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Optimizing Multi Supplier Systems with Fuzzy
Queuing Approach: Case Study of SAPCO

Ebrahim Teimoury, Ali Mazlomi, Iman G<hondabi, Hadi Ansari, and Mehdi Fathi

multiple supplier causes more fixed order costs so this
Abstract—The importance of reliable supply is increasing increase must be analyzed wibst trade off to find out if
with supply chain network extension and just-in-time (JIT) using multi sourcing is economic or not.
production. Just in time implications motivate manufacturers Most of studies in inventory management have focused
towards single sourcing, which often involves problems with o jnventory control in stochastic environments. Although
unreliable suppliers. If a single and reliable vendor is not demand uncertainty is the most significant source of
available, manufacturer can split the order among the vendors uncertainty for many systems, other uncertainties are
in order to simultaneously decrease the supply chain . . S . .
obvious as well. Uncertainty in the order delivery lead time

uncertainty and increase supply réability. In this paper we | . ” . .
discuss with the aim of minimizing the shortage cost how we IS one of common problems in all industries. When delivery

can split orders among suppliers with different lead times. The times are stochastic, multi-supplier strategies are more
policy is the basis of our inventory control system and for robust against the interruptions in supply and can lead to
analyzing the system performance we use the fuzzy queuing reducing inventory shortage and holding costs. This is
methodology. After applying the model for the case study pecause of the shortage chance reduction and therefore
(SAPCO), the results of the deeloped model will be compared  requced reorder and replenishment inventory levels. Clearly,
in the single and multiple case and finally we will find that ) 11i_supplier policies can be mocestly in the presence of
order splitting in optimized condition will conclude in the least economies of scale due to the increase in ordering costs.
supply risk and minimized shortage cost in comparison to . . . . -
other cases. However, in most practical situations, these incremental
ordering costs can be outweighed by the savings in holding
Index Terms— Queueing Theory, Fuzzy Set, Supply chain, and shortage costs. Furthermore, multi-supplier policies
Order splitting potentially conclude in congpition among suppliers that
can force the suppliers to provide faster delivery.
In this paper at first we analyze multi-supplier strategies
. INTRODUCTION as one of the basic elements of a supply chain: the
éaperational relationships between an end-producer and his

he objective of justin-time (JIT) is having a single an direct suppliers. A simple queuing model is created based

reliable supplier. However, in spite of global sourcin . ;
. ; . ~on the assumptions of a Poisson external demand for end-
increasing, this may not always occur. Although companies : : .

. . . X roducts, immediate delivery to the customer from the
are trying to move towards a single supplier policy, ma

. X ) . ?nufacturer stock, and an exponentially distributed service
companies have only reduced their supplier base, using USL <0 each supolier
a few suppliers. PRAeT.

In addition to above instams it's noticeable in the Within the context of traditional queuing theory, the

competitive alobal saurcin nse speed 1o the needs iSarrival times and service times are required to follow certain
p g g, s P robability distributions. However, in many practical

one of the most important factors for vendor's growth an plications, the statistical information may be obtained

survival. Therefore aopanies try to reduce material receiptaSb'ectivel " ie. describing the arrival pattern and service
delay by different techniques. One of the most usablg Y, 1.€., 9 P

techniques is Order Splitting two or more suppliers. pattern by linguistic terms such as fast, slow, or moderate

The increase of suppliers’ multiplicity cause effective Ieaare more suitably rather than by probability distributions,

time, the duration between making an order and receipt O?erefore, fuzzy queues [1] amich more realistic than the

that order or the time betweewo receipts decrease Whichtradmonally used crisp queues. If the usual crisp queues can

