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ABSTRACT - The pursuit of superior coordination schemes
is crucial for contemporary supply chains to survive in a highly
competitive environment. In order to allow different order
quantities among the selected suppliers to obtain the optimal
solutions in this industry, this research addresses both supplier
selection and inventory control problems in supply chain
management simultaneously by creating a multi-stage
inventory model for a serial system. In the perspective of a
single-objective method, this research aims to minimize the
total ordering costs, holding costs, and purchasing costs,
subject to the price, quality, and capacity. Furthermore, the
inclusion of fuzzy demand employs the signed distance and a
ranking method for fuzzy numbers to find the estimate of the
common total cost in the fuzzy sense.  Consequently,
numerical examples are provided to illustrate the usefulness of
proposed models and comparative understanding of various
methods.

Index Terms—Fuzzy numbers, supply chain network,
multi-stage inventory model, multi-objective programming,
sensitivity analysis

I. INTRODUCTION

In today’s global market, the competitive advantage of
companies has been the key factor to reduce costs so as to
increase the profits. Simultaneously, in order to promote
the competition and differentiation advantage in the industry,
proper supplier selection is an essential task so as to react to
the volatile market.

Previous studies normally build the traditional inventory
model in the perfect assumptions. However; in reality, it is
necessary to select the right suppliers and the optimum order
quantities amongst selected suppliers in order to lower the

Manuscript received November 28, 2018; revised December 6, 2018.
This work was supported in part by the Department of Transportation
Science, National Taiwan Ocean University. Paper title is Multi-stage
Inventory Model with Fuzzy Demand in Supply Chain Networks (paper
number: ICOR_9). Shih-Chieh Lai is with Department of Transportation
Science, National Taiwan Ocean University, No.2, Beining Rd.,
Jhongjheng District, Keelung City 202, Taiwan, R.O.C. (phone:
+886-2-24622192#7031; e-mail: jankyha@gmail.com).

Hsin-Hsiung Fang is with Department of Air & Sea Logistics and
Marketing, Taipei University of Marine Technology, No.212, Sec. 9,
Yanping N. Rd., Shilin Dist., Taipei City 111, Taiwan, R.O.C. (phone:
+886-2-28102292 #5010; e-mail: fhh@mail.tcmt.edu.tw).

Ming-Feng Yang was with Department of Industrial Management,
National Taiwan University of Science and Technology, No.2, Beining Rd.,
Jhongjheng District, Keelung City 202, Taiwan, R.O.C. (phone:
+886-2-24622192#7031; e-mail: yang60429@mail.ntou.edu.tw).

Yen-Ting Chao was with Department of Information Management,
Taipei City University of Science & Technology, No.2, Beining Rd.,
Jhongjheng District, Keelung City 202, Taiwan, R.O.C. (phone:
+886-2-28927154#8754; fax: +886-2-24633745; e-mail:

ytchao@tpcu.edu.tw).

ISBN: 978-988-14048-5-5
ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online)

cost and maximize the profit. — Therefore, this study
commits to sort out the appropriate order quantities to the
suppliers and solve the multi-sourcing problem in supply
chain network.

Generally speaking, supplier selection involves
single-sourcing and multi-sourcing problems. In a
single-sourcing problem, buyers will choose a supplier
among potential suppliers according to their competitive
advantage and evaluation criteria.  This paper addresses the
single-objective methods to suit real world applications and
solve the previous problems.

Mendoza and Ventura (2010) proposed the supplier
selection process is assumed to take place in a serial supply
chain system. A set of selected suppliers purchase the raw
material for the final production. Capacity, quality, setup
cost, and unit price are considered as criteria for supplier
selection. This raw material is processed and assembled
into a final product as it flows through every stages of the
supply chain until it reaches the end customer. M. F. Yang
(2013) applied interactive two-phase method for
multi-objective linear programming to with fuzzy theory
select management decisions in supply chain network.

