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Abstract:

In this paper, realistic multi-item inventory models without shortages for deteriorating items with
stock dependent demand have been formulated in Intuitionistic fuzzy environment. Here, total
average cost, warehouse space are assumed to be imprecise in nature. The objectives of maximizing
the average profit and minimizing the average deterioration cost are also intuitionistic fuzzy in
nature. The impreciseness of the above constraints and objective goals have been expressed by
intuitionistic fuzzy linear membership and non-membership functions.

The model have been solved by transforming the problem into two different problems,
namely, Intuitionistic Fuzzy Non-linear Programming Problem (IFNLPP) and Weighted
Intuitionistic Fuzzy Additive Goal Programming Problem (WIFAGPP) modified / developed for
different weights. The model has been illustrated by numerical data. The optimum results for

different objectives are obtained for different weights and illustrates the results.
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1 Introduction

Since the development of EOQ model by Harris[1], a lot of research work on inventory
control system has been reported in the literature(c.f. Arrow, et. al.[2], Naddor [3], Worell and
Hall[4]). In the classical inventory models, normally static lot size models are formulated. But,
because of the manufacturing environment, the static models are inadequate in analyzing the
behavior of such systems and in deriving the optimal policies for their control. Moreover, it is
usually observed in the market that sales of the fashionable goods, electronic gadgets, seasonable
products, food-grains, etc., increase with time. For these reasons, dynamic models of
production-inventory / inventory systems have been considered and solved by some researchers (cf.
Padmanabhan and Vrat [5,6], Bendaya and Rauof [7], Hariga and Benkherouf [8], etc). In these
models, demand and/or production are assumed to be continuous functions of time.

Deterministic optimization problems are well studied, but they are very limited and in many
cases they do not represent exactly the real problem. Usually, it is difficult to describe the
constraints of an optimization problem in crisp equality and / or inequality relations. In reality, a
small violation of a given constraint is admissible and it can lead to a more efficient solution of the
real problem. Objective formulation represents a subjective estimation of a possible effect of a
given value of the objective function. In the last three decades optimization problems have been
investigated in the sense of fuzzy set theory (c.f. Tanaka and Asai[9], Mahapatra and Maiti (10,11],
etc.). The fuzzy optimization formulations are more flexible and allow to find solutions which are
more adequate to the real problem. The principle of fuzzy optimization problems are critically
studied by Angelov[12,13].

In general, decision making under uncertainty employs the expected / average profit
maximization objective and / or expected / average cost minimization objective. These objectives
do not always reflect what managers / decision makers attempt to do in practice. Indeed, managers
/ decision makers of different business / firm houses set targets at the beginning of each year and
they are often more interested in optimizing the achievement of the target returns than in optimizing
the objectives.

On the other hand, fuzzy set theory has been widely developed and various modifications
and generalizations have appeared. One of them is the concept of intuitionistic fuzzy (IF) sets
(Atanassov[14]). They consider not only the degree of membership to a given set, but also the

degree of rejection such that the sum of both values is less than one. Applying this concept, it is
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possible to reformulate the optimization problem by using degrees of rejection of constraints and
values of the objective which are non-admissible. The degree of acceptance and of rejection can be
arbitrary, but the sum of both have to be less than or equal to one. An approach to solve such
intuitionistic fuzzy multi-objective non-linear optimization problem (IFMONLOP) is proposed and
a simple illustrative example is considered in this paper.

In this paper, realistic multi-item inventory models without shortages for deteriorating
items with stock dependent demand have been formulated in Intuitionistic fuzzy environment.
Here, total average cost, warehouse space are assumed to be imprecise in nature. The objectives of
maximizing the average profit and minimizing the average deterioration cost are also intuitionistic
fuzzy in nature. The impreciseness of the above constraints and objective goals have been
expressed by intuitionistic fuzzy linear membership and non-membership functions.

The model have been solved by transforming the problem into two different problems,
namely, Intuitionistic Fuzzy Non-linear Programming Problem (IFNLPP) and Weighted
Intuitionistic Fuzzy Additive Goal Programming Problem (WIFAGPP) modified / developed for
different weights. The model have been illustrated by numerical data. An efficient algorithm has
also been prescribed for solving above type of problems. The optimum results for different

objectives are obtained for different weights and illustrates the results.

