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Abstract — There are a number of distinct elements of propose the model and situation in which all the
uncertainty and complex interrelationships among véous  parameters would be fuzzy. Fuzzy set theory [21y ma
entities in a supply chain system; as a result, mbsf the time, support an alternative approach to cope with theplsu
it is very difficult to govern a supply chain approriately.  chain yncertainty. A few articles conducted reseesc
Furthermore, a supply chain becomes even more conighted about using fuzzy set theory in managing supplyircha
when a new product is being released, thus custongr inventory strategies [22-30]. Petrovic et al. [236]

demand will be more unpredictable due to lack of tstorical T .
data. To cope with it and similar problems, in thispaper, ~developed a model consisting of uncertain demardl an

fuzzy set theory applied to capacity allocated toazh product ~ supplier’s reliability with fuzzy set theory. Giamecaro et
has been utilized to handle supply chain uncertaimes. al. [27] developed a supply chain inventory policy
Moreover, three levels of supply chain including utilizing the periodical review policy based on ttencept
manufacturers, distributers, and retailors have bea of fuzzy echelon stocks in order to minimize invaewgt
considered. Maple software has been used to runghmodel holding cost on the serial supply chain. Moreover,
and obtain feasible solutions. The proposed approhchelps Carlsson and Fuller [31] proposed a fuzzy logicrapph

decision makers to reduce costs in a supply chainnd .~ yo rease the bullwhip effect [22] due to demand
improve inventory management strategies in food ingstry. distortion. Chanas et al. [32] used parametric

Keywords — Customers’ Demand, Fuzzy Set Theory, Programming method for solving the transportaticode
Capacity Allocated to Each Product, Fuzzy Supply Cha including fuzzy demands and supplies according to

Model, Inventory Management Strategies. criterions Bellman and Zadeh [19] suggested.
There are several sources of uncertainty suchgsisu
|. INTRODUCTION performance, manufacturing process, and customer

demand [5]. However, no published paper has coreside

Business enterprises have been considering sup@@pPacity allocated to each product in a distribuor
chains to enhance customer service levels and alinre etailors which may be uncertain specifically when
inventory costs, due to the heightening competition demand is highly fluctuated or is related to thevne
todays’ global market in the last few decades. ppsy Product that there is no available historical dataother
chain (SC) is an integrated process where varigpsstof Words, it is obvious that demand can change througa
business entities including suppliers, manufactyreryear due to different reasons including releasingea
distributors, and retailors work together in order Product or seasonality; as a result, due to constifsfixed
manufacture products from raw materials and delivese total capacity of a distributor or a retailor, need
products to customers [1]. allocating different capacity to each product graminent

Handling an appropriate supply chain is challenging factor to reduce the costs in a supply chain oucedy lost
to various factors of uncertainty and complexsales. Neglecting this factor may result in inciiegs
interrelations at different levels that exist iretsupply different types of cost including holding cost, spge
chain [2]. Furthermore, deducting product life @end cost, fixed cost, and price. It is worth mentionitiat
increased consumer’s expectations have also maele f@pacity for each product cannot be fixed and &ncjes
supply chain even harder to handle, specifically fothroughout a year because demand is not constaitt so
innovative products. Although newest products nesult May be uncertain in many distributors and retaildis
in gaining more profit margins for a company, dethancope With this uncertainty, in this paper, a supgiiain
will be more unpredictable, since no historicaladas Model has been developed for 3 levels of manufectur
available [3]. Different papers have been publistied distributor, and retailor by considering fuzzy logi
developing supply chain inventory strategies to etodapproach applied to capacity allocated to eachuymtouh
supply chain uncertainty such as demand by prdtwb“distributors and retailers. Furthermore, proposadzy
distribution which is usually predicted from histai data Supply chain model aims to reduce holding costjlage
[4-16]. However, the stochastic models may not be @st. and fixed cost. Consequently, assigning
practical solution for addressing the problem ofhanufacturers to each distributor and each digeibto

uncertainty [17], specifically when statistical @ais €ach retailer is considered as long as optimal dentizat
unreliable or unavailable [18] Bellman and Zad&@][ should be satisfied in each distributor and eatdilog has

used fuzzy approach to consider the idea of fuzethod been generated.
and decision making theory. Lai and Hwang [20] doul
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[l. Fuzzy SuppLY CHAIN MODEL 2.1.3.Decision Variables
S;=If manufacturer L ships a product to distributéf-L).