De Boer et al. (2001) applied the existing models for
supplier selection in a framework.  This framework
exhibited several decision-making steps in the supplier
selection process. These models are associated with the
allocation of the proper order quantities to the selected
suppliers.  Narasimhan (2006) developed to a decision
model for selecting suppliers and supplier bids given the
relative importance of multiple criteria across multiple
products over their product life cycle.  Hillier and
Lieberman (2010) referred to serial supply chain systems
often lead to developing partnership relationships with
suppliers as well as mutually beneficial supply contracts that
enable reducing the total cost of operating a jointly managed
multi-echelon inventory system.

Ghodsypour and O’Brien (2001) built a mixed integer
nonlinear programming model restricted the model to
allocate only one order per cycle to each selected supplier.
Mendoza (2007) showed that Ghodsypour and O’Brien’s
restriction is unnecessary and adjusted their model by
allowing multiple orders per supplier within an order cycle.
Kheljani et al. (2009) proposed a multi-supplier single-buyer
coordination model to minimize the total cost in supply
chain. Gorji et al. (2014) applied a two-level supply chain
model to consider both order allocation and supplier
selection problems at the same time. Cardenas-Barron and
Trevifio-Garza (2014) referred to a three-level supply chain
model to solve the multi-product and multi-period problems.

J.C.-H. Pan (2008) proposed a model included fuzzy
annual demand and the production rate. Further, this
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method employs the signed distance for fuzzy numbers in  K;; ordering cost for the ith player at Stage j, for i =
order to find the estimate of the common total cost in the 1,..sandj=1,.,N

fuzzy sense.  Subsequently, this model derives the P, unit price of the ith supplier, fori=1,...,s
corresponding optimal purchaser’s quantity and the integer C;  capacity of the ith supplier per time unit, for i =
number of lots in which the items are delivered from the 1.8

vendor to the buyer. S. Sarkar and T. Chakrabarti (2013) ~ U;  quality for the ith supplier, fori=1,....s

built the EPQ model in the fuzzy sense, in which the U, ~ minimum acceptable quality for the manufacturer
shortage is allowed and the delivery is fully extended. The  Up  perfect quality

total cost in the fuzzy model is lower than the original model.  J;;  number of orders for the ith player, at Stage j per

Zhang and Xu (2014) studied multiple objective decision order cycle, fori=1.sandj=1,.N
making model considered the bi-fuzzy environment and ~ Qj: order quantity for the ith player, at Stage j, for i =
guantity discount policy to solve the uncertainty in supply L..sandj=1..N o
chain. n;; lot-size multiplier of the ith player at Stage j, for i =

1,..sandj=1,.,N

C.Y. Chiu (2014) suggested the fuzzy multi-objective
TEC total expect costs per month

integrated logistics model with the transportation cost and
demand fuzziness to solve green supply chain problems in
the uncertain environment. Vineet Mittal et al. (2015)

proposed a joint two-tier inventory model with single @
supplier and single type of product. This model
demonstrated the optimality of inventory decisions under

non-fuzzy and fuzzy requirements. M.F. Yang (2015) !

proposed a three-echelon integrated inventory model for the . i :

development of defective products, reprocessing and credit @ > ( Hw i anmbt: 5 Retailers

periods. Assuming fuzzy requirements, numerical analysis :

was applied to observe the impact of fuzzy demand on %

inventory strategy and total profit. .
Fuzzy theory is often utilized in the calculation of demand

in order to generate results that fit better to the reality. For @

instance, H.J. Tu et al. (2011) developed a two-echelon

inventory model with mutual beneficial pricing strategy for

fuzzy demand in a supply chain. The beneficial pricing Fig.1. A multi-stage inventory system with multi-supplier.

strategy can benefit the vendor more than multiple buyers in

the integrated system.  Bodaghi (2018) built a fuzzy

multi-objective model to integrated supplier selection, order

Stagel Stage2 Stage3

B. Assumptions

quantity allocation and customer order scheduling problem L ;Ii'rr:]iduenrﬂand oceurs at Stage J at a constant rate per

in a make to order manufacturing system. Consequently, 2 Shortageé are not allowed

this mathematical measure help suppliers contribute to the 3' The production rate must 'be greater than the

responsiveness and flexibility of entire supply chain in the ' cumulative demand rate

face of uncertain customer orders. ) _ 4. The purchasing costs are only occurred at Stage 1.
The past studies mainly focused on supplier selectionand 5 The product is transferred internally through the

order allocation; this is because the above can efficiently company.

affect the cost and profit. Nevertheless, those studies g Multiple orders of one supplier are allowed within

ignored that different quantity distributed policy may cause single order cycle.

a terrible influence to the management and profit. Hence, 7.  In connection with the quality, the suppliers might

this paper determines demand based on fuzzy theory produce defective parts.

because of the uncertain environments. 8. The ideal quality is 100%.

