad,be,cf); (a'd’, be, c'f"))

. Al abc ar b cr

(iv) §=<(f’e'd);(g,g,5)>

(v)  AA' = ((Aa,Ab,Ac); (Aa’,Ab,Ac)); A >0

(vi)  AAl = ((Ac,Ab,Aa); (Ac’,Ab,Aa’)); A < 0

3. Proposed Average value and Ranking method for TIFN

3.1 Proposed Average Value of TIFN

Let Al ={((a,b,c);(a’,b,c")) be a TIFN. Then its combined average value of both
membership and non-membership function is defined by

at+b+c+a +c

Av(A") = =

3.2 Ranking of TIFN using Average Value

Let Al =((a,b,c);(a’,b,c")) and B'=((def);(d,ef)) be any two triangular
intuitionistic fuzzy numbers and let their average values are Av(A') and Av(B!)
respectively.Then

Q) Al < B! ifAv(KI) < AV(EI)
i) A > BifAv(A) > Av(B))

4.1 Proposed two-stage Simple procedure for solving special kind of intuitionistic fuzzy
guadratic programming problems.

Step 1: Let the mathematical formulation of special kind of Intuitionistic fuzzy quadratic
programming problem (IFQPP) be

Maximize Z! = (&'g'+a" ) (d'®'+p")

subject to the constraints

3%+ 3 %, + A’ A%, < By i= 1,23, ..m.
% = 0.

where &, o, d', B!, 4", &'; are TIFNs.

Step 2: Covert the IFQPP into its standard form by introducing intuitionistic fuzzy slack
variables we get,

Maximize Z' = &'&'+a)(d'%'+p))

Subject to the constraints
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S T S U0 T S VS L -
3 Xy + 3, 8, + A K+ 3, Ky + S = by ;i=123,...m;% = 0.

where &, o, dl, B, 4, %, are TIFNs and §;' = ((1,1,1); (1,1,1)); Vi

Step 3: Let X' = B! _1Bil be an initial intuitionistic fuzzy basic feasible solution of IFQPP
where B! the triangular intuitionistic fuzzy unit matrix as is follows.

((1L,1,1);(1,1,1))  ((0,0,0); (0,0,0)) ((0,0,0);(0,0,0))
B' = [((0,0,0); (0,0,0)) ((1,1,1);(1,1,1)) ((0,0,0); (0,0,0))
((0,0,0); (0,0,0))  ((0,0,0);(0,0,0)) ((1,1,1);(1,1,1))

Step 4: Let the Objective function of the IFQPP split into two sub-objective functions such
that

7 = dx+a
F12 _ A% +f!
gl — 71t 712

Step 5: Determine the net evaluations

~I_ ~ 1 ~11 ~ 1 ~12

P]' —(C] —Z]' )(d] —Z]' )and
~ 1 ~12 ~ 1 ~11 ~Il ~ 1 ~12
Q =7 (CJ —% )+Zi (dj —% )

Step 5: Compute éjl and ﬁjl such that

~ g

. B ~ . Py ~ 1 ~ 1 ~1 ~ 1
8; = minimum [V I;yuiI is p051tlvel and R; =Q; + (P] * 0 )

uj

If ﬁjl < 0;Vjthen X5 is the required optimal solution of IFQPP. At least one ﬁjl > 0 then
move onto step 6.

Step 6: (i) To identify the entering variable:

Compute the average value of ﬁjl; Vj and let Av (ﬁjl) = R;". The triangular intuitionistic

fuzzy variable yuklcorresponding to maximum of R;" is the new entering variable to the
basis vector.

(if) To identify the leaving variable:

-~ . XBi ~ . P - ~ % -
Calculate the ratio ' = min fkl;yukl is posmvel and find Av(¥") = r;". The triangular
. eie s . ~ 1 . .. . . .
intuitionistic fuzzy variable X, corresponding to minimum of r;" is the outgoing variable

from the basis vector.
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The intersection of (i) and (ii) is the TIF pivotal element. Divide the row by its TIF pivotal
element and find other new entries as it is by regular simple procedure.

