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Abstract— As the source of the whole supply chain,
purchasing and supply management plays a vital rolein
the survival and development of the enterprises.
However, managers may meet diverse uncertainty due
to different kinds of risks in supply chain. Sourcing
decisions under uncertainty, especially the supplier
selection and order quantity allocation, is of great
significance for the managers. This paper considersthe
order quantity allocation problem from the perspective
of manufacturers under supply uncertainty conditions.
By taking the constraints of interval of purchasing
quantity and minimum production batch into account,
a multi-obj ective mixed-integer stochastic
programming model considering uncertainty in both
supply timing and quantity is presented. The moddl is
converted into a linear programming model by
transforming the stochastic  constraints into
deterministic equivalents,, An improved two-phase
heuristic approach is proposed and its feasibility and
efficiency is illustrated through a numerical example.
Further, another numerical instance is conducted to
evaluate the effects of the weight of each objective and
uncertainty degree on the optimal ordering policy and
to obtain some managerial insights for the decision-
making of the manufacturers.

Keywords—Supply chain risk management, supply
uncertainty, supplier selection, order quantityoaktion,
mixed-integer programming

1. Introduction

Nowadays, supply chains are subject to different
kinds of operational risks and natural risks.
Manufacturers have to deal with the supply

uncertainty, which might be due to uncertain
capacity, quality or even strategic problems at the

suppliers or other natural and manmade disasters

Assembly manufacturing requires high demand for
the punctuality of the supply process. Selecting th

most appropriate suppliers from supply base and

allocating orders among the selected ones
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significantly reduce the total cost and improve
comprehensive competitiveness of the company [14].
In uncertain environment, managers have to make a
trade-off between low-price yet high-risk suppliers
and relatively high-price yet reliable suppliers.
Therefore, in current supply chain, the supplier
selection and order quantity allocation problenais
complex stochastic problem [17].

It has seen a growing attention given in the field
decisions on the selection of suppliers with défar
capacity, price, service and quality level, and on
assigning order quantity among them in recent years
Gurnani et al. considered the optimal order pddicie
with both stochastic demand and uncertain delivery
very early and then presented two heuristic stieseg
They showed that the optimal inventory policy was
order-up-to with identical order-up-to levels arid i
the inventory level was below a critical threshatd,
was optimal to diversify and order from the joint
supplier [8]. In the case of multiple sourcing, eiv
multiple criteria and suppliers’ capacity consttajn
Ghodsypour et al. constructed a mixed-integer non-
linear programming model, which took into account
the total cost of logistics and then proposed an
algorithm to solve it[6]. An EOQ model with
numerous suppliers with random capacities in a
continuous-review system was presented in Ref.[4]
and computational results showed that when the
optimal policy was applied, the number of unfuéfdl
order units from all suppliers must all be the same
They further obtained some characterization and
properties for the uniform and exponential capacity
cases. Based on Ghodsypour's research, EKici
pointed out two issues with their assumptions and
discussed two different capacitated supplier sgtin
Then, he proposed a model that provided the same or
a better solution [3]. However, the literatures abo
only considered the order policy in the case oflsin
material while this paper considers multiple kirods
materials.

Gurnani et al. modeled the procurement problem as a
Nash game where the buyer had to allocate his order
between two suppliers with different price and
deliver ratio. Furthermore, they modeled the case i
an asymmetric information scenario and showed that
buyer benefits from the information asymmetry[9].
Considering a supply chain with one supplier anel on
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retailer with random yield and uncertain demand, Hedecision variables of the model and develop the
et al. proposed several risk sharing contracts andmnulti-objective order allocation model with multépl
compared the results of these contracts. Finaly, t g ppliers, random delivery and multiple materials.

