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Abstraet

  This paper studied  the material  ordering  and  inventory

control of  supply  chain  systems.  The effect ofcontrolling

policies is analyzed  under  three different configurations  of

the supply  chain  systems,  and  solved  by using  evolutional

method  known as Differential Evolution (DE). The  nu-

merical  results show  that coordinating  policy with  incen-
tive scheme  outperfbrms  the other  policies and  can  im-

prove the performance of  the overal1  system  as well  as all

rnembers  under  the concept  of  supply  chain  management.

Keywords: supply  chain  management,  inventory control,

rnaterial ordering,  differential evolution

1. INTRODUCTION

 Recently indusuies have been fbcusing lncreasingly on

the role of  inventory in the supply  chain  fhcing wim  grow=
ing marl[et  and  global competition.  In order  to determine

the appropriate  ordering  quantity and  inventory level
among  partners in the chain,  it is impottant to find the
suitable mechanism  for coordinating  the inventory proc-
esses  that are  controlled  by independent partners
(Prasertwattana and  Chiadamrong, 2004a, b).

 With this point of  view,  this study  concerns  with  the ma-
terial ordering  and  inventory control  in three typical con-

figurations of  the supply  chain,  which  are  common  in
every  industry namely,  

"single-rnanufacturer,

 sin-

gle-retailer" chain  (single dyadic chain), 
"sin-

gle-manufacturer, multi-retaileil' chain  and
"multi-rnanufacturer,

 single-retailer"  chain.  These three
supply  chain  systems  are operated  under  three controlling
policies that consists  of  decentralized policy, centralized

policy and  coordinating  policy with  incentive scheme.  Tlie
aim of  this study  is to find the proper coordinating  mecha-

nisms  based on  the exchange  of  incentives that can  im-

prove the overal1  perfbrmance of  the chain  as  well  as  the

individual perfbrmance of  each  member.

 Sinoe mathematical  models  describing these problems
become  very  complex,  so we  apply  an  evolutional  optimi-

zation  method,  which  is arnenable  for the simulation-based

approach,  to solve  the problems. For this purpose, DiffeF
ential Evolution (DE) (Storn and  Price, 1997) is employed
to carry  out  all  numerical  experiments.  in order  to validate
the solutions  from DE,  we  compare  its perfic)rmances with

Genetic Algorithm (GA),

2. MODELDESCRIPTION

 In what  fo11ows, three models  of  the supply  chain  systems

concerned  here will  be described briefly. in all cases, we

put the fo11owing assumptions,

1. The manufacturer  uses  the periodic reyiew  with  safety

  steck  and  lot sizing  policy to control  its inventory.

2. Tlie retailer uses  the periodic rev{ew  wkh  target stock

  level (Z S) to contzvl its inventory.
3. End  customer's  demand and  delivery lead-time are  ran-

  domly generated based on  the normal'distribution.
4. For both manufacturer  and  retailer,  only  one  order  is

  allowed to be placed at any  period.

5. Production rate  of  the manufas  turer is assumed  fixed

  and  higher than the mean  demands.
7. Unfulfi11ed demand is considered  as shortages  wnhout

  backordering.

8, The service  level of  the manufacturer  (ll.) and  the re

  tailer (fi ) should  be greater than 90%.

2.1 "Sing]e
 Dyadic  Chain"  Prob]em

 [[1ie members  in this chain  consist  of  one  supplier, one

manuflscturer,  one  retailer and  end  customers  as  shown  in
Fig.1. However,  only  the relationship  between the manu-

facturer and  the retailer is considered  (the supplier  and  end
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 Fig.1 Slngle dyadic configuration

customers  are  considered･  as  external  members  in the

chain).  The supply  chain  operates  under  the make-to-stock
envirorllnent, in which  stochastic demand and  lead-time
are considered.  Tlie supplier  has unlimited  production car

pacity. Howeyer, under  uncertainty  in the delivery
lead-time. the supplier  may  delay the supply  of  raw  mate-

rials to the manufboturer.  Therefore, the manufacturer  has
to select  the appropriate  material  ordering  policy and  may

hold some  safety stock  of  finish product to cope  with  the
efTect  of  uncertainty  in demand  and  delivery lead-time.

The retaiSer uses  the periodic rev{ew  with  order  up  to the
target stock  level to control  the inventory. The  target stock
level of  the retailer  is not  only  to cover  the end  customer's

demand but arso  to cover  the effect  of  end  customer  de-
rnand's  fiuctuation as  well  as the late delivery and  unfu1-

fi11ed quantity of  products ftom the manufboturer.  (See
Tersine, 1994 for funher information about  the concept  of

inventory centro1).
 Decision variables  of  this problern censist  ofmaterial  or-

dering policy 'and safety  stock  level of  the rnanufacturer

and  target stock  level of  the retailer.