Step 7: Repeat Step (5) and compute the net evaluations in anticipation of an optimal
solution or an unbounded solution.

4.2 Theorem: Let KBI be an initial intuitionistic fuzzy basic feasible solution of IFQPP then
=1 . . . . . LA 5l 52
Xg be the improved intuitionistic fuzzy basic feasible solution if ZI = Z! * ZI .
Proof:
Let XBI be an initial intuitionistic fuzzy basic feasible solution of IFQPP
Maximize Z' = (&'&'+a ) (d'g'+p")
Subject to the constraints
I
8y &'y + 8Ky + 83 Ky + Ay
gL = 0.

=1 e . . . .~
Let Xg be another intuitionistic fuzzy feasible solution obtained by replacing brI by d,'. The
improved values of the intuitionistic fuzzy variables are given by

> ~ 1 ~ 1 ~ Ixl
Xp, ==2; =8, whered,' = Y™, §,'b;

=1
Stage: 1 The new improved intuitionistic fuzzy optimizing value Z! is

I

—

=1 = I,\{\ - :\I,\{\I -
ZI = irr=11 CB1 XBl + (XI = 221 CBl XBl + CBV XBy + (XI

I I

= ~ 1 = ~ 1
Let us assume Cg, = Cp, and CBy = Cy

,:\11 _ m & I,\f\I ~ I,\f\l ~1
Z _Zi=1CBi XB1 +Cu XBY + a

=1 =~ If[a I o (3] ~ 1Xg, |

Yru

. 1

=1 ~ I I 1 = ls I(%y =
ZI = {r;lCBi XBi +O(I—CBi XBY (y I)+Cu

<~ 1 B
=1 ~ Is 1 ~ 1 XB ~ IX

I — ym ~1 5. 1 Y Br
Z - i=1 CBi XBi + o - CBi Yiu < I + Cu I
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m
=1 ~1 ~ 1 ~ 1_
7l =7 +Z[cu—cBi gl | =5

i=1 ru

I =— 1

= . ~ ~ 117 =
7l :Z’1+[Cu ~ 7, | %s,

=1
Stage: 2 The new improved intuitionistic fuzzy optimizing value Z! is

m m

::2 :\I{\I ,.,I :\I:'\I 5\1:'\1 ~I

ZI = dBL XBL +ﬁ ES dBL XBL +dBy XBy +ﬁ
i=1 i=1

I

= ~ 1 — 1 ~ 1
Let us assume dg = dp, and dBy =d,

1\12 m ~ I:\I ~ I:\I ,_,I
VA =Zi=1dBi XBL +du XBY +ﬁ

=2 S R R < 1%
ZI :ZﬁldBi [XBi _XBY ({] 1)]+du yfl-{-ﬁl

Yru U

= 1

I = Is Iy ~ 1 Xp,

77 =3 dp %, 4 B - s %, (25) + 4, 22

= I~ I B ~ 1%p,]

Zl = Z:ri1 dBi XB +,8 _dB iuI <~ y1> + du ?rBu
m ~ 1
= 2 2 1 I Xp
7 =7 +Z[du ds, ¥ || =5
=1 Yru

= =1 =2 - ~ _ 1\ =—~1 ~ ~ ~ 21\ =1

ZI = ZI *ZI = [le + (Cul - Zul )XBT ] * [ZIZ + (dul _Zu2 >XBr ]

4.3 Theorem: A sufficient condition for a intuitionistic fuzzy basic feasible solution to the
IFQPP to be optimum is that ﬁjl <0;Vj.

Proof:

The objective function value will improve if ZI > Z

~1I :'\1

. ~ ~ ~ _ 21\ =—~1 . .
:s[z’l + (Cj’ -7 )XBT ] * [z’z + (dj’ -7 >XBr ] > 71« 71
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Hence, the solution can be enhanced until ﬁjl <0;Vj.

