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ABSTRACT

This paper deals with the problem of determining élsonomic order quantity (EOQ), as a functionhef $etup
cost and the holding cost in the interval sensectitally vagueness caused by the variation im@jxthese costs is
inevitable. Intuitionistic fuzzy inventory model thiinstantaneous replenishment and no shortagasaigzed to compute
the economic order quantity and the total annuat by assigning fuzzy quantity and intuitionistizty quantity instead
of real quantity to these costs. Parametric prograng technique is applied and the results are coedpaumerically both
in fuzzy optimization and intuitionistic fuzzy optization techniques. Necessary graphical presenwtare also given

besides numerical illustrations.
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1 INTRODUCTION

Inventory problems are common in manufacturing,ntesiance cost and business activities in geneegeRly
much attention has been focused on EOQ modelsfudtty carrying cost, fuzzy shortage cost, fuzzypgetost, fuzzy
demand etc; this means that elements of carryirgl, ®hortage cost, setup costs and demand are fuergbers
[10],[201,[23]. Zimmerman [28,29,30] showed thesdical algorithms can be used in few inventory nede

Inventory model such as instantaneous stock regflemnt and no shortages is analyzed by assignimy fu

guantities to the setup costssf@nd holding cost (¢ instead of crisp values.

Recently fuzzy concept is introduced in the inveptaroblems by several researchers. Park [21], S&yi[27]
et.al, Chang[5,7] et.al, Liu[19] et.al are proposhd EOQ model in the fuzzy sense where invent@raimpeters are

triangular fuzzy concept in decision.

An early work using fuzzy concept in decision makimas been performed by Bellman and Zadeh[4], tiirou
introducing fuzzy goals, costs and constraints. &eal[18] introduced the application of fuzzy #story to lot sizing in

material requirements planning. In their paper wadety in demand is modeled by using triangulazfunumbers.

One of the interesting generalization of the theafrfuzzy sets is the theory of intuitionistic fyzgets introduced
by Atanassov[1,16,17] and seems to be applicabtegbworld problems. The concept of intuitionistizzy sets can be
viewed as an available information is not suffitifar the definition of an imprecise. Intuitionistiuzzy sets are fuzzy sets

described by two functions; a membership functioth @ non-membership function that are loosely e€lat
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Intuitionistic fuzzy set can be used to simulatenhn decision-making process and any activitiesireguhuman
expertise and knowledge that are inevitably immear totally reliable. An interval valued intuitistic fuzzy sets are
analyzed by Atanassov and Gargov[11,12,13] Atanassod Kreinorich[16,17] implemented intuitionistifuzzy
interpretation of interval data. The crisp values eompared numerically both in fuzzy optimizatiand intuitionistic
fuzzy optimization techniques. Objective of thisppais to find @ and TC in both intuitionistic fuzzy optimization

method and fuzzy optimization method. Necessarglgcal presentations and numerical illustratioressalso given.

2 FORMULATION OF PARAMETRIC PROGRAMMING PROBLEM FOR SOME BASIC
INVENTORY MODELS

The setup cosK, holding cost¥;, and shortage cosdt, are approximately known and are represented by the

following intuitionistic fuzzy sets:

X = {( ug (), vz ()| x € X) (2.1)

Y, = {(yz.uz(yi).vz(yi)) lyi €Y} (i=12) (2.2)

whereX,Y; andY, are crisp universal sets of setup cost, holdirgt end shortage cost respectively andx)

andug (v;), (i = 1,2) are the respective membership functions.

Let a denotes the minimal acceptable degree of objectwel constraints angl denotes the maximal degree of

rejection of objectives and constraints. Then(thgs)-level of X, ¥, (i = 1,2), [6,10,11], are

Xe = {(x € Xlug = )}, (2.3)
Yip = {01 € Yilug, = @)}, (1 = 1,2) (2.4)
XB = {(x € X|vg < B)} (2.5)
v = (i €Yilvy, < B} (1= 12) (2.6)

wherea = g; a+pf <landa,f = 0.

The quantitiesX,, ¥; , (i = 1,2), Xf and Y;#, (i = 1,2) are crisp sets. Usinfy, B)-level the setup cost, holding
cost and shortage cost can be represented byetiffeavels of confidence intervals [16,17,25,26@nke an intuitionistic

fuzzy inventory models can be reduced to a famfilgrizp inventory models, with differefit, 8)-level cuts
{(XP10 < B <1} and {¥;P|0 < B < 1}(i = 1,2)

The above sets represent sets of movable boundariethey form nested structure for expressingetagionship

between the crisp sets and intuitionistic fuzzp set

Let the confidence intervals of the intuitionisfiezzy setsX andY;, (i = 1,2) be [l,,,u,,] and Ly, ty,; I