2 Proposed Inventory Model
A multi-objective inventory model of deteriorating items with infinite rate of
replenishment, without shortage, stock-dependent demand and limited storage capacity is

developed under the following notations and assumptions.

Assumptions:

» The demand rates are constant and known

* Holding cost applies on good units only

* Shortages are not allowed

* Rate of deterioration is constant and there is no repair or replacement for the deteriorated units

* The replenishment rate is instantaneous without lead time
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Notations:
For i-th item,

g;(t) =inventory level at any time t

Q, = Order quantity for i—th item

6, = Constant rate of deterioration, 0<6, <1

p, = Purchasing price of each unit

s, = Selling price of each unit

h. =holding cost per unit quantity per unit time
u, = Set-up cost

T. = Time period for each cycle

D,(q,) = quantity of demand attime t= «;, + £q,(t), o (20) and S,(0< g <1) being
constants

A = Required storage space per unit quantity

n = Number of items

AP(Q,) = Total average profit of all items
ADC(Q,) = Total deterioration cost of all items
TC(Q,) = Total average cost of all items

W = Available storage space for all items

C = Upper limit on total average cost for all items

2.1 Mathematical formulation

Let us consider an inventory system starts with maximum inventory Q, of i-th item at
the beginning of time period T, and inventory level declines due to demand of the customers and
deterioration of the item (i =1,2,....,n). If q.(t) istheinventory level of i-th item at any time t

of a time period, then the differential equation governing stock status of i- th item is given by the

following equation:
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%: —-D,(a)—agq; for 0<q, <Q,,(i=1,2,....,n)

So, the length of the cycle of the i-th item is:

— fi dq| = Ei dq| - 1 In(a‘ +(ﬂ| +ai)Qi)
D (q,) +a0; o+ 40 +ad  a+p &

The number of holding units in each cycle for the i-th itemis:

— i qidqi = Qi - Qi a +(IB +a)Q.
Gi(Q‘)‘fai+f4qi+aiqi Tarh @AY a )

The number of deteriorating units of the i—th itemis: 6,G,(Q;)

The net revenue, for the i—thitemis: N;(Q) = (s, — p,)Q, —s,6G,(Q,)

The total average cost of the i—th itemis: TC, (Qi):_l_i(piQi+C1I (Q)-C;)

1)

()

(3)

(4)
(5)

(6)

Hence, the problem is to maximize total profit, minimize total deterioration cost subject to

limitation of available storage area and total average cost as below :

Max APF(Q) Z

i=1

-(Ni(Q) = C,G (Q) -Gy,

|~

H

Min ADC(Q) = ' = 4G, Q).

—

subject to ZH:A,Qi sW,Zn:TCi Q) <C

Q >0,i=1,2..n

Intuitionistic Fuzzy Inventory model:

(7)

When the above profit goal, deterioration cost, storage area and inventory costs become

intuitionistic fuzzy, the above problem becomes a multi-objective intuitionistic fuzzy inventory

problem as below:
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Max APF(Q = (N|(Q|) Cll |(Q) C3|)

—|||—\

n
i=1 i

1
? G (Q)p

Min ADC(Q)) :Zn:

subject to Zn:AQi SW,ZHZTQ (Q)<C

Q>0,i=12,.,n (8)
Here ([J)(tilde) denotes that the corresponding item is an intuitionistic fuzzy objective/

parameter.

3 Mathematical Preliminaries
Definition: Fuzzy Set

A fuzzy set A in a universal set X is defined as A={<x,u,(x)>/xe X}, where
Hy - X —[0,1] is a mapping called the membership function of the fuzzy set A.

Definition: Intuitionistic Fuzzy Set (IFS)
An IFS A in X is an expression given by A={<X,u,(X),v,(X)>/xe X}, where

Uy X —>[0,1] and v,: X —[0,1] with the condition z,(x)+ u,(x)<1 for all xe X . Here
u,(x) and wv,(x) are called the degree of acceptance (membership) and rejection

(non-membership) of the element x to the set A.