. . . . _be extended to fuzzy queuegjeuing models would have
causes reduction of inventory level, so inventory holdmg . I
. ) " .8yven wider applications.
cost and shortage cost will decrease in conclusion. Using : . .
Reference [2] investigated elementary multiple-server
queuing systems with finite or infinite capacity and source
Manuscript received November 2210; revised January 06, 2011.  population where the arrivals and departures are followed
E.Teimouri, H.Ansari, M.Fathi, Department of Industrial Englneerlngb possibility distributions; iraddition, recently with other
Iran University of Science and Technology, Tehran, Iran (correspondi % . . .
author, M. Fathi, e-mail: mfathi@iust.ac.r) o] _scholars, he applied thg previous results to a machine
A. Mazlomi, Department of Mechanical and ManufacturingS€rving problem and a queuing decision problem [3]. On the
Engineering, Universiti Putra Niysia 3400 UPM, Serdang MALAYSIA- basis of Zadeh extension principle [4], the possibility
SAPCO COMPANY, Tehran, Iran. concept, and fuzzy Markov chains [5], [6] have derived
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ran. ?Jmalytlcal solutions for two fuzzy queues, namely,

ISBN: 978-988-19251-2-1 IMECS 2011
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)



Proceedings of the International MultiConference of Engineers and Computer Scientists 2011 Vol II,
IMECS 2011, March 16 - 18,2011, Hong Kong

M /F /1 andFM / FM /1, where F denotes fuzzy time supplier, therefore, supply risks is increased (on the other
and FM denotes fuzzified exponential time. However, d¥nd, it involves many advantages). Most of the studies
commented by [7], their approa@hvery complicated and is have focused on the analysis of the advantages and
generally  unsuitable to  computational purposegisadvantages of the sourcing strategies and focused on
Furthermore, as commented by [8], for other morgualitative models of decision-making [9]. Only few
complicated queuing systems, Li and Lee’s solution fesearchers have proposed quantitative models that support
hardly possible to obtain analytical results. decision-making in risky and uncertain situations.

Therefore, making the membership functions of the
performance measures for fuzzy queues by [8], parametric
programming adopted and Successfu”y app“ed to fourl”. AN ILLUSTRATIVE CASE STUDY. SAPCOCOMPANY
simple fuzzy queues with one or two fuzzy variables,

namely, M/F/1LF/M/1,F/F/1, and A. Problemdescription

FM /FM /1. It seems that the fuzzy bulk service queueaqiifAEglfj)irl]s ocrz)er chrle:tziigr;};hv(\)/ﬂgo fvéci;]gggguﬁe;g%?figge
could be analyzed with theapproach. Clearly fuzzy bulk 9 P

) . ; tudy. SAPCQO’s mission is to supply automotive material
service queuing systems are more complicated than tér‘?d parts for Iran-Khodro. SAPCO works as one of the

above four fuzz_y gqueues, so the _so_lution procedure for § fvanced firms who succeededimplement supply chain
fuzzy bulk service queue imt explicitly known and more concepts and patterns in Iran. SAPCO was established in

|nv|es:|hgat|ons must b_e]lc?jone. trate a f . dj1993 holding the idea of supplying national automotive
N this paper we will demonstrate a fuzzy queuing mo ‘f)arts. Today there are more than 150,000 employees in 500
in which D denotes arrival rate with Poisson distribution

: i automotive part making companies and more than 100
in other wordsD shows the material needs of Broducer Okupporting firms are the members of this multi echelon
producer orders. And the service time is showTbwhich  supply chain which SAPCO acts as the head of it. To supply
denotes fuzzy service time fuzzy delivery time. The goal thousands of parts for more than 600,000 cars in 10
of this model is to allocatée optimized order size for eachdifferent models yearly is the current activity of this
supplier in order to have the least shortage cost. Tleerporation. Suppliers are divided to two main groups;
percentages of orders is shownxpyt means each supplier suppliers who supply end prods@nd the others who send
is responsible forx D of total orders. their products to first group suppliers. In this paper the only
. . focus is on the first group. SAPCQO’s superior criteria for
In this study we fpcus on only one basp item OT the en%’r?ﬁring, receivingand holding parts include some main
prod'ucts and suppliers are supposed eq.uwalent n termsitg s. Warehouse space limits is one of the common
quallty and cost. They only differ by their average SEIVICKroblems in most of industriel addition they must have a
time the potential usefulness of the model for the producpa{pid stocking system for fast response to production line.

