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Abstract

In this paper, we have introduced a intuitionistic fuzzy mathematical programming with intuitionistic fuzzy
number as co-efficient of objectives. Real world engineering problems are usually designed with imprecise parameter by
the presence of many conflicting objectives. In this paper we develop an approach to solve multi-objective structural
design using probabilistic operator. Here total integral values of triangular intuitionistic fuzzy number,and it has been used
for imprecise applied load and material density in the test problem. In this paper we have considered a multi objective
structural optimization model with weight and deflection as objectives and stress as constraint function. Here design
variables are considered as cross sectional area of bars. This classical truss design example is presented here in to demonstrate
the significance of our proposed optimization approach. Numerical example is given here to illustrate this structural model

through this approximation method.

Key word: Triangular Intuitionistic Fuzzy Number, Total Integral Value, Ranking of Intuitionistic Fuzzy
Number, Multi-Objective Intuitionistic Optimization, Structural Optimization.

1. Introduction

Optimization techniques for structural optimal
design consisting of deterministic optimization and non-
deterministic optimization methods have been widely used
in practice,. The former aims to search for the optimum
solution under given constraints without consideration of
uncertainties. However, in so many engineering structures,
Deterministic optimization approaches are unable to handle
structural performances exhibit variations such as the
fluctuation of external loads, the variation of material
properties, e.t.c due to the presence of uncertainties and

thus the so-called optimum solution obtained may lie in the
infeasible region when uncertainties are present. Thus, so
many realistic design approaches must be able to deal with
the imprecise nature of structures. Several non-deterministic
structural design optimization approaches which are
reliability-based design optimization (RBDO) by D.M
Frangopol et.al.*® and M. Papadrakakis'® considering
structural impreciseness have been reported in the literature.
In the former optimum solution has been obtained under
given reliability constraints, while the latter aims to minimize
the variation of the objective function. Moreover in the
practical optimization problems usually more than one
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objective is required to be optimized such as minimum cost,
maximum stiffness ,minimum displacement at specific
structural points ,maximum natural frequency of free
vibration and optimum structural strain energy. This makes
it necessary to formulate a multi-objective optimization
problem. The application of different optimization technique
to structural problem has attracted the interest of many
researchers. For example Ray Optimization®, artificial bee
colony algorithm?é, Particle Swarm Optimization® 712141517,
genetic Algorithm, meta heuristic algorithm (Kaveh, A.
Motie, S. Mohammed, A., Moslehi, M.(2013)), others
(Shih, C.j. and Chang, C.J.(1994), Hajela, P. and Shih,C.J.
(1990), Wang, D., Zhang, W.H. and Jiang, J.S.(2004), Wang,
D., Zhang, W.H. and Jiang, J.S. (2002)., Kripakaran, P.,
Gupta, A. and Baugh Jr, J.W. (2007)). Fuzzy as well as
intuitionistic fuzzy optimization in case of structural
engineering not only helps the engineers in their design and
analysis of systems but also leads to significant advances
and new discoveries in fuzzy optimization theory and
technique. This fuzzy set theory was first introduced by
Zadeh (1965). As an extension Intuitionistic fuzzy set
theory was first introduced by Atanassov (1986) .When an
imprecise information can not be expressed by means of
conventional fuzzy set Intuitionistic Fuzzy set play an
important role. In intuitionistic fuzzy (IF) set we usually
consider degree of acceptance, degree of non membership
and a hesitancy function whereas we consider only
membership function in fuzzy set. A few research work has
been done on intuitionistic fuzzy optimization in the field
of structural optimization. Dey et al. (2014 ) used
intuitionistic fuzzy technique to optimize single objective
two bar truss structural model. Dey et.al. (2015) multi-
objective intuitionistic optimization technique in their paper
on three bar truss structural model. This is the first time a
parameterized intuitionistic multi-objective nonlinear
programming is introduced in this paper with an application
in structural design.

In this paper we have considered three-bar planar
truss subjected to a single load condition where the objective
functions are weight of the truss and deflection of loaded
joint in test problem and the design variables are the cross-
sections of bars with the constraints as stresses in members.
We have developed an approach to solve multi-objective
structural design using probabilistic operator. Here total
integral values of triangular intuitionistic fuzzy number has
been considered for intuitionistic fuzzy applied load and
stress.