An element x of X is called significant with respect to a fuzzy subset A of X if the

degree of membership ,(x) > 0.5, otherwise it is insignificant. We see that for a fuzzy subset A
both the degree of membership u,(x) and non-membership v,(x) =1-x,(X) can not be
significant. Further for an IFS A={<x,u,(X),v,(X)>/xe X} , it is observed that

(X)) +v,(x) <1, forall xe X andhence ,(X)AVa(X)<0.5 forall xeX.

Now, we define a generalised intuitionistic fuzzy set (GIFS).

Definition: Generalised intuitionistic Fuzzy Set (GIFS)
Let E be a fixed set. A generalised intuitionistic fuzzy set A of E is an object having
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the form A={<x, u,(X),v,(X) > /x e X}, where the function x, :E —[0,1] and v,:E —[0,1]

define respectively the degree of membership and degree of non-membership of the element xe E
to the set A, which is a subset of E and for every xeE satisfy the condition

U (X)Av,(X) <05, forall xeE.

This condition is called generelised intuitionistic condition (GIC). In fact all GIFS is IFS but
all IFS is not GIFS.

4 Mathematical formulation of Intuitionistic Fuzzy Multi-objective non-linear
Optimization Problem (IFMONLOP) :

In general, an optimization problem includes objective(s) and constraints. In fuzzy
optimization problems, the objective(s) and/or constraints or parameters and relations are
represented by fuzzy sets. These fuzzy sets explain the degree of satisfaction of the respective
condition and are expressed by their membership functions.

Crisp Multi-objective Non-linear Programming Problem: Let us consider a
multi-objective non-linear optimization problem (MONLOP) as follows.

minimize f,(x),i=1,2,...,p 9)
subjectto g;(x) <0, j =1,2,...,q. (10)

where x denotes unknowns, f;(x) denotes objective functions, g;(x) denotes

constraints (inequalities), p denotes the number of objectives, q denotes the number of

constraints. Here, some or all of the objectives and / or constraints are non-linear.
The solutions of crisp multi-objective non-linear optimization problem satisfy all
constraints exactly and they are termed as Pareto optimal solutions.
Some basic definitions on solutions of multi-objective non-linear programming problem are
given below.
Definition: The multi-objective optimization problem is convex if all the objective

functions and the feasible region are convex.

Definition (Complete Optimal Solution ): x™ is said to be a complete optimal solution to
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the MONLOP if and only if there exist x  satisfying (10) such that f (x)< f,(x), for
i=1,2,...,p and for all Vx satisfying (10).
In general, the objective functions of the MONLP conflict with each other, a complete

optimal solution does not always exist and so Pareto (or non dominated) optimality concept is

introduced.
Definition(Pareto Optimal Solution ): x™ is said to be a Pareto optimal solution to the

MONLORP iff there does not exist another x satisfying (10) such that f (x)< f,(x") for all
ii=1,2,..,p) and f,(x)< fj(x*) for at least one index j(j=1,2,...., p).

An objective vector F~ = (f", f,,...., ) is Pareto-optimal if there does not exist another objective
vector F(x) = (f,(x), f,(X),...., f,(x)) suchthat f, <f" forall i=1,2---,p and f, <f; forat

least one index j. Therefore, F~ is Pareto-optimal if the decision vector corresponding to it is
Pareto optimal.

Unless an optimization problem is convex, only locally optimal solution is guaranteed using
standard mathematical programming techniques. Therefore, the concept of Pareto-optimality needs
to be modified to introduce the notion of a locally Pareto-optimal solution for a non-convex
problem.

Definition (Locally Pareto Optimal Solution ):
X~ satisfying (10) is said to be a locally Pareto optimal solution to the MONLOP if and only

if there existsan r>0 suchthat x™ isPareto optimal in N(x',r), i.e, there does not exist another
X e N(x',r) satisfying (10) such that f (x)< f,(X).
Fuzzy Multi-objective Non-linear Programming Problem: In the analogous fuzzy

optimization problem the degree of satisfaction of objection of objective(s) and of constraint(s) is

maximized:

mihimizef, (x),i=1,2,... p
subject to g, (x)<0, j =1,2,...,q. (11)