C. A Model with fuzzy demand
In order to more accurately reflect real situations, Chang

Il. MATERIALS AND METHODS

A. Notations (2017) refers to the multi-stage inventory model by allowing
The following notations are used to establish the propose  different order quantities for each selected supplier. A
model. revised concept of the multi-stage is shown in Fig. 2.
Due to the uncertainty of monthly demand, this research
S number of available suppliers presents a new inventory model applied fuzzy theory.
N number of stages
d  demand per time unit
H; r110Id:\rl19 cost per unit and time unit at Stage j, for j =
E;  echelon holding cost per unit and time unit at Stage j,
forj=1,..,N
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Fig.2. Order quantity allocation for three suppliers.

First, an order cycle includes six orders (i.e., Xi_,/,; =
6) distributed to three suppliers (ie., Ji1 =2, J;, =
3,J135=1) at Stage 1. Two orders are distributed to
Supplier 1, three orders are distributed to Supplier 2, and
one order is distributed to Supplier 3. Subsequently, the
order cycle includes twelve orders (i.e., J,1 =4, J,, =
6, J,3 = 2)atStage2. The same procedure can be
adapted to the other stages.

Based on the above notations and assumptions; this model
solves the total expected cost (TEC) for the suppliers and
this is given by:

The total expected costs
= the ordering cost + the holding cost + the purchasing cost

The ordering cost: the ordering cost per order cycle at
Stage j, is¥.;_; Jj ik; i, and the time of order cycle at Stage j
is Yi=174iQji _

. Hence, the total ordering cost can be
presented as:

N
_ Yi=12i=1J},iK; i

d
N
j=12i=177iQj

The holding cost: the holding cost will increase due to the
inventory transferring to the next stage, and the echelon
holding cost E; is adopted in this step. The average

inventory quantity for the ith player, at Stage j is % Thus,
the total holding cost can be described as:

1 X Zf:dj,inj,iEj,i
2 N X150

The purchasing cost: this research only considers the
purchasing cost incurred at Stage 1. The average unit price
in this supply chain network is Y§_, /1 ;P; Q1,;/ Xi=1/1,iQ1,-
Therefore, the total purchasing cost can be expressed as:
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t=1J1,iP; Qv

d .
Yio1J1iQ1

As a result, the total expected costs can be depicted as
follow:

TEC=d-

2
DBk 1 232023005407 Ep
212310505 2 i=121=11iQj i
Yi1J1iPiQui

+d-
Y1710

Additionally, based on the above condition, this research
defines three kinds of constraints included capacity, quality,
and quantity. The TEC is subject to these three types of
constraints:

The capacity constraints consist of demand d , the
proportion of demand assigned to the ith supplier (J;; -
Q1,i/ X3i-1J1:Q1,), and the capacity of the ith supplier (C;).

J1,iQ1i
. e L 0
d Yi1J1iQui o

The quality constraints include the minimum acceptable
quality U, , and the average quality manufactured by

suppliers (X721 J1,:U; @11/ Xi=171,iQ1,0)-

Yiz1J1,iU; Qy -

>U
Yi-1J1,iQui ¢

The quantity constraints: The order quantity for the ,ith
supplier, at Stage j, is j, Q;; and the lot-size multiplier for
the downstream stage is n; ;.

Qji =1iQj41i, j=1,N-1

The number of order constraints: The number of order for
the ith supplier, at Stage j, is J;; and the lot-size multiplier
for the downstream stage is n; ;.

Ji+ri = 1) J=1,--,N—1

Definitionl. From kaufmann and Gupta (1991),
Zimmermann (1996), Yao and Wu (2000), for a fuzzy set
DeQ and ore[0,1], the a-cut of the fuzzy set D
is D(a) = {x € Q|up(x) = a} = [D,(a),Dy(a)] , where
D, (@) =a+a(b—d) and Dy(a) =c —a(c— b).