The remainder of this paper is organized in the
following way. In section 2 structural optimization model
is discussed . In section 3, mathematics Prerequisites i.e
fuzzy Set, intuitionistic fuzzy set, generalized triangular
intuitionistic fuzzy number, total integral value of triangular
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fuzzy number are discussed. In section 4, we proposed the
technique to solve a multi-objective non-linear programming
problem using intuitionistic Programming technique. In
section 5,we discussed the solution of crisp multi-objective
structural model by intuitionistic programming technique.
Numerical illustration of structural model of three bar truss
are discussed in section 6.Finally we draw conclusions in
section 7.

2. Multi-objective structural model
In the design problem of the structure i.e lightest
weight of the structure and minimum deflection of the loaded
joint that satisfies all stress constraints in members of the
structure .In truss structure system, the basic parameters
(including allowable stress, e.t.c) are known and the
optimization’s target is that identify the optimal bar truss
cross-section area so that the structure is of the smallest
total weight with minimum nodes displacement in a given
load conditions.
The multi-objective structural model can be expressed as

Minimize WT (A) 1)
Minimize 5(A)

subject to o (A)<[o]

Amin < A< Amax

Where A= [Ai, A, LLA, ]T are the design variables for

the cross section, n is the group number of design variables

n
for the cross section bar, WT (A) = Z ;AL is the total
i=1

weight of the structure , & ( A) is the deflection of the loaded
joint ,where Li, A and 0, are the bar length ,cross section
area and density of the ith group bars respectively. o (A)is
the stress constraint and [o] is allowable stress of the group

bars under various conditions, A™ and A™ are the
lower and upper bounds of cross section area A respectively.

3. Mathematical preliminaries
3.1. Fuzzy Set :

Let X denotes a universal set. Then the fuzzy
subset Ain X is a subset of order pairs
A={(xp5(x)):xe X} where u;:X —>[0,1] is called
the membership function which assigns a real number
i (X) in the interval [0,1] toeach element X € X. A

is non fuzzy and uA(X) is identical to the characteristic

function of crisp set.lt is clear that the range of membership
function is a subset of non-negative real numbers.
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3.2. Intuitionistic Fuzzy Set :

Let X ={X,, X, ....

, Xn} be a finite universal

set. An intuitionistic fuzzy set (IFS) set A" in the sense of

Atanassov [14] is given by equation A= {< X, Hy (X),

vz (X)>]x € X} where the function 4 (x'):X —[0,1];
X €X = py (Xi)e [0,1] and vy (xi): X —[01];
X, € X > v, (x)<€[0,1] define the degree of membership
and degree of non-membership of an element X; € X to

the set Ai < X, such that they satisfy the condition
OSuAi (Xi)"H)Ai (Xi)Sl, V X, € X. For each
IFs A" in X the amount I, (xi)zl—(y[\i (x')+v, (x‘))
is called the degree of uncertainty (or hesitation ) associated
with the membership of elements X; € X in Ai we call it
intuitionistic fuzzy index of Ai with respect of an element

X eX.
3.4. Generalized Intuitionistic Fuzzy Number :

A generalised intuitionistic fuzzy number A' can
be defined as with the following properties
i) Itis an intuitionistic fuzzy subset of real line.

i) Itis normal i.e there is any X, € R such that
Hy (%)=w(eR) and v (%)=7(cR)
for W+ 7 <1;.

iii) It is a convex set for membership function Hi (X) ie

pg (Ax +(1-2)%,) 2 min(yAi (%), s (xz))

for all .

iv) It is a concave set for membership function M (X) i.e
Iy (ﬂpx1 +(1—i)x2)2 max(yAi (%), 2 (xz))
forall X,X, €R,Ae[r,1].

v) Hj iscontinuous mapping from R to the closed interval

[0, W] and L5 is continuous mapping from R to the

closed interval [T,l] and for X, € R the relation

My +05 <1 holds.