where ihimize denotes fuzzy minimization and < denotes fuzzy inequality. It is

transformed via Bellman-Zadeh [1970] approach to the following crisp optimization problem.
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Maximize the degree of membership (acceptance) of the objective(s) AND constraints to

the respective fuzzy sets:

maximizeg (x),xe R",i=1,2,...,p+q
subject to 0 < z(x) <1. (12)
where g, (x) denotes degree of acceptance of x to the respective fuzzy sets.
Intuitionistic Fuzzy Multi-objective Non-linear Programming Problem: In the case
when the degree of rejection (non-membership) is defined simultaneously with the degree of
acceptance (membership) and when both these degrees are not complementary to each other then
Intuitionistic Fuzzy sets can be used as a more general and full tool for describing this uncertainty
(Atanassov[14]). It is possible to represent deeply existing nuances in problem formulation
defining objective(s) and constraints (or part of them) by Intuitionistic Fuzzy sets, i.e. by pair of
membership (z (x)) and rejection (v,(x)) functions (Atanassov[15]). An IFMONLOP problem
is formulated as follows:
To maximize the degree of acceptance of Intuitionistic Fuzzy objective(s) AND constraints

AND to minimize the degree of rejection of Intuitionistic Fuzzy objective(s) AND constraints:
maximizez (x),xe R",i=1,2,..., p+q, (13)
minimizev,(x),i =1,2,..., p+q,
subject to v,(x)>0,i=1,2,..., p+q,

(X)) 2v,(x),1=1,2,...,p+Q,

w(X)+v,(x)<1,i=1,2,..., p+q,

where (x) denotes the degree of membership (acceptance) of X to the i -th
Intuitionistic Fuzzy set and g (x) denotes the degree of non-membership (rejection) of x from

the i -th Intuitionistic Fuzzy set.

In case of Intuitionistic Fuzzy Multi-objective optimization problem, the membership
functions and non-membership functions are used rather than the original intuitionistic fuzzy
objective functions. So, the notion of Pareto optimal solutions determined in terms of objective

functions may not be applicable. Hence, the concept of Intuitionistic Fuzzy Pareto (IF Pareto)
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optimal solution and Weak Intuitionistic Fuzzy Pareto (Weak IF Pareto) optimal solution are
introduced below:
Definition (Intuitionistic Fuzzy Pareto (IF Pareto) Optimal solution): x e R" is said to

be an Intuitionistic Fuzzy Pareto (IF Pareto) Optimal solution to the above problem (13) if and only

if there does not exist another x e R" such that z (f.(x)) > (f,(X)),v,(f.(X)) <v,(f.(X)), Vi

and 2 (f;(x)) # 2, (f,()),v; (f;(x)) = v, (f;(X)), foratleastone j,je{1,2,---p+q}.
Definition (Weak Intuitionistic Fuzzy Pareto (Weak IF Pareto) Optimal solution):

X eR" is said to be an Intuitionistic Fuzzy Pareto (IF Pareto) Optimal solution to the

above problem (13) if and only if there does not exist another xeR" such that

1 (F.(¥) > 4 (f, (X*))!Vi(fi () <w(f, (X)), Vi,ie{l,2,---p+0a}.
5 Solution Techniques of IFMONLOP

IFMONLOP problems such as fuzzy optimization problems can be represented as a
two-stage process which includes aggregation of constraints and objective(s) and defuzzification
(maximization of aggregated function)(Angelov[12][13]). Usually the applied Bellman-Zadeh
[15]'s approach for fuzzy optimization problem solving realizes min-aggregator. Conjunction of
Intuitionistic Fuzzy sets is defined as (Atanassov[14]):

GLF ={% s (X) N 2 (X), v (X) UV (X)), X € R}
where G denotes an Intuitionistic Fuzzy objective (gain) and C denotes an Intuitionistic
Fuzzy constraint.

This operator can be easily generalized and applied to the IFMONLOP problem:

p+q B q
D ={(X 415 (), v 0N X R}, a5 (X) =i X Vo X( )TV X
i=1 i=1
where D denotes the Intuitionistic Fuzzy set of the decision.