nqmencal experiments showed that yield uncertalntySection 3 is devoted to transferring the chance-
might enhance the supply chain performance and

decrease the double marginalization effect[10] constrained constraints in the model into lineaeson
which was different from previous research. When @nd to developing a two-phase approach to find the
considering a decentralized assembly system undepptimal order solution. The efficiency of the model
uncertain demand and random supply yield, Guler etand algorithm is illustrated in section 4 through a
al. proposed two contracts and showed that sugplier nymerical experiment. Section 5 analyzes the effect

coordinated the chain under forced compliance[7]. 5 ihe degree of supply uncertainty and the vale o
After that, another academic proposed a single- . Lo .
weight of each objective on the optimal order

period ordering and uncertain delivery planning ) . . . .
model so as to find a coordination mechanism thatallocatlon guantities using another instance. $acti

allows the producer-supplier system to perform as ab concludes the paper and discusses extensions.
centralized one[19]. A multi-objective supplier
allocation model was proposed to help make decision2. Order Quantity Allocation M odel

about  supplier selection under uncertainty 5 q Assumptions and Notations
environment and provide proactive mitigation

strategies against disruptions [2]. However, the the following assumptions are used in the model
literature above focus more on the coordination of development:

the supply chain without considering the issuehef t - . S
L . - . There is only one type of final product which is
kitting of the materials and maximize the profittbé . .

manufacturer. Besides, Zhang et al. studied the assembled t_)y multiple materla_ls. .

supplier selection and order quantity allocation * E@ach material could be obtained from multiple
problem under uncertain demand, quantity discounts ~ SuPPliers with different price, capacity and
and fixed selection costs conditions. They proposed ~quality level.

an optimal algorithm based on Bender's * The manufacturer has some information about the

decomposition and conducted numerical experiments  uncertain capacity based on historical data.

to show its efficiency and obtained some manageriale The quantity of materials purchased just meets
insights[18]. The optimal allocation problem across the production demand for once.

the suppliers given the risk of supplier failuremla « The quantity constraints and quality constraints

contingency planning in the decision process was  myst be fulfilled before regular production.
considered by Ruiz-Torres et al[16]. A multi- The following notation is used:

objective model in which cost, quality and tardmes
) inimized under stochastic d dd_-lndex
is was minimized under stochastic demand and price~ . . +.omth material
dependent demand conditions was considered[5]. : .

. . . ., n : Thenth supplier
In this paper, we discuss issues related to maltipl
suppliers, random delivery, single-product assethble * P.arameters .
with multiple parts. Our problem is similar to theft : The number of the type of material
Ghodsypour and O'Brien[6] since both of us discuss D : The quantity of demand _
multiple sourcing with multiple criteria and with Nm : The number of supplier of th material
suppliers’ capacity constraints, but the suppliers’ Pmn @ Unit price ofmat sgpphern .
capacity is stochastic in our model and the typeUmn : Capacity at supplier for materiaim
number of material is over one. Another closely An, : Available quantity at supplierfor m
related study is by Bilsel and Ravindran[2]. A mwult ¢:  Minimum ratio of production batch
objective chance constrained programming models, : Unit tardiness cost of material

was presented for supplier allocation underp : Total purchasing budget for all materials
uncertainty, but we consider the tardiness time,i . Tardiness time at suppliefor m
which is a fuzzy value. A multiple objective mixed- 1° . | ength of planning horizon

integer stochastic programming model considering,
the purchasing quota interval and minimum
production batch is constructed to select apprtpria .
suppliers and to allocate the purchasing quota gmon er.nmum.accepted perfect .rate
them. To reach the satisfactory solution, a twgesta Hm * Unit holding cost for materiah
heuristic algorithm is proposed here. Finally, we %mn : Percentage of deliver at supplefor m

. Perfect rate at suppliarfor materialm
Kmn © Minimum order quantity at suppliarfor m

illustrate the effect of uncertainty degree andghei  Ym 1, if m meet the requirement of
of each objective on optimal order allocation solut ~ * DeCISI.OH variables .
using a numerical example. Xmn © 1, ifgmy more than O and O otherwise