3.5. Generalized Triangular Intuitionistic Fuzzy Number:
A generalized triangular intuitionistic fuzzy

number A =((af',az,a§'§Wa)(a{),az,a§)§Ta)) is a
IFN in R and can be defined with the following membership
function and non-membership function as follows

X — H
waialﬂ for a/ <x<a,
a-g

w for x=a,

a
M
- X
waa37 for a, <x<aj
M
a; —a,

Hi =

0 otherwise

ot
aa )

for a <x<a,

3 T, for x=a,
Ly =

8 X—a

——=2 for a,<x<aj

ag) -4,

Ta

1 otherwise

where &’ <af' <a, <aj <aj

3.6.Property
Property:3.6.1.

Let A =((af', 2, a0w, )(af 2,085, )
and B' =((bf[,bz,béliwb)(bf,bz,bg;fb)) be two

triangular intuitionistic fuzzy number then the arithmetic
operations on these numbers can be defined as follows

A+ B :((a{’ +hb{',a, +b,,a4 +bl;min (w,,w, ))

(al” +b’,a, +b,,a; +b3”;max(ra,rb)))

Proof:
With the transformation Z = X+ Y we can find
the membership function of acceptance (membership)

function of IFS C' = Al + B! by o — cut method.

a—cutof Al is {a{%v%a(az—af),agurwia(a{‘—az)} vae[0,1]i.e

XE{a{w\Z(az—af),a;urvt(af—az)}

a a
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a—cutof B is {bf‘+Tg(bz—bf‘)yb§‘+%(bf‘—bz)} Vae[0]]
@
T

a Ta

ie ye{b{l + % (b, ~b2) by + (b —bz)}

so e Z(:X+y)e[a1“+bl“+\7v((a2—a1“)+(b2—b1/‘)),

a:+b:-%((as”‘az)+(b3”‘b2))}

where W = min {Wa,Wb }
Thus we get the membership (acceptance) function of

C'=A +B'as

W% for a/ +b/ <z < b
[(az—af>+(bz—b:> s

w for z=a, +b,
g Ho_
w Aoz for a,+b,<z<al +b¥
(a;’—az)+(b3“—b2)

0 otherwise

Hence the addition rule is proved for membership function.

For the non-membership function, g — cut of Alis
vy (x)<pB ie xga2+ﬁ(ag—az) and x2a2—£(a2—af)
T, T,
B — cut for the non-membership function of éi is
vy (y)<pie y§b2+1£(b;’—b2) and y>b, —ﬁ(b2 —bl”)
b Tb
so z(=x+y)<a,+h, +ﬁ(a;’ +by —a,—b, ) and
T
z(=x+ y)2a2+b2—£(a2+b2—a1“ ~by)
T
Where 7 = max {Ta,Tb } . Thus we have the non-membership

function of C' = Al + B as

2 2

0 for z=a, +h,

-3+ for a, +b,<z<a’+h!
f[(a;azp(b;bz)] HTREEERTE

T otherwise

15

Hence the addition rule is proved.
Thus we have

Al +B =((a1” +b{', 8, +b,,a + by min (w,,w, ))
(ay +b},a, +b,,a +b§’;max(ra,rb)))

Property : 3.6.2.

Let A'=((af',a,,855w, ) () 3,807, )) bea
triangular intuitionistic fuzzy number then
_ ((ka{‘,kaz,kag‘;wa)(kal”,kaz,ka;’;ra))

) ((kag‘,kaz,ka{‘;wa)(ka;,kaz,kal”;ra))

fork >0

fork <0

Proof:
When k > 0, with transformation y = ka we can find
the membership function for membership or acceptance function

of TrIFN Y~i = kAi by a — cut method. The o — cut of

a

A is py (X)Za ie xe{a{‘+v%a(a2—a1“),a§‘+wi(a§‘—az)}

So y(= ka)e[ka{‘ +wi(ka2 —ka{i),kag‘ +W1(ka§ —kaz)}

a a

Thus we get membership function of Y~i = kAi as

w, | Y=ka
(ka, —kay")
w for y =ka,

a(y)= :

for ka' <y <ka,

H_
A ks oy for ka, <y <ka/
(kat —ka, )
0 otherwise

Hence the rule is proved for membership function .