The scope of this paper is to propose a supplynchafi=If distributer J ships a product to retailer N1(D-
model that includes fuzzy set theory applied toacity of ~W;= If distributer J is established (0-1).
each product in a distributor and a retailer ineortb  Zp;= Number of product P transferred from manufacturer
address the problem of uncertainty of capacitycalied to L to distributer J.
each product. It is obvious that demand could lghliti  Xp= Number of product P transferred from distribulteo
fluctuated in many cases; as a result, considedng retailer N.
practical scenario for satisfying demand effecthas long 2.1.4.Proposed Model
as the costs are minimized are crucial points thahy The objective of the proposed model is to develop a
industries have been always considered. To coph wisupply chain model in which capacity allocated &xle
fluctuated demand, the capacity allocated to eaolyzt product has been considered in fuzzy environmehis T
in fuzzy environment has been considered in thi€lar model is useful to minimize total cost includinglding
In other words, using fuzzy approach leads to betteost, spoilage cost, fixed cost, and price in @bkuphain.
estimation of each product needed to be stored inFuzzy set theory is employed to present the fluetha
distributors or retailors to prevent lost sales apdilage in capacity for each product in 3 levels. Accordingliye
food industry efficiently. The proposed traditiomabdel objective function of the proposed model is asofel|
is useful to permit decision makers to understand a MIN Z =V
analysis their risk attitudes to evaluate supplhaiich

performances and elect an appropriate supply chaECW +ZZZZW(KDU) (1)
inventory strategy in distributor and retailer whimay
reduce the supply chain costs including holdingt,cos

+ZZNM(ZZM =2 Xuin) (2)

spoilage cost, fixed cost, and price.
2.1.Modeling the Supply Chain
The proposed fuzzy supply chain model consists of 3 _
levels of manufacturer, distributer, and retaikdated to a Zz Hy ZZ D ®)
food industry that performs the functions of shigpi
products from manufacturers to distributers and, _
distributers to retailers. Different indexes andapaeters ZZ H Z ijn Dpn (4)
have been considered in this model that is illtstlan "

this paper. We assumed that there are differentscos. he constralns are as follows:

including holding cost, spoilage cost, fixed castd price. Wiz§ (5)
Moreover, products can be supplied from differentVi=Fin (6)
manufacturers. We also assumed that demand is nBI W->ZX- Ojn 7)

constant and in order to prevent lost sales andiceed
inventory and transportation cost we need to specif

appropriate capacity for each product in each idister A, W, EZZD,J. Olj (8)
and retailer. Since demand is highly fluctuatede th
appropriate capacity aIIocate(_j to each product mia_ba X < A~n.|:,n (9)
the same so we used capacity for each productamyfu " e
environment. Z,< 0,5 oj1
2.1.1.Index Sets

= Index for manufacturer, for all 1=1,2,....,t prjn < ZZPH Op,j (11)
= Index for distributer, for all j=1, 2,..., u n [

= Index for retailer, for all K=1,2,..., s

= Index for product, for all p=1,2,...,w ZZX n 2 ZD (12)

2.1.2. Parameters

Kyi= Purchase price of product P which is transferre(}ZZz o 2 Z D. (13)
from manufacturer L to distributer J.