We can obtain the following equation. The signed
distance of D to 0, is defined as:

d(D,0,) = [, d{[D, (@), Dy ()], 0} da
= % J, 1D, (@), Dy(e)]da .

So this equation is:
d(D,0,) = [} [D, (@), Dy(@)]da = 5 (2b + a + c).

Streamlined distance method is used to the defuzzication
of TEC(Q,n).
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5=d@im)=%KD—AQ+2D+(D+AQ]

1
=D+Z(A2_A1).

The single-objective model
depicted as:

with fuzzy demand is

Min.
N oy g
TEC(Q,n) = [D + G| Speset it 1 2

YT 0i0 2

Zﬁy=11v2§=2;]jviQ21‘.iEjvi + [D + (Az-Aq) Z%dl,iPin,i
Y1 2i=174iQji 4 Yi=171,iQ1i
Subject to:
A, — A ny
[D +( 2 1)] . S]l,LQl,l < Ci
4 Yi=1J1,iQui
i=1J1,1U; Qui U
i@
Qi =1, Qjv1i » Jjwri = 0jilji
n;; = 1, integer
For i=1,-,s5 j=1,,N—1

Qj; = 0, integer
Jji = 0, integer
For i=1,-,s,j=1,-,N

By substituting fuzzy demand into the original formula,
the initial ordering cost and the purchasing cost with fuzzy
demand can be obtained. In this way, the total expected
can be recalculated. At the same time, the influence of
fuzzy theory utilized in this inventory system will be
depicted by comparison with single-objective (SO) method
in Chang (2017).

1. NUMERICAL RESULTS

This research presents a detailed numerical example to
illustrate the results of the proposed models:
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TABLE IlI

NUMBER OF ORDERS (J;,)

Stage j\ ¥i_1 /1 10 40 100
1 G353 3,10,4,13) (3.18.7,22) (34,26, 10, 30)
2 (6,6,2,6) (26, 20, 8, 26) (46, 36, 14, 44) (68, 52, 20, 60)
3 (12,12,4,12) (52,40, 16, 52) (92,72, 28, 88) (136, 104, 40, 120)
4 (24,24, 8,24) (104, 80, 32, 104) (184, 144, 56, 176) (272, 208, 80, 240)
5 (24, 24,8,24) (104, 80, 32, 104) (184, 144, 56, 176) (272, 208, 80, 240)
NUMERICAL EXAMPLE RESULTS
Y hi=10
A, A, D TEC
2500 5000 30625 1447318
5000 10000 31250 1450386
7500 15000 31875 1453454
15000 15000 30000 1443251
15000 7500 28125 1435047
10000 5000 28750 1438115
5000 2500 29375 1440183
Z; Ji=40
A, A, D TEC
2500 5000 30625 1447113
5000 10000 31250 1450119
7500 15000 31875 1453076
15000 15000 30000 1442707
15000 7500 28125 1434737
10000 5000 28750 1437594
5000 2500 29375 1439650
Z:: 1] 1,i =70
A, A, D TEC
2500 5000 30625 1446956
5000 10000 31250 1449704
7500 15000 31875 1452958
15000 15000 30000 1442596
15000 7500 28125 1433834
10000 5000 28750 1436427
5000 2500 29375 1439241
Zj_lju =100
T, A, pj TEC
2500 5000 30625 1446893
5000 10000 31250 1449340
7500 15000 31875 1452564
15000 15000 30000 1442561
15000 7500 28125 1433287
10000 5000 28750 1435998
5000 2500 29375 1438747
(1) When A,<A, , then D>D . While (A, —

TABLE |
DATA OF EACH STAGE
Stage j Ordering cost Holding cost Echelon cost ($)
1 - 4 4
2 1780 19 15
3 820 44 25
4 360 71 27
5 280 102 31
TABLE |1
DATA OF FOUR POTENTIAL SUPPLIERS
Supplier i Ordering cost Price($) Quality Capacity(unit)
1 32 3200 0.96 10000
2 46 4100 0.93 14000
3 54 2900 0.97 12000
4 49 3000 0.95 9000
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A)decreases, the smaller D is in this fuzzy model, the

more similar to the model, and vice versa.