2.2"Single-Manufaeture4Multi-Retailer"Problern

 In some  situations, the assumption  of  enly  one  buyer may
not  be so  realistic, especially  when  the manufhc  turer has a
hi'gher bargaining power, and  has the ahility to supply  jts

product to more  than ene  retailer  (Fig. 2), Under
multi-retailer  case, ifany shortage exists, the manufacturer
must  make  a disuibuting decision to spread  out a ponion
of  available  units on  hand to a  certain number  of  retailers.

Special aspect  for this system  is to add  the issue of  the dis-
tributing strategy  to the problem  as  the decision variable.

23  
"Mu]ti-Manufacturer,

 Single-Retailer" Problem

 In some  situation, the retailer has higher bargaining
power in the chain.  The retailer can  select  the appropriate
approach  to allocating order  quantity arnong  the suppliers
or manufacturers.  Special aspect  for this system  as shown
in Fig.3 is to acld  the complexity  of  the order  allocation

(decision variable)  to the problem.

3. STRATEGICMANAGEMENTPOLICY

  The  details of  decentralized policy, centralized  policy,
and  coordinating  contrelling  policy wnh  incentive scheme

will be deseribed in this section,
  The  inventory level of  both manufacturer  and  r¢ tailer ar,e
reviewed  at  every  periodic time 4 (t= 1,2,.., 1) over  totally

Rntaliel Custanas

stpabcr Mmifut Retsilor2 Custotrmo

''RetalteN

tmes

F-"itdreLstiemhip

Fig.2 Single manufhcturer  and  multi-retailer

    configuration
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Fig.3 Multi-manufacturer atid single-retailer

     configuration

T  periods (planning horizons). Each period consists  of  in-
terval of  time  7)) days. The  fo11owing notations  wi11 be

used  in all models.

Pcv'cmtetens ctfmmtttLXZ)cturer

IiZi; =  Forecast dematid per period without  ififormation

     sharing  (under decentralized policy)
Fct =

 Forecast demand per period with  inforrnation shar-

     ing (under centralizeci and  coordinating  policy)
bu, =!

 Real delivery lead time ofraw  rnateriaj

lt, ==  Real delivery lead time ofproduct
L.  =  Delivery lead time contract  ofraw  material

L. =Deliveryleadtimecontractofproduct

Rl? =
 Prx)duction rate perday

Es, 
=

 Ending  stock  en  hand  level of  raw  materials

Eim, =
 Ending stock  on  hand level of  products

Esst =  Ending safety stock  level ofproducts
2mt =  Ordering quantity of'raw  materials

@t !  Production quantity ofproducts

en 
=
 Sales volume  ofproclucts  of  the manufacturer

Shi, =
 Quantity of  Shortage at the manufacturer

Omfi Ordering decision equal  1 iforder is placed, equal O
     otherwise

CostpartvneterofthemontijZlcturer
Dt  

=Endcustomerdetnandperday

c.  
=Unitpurchasingcostofrawmaterial

(p  
=Unitproductioncost
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ch, =
 Unit holding cost ofraw  material  that calculate  from

     h, %  of  unit purchasing of  raw  material  c.  or (c. '

     h,YIOO
ch.  ==  Unit holding cost  of  product that calculate from

     h.  %  of  value  of  finished preduct or  ((c. +  cp) ･

     h,yleo

c.. Unitshortagecost
cem  Orderingcostperperiod
c,  

=
 Cost for activate  fast deliyery perperiod

Pardinieters ofthe retailer

2et =
 Sales volume  of  product at  the retailer

2rr = Ordering quantity ofpreducts  at the retailer or sales

     volume  ofproducts  at the manufacturer
Ert = Ending stock  on  hand ofpToducts
S}} ==  Quantity ofshortage  at  the retailer

Costpartwneteroftheretailer

c, =Unitpurchasingcostofproduct

e. ==Unitadministrationcost

cke  
=

 Unit holding cost  of  product that calculate  ffom h. %
     of  unit purchasing c. and  administration  cost  e. or

     ((Cr'Ch)'hr)/100
e.  =Unitopportunitylostcost

Cor  
==Orderingcostperperiod

cb =Bonuscostperperiod

selL  
=
 Sales price per unit of  product

3.1 Decentralized Po)icy

 In the decentralized policy, each  member  acts  as  a  single

decision maker  aiming  to optimize  its own  profits, Sinee

there is no  information sharing  in the chain, the retailer
directly fhces with  the end  customer  demands while  the
manufacturer  receive  orily information about  the past re-
tailer's ordering  quantity without  knowing real end  cus-

tomers'  demand.  Therefore, we  consider  two diffbrent ob-

jective functions for the manufacturer  and  retailer  respec-

tively as follows.