5. Numerical example

Consider the IFQPP

Maximize Z' = (2/%,"+3'%," + %' + 1) (1'%, +1'%," + 2'%," + 2)
subject to the constraints

1

T '+3%, ' <4
2%, +11%," < 3!
1'%, +4'%," <3

¥,>0;j=123.

where the intuitionistic fuzzy numbers are taken as follows:
Cost coefficients

2! =((1.5,2,4); (1,2,4.5))

4" = ((3.6,4,4.2); (3,4,5.1))
1" = ((0.8,1,2.1); (0.6,1,2.3))
1" = ((0.5,1,2.5); (0.3,1,2.6))
1! = ((0.6,1,1.8); (0.5,1,2.0))
1! = ((0.4,1,2); (0.3,1,2))

2! =((1.6,2,3.4); (1.4,2,3.6))
2! =((1.8,2,3.2); (1.6,2,3.3))
Constraint 1-Ccoefficients

1' = ((0.4,1,1.5); (0.3,1,1.5))

3! =((2.5,3,3.2); (2,3,3.2))
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4" =((2,4,5); (1.8,4,5.2))
Constraint 2-Ccoefficients
21 =4((1,2,3); (1,2,4))
1! =((0.7,1,1.6); (0.5,1,1.8))
31 =((2.7,3,3.3); (2.6,3,3.4))
Constraint 3-Ccoefficients
11 =((0.3,1,2.3); (0.6,1,2.4))
ol (1.5,2,4); (3.6,4,4.2); (0.8,1,2.1); N
J (1,2,4.5) (345.1) (0.6,1,2.3)
il (0.6,1,1.8); (0.4,1,2); (1.6,2,3.4); 5 | o |6
J (0.5,1,2) (03,1,2) (1.4,2,3.6)
&' |dp | ¥ | X' %' %' %' 5|8 |5 P Av()
0.4,1,1.5); 1.42
o | o | or | @45 EO 21 15; (2.5,3,3.2); 5 o | g | g | (0631332
118452 | VT (233.2) (0.56,1,33,2.6)
oA L 1@7,333) ] (1,23); (0.7,1,1.6); - N R 3.53
o' | 0 |5, (26334) | (L24) (05118) 0 0’ | 1! | 0' | (1.69,3.4.71)
o | 5 | o | 24334 5 (0.3,1,2.3); (3.2,4,5.5); 5 | 5 | o | (104311.33); | 643
3 | (2.33,35) (0.6,1,2.4) (3,4,6) (0.96,3,5.83)
=~ o~ et
j =(Cj —Z )
*(d’ (0.9,2,7.2); (1.44,4,8.4); (1.28,2,7.14); 5 | o |5
_; ,2) (0.5,2,9) (0.9,4,10.2) (0.84,2,8.28)
j
2
Qj1= ~/I (5/'1_2111)
g, | 3517.3); (6.68,9,18.44); (224415.22); | o | & | 5
t (d (1.75,5,20.05) | (4.89,9,22.03) (1.38,4,17.86)
_Z~j12)
5! (0.9,15,3.3); | (0.63,1.33,2); (0.44,0.75,1.06);
J (0.65,1.5,3.4) | (0.56,1.33,2.6) (0.38,0.75,1.17)
5 (3.81,8,41.6); | (7.59,14.32,35.24); | (2.8,5.5,22.79);
j (2.08,8,50.65) | (5.39,14.32,48.55) | (1.7,5.5,27.55)
Av(R;") = R}* 12.3 22.22 12.07
71'=(0.5,1,2.5); 72'=(1.8,2,3.2); 7'=(0.9,2,8);
(0.3,1,2.6) (1.6,2,3.3) (0.4,2,8.58)

4" = ((3.2,4,5.5); (3,4,6))

3! =((2.4,3,3.4); (2.3,3,3.5))