IS in a priori determination of its "Op“”?a'" inventory Ievgl Keeping the inventories in the minimum level is the best
and of the volumes (or frequency) of his orders to S‘qu“e@olution. Less holding cost and less wastage are other

based on a priori evaluation tfeir average delivery times. benefits of low inventory leveln other hand low inventory

Th? case with _different supplier.s and _ different fuzzYeveI increases stock out risko reduce the effect of this
Qel|v_ery times has never been studied and we would ShOVY)Pbblem they have decided to implement multi sourcing
n t_lr_1k|]s paptl?r. f th . foll W . q strategy and make contracts with more than one supplier for
The outline of the paper is as follows. We review or Qvery strategic and high important product; having low
splitting concepts in Section Il. In Section Ill, the problem Shventories with low stock out risk both simultaneously is

defined more precisely and describes the case study gud g preme usefulness of thitrategy. For instance the
motivation of applying fuzzy #ory. Section Il formulates automotive part Axle is pahased from two companies:

the optimal inventory and ordering problem for ONQgoircon — Sazai — co and Farasanat —co. Because of

producer and several suppliers, too. Then Section IV solv& erent manufacturing technology, different human

optimally the order dispatching problem in the partiCUIa{eﬁources and many other factors these factories have

m'ake to order (MTO) case and the proposed model. is teS{@ferent lead times. How to share demands among these
with _real_ data. AISO’_ the marmance_ of the_ approxmate factories is a vital decision, with the first delay in delivery
solution is comparatively evaluated in Section V. Fmallyand facing shortage in material production line would stop

we give some concluding remarks in Section V. and it impose a lot of losses to manufacturer. The applied
inventory policy in this study is one of the most popular
continuous review policies= &) policy, in which s stands

In many papers, much attention is paid to order splittingr the inventory position reorder point and S for the
models (also known as multiple sourcing). The main goal @fventory position replenishment level. The base stock
order splitting is to reduce lead time uncertainties byolicy can be considereas a variant of this, &) policy, for
splitting the replenishment orders over more than onghich an order is placed whenever a demand comes, so as
supplier. In order splitting every time replenishment iso permanently maintain the inventory positi&rThe s 5)
placed, each supplier is involved. When a company workslicy seems to be optimal for the problems which involve
under single supplier strategg,many occasions production independent items and statary stochastic demand,
may halt because the capaciy the single supplier gets whenever the cost criterion only depends on the inventory
destroyed. Sometimes, a supplier is able to fulfill thgosition and has a single local minimum [10]. Moreover,
buyer's requirements only partially. Obviously singleunder unitary demands the optimal base-stock policy
sourcing creates a great dependency between company gtflices to the policiis. 5} with s = §—1: This policy is

II. ORDERSPLITTING
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denoted the reference inventory policy. We can interpratcorporating the linguistic variables which demonstrates
such a base-stock controlljpy as Kanban mechanism. In people feelings and perceptions. For instance in order
every point of time the cumulative quantity of on handplitting problem the deliveryime of a supplier can be
inventory and backlog orders must be coniS)t At time ~ estimated “approximately 2 days”. For comparing
: probability theory and fuzzy set theory we can refer to [11

£, the current inventory level _Of the product den_dtén) " p.125] who proposed that theyeamot substitutable, but they
The number of placed replenishment orders which are nQjpiement each other. Also he believed that fuzzy set
yet delivered denoted(t) . P(t) is notation of the global theory seems to be more atge to different contexts.
state of the system which ¢haracterized by the inventory Now we adduce some basic definitions [11] that are basic to
position: understanding this paper.
P(t) =1(t)+u(t) 1) o