3.1.1 Decentralized controlling  pelicy under  the manu-

     facturer's perspective
 The objective  function of  this model  is to maximize  the

profit of  the manufacturer  ( nin ).

     ･ r r r

  Mex  mn  =･ E]g-en-Zelt･Eis,-Zcin-(Evnt+Esst)
            ts1  t.] t.]

        r T T r

      -Zc""･sh--£ ch･Qnt-2cp･ot-Zce-t･Oni

       t.l t=1 t"  t=J

subjectto:

  L, ) 90%

(1)

(2)

  The  manufacturer  gets revenue  from se]ling  pToducts to

the retailer while  the operating  costs  consist  ofholding  cost

of  raw  material,  holding cost  of  prvcluct, shortage  cost

purchasing cost,  production cost  and  ordering  cost. The
martufacturer  makes  an order  of  raw  mater{al  based on  the
lot sizing  policy (decision variable). If T 

=
 6 planning ho-

rizons, 32 possib}e ordering  policies are  existed.  For ex-

arnple, the first policy may  fo11ow lot for lot policy or
make  an  order  in every  period, the second  possible policy
may  combine  order  of  period l, 2 and  3 and  then use  lot
for lot for the rest  three periods, and  so  on.  Therefore, un-
der seeond  possible policy, the manufacturer  has to pay the
ordering  cost  only  for period 1, 4, 5 and  6 (Omi, O)n-  Omj,
Om6  

=
 l), and  can  save  the ordering  cost  for two  periods

(Om2, Om3  
==
 O). We  assume  that the manufhcturer  can  start

the production at the beginning of  each  period if raw  mate-

rial on  hand is existed,  otherw{se  the manufhcturer  has to
wait  unti1  receives  ralv  material  from the supplier  at  tirne
t+imi. As a consequence,  the production quantity under  the
combine  order  condition  may  higher than lot for ]ot case
that results  in higher capability to supply  retailer's demand
(lower shortage  cost)  but incurs higher holding cost.
  Even  though the models  in this study  aims  to maximize
the profig the customer  satisfaction  seems  to be a  major

obligation. 1[herefore. the required  service level canstraint
is added  to the model  and  its lower bound is set at 90%.

3.l.2 Decentra1ized controlling  policy under  the re-

    tailer's perspeetive

 The  objective  function of  this model  is to maximize  the
profit of  the retailer  ( m  ).

           r r r

 M`t m  =  (2seiL･eg+Zc,.･thi)-Zche･M;
          l.1 t=i t=1

       r r r

     -2g,･sn-E]g･gn-2%･eg-(qer･r)
       t!i  t=]  ' t!s

subject  to:

IX, )  90%

(3)

(4)

  Revenue of  the retailer comes  from selling  products to
the end  customers  and  receiving  penalty cost of  shortage

paid by the manufacturer.  The  operating  costs  consist of

holding cost  of  producg  opportunity  lost cost,  purchasing
cost,  administration  cost  and  ordering  cost.  The  retailer

reviews  its {nventory and  rnakes  an  order  at  every  periodic
epoch  timc  t, so  the ordering  cost  is simply  calculated  by

multiply  ordering  cost  with  the number  of  planning hori-
zons.  Again, the lower bound of  the service  leve} is set  at

90%.

32  Centralized Policy

 The  traditional coordinating  policy views  the system  as

one  entity and  there is one  central  planner who  makes  all

decisions to maximize  the profit of  the entire chain  (nir).
Under this situation, the fu11 information sharing  is imple-

mented  and  customer  service  leyel should be greater than
or  equa1  to 90%.

  -da lls = nm  +  nr

subject  to:

IZ, 2 90%

(5)

(6)

183



The Japan Society of Mechanical Engineers

NII-Electronic Library Service

The  JapanSociety  ofMechanical  Engineers

3.3 Coordinating Pelicy

 ln th;s perspective, the retailers and  the manufacturers
agree  to fonn a chain  and  exchange  incentives to
strengthen  their relationship.  Therefore, fu11 information
sharing  is also implemented throughout the system.  Under
this policy, we  focus on  a  situation where the manvfactur-
ers  offer the discount an  (additional decision variable)  to
the retailer for each  purchase unit beyond the break point A.
The discount is an  incentive that the manufacturer  offers to
the retailer to increase its sales volume.  At the same  time,
the retailer offers  a  bonus to the manufboturer  as  an  ex-

ehange.  The  bonus (BD {s paid to the manufacturers  only

when  the products are  delivered to the retailer at the coF
rect  quantity (ESin, 