Min-aggregator is used for conjunction and max-operator for disjunction:

1o (X) =MiN 44 (), =1, 2,100, P+, X R,y < 14
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v (X) =max,vi(x),i =1,2,...,p+q,xeR" vy > v,
It can be transformed to the following system of inequations:
a<u,i=1,2,.,p+09,xeR",
pA=v.(x),i=1,2,.,p+0,xeR",
a>p,20,a>0,a+ <1
where a denotes the minimal acceptable degree of objective(s) and constraints and A

denotes the maximal degree of rejection of objective(s) and constraints.

Now, to solve above problem, it is transformed to any one of the following form, namely,
(@) Intuitionistic Fuzzy Non-linear Programming Problem (IFNLPP) or, (b) Weighted Intuitionistic
Fuzzy Additive Goal Programming Problem (WIFAGPP).

5.1 Intuitionistic Fuzzy Non-linear Programming Problem(IFNLPP)
Now the IFMONLOP problem can be transformed to the following crisp optimization

problem (Angelov[17]):

max (o — ) (14)
subjectto & < £(x),i =1,2,..., p+q,xeR",

pA=v.(x),i=1,2,.,p+0,xeR",

az>p,20,a>0,a+ <1

5.2 Weighted Intuitionistic Fuzzy Additive Goal Programming Problem (WIFAGPP)
In this case, the above problem reduced to the following crisp optimization problem.
Max > w; (44,(x) = v, (X)), (15)
subjectto > w, =1,w; >0,i =1,2,.., p+q,xeR"

u=>v.>0,i=12,..,p+0g,xeR"
Here, values of different weights (w,)<[0,1] are prescribed by the decision maker

according to his / her target.
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6 Intuitionistic Fuzzy Optimization Technique on Inventory Model

In intuitionistic fuzzy set theory, the fuzzy objectives and constraints are defined by their

membership (i.e, degree of acceptance) and non-membership (i.e, degree of rejection) functions

which may be linear and / or non-linear. Here, we assume £, (Q.), tapc (@), 24y (@), 14 (Q,) be

the linear membership functions and v, (Q,),Vapc (@), Vi (Q), v (Q)) be the linear
non-membership functions for the two objectives and two constraints respectively as below.
0 for APF(Q,) < APF*
APF} — APF(Q)
1-—V iZ for APF* < APF(Q) < APF}
Hoee (Q) = APF} — APF/ : Q) ; (16)
1 for APF(Q,) > APR}!
0 for ADC(Q,) > ADC},
ADC(Q,)- ADC? A A
1- ! L for ADC < ADC(Q)) < ADC
Hpoc (Q) = ADC/ - ADC} ; Q) b (17)
1 for ADC(Q,) < ADC/
0 for > AQ >W.'
i=1
> AQ -W/ :
ty Q)= 41— forW <3 AQ <W (18)
WU _WL i=1
1 for > AQ <WA
i=1
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0 for > TC,(Q) > C}
i=1
>7C,(Q)-Ct :
1 (Q) =41 ——= for Cf <> TC,(Q)<Cj (19)
Cu _CL i=1
1 for Y TC,(Q) <C}
i=1
0 for APF(Q,) < APF®
APF — APF(Q)
1-—Y > for APF® < APF(Q) < APFf
VAPF (Q|) = APFUR _ APFLR or L (QI) U (20)
1 for APF(Q,) > APF]
0 for ADC(Q,) > ADC/
ADC(Q)-ADC! R R
1- ' for ADC} < ADC(Q,) < ADC
Ve Q) = ADCF — ADCF o ) @) 3 (21)
1 for ADC(Q,) < ADC}
0 for Y AQ >W
i=1
ZAQI _WLR n
i= R R
v, (Q) = LW forwf < ;AQi <W, (22)
1 for > AQ <W[
i=1
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0 for ZH:TCi (Q)>cCk
3TC,(Q)-CF n
v (Q) = 1-= CR_CR for Cf SZTCi(Qi)SCLT (23)
1 for Zn:TCi (Q)<cCFf

Here, APR-APF", ADC/-ADC’W,'-W"and C}-C/ are the maximum acceptable
violation of the aspiration levels APF} and ADC/W",C* respectively. Similarly,
APF} — APF®, ADC — ADC] W —W® and C}—C} are the maximum acceptable violation of

the rejection levels APFR® and ADC[S,WF,CT respectively. The pictorial representation of

Membership and Non-membership functions of Average Profit, Average Cost, Available space and

Available budget are given in Figure-1 to Figure-4 respectively.