In this inventory policy several kinds of cost could bé€finitionl.
considered; purchasing cost, fixed order cost, holding cagtnerically by:, then a fuzzy seAin X is a set of ordered
and shortage cost or lost opportunity cost. In this case tpairs:
purchasing cost in the global supply chain is fixed and fixegy _ { _ }
order cost is venial. From SAPCO viewpoint, the cos?\ (X”UA(X))|X€ X
function to be minimized is the sum of the average holding/here the symbok denotes the element of the stand
cost and the average stock-aatst. But for simplicity the ;- s called the membership function or the degree of
base-stock level is supposed equal to zero (MTO). Iran-"™ -
khodro’s demand is denote®), Every supplier portion of membership of: in Athat maps¥ to the membership space
demand isx-@l. i denotes the number of suppliers aq@.1].
follows:

if ¥ is a collection of objects denoted

N . Definition2. A fuzzy se@ is convex if
" x =10< {x‘zi_lxi ~1f<1 @ 17 (2% + (L= 2)%) = Minda (%), 225 (%, )}

Delivery time (lead time) includes duration betweenX,X, € X,le[O,l]
making an order until receivinthat order (backlog order
becomes on hand inventory). Suppliers lead times all-’)ee

denoted by,. We assume the supplier delivery time igrormal

exponentially distributed with mean service tibdd Definitioni. a fuzzy numberA is a convex normalized
satisfying the stability conditiop = D/T <1. Under the fuzzy setA

{¥— 1.5} base stock policy, the inventory position is éDefinition5. the membership function iz, of the
constant with value S and the number of uncompleted

orders,uf£i represents the queue length of orders for tHtersectionC = A+ Bis point wise defined by
supplier. It is a simplel /31 system with birth-death

finition3. if sup, uy , =1.the fuzzy setAis called

fficients(I, T]. — i

coe |C|en.S{. T} | | M (X) = Mm{ﬂ;\(x), e (X)}, Xe X
B. Moativation of applying fuzzy theory and the basic
definitions or

Most of traditional approaches for formal modeling and

computing have crisp, deterministic, and precise/Llé- (X) = /LIA(X)/UI-B-(X), Xe X
characteristic. When we talk about Precision we mean that

the parameters of a model represent exactly our perceptiftgfinition6. Approximate numbers can be defined as
of the case modeled or the asts of the real system thattriangular fuzzy numbers, such as “approximate 5* that
have been modeled. Of one of the leading researchers in uld normally be defined by a triangular fuzzy number
area of fuzzy theory [11], belied that real situations are {3,5,7} where the membership degree of 5 is 1, while for 3

very often not crisp and deterministic, and they cannot bg,q 7 it is zero. For the other real numbers between 3 and 5,

described precisely. There earifferent approaches for e membership degrees, and for the range between 5 and 7
modeling uncertainty, such as probability theory and fuzzy ~

theory. In probabilistic approach, we can fit probabiliyff€ detween zero and 1. In general, suppdseis a
distributions on the basis of the stochastic experiments affigngular fuzzy number that is defined as Fig. 1:
the recorded data. We can estimparameters of the model A = (gP,a™, a°)
by this approach, so the structure of the model could be 3
achieved. In order splitting problems for instance we can a™ - x
assume the probability distribution for the demand rate at 1—m— aP<x<a™
each period and the service time are known. Reference [12] am"-aP
has adopted this approach to develop an order split X—a™m " o
optimizing model. ,uA(X) =ql-——— a"<x<a

In situations where we have no reliable recorded data to a —a
estimate model parameters, we can estimate them
imprecisely on the basis of our perceptions. In this case .
fuzzy set theory can help us formulate the model by 0 otherwise
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Definition7. suppose A= (ap ,am, a")
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The necessity and sufficient condition for stability of
queuek is X o, <1 with p, = D/T,. The probability
for thek number of queues is given by:

P(n,n,,....ny ):H *o N =%xp ) ©

Then the generating function of sufp + ...+ N, is
obtained as follows [13]:

K
and Gnl+n2+,,,+nK (Z) = H (kak)nk (1_ kak) (6)