The paper is organized as follows. In Section 2, weGy, :  Order quantity allocated to suppliefor m
present the basic assumptions, parameters and.l Formulation
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In this model, it is considered that the manufaatur N,

would like to choose the most appropriate suppliers zqmn mn = T (12)
and to allocate order quantity among them, whose "™ N

price, perfect rate and reliability level are diffat. It Pr{}q,a,, 2eD}=6,0m (13)
is a multiple criteria decision-making problem and =

three objectives are considered in the model. The pr{zqmn . <nD}=¢,0m (14)
first objective is to minimize the total cost, whic

consists of purchasing cost, holding cost and < =10n (15)
tardiness cost. The second objective is to maximizem: ™

the quantity of perfect materials. And the last e ¢£,7,6,¢,a, 0[01] (16)
to minimize the tardiness degree of the whole

materials. Firstly, the purchasing cost can be X Y DL OLL LM (17
formulated as: O Y I Z7,0m,0 (18)

The first objective function in Eq.(5) minimizeseth
Coueraan zz‘ipm"qm" " total cost. The second objective function in Eq.(6)
(1) maximizes the total quality of purchased products.
Holding cost is composed of two terms due to The third objective function in Eq.(7) minimizessth
manufacturer’s requirement of minimum production total tardiness degree of purchased products.

batch. The tardiness ting,, is a triangular fuzzy . e .
number, whose value is related to the tardinessConstraint (8) limits the capital budget of theatot

quantity and supplier’s capacity, that cost. Constraints in (9) ensure that the total ttyan
is t=(Q™ Q™ Q™) where Q™ =K assigned to each supplier equal to the total demand

e " " Constraints in (10) restricthe total supply capacity
of suppliers to meet the demand of each material.
Constraints in (11) gurantee that the capacityache

QnT;’X‘qmn ,  QM=(K,_+gq,)/2 , and the
membership function df,, is

T min y / md_ min min o < rmu; ) . ) .
u )—{H&“ﬁ QA’{: ))/%m;”— m:aJ %”mmuZA'A““Z%mmm supplier cover the ordered quantity. Constraints in
others (12) represent manufacturers’ quality requirements

(2) the materials. Constraints in (13) mean the chance
whereAmn=qmitmn- Lettommax{tny,tmz, ..., tad, Which  constraints for the suppliers to meet the demand of
indicates the maximum tardiness time for material  minimum production batch. Constraints in (14)

Therefore, holding COSt  represent the chance constraints that suppliers mee

Croing = i H.{ ym[tm%‘: oo o the quality requirement. Constraints (15) prohibit
" " ~ assigning the same supplier to more than one tfpe o

* 2 0 (1=a, )8, L, )] material. Constraints in (16), (17) and (18) force
i N decimal, binary, non-negative and integral

(1= Y, )2 (1= 00 ), —En) } (8  requirements on the variables.

and tardiness cost: ) 3. M odel Linearization and
tardmess Z S [ tmnz an(l amn )] (4) M ethOdOI Ogy

) ) 31 Linearization of the Model
The suppher selection and order quantity allocatio

model formulation is as follows: This section addresses the linearization of the

MiNZ, = Cpy g + Croing * Cariness (5 chance-constraints in the model. Constraints i) (13
) and (14) contain random variabdg,, denoting the
uncertain delivery ratio of supplier for materialm.
max 6
%= g‘mzlqm" m ©) We assume thata,, follows the normal
. M N, P . a a2 .
minz, =Y. >q.t @) dlstrlbutl9n N( o O ) - Fr_om traditional
mein=t perspective, chance constraints are usually
M N . e . .
st. >>p.q,<P (8 transformed into deterministic equivalents [13].
m=1n=1 ) Firstly, constraints (13) can be transformed into:
Nm
N PrH{ 2 O @ Xy 2 €D } 2 6,00m (19)
2.0, =DM ©)
n=1
N, Letg(a,,)=&D - qun X @nd the expectation
>U,.=2D,0m (10)
n=1 and variance of d(omn) is
Umn 2 QMH 2 Ann’Dm’n (11)

E(9(@...)) = E(6D)~ 2 4. %, E(a,,) and
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programming was the best[2]. Based on their

V(g(a,, ) =V(D)+S ¢ xV(a, ) . Then, let
(9(a,,))=V(eD) nz:lq’“”x“" (@) research, we develop a heuristic algorithm for the

D —%q a x —( E(eD)—iq x E(a.)) model. The algorithm can be described as two stages
A= g T g ™ The first stage is to reduce the scale of feasible
\/V(ED)+§":qrinXinV(amn) solution space and the second stage is to seaech th

optimal solution in the feasible solution space.