Now the Intuitionistic fuzzy inventory problem is transformed to the following problem:

Max(£npe (Q)): Hpnc (Q): 44 (Q1), 4 (Q)),

Min (v pe (Q)):Vanc (Q): vy (@) (Q))

subject t0 f,pr (Q) + Ve (Q) <1

Haoe (@) +Vape (@) =1,

My +Vy <1,

He +Vve <1,

v; 20, j= APF,ADC,W,C,

4 >v,, j = APF, ADC,W,C,

Q >0,i=1,2,.,n (24)

Now, to solve the above problem, covert it to any one of the following form, namely,

(a)Intuitionistic Fuzzy Non-linear Programming Problem(IFNLPP) or, (b) Weighted Intuitionistic
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Fuzzy Additive Goal Programming Problem (WIFAGPP).

6.1 Intuitionistic Fuzzy Non-linear Programming Problem(IFNLPP)

Here, Min-aggregator is used for conjunction and max-operator is used for disjunction.
Then the problem (24) is reduced to the following Intuitionistic Fuzzy Non-linear Programming
Problem(IFNLPP):

Max o — f
subject to & < y;, ] = APF, ADC,W, C,
pzv;, j = APF, ADC,W,C,
alp,20,a>0,a+ <1,
QSR I (25)
where o denotes the minimal acceptable degree of objectives and constraints and A
denotes the maximal degree of rejection of objectives and constraints.

X vapr, UAPF)  VapF HapF

APF

v

0 APF " (=APF.%) APF® APF,*

Figure-1: Membership and Non-membership functions of Average Profit

A

vabc, MADC)  VADC MADC

[
|
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0 ADC* ADCR ADC." (=ADC,") ADC

Figure-2: Membership and Non-membership functions of Average Cost

vw, Hw) Vw

v

0 WA EWER) Wt WAt w

Figure-3: Membership and Non-membership functions of Available space (W)

ve, He) vc

v

0 c” cFf C (=C C
Figure-4: Membership and Non-membership functions of Available budget (C)

6.2 Weighted Intuitionistic Fuzzy Additive Goal Programming Problem
(WIFAGPP)

In this case, the above problem (24) reduced to the following crisp optimization problem.
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Max >'w, (u; —v;),
i
subjectto >'w, =1,w; >0, j = APF,ADC,W,C,
]

4, >v;, j = APF,ADC,W,C,

Q >0,i=1,2,..,n (26)

Here w; €[0,1], j = APF, ADC,W,C are called weights. Values of different weights are

prescribed by the decision maker according to his / her target. It is to be noted here that the weights
corresponding to membership function and non-membership function for a particular objective are

assumed to be equal, but it may be different also.
7 Solution Algorithm

To solve intuitionistic fuzzy inventory problem (8), following algorithm is used.
Step-1: Solve the multi-objective non-linear inventory problem (8) as a single objective non-linear
programming problem taking only one objective at a time and ignoring the others and obtain the
corresponding value of other objective functions. Do this process for all the objective functions.
The objective vector, thus obtained consisting of optimum values of each of the objective functions

is termed as ideal objective vector.
Step-2: With the help of the result obtained in Step-1, formulate a pay-off matrix as below:

Pay-off Matrix

APF(QQ,) ADC(Q.Q,)
APF™(Q]Q;)  ADC(Q]Q})
APF@Q2Q) ADC'(Q%Q2)

where * indicates the optimum objective value.

Step-3: From the pay-off matrix obtained in Step-2, determine the upper and lower bounds of each
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of the objectives for the degree of acceptance and degree of rejection as follows:
APR = max (APF(Q},Q;), APF(Q/,Q7)),
APF" = min (APF(Q,Q;), APF(Q/,Q))).
ADCj = max (ADC(Q;,Q;), ADC(Q, Q)
ADC} = min (ADC(Q!,Q}), ADC(Q?, Q2)).
It is to be noted that in case of a maximization (minimization) problem, the upper (lower)

bound of membership (non-membership) function is always greater than that of non-membership

(membership) function. In this case following relations are used.