The B — cut of Al is py (X)< B ie XSaz+ﬁ(a3“—a2)

Ta

and xzaz—:%(az—ai”) So y(:ka)ska2+£(ka;—kaz)
_ _B (va —ka
and Y(=ka)>ka, : (ka2 kal)

a

Thus we get non-membership function of Y~i = kAi as
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e | XY | for ket <y <ka,
(ka, —kay )
0 for y=ka
v (¥)= i
T, Al R ka, <y <kal
(kay —ka, )
T, otherwise

Hence the result is proved for non-membership function .
KA! :((kaf,kaz,ka;;wa)(kaf,
fork >0

Thus we have Y'=
kaz,kag”;ra))

Similarly we can prove that if Y = ka (k < 0) then

_ka*
W, _y-kay for kaj <y <ka,
(ka, —kay')
W, for y=Kka
Ho (Y) = , i
w, LG Sl TS N ka, <y <ka
(kay' —ka,)
0 otherwise
K8 =Y | for ka! < y<ka,
(ka, —kay )
and o, (v)= 0 for y=Kka,
y—Ka,
for ka, <y <k
() o zyem
7, otherwise

((kat", kay, kay';w,)
(kg kay, kaf'sw, )

(kay' kay kay'sz, )
(kas,ka, kay;7,))  fork <0

3.7. Ranking of Triangular Intuitionistic Fuzzy Number :

Thus we have Y~i = kAi =

fork >0

A triangular intuitionistic fuzzy number
Al :((af:az:aél?wa)(af’az’asu?fa)) is completely

for a; <x<a, and

a

_ M
defined by L, (X)=Ww, X784
H aiy

a, —
o ~
2

X—
for a/ <x<a, gng T, 2

a.:_az

The inverse functions can be analytically express as

. h , L .
L, (h):ai"+@(az—af): R (h)=2] _Wa(aa -a,);

for a,<x<a; .

- h o). . h, .
) e m e (5 a)
Now left integral value of membership and non-membership

functions of A' are
j.Li (27,-1)ay +a,

(2w, l)a1 +a,
I'— o 2
a 0 T

2 and ! (

a

respectlvely
And right integral value of membership and non-membership
functions are

( ) IL 2W 21V)va +a, .

R(Ai)z.!‘l_gl(h)z Ta—zlzaé”faz

respectively.
a

The total integral value of the membership functions is
_ H _ u
ITa (Ai): (2Wa 1)a3 +a, a+(1—a)(2Wa 1)31 +&
2w,
a, +(2w, —1){aa§‘ +(1—a)a1"}
N 2w,

2W,

a

The total integral value of the non membership functions is

~ 2r,-1)a; 2, -1)a;
ITﬁ(Au):( Ta 22a3+a2ﬁ+(1—ﬁ)( Ta 2331+a2
_a+(2n,-1){pa + (- p) )
2t

Now if Ai:((a{’,az,a;’;wa)(al”,az,ag;ra)) and
= ((bf:bz:bf?Wb)(blu’bz’b;?Tb)) be two triangular
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intuitionistic fuzzy number then the following relations hold
good

iy If |$(Ai)<|$(lgi) and |Tﬁ(Ai)<|Tﬁ(éi) for
a, B €[0,1]then A’ < B

i) If 17 (A")>17(B') and |Tﬂ(Ai)>|Tp(|§i) for
a,fe[01] then Al > B

iii) If IT“(A‘):IT“(Q‘) and IT”(Ai):ITﬁ(B‘) for
a,f€[01] then Al = B

4. Mathematical Analysis :

4.1 Formulation of Intuitionistic Programming with
imprecise coefficient : Amulti-objective intuitionistic fuzzy
non-linear programming problem with imprecise co-efficient
can be formulated as

Minimize f

zgkol k01H X; Olf

zén nH Xaﬂl <§,bl fori=12,.

t=1

rk,=12,....p

Such that f

X, >0 j :1,2,....,
Here &, ., &i» &; are the signum function used to indicate
sign of term in the equation. €, >0, €; >0. 8, ;, &

are real numbers for all 1,t,Kj, J.

= 1lv 2 3v. .
Here C, ; = ((thlckot , th s Wit )(Ckot’ckot’ckot’fkot ))1
X 1u 3u. .