I§=(bp,bm,b°)are triangular fuzzy numbers so the

arithmetic operation on them can be shown as
A+B= (ap +bP,a" +b",a’ +b°)
A-B= (ap —-bf,a" -b",a’ —bo)
A* I§:(ap* b?,a™*b™, a’* bo)
A/B=(a’/b",a"/b",a° /1)

C. Mathematical Formulation
C.A. Notation

The following notation is used throughout the paper:

Indices and parameters:

K index set of supplierg ={,2,...K}

h  Holding cost per unit
The current inventory level of the product
I (t) : !
considered at time
b  Shortage cost per unit
n unit of orders which suppliek must deliver

& them

N orders waiting in the suppliers queue

D Manufacturer demand rate

T, The delivery time for suppliek
Variables

X, Optimum assignment for supplikr

S Maximum level of replenishment

C.B. Mathematical Model

Gynyein (D = Z ™

11- kak
A :H(K)X(kak)lenbkj ®)
j2k
with
H(K)= H (1-%p4)
k=1
b oL
X, P = X0
G anyrin () = H(K) %
Z((Hq ) z K+N 1 K+N 1ZN)
j¢k
and finally:
c < K+N-1
=H 2 ([ [B)0xa) o
J#k
The mean value of number of pending orders is denoted by:
Z=E[u]=) NP, (10)
N=0

Total cost expression (3) can be re-written:

TC(S, %, %, % )= (n+b)Z C=NR+b€=S)

The goal of model in the MTO case is finding the

optimized percentages of eashpplier proportion of total
demand. In other words we must find minimized total co

TC(S, X, %y, % )= O+b)xH (K)xZ(ﬂhq)x

(holding cost and shortage cost:

TC(S, %, Xy Xy )=E[h( Y +b( ) ]

_hZ(S N)P, +bz (N-S)R,

N=S+1

The probability of havingn, orders in queud: is given

P(n) = 32 1= %2

T T @
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énd the following expression is obtamed

¢k

12)

3) (S(kKl . kak(l kak))

]
K
X Pk
P _g)
1-%.p0 @-x k) Z—: 1-X. o,

In the MTO case because of keeping no inventory, the base
stock level is equal to zero:

K
x D
TC(X, X,,..., :bZ:bE— 13
(X3 X5 X ) 2T _xD (13)
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b is the unit shortage cost aal_d% shows the number Xk =%(Tk —Ty \/ﬁ), k=12,..K (24)
Kk~ X

of orders in the suppliet queue. Suppliers can be rated

base on their service tinfe>T, >...>T, > 0. Where:K
The problem constraints are stabled on following ZTJ -D
conditions: S i=1

0<x <1 k=1..K (14) DI

: 2T
J:
Z X =1 (15)
D C.C. Fuzzy Model
Xk <1, k = 1,..K (16) The fuzzy sets are defined as follow:
Tk T, = {(tlhuf (tl))|t eT }
K ~ (25)
To={tou G eTe]  Vk=1..K
D<) T, a7) ot ()
Where:
. T T Fuzzy set of service rates
If we replace (15) in (16) and (14): (RRLRLRY"
. T, ﬁ’___’fl; Fuzzy service rates
<x < _k —

0< %S mn(l’ D )’ k=1..K (18) M oo fli Membership function of Fuzzy service rates

The MTO optimization problem takes the following form: T,...T, k General crisp sets

From now on we show the percentage of allocated order for

X ; .
MI n Z is a convex function because : each supplier witHf (t, ), so the specification function is:

..... X k= il XkD
dZE(T) th _
d? >0 f(t)—*( _Ki\/a)
- S 2
dE[T]_d, T, 2TD(T, -xD) 2D S