APF} = APR +k(APF}' — APF*) for 0<k <1

and APF® = APR; +k(APF;' — APF") for k=0.

ADC} = ADC +k(ADC/ — ADC) for 0<k<1

and ADC| = ADC/ +k(ADC/ — ADC/) for k=0.

Also determine the lower and upper bounds of each of the constraint goals.

Step-4: Construct fuzzy programming problem of (24) and find its equivalent problems,
namely, Intuitionistic Fuzzy Non-linear Programming Problem (IFNLPP) (25) or Weighted
Intuitionistic Fuzzy Additive Goal Programming Problem (WIFAGPP)(26).

Step-5: Solve IFNLPP (25) and / or WIFAGPP (26) by using appropriate mathematical
programming algorithm to get an optimal solution and evaluate all objective functions at these

optimal compromise solutions.
Step-6: Stop

8 Numerical Example

Let us consider an inventory model in which there is only two items i.e, n=2. The other
parameter values are as follows:
S, =%$12,P, =$9,C,, =$1.2,a =0.03,c,, =$200, o, =100, B, =0.3,S, =$10,P, =$6,C,, = $1.4,
a, =0.04,c,, = $150,, =110, B, = 0.4, A = 0.50 ft*, A, = 0.75 ft*.

When there is no budgetary constraint as well as space constraint the pay off matrix is as
below:
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Pay off Matrix
APF ADC
513.67° | 151.70
0.00 13.68"

From the pay off matrix, it is seen that maximum value of APF is $513.67 and minimum
value of ADC is $13.68. So, we take

APF* =100.00, APF/ = 513.67, APF® =100.00, APF.} =500.00, ADC =13.68, ADC,* = 200.00,
ADCR =14.00, ADC? = 200.00,W,* = 340.00,W,* = 700.00,W,* = 350.00,W,% = 700.00,C,* = 4000.00,
C2 =5000.00,CF = 4020.00,C? =5000.00.

8.1 Solution of Intuitionistic Fuzzy Non-linear Programming Problem (IFNLPP)
Using the above numerical data and following the algorithm proposed in Section-7 above,

the solution of intuitionistic  fuzzy inventory problem (8) is found as

APF = 412.96, ADC =53.62,Q, =104.59,Q, = 396.94 .

8.2 Solution from Weighted Intuitionistic Fuzzy Additive Goal Programming Problem
(WIFAGPP)

With the help of same numerical data and following the algorithm proposed in Section-7
intuitionistic  fuzzy inventory problem (8) is found as

above, the solution of

APF =392.55, ADC =52.88,Q, =92.92,Q, = 404.72.

Solution of WIFAGPP for different weights

(Wiap s Wapc » Wy » We) APF ADC Q Q,

(0.25,0.25,0.25,0.25) | 392.55 52.88 92.92 404.72
(0.20,0.20,0.30,0.30) | 359.66 51.68 79.25 413.83
(0.20,0.30,0.20,0.30) | 357.24 51.93 78.42 414.39
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(0.20,0.30,0.30,0.20) | 389.89 52.79 91.61 405.59
(0.30,0.20,0.20,0.30) | 394.33 92.93 93.81 404.13
(0.30,0.20,0.30,0.20) | 419.48 53.90 109.12 | 393.92
(0.30,0.30,0.20,0.20) | 417.58 53.82 107.75 | 394.83

9 Conclusion

When the degree of rejection (honmembership) is defined simultaneously with degree of
acceptance (membership) of the objectives and when both of these degrees are not complementary
to each other, then Intuitionistic Fuzzy sets can be used as a more general tool for describing
uncertainty. In this paper, Solution technique for Intuitionistic Fuzzy Non-linear Programming
(IFNLPP) is used to solve multi-objective inventory problem.