Cit _((Cn ’Cn’Cn ) )(Cn ’Cn’cn T |t))'

b ((blﬂ blz,bi?w’ i)(bilu’biz’biSU;Ti))'

Using total integral value of membership and non-
membership function, we transform above intuitionistic
multi-objective programming with imprecise parameter as

Minimize f1k ngot lkotHX fork,=1,2,...,p
Minimize fzk ngICZkOIHX “ for k,=12,....p
Such that f, ( Zajn mea"' <&b, for i=1,2,...,m

fZi(X;ﬂ) z C Hxaﬂl<§bzl for|—12
t=1
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x;>0,a, €[0,1] j=1,2,....,n
Here &, &, &; are the signum function used to indicate

sign of term in the equation. ¢, . >0, €, >0; b, >0
0
denote the total integral value of membership function i.e

~1){ac +(1-a)ci|

2
cp, + (2wth

Cugt = oW )
kot
+ (2w, —1){acy +(1-a)ci |
Ciie = oW and
it
2 3u 1
by = o+ (2w, _1){abi‘ +(1—a)bi”} and Gy, >0,

2w,

ém > 0; b1i >0 denote the total integral value of non-

o +(2rg ~1){ B +(1-B)ck |
27, '

membership function ie ¢, =

1v

e+ (20, 1) {Be +(1-B)cr

2it —
27,
~ b7 +(2r,-1){ B +(1- B)b}
2i =
2t
4.2. Intuitionistic Fuzzy Non-linear Programming (IFNLP)
Optimization to solve Parametric Multi-Objective Non-
linear Programming Problem (PMONLP) :
A multi-objective non-linear parametric

intuitionistic programming (MONLP)Problem can be
formulated as

Minimize {f,(xa), f,(%a),...., f, (%),
LB) KB f(6B)] @

Subject to gj(X,a)Sbj, j=1,2, ..... ,m

g;(x:B)<
x>0 a,fe[0,]

Following Zimmermann (1978), we have presented a
solution algorithm to solve the MONLP Problem by fuzzy
optimization technique.

and

Step-1: Solve the MONLP (2) as a single objective non-
linear programming problem p tiby taking one of the
objective at a time and ignoring the others .These solutions

areknown as ideal solutions. Let X' be the respective
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optimal solution for the ith different objectives with same
constraints and evaluate each objective values for all these

i optimal solutions.

Step-2: From the result of step -1 determine the
corresponding values for every objective for each derived
solutions. With the values of all objectives at each ideal
solutions, pay-off matrix can be formulated as follows

fi(xa) .. f(xa) f(xB) - f,(xB)
() ) L) ()
x| £ (¢a) f,(X%a) £ (x%5B) f, (X% B)
x*? £ (X%a) . £ (C%a) f(E7B) . £ (X B)
Here X!, X2,...... ,XP are the ideal solution of the

objectives  f,(x;), f,(Xia),.... f, (x;a), f,(x;B),
f,(XB),m £, (X, B)  respectively.

Step-3: From the result of step 2 now we find lower bound
(minimum) LI-ACC and upper bound (maximum) UiACC by
using following rule yc =max{fi(x”;a), fi(xp;ﬁ)},

LAce =min{fi (x”;a), fi(x“;ﬁ)} where 1<1 < p.Butin
IFO The degree of non-membership (rejection) and the degree

of membership (acceptance) are considered so that the sum
of both value is less than one. To define the non -membership

of NLP problem let UiRej and L?ej be the upper bound

and lower bound of objective function f; (X,a), f; (X, B)

where LI <L) <U® <U . For objective
function of minimization problem, the upper bound for
non-membership function (rejection) is always equals to
that the upper bound of membership function (acceptance).
One can take lower bound for non-membership function as

follows L) =L +¢ where 0<¢g; < (UiACC - LI.ACC)

based on the decision maker choice.
The initial intuitionistic fuzzy model with aspiration level
of objectives becomes

Find

{x.i=12,...,p}
s0 as to satisfy f;(x)<' L/ with tolerance R* =(U/*-1/*)
acceptance for i=12,..,p.
R =(Uf - 1)

for the degree of

fi(x;8)=' U with tolerance

for degree of rejection for 1=1,2,....., p. Define the
membership (acceptance) and non-membership (rejection)
functions of above uncertain objectives as follows. For the

i",i=12,..,p objectives functions the linear membership
functions ( f, (X;a)) and L ( f. (X,ﬂ)) and linear non-
membership functions o, ( f. (x;a)) and v, ( f. (X;ﬁ))
are defined as follows