Npi= Cost of spoilage for each product P in distribdte an,sj , []{o 1 (14)
Npr= Cost of spoilage for each product P in retailer N X, Z, 20 15
Hp= Holding cost for each product P in retailer N. pin’ < plj (15)
Ap= Capacity allocated to product P in distributer J.

Ap= Capacity allocated to product P in retailer N. . SOLUTION PROCEDURE
Dy=Demand of product P in distributer J.

DFT:_Dema”d of product P in retailer N. In order to compute the lower limit of the objeetiv
C=Fixed cost of distributer J. function and the upper limit of the objective fuinat
equation 16 and 19 has been considered [33].
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(16)
Z:aij-ijAi~ 1=1..m a7)
X;=0 my (18)
Mln,G (19)
St
B(Z,-Z,)-CX £-Z (20)
ﬁpi+zaijxjsh+p| O (21)
B=0 , x;20 Oj (22)

As a result, the upper limit of the objective fuont (Zu)
will be:

Min Z,=V

s.t (5), (6), (11), (12), (13), (14), (15)

Zy =B, tR;)S (14)
ijn < (Apn + an) an (15)
227y S, (16)

17)

Zp:z X < Zp:Apn
And the lower limit of the objective function {jZwill

be:

Min Z=V

s.t(5), (6), (11), (12), (13), (14), (15)

Zy =By S (18)
Xpin = Apn Fin (19)
D02y S0, (20)

(21)

Zzp: X o < Zp:Apn

Consequently, by inserting main objective functioto

Min Z, and Min Z, the model will be transformed into
mixed integer programming from fuzzy mixed intege

programming and can be solved in Maple software.

V. NUMERICAL EXAMPLE AND RESULT

As a case study, we considered 3 different produicts
manufacturers, 3 distributers and 3 retailors. \Afe the
model on Maple software and could obtain feasiblg,

solutions by including decision variables below:

S;=If manufacturer L ships a product to distributg0-<L).
Fin=If distributer J ships a product to retailer N1(D-
W;= If distributer J is established (0-1).

Zy;= Number of product P transferred from manufactures]

L to distributer J.

Xpin= Number of product P transferred from distribul¢o
retailer N.

P=3, i=3, j=3, n=3, wl=w2=w3=1
S11=S12=821=S22=S31=S32=F22=F31=1, X213=20500,
X221=3000, X222=20000, X231=4500, X313=20500,
X321=30000, X322=20000, X331=4500, Z111=41000,
Z112=20000, Z113=9000,,222382700
S11=812=521=S22=S31=S32=1, X213=16800,
X221=5000, X222=9000, X232= 1333, X313= 11200,
X321=5000, X322=9000, X332=667, Z111=28000,
Z112=10000, Z113=2000, 214243000

X213=18650, X221=4000, X222=14500, X232=667,
X313=15850, X321=4000, X322=14500, X332=334,
Z111=34500, Z112=15000, Z=183128$3:0.610

V. CONCLUSION

Supply chain models have various applications in
industries specially in decreasing cost in a syst8ince
demand would be fluctuated due to different reasuch
as seasonality and releasing a new product, aroppate
policy to adopt in order to reduce the total castang as
the lost sales is low plays a prominent role inhesupply
chain system. One important parameter which can thel
system to gain the mentioned goal would be capacity
allocated to each product. However, due to fluedat
demand, an appropriate capacity for each produbtid
to predict; as a result, we used fuzzy approacobee the
problem of ambiguity of capacity allocated to each
product. The objective function was considered as
minimizing the total cost including holding cospoflage
cost, fixed cost, and price. The model is run bypMa
software and meaningful outcomes have proved that
applying fuzzy logic is feasible and more practidal
comparison with the convenient methods. The results
represent optimal number of each product to bepsiip
from each manufacturer to each distributor, and the
optimal number of each product to be shipped frathe
distributor to each retailor. The results also sbdwpper
limit of Z and lower limit of Z in order to be coraped
with optimal Z.
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