Using proposed two-stage intuitionistic fuzzy simplex procedure the solution of given IFQPP

are given in the following.
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Initial iteration
Iteration 1
N (15.2,4); (3.6,4,4.2); (0.8,1,2.1); N B N
gl (1,2,4.5) (3.4,5.1) (0.6,1,2.3) o' o' o'
i (0.6,1,1.8); (0.4,1,2); (1.6,2,34); ~ " -
4 (05,1.2) 0.3,12) (1.4,2,3.6) o' o' o'
EBI aBl 5781 )N(BI ill izl 5‘431 3'1’ 3.21 3.31
(3644.2); | (0412); | _, | (0631.332); | (0.13,0.33,0.6); (gégﬁég) 5 (0.31,0.33,0.40); 5 5
3451 | (0312 | 2 | 05613326) | (0.00033075 | ©8311H (0.31,0.33,0.40)
5 5 o1 | (07167.267); | (0.4,167287); (-0.58,0,0.82); ! -{(0.31,0.33,0.40); il g
2 | (00167,284) | (0.25167391) | (-1.1,0,1.17) (0.31,0.33,0.40)}
N - | (04,1.67,277); | {(0.130.3306); | (-0.980,152); | (3.24,55); -{(0.31,0.33,0.40); ~ B
o i 5 o il
3 | (-0.3,1.67,2.94) | (0.09,0.33,0.75)} | -1,0,1.17) (3,4,6) (0.31,0.33,0.40)}
B'=(g'-z")«(d'-5") (0,0.46,5.9); (1.28,2,7.14); (0.35,0.44,0.67); 5 5
(0.71,0.46,8.08) (0.84,2,8.28) (0.29,0.44,0.82)
y ~12(~, )4 (- 57) (-2.09,6.49,43.62); | (-6.09,0,23.31); | (6.07,15.97,52.18); ;_{(3'16'6'49’16'46 5 5
=z ¢ — 4 —Z; )
i =% G —% j j (55164966.25) | (11704902) | (38315977665) | ) o0 1020 s
iy ] (0.07,0.42,087); | (158,4.03,6.45)
b (-0.05042,098) | (1.4,4.038.39)
_ ] (6.16,16.81,58.39); | -{(-1.16,4.72,15.91);
R; (3.79,16.81,84.76) | (-4.62,4.72,23.27)}
Av(R) =R - 33.92 -7.62
71'=(2.77,6.32,10.9); 77'=(2.05,3.33,7.2); 7'=(5.68,21.05,78.48);
(1.98,6.32,15.86) (1.77,3.33,8.5) (3.5,21.05,134.81)
Iteration 2
| g6aaz | 08121
e_l (151214)1 ) )1 6[ 61 6[
] ]
(1,2,4.5) (345.1) §O.6,1,2.3
(16234
. (0.6,1,1.8); | (0.4,1,2); |); . - -
4 0512) | (0312 | (14236 0 0 0
)
&' | dy |%'| Xs %' %' %' ' & s
(3.6,4, | (0.4, (0.63,1.33, | (0.13,0.33,0 g;; 811 (0.31,0.33,0
4.2); 2); AL 6); ' - 40); - -
(3,45. | (031, | *2 (056,133, | (0.09,0.33,0 8'63’1'1' 0 (0.31,0.330 | ° 0
1) 2) 2.6) 75) 40)
S ]
(0.7,.1.67,2 (0.4.,1.67,2. 0.?8,0,0.8 £(031,0.33,
o | o |5t |8 87); 2) o | 040) U
2 1 (0.0,1.67,2 | (0.251.67,3 | (- (0310.33,0
84) 1) )1.1,0,1.17 400}
081, | 162 (0.07,0.42, | - - -
b | 3.4, 0.87); {(0.02,0.08, | 0.18,0,0.4 | (0.58,1,1. | {(0.06,0.08,
2.1); p _ _ . _ | (0.18,0.25,0.
061 | 042 | % ¢ 0.19); 8); 72): 0.13); 0| (0170250
25 |39 0.05,0.42,0 | (0.02,0.08,0 | (- (05,1,2) | (0.05,0.08,0 HRE T
‘ 980 25)} 0.17,0,0.5 13)}
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| [ 9)
(_
) ; 503 0639 _(2'31’0'7) (4.050,1 | 0.11,0.21,0. (0.04,0.13,0
B =(g'-7")(d-2") NS 1.94); | 49); | 69);
12); (5.33,0,22 0
0620631 | 30) (5.8,0,23. | (- (0.02,0.13,0
352)" i 20) 0.04,0.21,0. 9)
' 48)
(- (- (- ({(- (-
2.08,8.76,6 | 13.13,03 |18.1,0,48. | 2.21,6.32,2
~1_ oo N - s S 1.12,4.41,1
L=z (C].I_le) 9.46); 4.76); 1); 0.38); 5 397)_
1 2 - - - - o
+ ~ 1 dI _ 5 1 ( ( ( (
“ ( % 5228761 |17.7506 | 181107 | 1.21,6.322 (()0;:;,}4.41,3
08.75) 8.98) 6.58) 8.53)} '
(1.58,4.03,6
y ;9.24,1,6.68 45),
j ’ ) ) (144.038. | |
(0,1,11.36) 29)
(- -{{-
2.09,9.39,1 5.37,5.47,2
1 30.38); 0.55);
R, - - -
] (_ (_
5.22,939,26 5.24,5.47,2
2.34) 8.59)}
AV®) =R} 78.56 - - -8.8 - -