T . . Assume the case that the manufacturer plans to

distribution N(0.1) - and Te Ap_i?bab"'ty density purchase three types of materials and each kind of

f jezdt and Eq.(13) material has three candidate suppliers. The specifi
21 = steps are as follows:

we can easily knowl follows standard normal

function of 1 is: ¢g(A)=

becomes
N, » First Stage: Reduce the scale of the initial fdasib
E(SD)_gqmnanE(amn) solution according to the characteristics of the
Pridz- ~ 20 (20 model
V(D) + 2 a.x.V(a,,) Step 1: Find all initial feasible solutions that ene
the constraints in Eq.(9) and the initial
2I'herefore feasible solution space is denoted By
' . Each feasible solution can be formalized as
E(eD)- qunxmnE(C’mn) S=(s1,52,53), wheres; represents the order
pi(8)s- = @1 aIItl)cgtion soll:tion( in thei t)h feasible
92 2 solution, namely; = (Gi11, G2, Oixs
\/V(‘ED)+ nZ:lqmnxmnV(amn) Step 2: Set the minimum procurement batch for each
type of material, which is denoted lsy, Is,
That is, deterministic equivalent to the chance and Is; respectively. The value ofs; is
constraints in (13) is related to specific material. Led, denote
the average supply capacity of each type of
%qmnanE(amn)‘Wl(g) V(ED)J,%Q;HX;HV(%”) material, o, denote corresponding
i = variance angh the average price of material
= E(eD) i. Let ml=po] / 4, , which indicates the
(22) _ _ - availability and supply stability of material
However, Eq.(21) is non-linear. Ldb'=éD , i.Obviously, the smaller this value is, the
E(0Tn) = My We have smaller the corresponding procurement lot
size will be. Then, we have feasible solution
S -1 &2 2 ' SpaCdl
;ﬂmnxmn —¢(9) nZ_lgmnan 2D - Step 3: Sort the objectives of the model accortiing
N, N, decision maker’'s preference, denote Ipy
(2 X ) -2D 2 Hun X + (D )’ j=1,2,3. The priority of the objective is
. _ associated with the weight of each objective
2((0’1(9))2210mnxmn that we will discuss in stage 2. Perform the

constraints in turn that correspond to the
order of the objective, we have new and
smaller-scale feasible solution spate

Step 4: Conduct the constraints that correspond to
the chance constraints in Eq.(13) and (14)
and we might achieve new feasible solution

(23)

By using the method presented by Bilsel[13], we can
linearize the Eq.(23) , and we will not go entetoin
detail here.The transformation process of Eq.($4) i
the same as Eq.(13). Then, the model above is
It_ransforr_neg _mtto a determlnls_tlc mulélplle objective space and further denoted By Then, we
INéar mixed integer programming model. recognize it as the final feasible solution

31 A Two-phase Approach space which satisfies all constraints in the
model

For small-scale problem, Lingo or some other, giage 2: Find the optimal solution in the feasible
mathematical programming software can be used to  gojution space using the improved non-

solve it directly. However, it may not achieve preemptive goal programming method. The

optimal or satisfactory solution within effectiviene specific steps are as follows
for large-scale problems. There are several Step 1: Consider each objective function as the
approaches to solve multi-objective linear optimization goal and ignore other

programming problem[15]. Bilsel et al. further objectives under spadé and work out the

pointed out that the result of the non-preemptivalg



28

Int. ] Sup. Chain. Mgt Vol. 3, No. 3, September 2014

corresponding optimal value, denoted as To evaluate the performance of proposed model and

the ideal value ofZ, , Z, and Z, respectively algorithm, the following computational experimest i