1 if f(xa)<L™
{ fi(xia)-LE® J
g (U T
;ui(fi(X;a))Z T if L;Accﬁfi(x;a)SUiAcc
0 if  f(xa)zur
1 if f(x;B)<L™
,T[ 00p)-L ]
€ v e A A
(i (xB))= e if L <f(x8)<U
0 if  f(xB)=U/
0 if f(xa)<Lf
. __ | Rej 2
u(fi(xa))= (Wj it L < f (o) <URE
1 if  f(xa)zU®
0 if £ (xB)<Lf
. _ Rej 2
u,(f,(x;ﬂ))z [W] if < f(xpB)<uUf
1 if  f(x;B)=Uf

Step-4: Now using Intuitionistic fuzzy probabilistic
operator above problem can be written as

Maximizeli[(yi(fi(x;a)))(yi(fi(x;ﬂ))) 3)
Maximize I:I(l—ui (f, (X;oz)))(l—ui (f, (X;ﬁ)))

subject to
0<u(fi(xa))<to<y(fi(xa))<t
0<u(fi(xa))+u(fi(xa))<t
0<u(fi(xB))<Lo<u(f(xpB))<L
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0<u(fi(xiB))+v (fi(xB))<L
9; (%) <b;;
g; (% B)<bj;
x>0 a,ﬁe[O,l]

i=12,...,p;j=12,....m

Step-5: Solve the above crisp model (3) by using appropriate
mathematical programming algorithm to get optimal solution
of objective function.

Step-6: Stop.

5. Solution of Multi-Objective Structural Optimization
Problem by Intuitionistic Fuzzy Optimization Technique:

The multi-objective structural model (1) can be
expressed as parametric intuitionistic form as

Minimize WT (A;«) (4)
Minimize WT (A; B)

Minimize §(A;a)

Minimize &(A; )

subject to

o(Aa)<([o]ia)

o(AB)<([o]:B)

A™ <A< A™ o, Be[0,1]

Where A=(A,A,...,A)

To solve the MOSOP (4) step 1 of 4.5 is used. After that
according to step 2 pay-off matrix is formulated

WT(Aa)  WT(AB) J(Aa) S(APB)
n WT'(Aha) WT'(ALB) &' (Aa) &°(ASP)
A2|WT' (A% a) WT(A%B) & (A%a) &°(A%B)
A WT" (A%a) WT'(A%B) & (A%a) & (A%)
At . .

(A% B) & (A%a) &
In next step following step 2 we calculate the bound of the
objective U, LF* U, L and UJT, L) UFeI L5
for weight function WT (A;a), WT (A; ) such that
L <WT (Aja) <U)*; Lb* <WT (A; B)<U,;“and
LT <WT (Ajar) <Uf®!; L5 <WT (A B) <Uf*; and
Acc | Acc. Acc | Acc | Rej | Rej Rej [ Rej
U3 ’% J U4 ’L4 ' U3 ’LS U4 ’L4
for deflection & (A;a ), and 5(A;,3), such that
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L5 <8 (Aa) <US; Ly* <S5(A; B)<U,; and
L5 <S(AB)<U L <5 (A B)<UfT; withthe
condition U =U[); L) =/ +¢  fori=1234
soas 0<g, <(UiAcc —LiA“) are identified.

According to IFO technique considering membership and
non-membership function for MOSOP (4)

1 if WT(Aa)<Li®
e’ﬂ‘\mu(,“ta—{.L ]79
Fur(a (WT (Aicr)) = e it L% <WT(Aa)<uf )
0 it WT(Aa)zUf
1 if WT(AB)<Ly
(ol
By (WT (A3 B)) =4SP i L2 <WT (A ) <US
0 it WT(AB)=U,"
0 it WT (Ao)<L
WT (Aa)-LR Y .
Oy (WT (Arcr)) = [U(Rlil;f] if L <WT (Aja) <Ufe
1
1 it WT(Aa)>Uf
0 it WT (A B)<Ls
2
WT A;ﬁ - R Re Re
Oy (WT (A2 8)) = [ﬁ} if L5 SWT (A ) <US
1 it WT (A B)>U
And
1 if 5(Aa)<Ly”
S(Aa)-LE®
efT[ U3A°°7L§m ]_e’T ) . .
Hsna) (8 (A@r)) =4~ If L7 <8(Aa)<ul®
0 if  S(Aa)2U”
1 if 5(AB)<L
5(Ar)-L4™
e’T[ :‘ffm]_eq . .
Hyinp (S(AB))= o it L=<5(AB)<UM
0 if  S(AB)=U”
0 if §(Aa)<Ly
N2
. 5(A;O{)—L§EJ B ej . ej
Vsiau (6 (A@))= [UR’—L?’ if L5 <85(Aa)<u
3
1 it S(Aa)xUf
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0 if 5(AB)<Ly
2
S(AB)-LT) o e e
ud(A;ﬁ)(ﬁ(A:ﬁ)): [L(Jf“—)l_ffej] if L <5(AB)<UR
1 if  §(AB)2UM

