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Abstract. In this paper we have developed a supply chainymtomh inventory model for
deteriorating items under fuzzy environment. Demiantéiken as linear price dependent.
In reality it is seen that we cannot define allgmaeters precisely due to imprecision or
uncertainty in the environment. So we have defithedinventory parameters, such as set
up cost, holding cost and deteriorating cost angular fuzzy numbers. The signed
distance method and graded mean integration métheel been used for defuzzification.
To illustrate the proposed model a numerical examgid sensitivity analysis with
respect to different associated parameter hasfresented.
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1. Introduction
The control and maintenance of any inventory oédetating items plays an important
role in any supply chain management system as mpiogsical goods such as food
products and beverages, pharmaceuticals, radieasitystances, gasoline etc. deteriorate
over time. Various researchers have investigatedethissues over time. Misra first
studied optimum production lot size model for ateys with deteriorating inventory
(Misra 1975). Goyal and Giri in 2003, consideredraduction—inventory problem of a
product with time varying demand, production andederation rates (Goyal &Giri
2003). In the same year, Yang and Wee, considenadlt&lot-size production-inventory
system for deteriorating items with constant praiducand demand rates (Yang & Wee
2003). In the following year, Sana et al. develope@roduction-inventory model for
deteriorating item with trended demand and shogd§eana et al. 2004). In 2010 Manna
and Chiang developed an economic production qyantadel for deteriorating items
with ramp type demand rate (Manna & Chiang 2010).

In the crisp environment, all parameters associatétd the model such as
holding cost, set-up cost, purchasing price, ratgeterioration, demand rate, production
rate etc. are known and have definite value withowtertainty. Although some of the
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business situations fit such condition, in reafitgst of the situations and in the rapidly
changing market scenario the parameters and vesiadnle highly uncertain. In such
situations, these parameters and variables arerilble$cas fuzzy parameters. The
fuzzification admits authenticity to the model Hiowing vagueness in the whole setup
which brings it closer to reality. Several researshlike Jaggi et al., Yao & Chiang,
Wang et al., Yao & Lee, Wang et al, Yao & Lee, KadHsu and Saha have studied
inventory models under fuzzy environment.(Jaggi aét 2013), (Yao & Chiang
2003),(Wang et al. 2007), (Yao & Lee 1999), (KaoH&u 2002), (Dutta et al. 2005),
(Saha 2017).

Various authors have developed inventory modelsiraggy various types of
demand, such as constant, time dependent, stoendept and price dependent. Kumar
& Rajput, Mishra et al., Khurana, and Kar et aldéed the model with time dependent
(Kumar & Rajput 2015), (Mishra et al. 2015), (Khoaa2015), (Kar et al. 2006).
Whereas, Mondal et al.,, Mahata & De and Singh &h¥a investigated the price
dependent inventory models (Mondal et al. 2003)alfsta & De 2016), (Singh
&Vishnoi 2013). Other related models on inventoystems with stock-dependent
consumption rate were developed by He et al., D&atRaul, Wang, Tripathi & Mishra
and Rani Chaudhary et al. (He et al. 2013), (D&tRaul 2001), (Wang 2011), (Tripathi
& Mishra 2014), (Chaudhary et al. 2013).

This paper has presented a supply chain produdtivantory model with
constant rate of deterioration, where we considemaibus costs, such as setup cost,
holding cost and cost of deteriorating items isetalas triangular fuzzy numbers and
demand rate is linear price dependent. Later am,fulazy total cost is defuzzified by
using signed distance method and graded mean ati@gmethod.

The rest of this paper is organized as followssdugtion 2, the assumption and
notations are given. In section 3, we developedriththematical models. In section 4, we
provided numerical examples to illustrate the rnssuh addition, the sensitivity analysis
of the optimal solution with respect to parametarghe system is carried out in section
5. Finally, we drew the conclusions in section @ eaferences in section 7.

2. Assumptions and notations

2.1. Assumptions

The model is based on the following assumptions:
i) The inventory system involves production of siriggen.
i) Lead time is zero and shortages are not allowed.
iiiy The set-up cost, deterioration rate, holding coesfazzy.
iv) Demand rate is linear price dependent.
v) Replenishment is instantaneous.