Step 2: Assign the weight for each objective that conducted on randomly generated instances. Assume
denoted byws, w,, andws,. The value of that the manufacturer would purchase three types of

each weight is consistent with the order of materials and each of them owns three candidate
each objective in step 3 of stage 1 suppliers. We consider different settings for thee¢
Step 3: Let kinds of materials with different price, quality can
. . , capacity level. For convenience, we set the same
Z:vq(zl—%l)+V\gfzz—;2)+V\g(z3—§) and level of available rate for the same material and
z"-2) Z-2") (Z"-2) denote them byy, a, and oz and assume that they
find the best solution that keeps the value of follow normal distribution N(0.9,0.4) N(0.7,0.12)
z the smallest in spacé and denote it as and N(0.8,0.08)respectively. The basic data of the

S =(s S, 8). Then, S is the optimal ~ model is shown in Table 1.
solution that we are searching for.
4. Numerical Example

Table 1. Stochastic capacity data of each supplier

m n Prn Umn F'mn Kmn Hm Sn Omn Ism
1 1.08 70 0.93 0.4 0.2 0.24 1.0( 5
1 2 1.12 80 0.94 0.4 0.2 0.24 0.7( g
3 1.20 90 0.94 0.4 0.2 0.24 0.81 5
1 7.13 40 0.98 0.2 1.6 6.56 0.3( 1
2 2 8.20 50 0.98 0.2 1.6 6.56 0.62 1
3 9.08 100 0.99 0.2 1.6 6.56 0.44 1
1 4.45 50 0.94 0.3 0.9 1.84 0.5 2
3 2 4.56 60 0.96 0.3 0.9 1.84 1.0( 2
3 4.78 70 0.97 0.3 0.9 1.84 0.46 2

Follow the steps of the algorithm indicated in &ect Z =418481 , Z,=43291 and Z =65022 We
3.2, we reduce the scale of the feasible solujpars
from the initial 60 million to 7 million and finaflto
300 thousands. Then, the ideal values illustrated i
step 1 of the stage 2, that is

consider different kinds of weight combination
scenarios and reach corresponding solutions as
shown in Table 2.

Table 2. Optimal order quantity allocation solution undeffetient weight

(s;.83,83)

(Wi, ) (Ch1» Gho» Clis) (S (q;r q;Zv q;,3)
(2.0,0.0,0.0) (70,40,40) (20,50,80) (40,60,50)
(0.0,1.0,0.C (0,60,90 (0,50,100 (20,60,70
(0.0,0.0,1.0) (30,50,70) (25,50,75) (45,60,45)
(0.8,0.1,0.1) (30,55,65) (21,50,79) (42,60,48)
(0.2,0.7,0.1 (0,65,85 (21,50,79 (28,60,62
(0.3,0.1,0.€ (30,55,65 (20,50,80 (42,60,48

The first three lines in table 2 show the optimal solution for these materials that material 1 gives
solutions that only consider the single objective preference to suppliers with low price and mateial
respectively in turn. For example, if the decision- gives priority to suppliers with high available
maker only care about total cost, the optimal ordercapacity. Line 4 to 6 respectively assigns greater
allocation solution of material 1 is(70,40,40), alhi  weight to objective 1, 2, and 3 and it shows that t
means purchase 70 units material 1 from supplier 1solution shown in line 4 is closely to the solution
40 units from supplier 2 and 40 units from suppBer line 1 and so as the line 5 and 6. It reveals that
The optimal solution for material 2 is (20,50,80) optimal solution for different weight level at the
while (40,60,50) for material 3. Obviously, thesea same uncertain degree is different and the gréfater
big difference between material 1 and material 2 in objective weight is, the closer the corresponding
price and unit tardiness cost, which leads to tldero
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order allocation solution to the solution regarding
objective as the single objective in the model.

5. Discussion

In this section, we will evaluate the effect of the
degree of uncertainty and different weight leval fo
each objective on the optimal solution. We consider
two different settings as shown in Table 3 wheee th
two materials has quite different characteristic.
Further, we give the procurement lot-sizing a fixed
and minimum value, that is, 1, which could provide
distinct results for us. The optimal order allooati
solutions under different conditions are shown in
Table 4-6.