Now using Intuitionistic fuzzy probabilistic operator above
problem can be written as

Maximize s,; (WT (A;a)) thr (WT (A B))
o (8(Aa))us (5(KB))  ®
Minimize {1-u,; (WT (A;cr) )1, (WT (A; B))}

{1-v; (s (Aa)){1-v, (3 (A B))}

subject to
0< thyr (WT (A)) <1 0< pis(8(Aa)) <1
O<uwr( A,a))<1 0<ub( a))<];
0< thyr (WT Aiﬂ)<l0<us( AB))<t
0<v,; (WT(AB))<L  0<u,(5(AB))<1
OS,uWT(WT(A;a))+uWT(WT(A;a))Sl;

)

0<u; (8(Aa))+u,(s(Aa))<y;

0< ttyr (WT (A B))+0yr (WT (A B)) <
0< 15 (5(A;B))+v, (5 (A B))<1
o(Aa)<([o]:a)

o (A B)<([c]:8)

A" < A< A™ g, [0,1]

Solve the above crisp model (6) by using appropriate
mathematical programming algorithm to get optimal solution
of objective function.

6. Numerical Illustration :
If the design objective is to minimize weight of

the structure WT (A, A)) and minimize the deflection
O (A, A,) along x - axis and y — axis at loading point of a
statistically loaded three bar planar truss which is subject
stress (G) constraints on each of the truss members,

in Intuitionistic Fuzzy Environment .

)P

Fig. 1. Design of three bar planar truss

the multi-objective optimization problem can be stated as

Minimize WT (A, A)) = pL(2A +A,) @
Minimize 5X(A1,A2)=%
Minimize &, (A&’AZ):E(ZA?I;AZZAIAz)

such that
_ P(2A+A) T
01(A1’A2)_ (2A12+2A1A2) S[Gl :'

az(Al,Az)=fP)s[az]

2(A+A,
PA, c
i<[of]

O3

oy (A A)= m

Amln <AI <AimﬁX '_

Where applied load P' =((19, 20,21, Wp)(lS, 20,22; rp));
material density p =100KN/m?; length L =1m; Young’s
modulus E = 2x10°%: A, = Cross section of bar-1 and
bar-3; A, = Cross section of bar-2; , and 5y are the
deflection of loaded joint along x and y axes respectively.

[67]=((95.20,205:w; }(18,20.28:7 ;)] and

[67]((18520.205w,, )(18,20,21;7,, )) are maximum
allowable tensile stress for bar 1 and bar 2 respectively,
[55‘]:((9,10,11;%)(8,10,12;%)) is  maximum
allowable compressive stress for bar 3 where
w, = 0.8,WUlT = 0.7,WU; = O.G,W%C =0.9 are degree of
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acceptance or aspiration level of applied load, tensile
stresses and compressive stress respectively and

7,=027,=027,=027,=01 are degree of

rejection or desperation level of applied load, tensile stresses
and compressive stress respectively.