= — ) = =
d* dx (T-xD)*  (T-xD)*  (T,—xD)’
The lagrangian of the relaxed problem can be written as

follows: teT,
L (ZK: Xy 7(i><k ) e SUDmIn{uT (0ot ()t 2= 1 (1)} (27)
Where y is the Lagrange parameter. Then the optimdfiembership function of objective function is:
solution of the relaxed problem satisfies the following set of Zt B
conditions: { }
aL T Hig,(2) = Sup miniug (tk)\Z——(t e \/E (28)
=—K —_y=0k=12.K (1) " 24
dx, (T, —xD)
K « — cuts of the function can be written as:
2% =1 (20) T@) =t eTus () 2af Vk=1..K (@)
For any pair(X, X;) the above condition can be re-written T, (&) = [t,'; (a),t/ (a)]
T -XD= \/-?J(Tk - XkD) 21) = |:[n!|_n {tk‘,ufk (tk) 2 a}; I;né)({tk‘,ufk (tk) > OC}J (30)
i i k€ Ik K€k
VT
K & T -%D) T (@)0<a<l vk=1..,K O<a<l ()
2.(T;=xD) =2 ( ) (22) t (@) =ming(a) tY (a) = maxus ()
i=1 j=1 \/ﬁ Hs, K Hs, (32)
K T XkD vk 1, K
ZT -D= Z\/_ (23) Because of hard imaginatiosf the membership function
\/—k Hig )(Z) shape, we considéf cases [14],
The optimal percentage of order for each supplier is
obtained by:
ISBN: 978-988-19251-2-1 IMECS 2011
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Case(l) z(ﬂfl (t,) =a, Uy (t,) Za,.,,,ﬂfK (ty)za)

Case(k) = (13 (t,) 2 a,...
=a,puz (te)2a,..

My (tes) = a, Hy (t)

Case(K) = (zufl (tl) 2 0!,,11.'72 (tz) 2 0(,.--,,U.FK (tK)za)

With the usage of parametric nonlinear programming, upper

and lower limits oﬁ:a cuts can be obtained by:

St~
B
2

]
j=1
St ti(a) <t <t/ (a),t, €T () Vk=1..,K
fY () = max%(t —= ﬁ)
>

]
j=1
St: th(e) <t <t (a),t, eT (a) Vk=1..K
To find the membership functiqm;(t %
k

ZK:t D
—t)
N

j=1

<tY(a)vk=1...K

K

flat)= mln—(tk

(34)

fot)= mlni(t -

St:ty (a) <t, -

t -
fU(t)—maxi(t =3
a k/ — D k K

2

St:ti(a) <t <t!(a)Vk=1...,K

Jt)

Step 4: f- =argimin f(t,)}; " =argimaxf (t,)};
Step 5: Output t,i‘(a), K(a)" f,,f,
Step 6:STOP

The numerical solutions off “and f’ at different
a levels can be gathered approximate the shape &f(z)
andR(z). Also the membership

constructed from these shapes.

function can be

IV. CASESTUDY

In this section we demonstrate how this model can be
applied to analyze the case stuBgcause of complexity of
fuzzy variables and analyticablution we use the software
Maottal 7.0 to solve the problem and to find the shape of

Mz for a given ¢ . Here we count 11 values af :
k

- . :
.0.1,0.2...1.0. The Fig. 2 displays the rough shapt—g(tk)

from 22 values(f -, f ) for these 11 values.

As we mentioned in Section Ill.A each supplier has
different delivery time because of many reasons. For
simplicity we name Mehvarsazan Company as supplier 1,
and Farasanat as supplier 2. Our fuzzy delivery rate
numbers are based on experts opinions, but the customer
demand is obtained from historical data. The customer
demand is approximated 100 axles per day. The economic
quantity for every delivery is 10 numbers therefore we can
consider10/10 = 10 numbers as standard batch, in other
wordsD =10. We assume delivery rates for supplier 1 and
2 are trapezoid numbers. As experts proposed the supplier 1
can dispatch{12,15,18.1%} batches and the supplier 2 can
dispatch{11,12,141&] batches per day. We want to find
out how to split orders among tow suppliers in order to have
minimized shortage cost. After performing numerical
solutions for differenta values, the shape of corresponding
membership function can be approximated. The rough shape

Finally with usage ofa—cuts intervals in K case Seems quite well and looks like a continuous function. The

and[f - (t,), f
Hiw -

L@ =(f- )"