71'=(2.83,6.74,12.73);
(1.95,6.74,18.11)

77'=(2.16,4.17,10.16);
(1,7,4.17,12.03

7'=(6.11,28.11,129.34);
(3.32,28.11,217.86)

Iteration 3
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o T B B - o o
i (1245 EERY 0.6.123)
) 061,18, AL 1623 4);
¥ [ I - - -
! 3Ly 0.3.1.2) (14234
&' A | 7 Xe % ' %! B B! 5!
(- -
(644 | Qa1 |, | Gasllen: | 41m00s8y [ 0451031 . (032,043, £(0.05.0.2,0.5); "
gasn | oy || @es11e - - 032.04.1.6) 002023}
11440074 | 2880089
|:_
za; | oarieg (0241668 | @1417.18 | 020208 . L0IL0LT (035.0.62.5) "
135245 | psiy | M 011136 | 00610568 - (0.08,0.2.1 6} (0.25,0.6,4)
0.18.0.4.65)
(162.3.4) (0.07,05.2.14y; (- - ) . )
@s12n RS Dieprsg, | CIB0OST | GBLLI | 0080105 (010050988, | (0.18,025031)
R R ) § i LIS U1 5%); ~ _ . _
06,1,23) ] - (0.5,1,7 {0.05,0.1,0.53 0.01,0.05,1) (0,17,0.25.0.33
¢ B 00505382 | oos03sm ; 3 A i =)
0.180.1.76)
Bl =gl -5") (2 -5 (0.54,0,7.55); (00LO235T00) | (0.04.0.13,0.68);
(05763231 CLIS02321626) | (00201308
(10265 45,66 13y, -
S . « i : um%(_u a (3156127
=& [at_afy eitfa (- 36,605,503 39); o N
i & -5 )+ e - R {-5.925,124.35}
2870654320746 | (B2LE05.17168T}
= 315.610), 0.1 L67.18.09) 0B.LILE)
B
i (49525513 (0,1.67.43.68) (-0.15.1.22.47)
- - e
. 1412354505680 | 1BS0.5.67.50330) | 11204.74.8126)
& -
52033.545.0006)) | 944525.67.17160)) | 261447412435
0152044 212(7.96,37 51108 65);
(-1 45654407 5 z
(-1485.44.07) (58.08.37.3,3407.38)
Conclusion:

We proposed a new solution technique to determine an intuitionistic fuzzy optimal solution
for fuzzy quadratic programming problem in which the objective function has to be
factorized This technique provides a favorable fuzzy solution without using clumsy of
constraints. Moreover, the developed algorithm is based on familiar simplex procedure we
obtain the fuzzy solution in less number of iterations.
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