2.2. Notations

We have used the following notations to developntioglel-

i) D = a—bp is the demand rate, where a, b anstaats and p is the selling price.
i) k= production rate.

i) Co = setup cost.

iv) C, = fuzzy setup cost.

v) C; = holding cost per unit per unit time.
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vi) C; = fuzzy holding cost per unit per unit time.

vii) 0 = deterioration rate, 0 &<<1.

viii) C, = deterioration cost per unit per unit time.

iX) C, = fuzzy deterioration cost per unit per unit time.

x) T = cycle length.

xi) T = cycle length when signed distance method ofzdgfigation is used.

xii) T; = cycle length when graded mean integration metiatkfuzzification is used.
Xiii) t1; = duration of production.

xiv) I4(t) = inventory level attime t, 8t<t;

xV) I,(t) = inventory level at any time t, £ t<T.

xvi) TC = total cost per unit time.

xvii) TC = fuzzified value of TC.

xviii) TC,= defuzzified value of C when signed distance method of defuzzification is
used.

xix) TC, = defuzzified value offC when graded mean integration method of
defuzzification is used.

3. Mathematical model

The inventory level is zero at time t = 0. It acadates in the time period [@,] due to
production at the constant rate k. After that ineeylevel decreases due to demand and
deterioration and reaches to zerotat T. The change in the inventory level can be
described by the following differential equations:

dr, (t)
dt

+0Lt)=k—(a—-bp), &t< t; 1)
L0 o) = -(@-bp), &t T @)
With boundary conditiong (0) = 0,1, (ty) = Ix(t)) and k(T) =0

Solving these equations and using boundary comditiee have

1(0) =5 k- (a—bp)}(1-e %) 3)
And I,(t) = =22 [0T-0) — 1] (4)
Now we find t by usingl; (ty) = I,(ty)

- 2 k= (a-bp)}(1e %) =L [0t q)

= k- ke~ + (a— bple %1 = (a — bp)e T ~41) (5)
= keft = {k — (a—bp)} + (a — bpy®”

=ty =2In[1 + 2 (0T — 1)) (6)
Holding cost

=G [fy L (Dt +; I (0]
=Gi[f,'5 (k- (@- bp)}(1 — e%) de+ [ ) [07-0 - 1] d)
=S [k (0t, + e700-1) + (a—bp) €0~ 1) — €704} — (@~ bp)OT]

= S [k(0t; + e 704 - 1) + (k- ke ™) — (@ — bpPT]  (Using (5))
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= 2 [kt;- (a—bp) T]

The deterioration cost per cycle-
t T
C, [f," 0L (D)at +ft1 01, (t)dt]

=C, [kt; - (a-bp)T]
Therefore, total cost per unit time-
TC = set up cost + holding cost + deterioratiort cos

=+l Kty (@ = bp)T] +2 [kt - (— bp)T]
0
=2+ [kty- (a - bp) T2
= D4 [inf1 + 222 07 — 1)) - (a— bp) TF222 (using (6))
_a, —(61“29) [Zin {1 + 420 (47 + &9} (@~ bp)T]

T
(Neglectlng hlgher power (6])

_Co, (Cl+029)[ {(a bp) OT + TZ) _(a—bp)? (0T 4+ 8 )2} (a—bp)T]

T oT 2k?
(Neglecting hlgher power @)

_Co , (C1+C;8) k ((a- bp) 0212 (@=bp)? pomay _ (4 _
=G0 4 GIGO) (k@) (g7 4 8T DDV 6272} (3 — bp)T]

(Neglecting hlgher power of
+ (E1+C0) (a- bp)oT? (a-bp)® pm2
T oT [ 2 2k oT ] 5
= 2[A+2(h + d)(@—bpy2 -5(h + d)(a — bp)? ]
a(TC)
aT

T-= 2C,
(€1+C,0)(a-bp)(1- “P2

Now, =0 gives-

3.1 Fuzzy model
Next we fuzzify the parameteis C;andC,.
Let Co= (ay, b1.c1), C1 = (az, by, c3) andz‘; = (as, b3, c3).

—_— — — —_— — —_— 2
ThenTC = [Cy +7 (€1 +C50) (a—bp) F-3 (€1 + ;) (a— bp]
= (TC, TG, TGC;) (say)

_ 2m2

Where, TG =1 [a; +2 (a5 + a50) ( (2~ bp) - 2 (a; + a;0) =21
TC, =2 [b1 2 (bz +b30) ((@-bp) F-3 (b, + bge)M

]
and TG = [c1 +2 (2 + ¢30) ((a—bp) ?-_ (cy + cge)(“ by’

]

i) Signed distance method
TCy= 7 (TCy+ 2TCy+ TC)
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= [{ay +3 (az + a30) ((a—bp) - T (az + az0) 2T + 2{by +3 (b, + b30) ( (a

— bp) T - 21 (b, +b3e)(a—b§)2T2} +H o + % (c;+¢c30) ((@a — bp) T- 21 (c; +
;0 =2
= % [(al + 2b1 + C1) +% {(az + 2b2 + C2) + (a3 + 2b3 + C3)6} (( a— bp).l.g ; %{(az n