(i=12), [uwsle] and [uyig,lyig], (i = 1,2) respectively. Since the set-up cost, holding @t shortage cost are
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intuitionistic fuzzy numbers, using Atanassov’'sesdion principle [16,17,25], the membership and-mambership

functions of the performance measp& andY), (i = 1,2) are defined as

Uo7 (Z) = SUPxeg,yer, min {ug(x), ug,(yi)/z = p(x, ¥}, = 1,2) 2.7)
and
Vpiz,7)(2) = infregyeq max {vg(x),vg(yi)/z = p(x, ¥}, = 1,2) (2.8)

Construction of the membership functiqn,z7)(2), (i =1,2) and v,z7)(2) (@ = 1,2),are respectively

equivalent to say that derivation @f, ) - levels ofu,z 7)(2), (i = 1,2) and vy 7)(2)
(i=12),
From the equation (2.7) the equatiengs 7y (2) = a, (i = 1,2) is true only whemg(x) = «a,
uy,(yi) = aoruz(x) = a, uy(y;) = a are true.
From the equation (2.8) the equationgz 7 (z) = B, (i = 1,2) are true only wheng(x) = f,
vy, (i) < B orvg(x) < B,vy(y;) = B are true.
The parametric programming problems have the fotigvform:
L, = minp(x,y;) (2.9)
such that
Ly, S X <y,
lwa SYi S Uy, (i=12),
and
Up, = maxp(x,y;)

such that

Ly, S X <y, (210
lyia SYi S Uy, (i=12),

u,s = minp(x,y;) 2.11)
such that

ups<x=<lg,

u,p <y < lyi;;, (i=12),

and

Lp = maxp(x,y;)
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such that

up <x=<lgp, (2.12)
U, g Sy < lyiB' (i=12),

If both [, and u,, are invertible with respect tothen the left shape function

L(z) = I"'p, and the right shape functid®(z) = u~'p, [2,3,24] can be obtained. From this the membership

functionu, sy (2), (i = 1,2) is constructed as

L(z) forz; <z <z,

oz (@)= 1forz; <z<z (2.13)
R(z) forz; <z <z,

wherez, < z, < z3; < z,,L(z;) = R(z,) = 0and L(z,) = R(z3) = 1.

If both U,p and lp,; are invertible with respect o then the left shape function

L(z) = u'p® and the right shape functidt(z) = ["'p”f [2,3,24] can be obtained. From which the membership

functionv,,z 7y (2), (i = 1,2) is constructed as

1—-L(z) forz; <z< 1z,
Vo) (2)= 0forz,<z<zs (2.14)
1—R(z) forz; <z <z,

wherez, < z, < z; < z,,L(z;) = R(z,) = 1 and L(z,) = R(z3) = 0.

3. MODEL - EOQ PROBLEMS WITH INSTANTANEOUS REPLENIS HMENT AND NO SHORTAGES

Assumptions
3.1. The inventory system pertains to a single item
3.2 Annual Demand (D) is deterministic.
3.3 The inventory is replenished in a single deinfer each order.
3.4 Replenishment is instantaneous.
3.5 There is no lead time.
3.6 Shortages are not allowed.

Using the concept af, 8 level, the above intuitionistic fuzzy inventory dels can be reduced as EOQ model

with instantaneous replenishment and no shortadd [B5,22] for which

1

Q"= [2=)f 3.1)
and
Tc® = [£4] + 2%] = [2DC,C,]z (3.2)
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whereC, and C, represent the set-up cost and the holding cogectisely.
4. ILLUSTRATIONS

Consider an EOQ problem with instantaneous repgtemést, without shortages. The setup cost and tpldast

are fuzzy numbers represented B?=[400,450,550,600] and?1=[0.7,0.8,1.1,1.1]. Thex level of the membership
functionstiy (X) , f (yi))are [400+5@,600-5@1] and [0.7+0.1,1.1-0.1 o] respectively. Thep level of the

non membership functioms, (X) V- (yi) are [450-58, 550+5(] and [0.8-0.13,1+0.1p] respectively.