(2) When A;= A,= 15000, then D =D = 30000. In

this case, this fuzzy model will be exactly the same as the

original model.

(3) TEC normally increases while A, — A, increase and
-1 J1,; decrease.

(4) Figure 3 is the comparison diagram that compares TEC

to (A, —A;). It shows that four curves almost overlap

and the trend of TEC for different Y.7_, J,; are similar.

(5) According to the numerical result, the minimum of

TEC will occur while Y5_,J;; = 100 ,and D = —7500.
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[10] L.E. Céardenas-Barrén, G. Trevifio-Garza, 2014. An optimal solution
to a three echelon supply chain network with multi-product and

1455000 multi-period, Appl. Math, Model. 38, 1911-1918 .
1450000 [11] J.C.-H. Pan & M.-F. Yang, 2008. Integrated inventory models with
fuzzy annual demand and fuzzy production rate in a supply chain,
1445000 International Journal of Production Research, 46:3, 753-770.
@ 1440000 [12] S. Sarkar & T. Chakrabarti (2013, Dec), “An EPQ Model of
&) Exponential Deterioration with Fuzzy Demand and Production with
E 1435000 —==~ Shortage,” International Journal of Industrial Engineering &
1430000 Production Research, VVolume 24, Number 4 pp. 307-315.
[13] Zhang, Z. and J. Xu, 2014. Applying nonlinear MODM model to
1425000 supply chain management with quantity discount policy under
1420000 complex fuzzy environment. J. Indust. Eng. Manage., 7: 660-680.

! ! ! ! ! ! ' [14] Chiu, C.-Y., Lin, Y., and Yang, M.-F., 2014. Applying Fuzzy
-7500 -5000 -2500 0 2500 5000 7500 Multi-objective Integrated Logistics Model to Green Supply Chain
A2 - Al Problems. Journal of Applied Mathematics, pp.1-12.

[15] Vineet Mittal, Dega Nagaraju, and S. Narayanan, 2015. “Optimality
of Inventory Decisions in A Joint Two-Echelon Inventory System
With And Without Fuzzy Demand,” International Journal of Applied
Engineering Research, ISSN 0973-4562 Volume 10, Number 2, pp.

Fig.3. The mathematical relationship diagram of TEC and (A, — A;)

4497-4510.
IV. CONCLUSION [16] M.F. Yang, M.C. Lo and W.H. Chen, 2015. “Optimal Strategy for the
i i i Three-echelon Inventory System with Defective Product, Rework and
Both Supp“er selection and the order quantity often Fuzzy Demand under Credit Period,” Engineering Letters, Vol.23,
determine the success of supply chain management. No.4,312-317. ) )
Otherwise, lowering the price is not a good strategy for the ~ [17] H-J. Tu M.C. Lo, M.F. Yang, 2011 “A two-echelon inventory model
. . . . . for fuzzy demand with mutual beneficial pricing approach in a supply
suppliers. It might decrease profit or increase defective chain,” African Journal of Business Management, Vol. 5(14), pp.
products. Thus, a well-designed supply chain network is 5500-5508.
crucial. In this study a novel inventory model is [18] Bodaghi, G., Jolai, F., Rabbani, M., 2018. “An integrated weighted
. ' X . fuzzy multi-objective model for supplier selection and order
developed by assuming the demand quantity as a triangular scheduling in a supply chain,” International Journal of Production
fuzzy number. The decision makers can acquire more Research, Vol.56, pp. 3590-3614.

flexibility due to different upper and lower limits of the  [19] Chang, S.C. Chang, C.T., “A multi-stage and multi-supplier
d d. Thi thod miaht all the th tical del inventory model allowing different order quantities”, 2017, Applied
emana. Is method might allow the theoretical mode Mathematical Modelling, vol.52, p.613-625.

more close to the real situation. Through the sensitive
analysis in this study, it shows that if D increases, TEC
will increase. Also the smaller D is in the fuzzy model;
the more similar it gets to the original model. In the future,
studies may include multi-objective method, and then
different fuzzilized factors in supply chain network can be
added into the model to simulate more realistic world
applications.
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