R(2)=(fY (t)*
SERSERE(S

(2)= L(z) z <z<z
Hiw V9 R(z) z,<z<z

O<a, <oy

f(: (tk) < fo: (tk) (36)

The following algorithm shows the summery of solution
procedure. Input delivery rates fd¢ suppliers which are

trapezoidal fuzzy
(tkl’tk2’tk3’ k4)
ey e T T
Step 1: for & =0 to 1 stepA;

Step 21y, = (to —ta)a + X5 o,y =ty —(t, —t
Step 3: for te =t Ote 0y

numbers represented
Output the

k3) O
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Y (tk)], we can find membership function of

by
numbers

values of variables at different possibility levels and
supplier 1 proportions are shown in Table.1, Table.2 and
Fig. 3 illustrates the results séipplier 2 solution procedure.

Table.1& = Cuts of delivery rates and obtained
proportion of supplier 1

a t 4 ot Y fit f,

0 12 19 11 16 0.3646 0.7642
0.1 123 189 111 158 0.3816 0.7577
0.2 126 188 112 156 0.3985 0.7512
0.3 129 187 113 154 04155 0.7447
04 132 186 114 152 04324 0.7382
05 135 185 115 15 04494 0.7317
0.6 138 184 116 14.8 0.4663 0.7252
0.7 141 183 117 146 0.4831 0.7186
08 144 182 118 144 0.5 0.7121
09 147 181 119 142 05168 0.7055

1 15 18 12 14  0.5336 0.699
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o8-

0&-

02r

Fig. 2. The membership function for fuzzy proportion of
supplier 1

Table.2 & = Cut® of delivery rates and obtained

i
0.a

0.65

L
06 0.65

07

proportion of supplier 2

078 08

a tt otttV £t £,
0 12 19 11 16 0.2358 0.6354
0.1 123 189 111 158 0.2423 0.6184
0.2 12.6 188 11.2 15.6 0.2488 0.6015
0.3 129 187 11.3 154 0.2553 0.5845
0.4 13.2 186 114 152 0.2618 0.5676
0.5 135 185 115 15 0.2683 0.5506
0.6 13.8 184 116 148 0.2748 0.5337
0.7 141 183 11.7 146 0.2814 0.5169
0.8 144 182 118 144 0.2879 0.5
0.9 147 18.1 119 142 0.2945 0.4832
1 15 18 12 14 0.301 0.4664
ik i
08 4
0B Bl
041 =
02 -
%2 DI25 DIS DISE D‘fi D:15 DIS D:ISE D‘E 0.65

can confidently propose that the solution is optimized.

V. CONCLUSION

In this paper we have studied on a new framework of
order splitting problems in uncertain situations. We have
analyzed the application of a fuzzy order splitting in a two
level supply chain with purpose of minimizing the total cost.
This study has shown that in the case of random demands
from customers and fuzzy delivery delays from suppliers, it
is generally useful to split the orders between several
suppliers than to allocate all the replenishment orders to a
single one and in such uncertain situations that we cannot
approximate delivery rates based on historical data, fuzzy
theory is a useful approach to be utilized. More specifically
we solved the problem in a 2-suppliers case study (SAPCO)
in MTO status to determine the percentages of orders to be
allocated to each supplierhowever the introduced
technique has been proposed to solve the general N-
suppliers case. We validated this technique by comparing
the optimal solution in 2 supplier case with single sourcing
case.
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By replacing the above results in expression (12) we can
obtain the fuzzy total cost, wih can be defuzzied and get
changed to crisp form. In this case after defuzzifying, total
cost is obtained 1.01. Now we can compare this number
with two different cases in order to ensure that the solution
result is optimized. If we solve the problem in situations
which just one of suppliers is considered for dispatching
orders we will obtain two numb& By considering supplier
1 proportion equal to 100% we obtain 2.50 as total cost.
And similarly for supplier 2 we obtain 4.97. Therefore we
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