From the equation (2.9), (2.10), (2.11) and (2.1%), parametric programming problems are formul&tedierive

the membership function fcﬁ

They are of the form

1/2
.| 2Dx
o :mln{—} (3.3)
Y1

with 400+ 500 < x<600-50x

0.740.1a <y; <1.1-0.h

{ZDX}UZ
andU_, = max —— (3.4)
Qn y
1

with 400+ 500 < x<600-50x
0.7+0.1a <y; £1.1-0.1

Where 01 <1

1/2
{ZDX}
|, =max — (3.5)
Q Y1

with 450- 504 < x < 550+ 5083

0.8-0.18 <y; <1+0.13

2Dx | ¥
andu_, = min{—x} (3.6)
Q Y1

with 450- 5073 < x < 550+ 503
0.8-0.18 <y, <1+0.13

Where 0 <1
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|QO is found when x and ;yapproach their lower and higher bound respectivégking D=10,000 units,

the optimal solution for (3.3) is

l oo

_[20x10* x (400+500) |
@ 3.7)

11-a
Also qu is found when x and,yapproach their upper bound and lower bound reigdygt In this case the

optimal solution for (3.4) is

~ {zomo“ x (600- 5067)}”2
Uy = (3.8)

1+a

IQOE is found when x andyapproach their higher and lower bound respectivEéaking D=10,000 units, the

optimal solution for (3.5) is

1/2
e {2o><1o“ x (450~ 50,8)} 9)

10+ B

Also quﬂ is found when x and,yapproach their lower bound and higher bound resmdy. In this case the

optimal solution for (3.6) is

’ _{20x10“ x 650+ 50,6’)}1/2
Q¥

3.10
8- 3 (3.10)
The membership functioWE(z) is obtained and given by
2 _ \/
1z ~8x10 ¢, 26967995 <3000
z+10
1 for 3000< z< 37080992
,UE(Z) = (3.11)
7 =2
M for 37080992< z< 41403934
10 +z

The graph of,ug(z) is depicted in Figure 1.

The membership functiobr&(z) is obtained and given by
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- 2 7
1027 +9%10" o 26967995 <3000
z°+10

1 for 3000< z< 37080992
VE(Z) = (3.12)

2 _ 7
o2 221+1;<370 for 37080992< 7 < 41403934

The graph ofVE(Z) is depicted in Figure 2.

The parametric programming problem correspondingho total annual cost TQas different only from the
(3.3) and (3.4) in the objective function and givetow

— H 1/2
ITC% = min {2Dxy.} (3.13)

and U, =max {2Dxy}""? (3.14)

The parametric programming problem correspondintpéatotal annual cost P@as different only from the (3.5)
and (3.6) in the objective function and given below

oo = Max {2Dxy} v2 (3.15)

and U s =min {2Dxy;} **? (3.16)

From the above problems (3.13) & (3.]]4%0 is obtained when both x and gpproach their lower bourldTCo

is obtained when both x and gpproach their upper bound. Taking D=10,000 units.

1
.o =[2%10° x 280+ 750 +5a)]? (3.17)

1

U, =[2x10°x (660-1150 +507)]? 18)

The membership functiopt _, (2) is given below

-150x10% ++/10° + 407
2x10°

pees(2) =91 for 26832816< z< 33166248 (3.19)

23x10° —/1C° +402°

2x10°

for 23664319< z< 26832816

for 33166248< z< 36331804
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The graph of/JTF(Z) is given in Figure 3. For the crisp valuess T 500,C1: ¥ 0.9, D=10,000 units

Q°=3333.333 units and P& ¥ 3000.
But defuzzification [6,8] of,ug(z) and ,u%(z) give @= 3354.05 units and TG ¥ 2999.9532 respectively.

So if definite fluctuation of ¥ 50/- and the maximupessible fluctuation of € 100/- ifC and definite
fluctuation of ¥ 0.1 and the maximum possible flutiomof T 0.2 in C, are identified, then the amount of @ be
increase suitably (it can be computed by usingatiw/e techniques) so as to maintain the total droosh

The graph ofVTC—O(z) is given in Figure 4.

But defuzzification [6,8] ofl/&(z) and I/TC—D(Z) give @ = 3354.05 units and TG ¥ 2999.9532 respectively.

So if definite fluctuation of ¥ 50/- and the maximupessible fluctuation of € 100/- ifC and definite

fluctuation of ¥ 0.1 and the maximum possible flutiomof T 0.2 in C, are identified, then the amount of @ be

increase suitably (it can be computed by usingatim/e technique) so as to maintain the total ancusil

From the above problem (3.15) & (3.1G])Coﬁ is obtained when both x and wgpproach their upper bound

, is obtained when both x and gpproach their lower bond. Taking D=10,000 units,

u
TC
1
| o =[2 x10" x (360- 858 +5/5°)]> 28)
1
U = [2x10" x 550+1058 +58%)]2
(3.21)
The non membership function— _ is given below
TC®°(2)
_ / 2
17x10° - V10" +40z for 23664319< z< 26832816
2x10°
et for 26832816< z< 33166248 (3.22)
_ 2
21x 1032:1“ (1)306 *402° o 33166248< 2 < 36331804

CONCLUSIONS
In this paper, the membership functions and the membership functions for the economic order qtmanti

Q° and the total cosTC° are obtained for the elementary intuitionisticZymventory models.
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