Now total integral value of membership and non-
membership function are

P, =19.625+0.75c; P, =23-6p;

61, =19.85+.428a; G, =23-4.5p;
61, =19.75+0.33¢; &1, = 23-4.5p;
65 =9.5+0.89; &, =18-16p;

Using total integral values of coefficients, problem (7) can
be transformed into

Minimize WT (A, A,) =100(2A + A,) ®)

- _ 100(2A +A,)
Minimize 6, (A, A,) = 210 (2 +2A1A2)
- B 100A,
Minimize &, (A, A))= 210° (27 + 2AR)
such that
o (ALA)= (19'62?5215;21(:2/; *A) <1085+ 4280
(23-6B)(2AA) . .
O'Zl(Ai’Az) (2A12+2A1A2) = ﬁ:
o (&M:Mglg.?mo.%a;
12 \/E(AI+A2)
o _B260) 55 4sp;
2 (ALA,) GAeh) 5B;
~ (19.625+0.75a) A, _
0'13(A1,A2)— (2Af+2A1A2) <9.5+0.89¢;
_(-60)A o oo
Gza(AilAz) (2A12+2A1A2)_( ﬂ)’

A™ <A <A™ i=12.a,pe[0]1]
According to step 2 pay-off matrix can be formulated as
follows

WT (A A) 6(AA) 6,(AA)
A'[1.983716 1.010777 .0509537
A? 15 15 .05

A3 10.1 .1980392 .001960784

21

Here U/ =15=Uf, LA =1.983716, Li: =1.983716+¢,,
with 0 < &, <(15-1.983716); U =1.010777 =U !,
L;© =015, L =0.15+¢, with0<s, <(1.010777-0.15);
and U(Q“ =.0509537 :U(?y“, L® =.001961, Li*’ =.001961+¢;
with 0< &, < (.0509536 —.001961);

Here nonlinear membership and non-membership function
of objectives WT (A, A,), 8, (A, A) and 5, (A, A)

are defined for T = 2 as follows

1 if WT (A, A,)<1983716

ZJI\I\IT(A.AZ]—LSSSHB\;
1T s )_g2
if 1.9837163WT(A1A)315

Furiay (WT (ALA))= ‘

1-¢?
0 it WT(AA)215
0 it WT(A,A)<1983716+5,,
2
WT{A,A)-1 905,
WA A= —————————| if 1983716+, SWT(A,A)<15
%m/'\-/’yi( (AAZ)) [ 15—1983716—&," I tar (A%)
1 it WI(AA)215
and
1 it 5,(A,A)<0.15
,z{a;(A,A{)f.ls\
s (B (A ) =1 = 1,672/7 if 0.15<5,(A,A)<1.010777
0 it 5,(A,A)>1010777
0 it 6,(A.A)<0154¢,

5,(AA)-015-¢,

2
if 0.15+¢, <&,(A,A)<1.010777
1.010777-0.15-¢, J 5 <0 (AA)

”m(A,.Az)(‘sx(Ai’AZ)): [

1 it 5,(A,A)21010777
1 it 5,(A,A,)<0.001961
(6,(AA;)-001961)
efzt 0509837-00196L | »
By ) (8, (AL )= v if 0.001961<5, (A,A,)<0.0509537
0 it 5,(AA)>00509537
0 if 0, (A.A)<00191+¢,

2
8,(AA,)-.001961 ¢,
(AK) O, | 001961+¢, <3, (A,A,)<.0509537
0500537 -0.001961- ¢, )

1 if

”am[w)(‘sv(‘\*Az)): {
5,(A,A,)>.0500537
Using Intuitionistic Probabilistic Operator for membership

and non-membership function the optimal results of model
(7) can be obtained as follows in table 1.



22 Truss Design Optimization with---in Intuitionistic Fuzzy Environment .

Table 2. Optimal weight and deflection for &,; =1.3 &; =.008 &, = .004

Method A x107m? | A/x10m® | WT"x10°KN | 6;x107"m | §;x107"m
Min-max 4.697479 5 14.39496 0.158 .04695370
operator
Probabilistic | 4.697474 5 14.39495 0.158 .04502561
Operator

From the above table it is clear that the probabilistic operator does not affect too much in

results in perspective of structural design optimization in intuitionistic fuzzy environment.

7. Conclusion

In this paper, we have proposed a method to
solve multi-objective structural model in intuitionistic fuzzy
environment. Here generalized triangular intuitionistic fuzzy
number has been considered for applied load and stress
parameter. The said model is solved by intuitionistic
probabilistic operator and result is compared with max-min
operator. A main advantage of the proposed method is that
it allows us to overcome the actual limitations in a problem
i.e imprecise supplied data during the specification of the
flexible objectives. This approximation method can be
applied to optimize different models in various fields of
engineering and sciences.
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