Table 3. Stochastic supplier capacity data

are the same but not equal to 1, the allocation
solutions under different weight combinations are
different. However, as shown in Figure 1, order
allocation solutions under different weight
combinations have similar features: the product
guotas of the suppliers with a lower price who are
matched with material 1 which has a low price
but also a low quality level increase at first and
then decrease with the increase of the degree of
uncertainty; the product quotas of the suppliers
with a lower price in material 2 which has a high
price but also a high quality level decrease
gradually and tend to be stable. It reveals that th
subjective decisions of decision maker can affect
the order allocation solution when the level of the
uncertainty degree is fixed.

( 0,80.1,0.1) (0.2,0.7,0.1)

min Phon Umn I'mn Kmn Hm S‘n é 100| 100 ]
1 1| 108 90| 093 04 0. 0.24 7 e ol
2| 120 110[ 094 04 O0p 0.24 'Ejj w
, | 1]713] 60| 094 07 15 656 ‘é
21908| 120, 099 02 1B 6.56 L= ]
LetW={W;,W,,...W}represent the set of different g ] ]
weights combinations, wher@/=(w;;,w,,wz), and a0 —

let Si,jk = (Qsz )i,j,k :(Qu,Jk rquJk qz],Jk rqzzJk ) ’ WhICh
represents the material allocation solution under t
level of W, and the available deliver proportions for
material 1 and material 2 are;=j and ay=k
respectively. From the data analysis of Table W®,
can obtain:

When o;=0,=1.0, OW/(i =12,...n) , we have
Sik=S+1,k (i=1,2,...n-1). That is to say, when the
availability of all the materials can be guaranteed
the material allocation solution is always fixed no
matter the weight of each objective is, and the
specific material allocation solution is connected
with its price and quality level. It reveals thhet
order allocation solution of the manufacture is
fixed and has nothing to do with the weights
combination when the ordered material can be Fj
delivered on time

Whenay=a, #0 , if W 2W.(i,i'=12,...n), then

S, #S,,,(i,i'=12,.n). That is to say, when

ijk
the available to deliver proportions of materials

Table4. Comparison of solutions und

— 40
os o8 o07 o 1 oo o8 07 06

6
The average avalible to deliver ratio of each siappl

Figure 1. The optimal solution under different
conditions

Fo—a - i i i |
R T e I (
CO-1-1 717 T |
| | 207 | |
55 o7 o o5 o5
Objective Weight Level(0.2.0.7

° °
2 TadressLed
N s
8 8 8

07 o6 T o) 05 o5
The average available to deliver ratio of each erpp

gure 2. The impact of uncertainty and weight on
different objective

er different weights and o,

(W, Wo,Wz) | (@) | (G, Gia) | (01,0 z % Zs
1.00 | (40,110) (60,90) 142020 287.60 0O
0.05 | (46,104) (57,93 142533 287.64 0
(080.1.0.0) 55 (56,94) | (52,98) 143473 287.44 6.76
0.75 | (60,90)| (45,105) 144824 287.40 5580
0.65 | (58,92)| (45,105) 1576.60 287.42 279|34
(020701 095 (40110) (57,09) 142650 287.681.80
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0.85 | (40,110)] (51,99)] 1441.67 287.60 112|20
0.75 | (40,110)| (45,105) 1461.41 287.50 195/80
0.65 | (40,110)] (45,105) 184118 287.50 405|70
0.95 | (46,104) (57,93) 142533 28764 0
0.85 | (56,94)| (51,99)] 1435.88 287.44 0
(0301.08) =575 (68.82) | (45,105] 144609 287.52 0
0.65 | (58,92)| (45,105] 1576.60 287.42 279|34