Also, a new technique to transfer multi-objective intuitionistic fuzzy optimization problem
to a crisp one, namely, Weighted Intuitionistic Fuzzy Additive Goal Programming Problem
(WIFAGPP) in an intuitionistic fuzzy environment is introduced in this paper and is used it to solve
multi-objective inventory problem. Effective solutions are offered for multi-objective inventory
decision making problem. Here, using different set of weights decision maker may find different
intuitionistic fuzzy pareto optimal solutions and accept one or more of them which is / are more
suitable to him / her according to the nature of physical environment. Again, to solve the inventory
model linear membership and non-membership functions are used here, although one can use

non-linear membership and non-membership functions of hyperbolic, parabolic or any other types.

10 Acknowledgement
This research work is supported by the University Grants Commission (UGC), Government of
India as UGC Research Award [Award No.: F.30-1/ 2009(SA-I1) dated 2nd July 2009].

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JsL=lNNECEECEMITIE! as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Physical and Social Sciences
http://www.ijmra.us



;;Tzember PSS Volume 2, Issue 9 ISSN: 2249-5894
References
[1.] Harris, F., (1913), Operations and cost (Factory Management Services, Chicago: A. W.

[2.]

[3.]

[4.]

[5.]

[6.]

[7.]

[8.]

[9.]

[10]

[11.]

[12.]

[13.]

[14.]

Shaw Co.

Arrow, K., Karlin, J. and Scarf, H. (ed), (1958), Studies in the mathematical theory of
inventory and production, Stanford, calif, Stanford University Press.

Naddor, E. (1966), Inventory systems, John Wiley, New York.

Worall, B. M. and Hall, M. A., (1982), The analysis of an inventory Control model using
posynomial geometric programming, International Journal of Production Research, 20,
657-667.

Padmanabhan, G. and Vrat, P., (1990), Analysis of Multi-item Inventory Systems Under
Resource Constraints: A non-linear Goal programming Approach, Engineering Costs and
Production Economics, 20, 121-127.

Padmanabhan, G. and Vrat, P., (1995), EOQ models for perishable items under
stock-dependent selling rate , European Journal of Operation Research, 86, 281-292.
Ben-Daya, M. and Raouf, A., (1993), On the constrained multi-item single-period
inventory problem, International Journal of Production Management, 13,104-112.
Hariga, M. A. and Benkherouf, L., (1994), Optimal and heuristic inventory replenishment
models for deteriorating items with exponential time-varying demand, European Journal of
Operational Research, 79, 123-137.

Tanaka, H. and Asai, K., (1984), Fuzzy linear programming problems with fuzzy numbers,
Fuzzy Sets and Systems, 13, 1-10.

Mahapatra, N. K. and Maiti, M., (2004), Inventory model for breakable item with uncertain
preparation time, Tamsui Oxford Journal of Management Science, Vol. 20, No.2,83-102.
Mahapatra, N. K. and Maiti, M. ,(2006), Production-inventory model for a deteriorating
item with imprecise preparation time for production in finite time horizon,Asia Pacific
Journal of Operations Research,Vol.23,No.2,171-192.

Angelov, P.,(1994), A generalised approach to fuzzy optimization, International Journal of
Intelegent Systems, 9, 261-268.

Angelov,P.,(1994), Approximate reasoning based optimization, Yugoslav Journal of
Operations Research, 4, 11-17.

Atanassov, K., (1986), Intuitionistic Fuzzy Sets, Fuzzy Sets and Systems, 29, 87-96.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories

Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JsL=lNNECEECEMITIE! as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Physical and Social Sciences
http://www.ijmra.us



. 1IPSSREET TSR SN : 2249-5894

[15.] Atanassov, K.,(1995), Ideas of intuitinistic fuzzy sets equations, inequalities and

optimization, Notes on Intuitionistic Fuzzy Sets, 1, 17-24.

[16.] Bellman, R.and Zadeh, L., (1970), Decision making in a fuzzy environment, Management
Science, 17, 141-160.

[17.] Angelov, P.P, (1997), Optimization in an intuitionistic fuzzy environment, Fuzzy Sets and
Systems, 86, 299-306.

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories
Indexed & Listed at: Ulrich's Periodicals Directory ©, U.S.A., [JsL=lNNECEECEMITIE! as well as in Cabell’s Directories of Publishing Opportunities, U.S.A.

International Journal of Physical and Social Sciences
http://www.ijmra.us