_ 2m2
2b2 + C2) + (a3 + 2b3 + Cg)e }%]

_ (aq+2by+cq)
- 4T
(as + 2b3 + ¢c3)0

a(rés) _
dT

+2{(az + 2by + ¢2) + (@3 + 2by + c3)0} (@ — bP)T = {(az + 2b, + ¢3) +
(a-bp)*T
P

Now, 0 gives,

_ 2(a1+2by+cq)
{(az+2by+¢5) + (as+2bs+c3)0)(abp) (1-2-LP

Ts

ii) Graded mean integration method:
TCo= ¢ (TCy +4TG + TC,)

= —{{ay +5 (a2 + a30) ((@—bp) T3 (az + az0) "2+ 4{ by +3 (b, + b30) ( (2

—bp) B L (b + b)Y k(g + L (et es0) ((@-bp) FoL (o
(a—=bp)*T?
c,0)=2P T

3
k
1 1 1
= l(ay +4by +¢1) + 5 {(az +4by + ¢3) + (a3 + 4b3 + c3)0}( a — bp) T - 5 {(az +
_ 2m2

4b2 + C2) + (a3 + 4b3 + Cg)e }%]
_ (ay+4by+cq)
- 6T

+ (a3 + 4b; + ¢3)0}
d(Tcg)

1 1
+{(az +4by + c2) + (a3 + 4bs + c3)0}(a — bp) T -—{(az + 4b; + ¢3)
(a—bp)®T

k

Now, =0 gives,

_ 2(aq+4b1+cq)
G {(ay+4by+cy)+ (az3+4b3+c3)0}(a—bp) {1—(‘1_1{—1)'7)}

4. Numerical example
We consider the following numerical values of thergmeters in appropriate units to
analyze the model:

Co = (490,495, 500);; = (5, 6, 7),C, = (10, 12, 14), k = 150, a = 146= 0.01, b = 0.5,
p=125.

We obtainT C; = 577.405 and total tim& = 1.092 for signed distance method.
TC; = 624.811 and total timB, = 0.960 for graded mean integration method.

63



Sujata Sahand Tripti Chakrabarti

4.1. Sensitivity analysis
Table 1. Sensitivity on k

Change val. | Signed distance meth Graded mean integration metl
K TC, T, TCg T,

15C 577.40! 1.092 624.81: 0.96(

15t 588.67 1.071 637.00¢ 0.94]

16C 599.05: 1.05Z 648.23t 0.92¢

16t 608.63¢ 1.03¢ 658.60¢ 0.91(

Table 2. Sensitivity ond

Change valL Signed distance meth Graded mean integration metl
) TCs T, TC; T;

0.1 577.40! 1.09: 624.81: 0.96(

0.G 584.00t 1.08¢ 630.75: 0.95¢

0.t 590.55¢ 1.08( 636.65 0.952

0.7 597.05 1.07¢ 642.52 0.94¢

Table 3. Sensitivity onC,

Change valL Signed distance meth Graded men integration methc
Co TC, T, TC, T,
(490,495,50( 577.40! 1.09: 624.81: 0.96(
(486,491,49¢ 575.06 1.08 622.28: 0.95¢
(482,487,49: 572.72( 1.08: 619.74: 0.952
(478,483,48¢ 570.36: 1.07¢ 617.19: 0.94¢
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Table 4. Sensitivity on C;

Change valL Signed distance meth Graded mean integration metl
[ TC, T, TC, T,

(5,6,7 577.40! 1.097 624.81: 0.96(

(6,7,8 647.09: 0.94¢ 704.47: 0.83:

(7,8,9 716. 36! 0.83¢ 783.84 0.73¢

(8,9, 10 785.35: 0.752 862.95¢ 0.65¢

5.1. Observations
The following are noted on the basis of the sergjtanalysis-

i) From table-1 and table-2 it is observed that, aneiase in production rate and
deterioration rate causes anupliftment in totalt dog both the models. In
contrast, the rise in these two parameters regultdecrease in cycle time for
both the developed models.

ii)  As the set up cost decreases hence the E6standTC, and the optimum cycle
timesT,andT;decrease.

iii)  The total cost (for both the models) increaseshashblding cost per unit time
increases.

6. Conclusion

In this paper we have developed a supply chainnitovg model for deteriorating items

under fuzzy environment. In our real life we geflgréind the trend that consumers’

consumption rate varies drastically depending om dklling price of the items, so

demand rate is assumed to be linear price dependgatobserved that the total cost is
minimum with corresponding value of T when signéstahce method of defuzzification

is used. On the other hand, the cycle time(T) isimmim with corresponding total cost
when graded mean integration method is used.
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