Table5. Comparison of solutions under different weightscaare o,

(Wi wWog) | a1 | dp | (GhGh) | (G5 Gi) 72) 2 z
0.95| 0.85| (46,104) (52,98 1435.93 28754 6.76
(0.8,0.1,0.1) 0.85| 0.75| (56,94)| (45,105) 1447.83 287/44 0
D 0.75| 0.65| (68,82)| (45,1050 1568.11 28732 13950
0.65| 0.55| (58,92)| (45,105) 2313.91 28742 420.34
0.95| 0.85| (40,110 (51,99 1438.30 287,60 41,80
(0.2,0.7,0.1) 0.85| 0.75| (40,110) (45,105) 1453.37 287)60 112.20
A 0.75| 0.65| (40,110) (45,105) 1595.33 287)60 335.30
0.65| 0.55| (40,110) (45,105) 2345.54 287)60 546.70
0.95| 0.85| (46,104 (51,99 1437.03 28754 0
(0.3,0.1,0.6) 0.85| 0.75| (56,94)| (45,105) 1447.53 287/44 0
e 0.75| 0.65| (68,82)| (45,105) 1568.11 28732 13950
0.65| 0.55| (58,92)| (45,105) 2313.91 28742 420.34
Table 6. Comparison of solutions under different weights and «,
(W, Wo, Ws) a1 02 | (%) | (9502) Z 2 Z3
0.85| 0.95| (56,94) (58,92 1422.97 287.44  6.96
(0.8,0.1,0.1) 0.75| 0.85| (68,82) (52,98 1433.29 287.32 6.16
DR 0.65| 0.75| (58, 92) (45,105) 1454.59 28742 139.84
0.55| 0.65| (50,100) (45,105) 1849.86 287)50 412.50
0.85| 0.95| (40,110 (57,93 1429.97 287,60 112.20
(0.2,0.7,0.1) 0.75| 0.85| (40,110 (51,99 1449.71 287,60 195.80
A 0.65| 0.75| (40,110) (45,108) 1525.713 287)60 266.20
0.55| 0.65| (40,110) (45,105) 1864.62 287)60 482.70
0.85| 0.95| (56, 94 (57,93 1424.13 28744 0
(0.3,0.1,0.6) 0.75| 0.85| (68, 82 (51,99 1434.39 28732 0
T 0.65| 0.75| (58,92)| (45,105) 145459 28742 13984
0.5£ | 0.65 | (50,100 | (45,105 | 1849.8¢ | 287.5( | 412.5(

OW(i=12,...n), fix a1, 0,;#1.0, then the order
allocation solution of Material 1 is fixed, and
when a, < a, ,the allocation solution of Material

2 tend to give large quota to the supplier with a
high supply capacity gradually with the
increasing ofay; when o, >o04, the allocation
solutions of Material 2 gradually tend to give
large quota to the supplier with small supply
capacity but a low price; similarly, fix, andas,

+ 1.0, ditto for the allocation solution law of
Material 1. It reveals that when the uncertainty
degree of a material is fixed, its allocation
solution is fixed and unaffected by the
uncertainty degree of other materials and the
weight of objective

Generally, as the uncertainty degree increases, the
allocation solutions with different weight

combinations show the same characteristics. As
shown in Figure 2, with the increasing of the
uncertainty degree, the total cost increase
gradually, and the rate of increasing changes from
weak to strong, the level of material quality
decreases at first and then increases, but thé leve
of materials tardiness increase gradually

With different weight combinations, as the degree
of uncertainty increases, the allocation solutions
of different materials gradually tend to be stable.
Define that material tends to be stable after the
uncertainty degreey, and the rate of material
tending to be stable is associated with the weight
level. For example, when the decision-maker
thinks a lot of procurement cost, the materials
with a higher price achieve stability first; the
materials with a lower price and a lower quality
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achieve stability first, while the decision-maker
thinks highly of quality level. It reveals that werd

different level of weight combination, each kind [5]

of material has a fixed allocation solution with

small risk and the solution can be adopted when
the uncertainty degree of materials is almost

impossible to estimate.
Conclusion and Future Extensions

is an

chains can be crucial. This paper studies a sttichas
multi-objective supplier selection and order quignti

allocation problem with random supply capacity an

uncertain tardiness time. We derive the deternnist

equivalents for

Since the numerical

nonlinear  deterministic

material allocation solution is related to multiple
factors, such as objective weight, uncertainty degr
of supply, price of each kind of material and sgibn

can be
implementations. Future research can be down to
extend the model to incorporate other featuresh suc ;5
mechanism, multi-period decision-
making and different uncertain delivery scenarios
considering the production mode. Besides, other

as

used as guidelines in

discount

algorithms, like genetic algorithm or particle swar
optimization algorithm will also be considered to
achieve the satisfactory solutions.
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