=
 O) and  on  time (4 ==

 O). In arder  to pr"
vent  shortages,  the manufacturer  may  need  to keep more
stock; also  in erder  to deliver the product on  time. the
manufhcturer  may  need  to pay an  extra  cost  (Cn) to gain
extra  effbrt  for such  activities. So  the manufaeturers  will

make  a  decision whether  to accept  (B =  1) or  rej'ect  (B =  O)
the bonus incentive (additional decision variable),
 The  objective  fimction of  this model  is also aimed  to
maximize  the profit of  the chain  ( nof ), same  as  the eentral-
ized model.  However, by adding bonus and  quantity dis-
count  cost  to the system,  the f(rmulations for ealculating
prefit of  the manufacturer  (n},g･) and  profit of  the retailer

( nu' ) are  modified  as fo11ows:

nof =  nhti

      r

by
     t=1

    r

ny

where:

Cr=

Bt=

+nij

 rT
=(Zcr'9i+Z&)-Zcht･Est

t=1t;1T

T
-Zop.･rEhat+Esst)-Zc,.･sint-Zc.･eint
t=1T

Tt=1r-ZepJ2pt-Zcom･Omt-ZCtt
t=1r t=trt=1T

t=1

=(Zsae-･gq+Zcsut･S,e)-Zchr･E}t
t.1T

Tt=1T･t=1
-Zesr'Sit-Zcr'9euZca･2ct-(%r･r)
 t=l
 T-Z&

 t=1

er((cr

 xA)

t=1 t=1

if eoo sA

               d
+fer

 J(9olt 
-'A)(i'(i6tao

 2Vi eon otherwise

cboifB=1  and  lt sO

othenvise

(6)

(7)

(g)

(9)

(IO)

ce  =

a,

cto

)

if B=  1 and  4 >O  and  Sbtt =O

othe

oo%

rwise

4. SOLUTIONTECHNIQUE

(11)

(12)

 In single dyadic chain  under  decentrulized and  centrul-

ized pelicies, there are  three decision variables,  which  am

the discrete lot sizing of  the manufacturer,  the safbty stock

kept at the manufhcturer,  and  the target stock level at the
retailer. Tlien, the decision of  the manufac  turer to accept  or

reject the bonus, and  quantity discount rate are  added  when

the incentives are offered under  coordinating  policy. The
last two decision variahles  that consist  of  the disuibution
ofproducts  to each  retailer and  order  allocation ofproclucts

to each  manufhcturer  are  belonged to 
"single-manufacturer.

multi-retailer"  and  
"multi-manufacturer,

 .single-retailer"
problems, respectively.
 Due  to insufficiency of  traditional optimization  tech-
niques  in soaving  such  complicated  models  involving inte-
ger variables, we  se}ect  to use  the evolutional  optimization

methods  like DE.  [[1ie outline  of  only  DE  is given below.

Step1. Generate randomly  every  n-dimensional  
"target

     vectoil'  to yield the initial population, an  example

     ofwhich  chromosome  is shown in Fig. 4.

      Xi,G  (i=1,2,...,M),

     where  subseript  G  is the generation number  and  M
     is the population size.

step2. Create each  
"mutcmt

 vector"  by adding the weighted
     diffbtence beSween  two  target' vectors  to the third
     target vecton  (These three vectors  are chosen  ran-

     domly ameng  the population.)

      Vi,G+1  
=X3,G

 +F(X2,G  
-xl,G),(i

 
=1,

 2,...,M),

     where  F  is a  real and  constant  in [O,2].
step3. Apply  the crossover  operation  to generate the 

"ti:ial

     vector"  "i,G",(i=1,2,...,M)by  mixing  some  ele-

     ments  of  the "target
 vector"  with  the "mutant

 vec-

     toil' through eornparison  between randorn  value

     and  crossoverconstant  (see Fig.5).

         i=1  ... i=M

j'1

j`n

11I1''//tnd'/'1'1'1=i",/t1oI

 olllllmp,,ii,,,./11

  BinaryCodingfororderingpe]icy

   1:Orderisp]aced

   O: Order is not  Placed
    (cembineoraerwith
     formerperiods)

-)
 Integer Cod{ng for safety  stock  Tevel

-)lntegerCodingfortargetstockleveT

Fig.4 Example  of  DE's  coding
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J'= 1234567

eo

J= 1

   
LT-.

Targctvectofcontaining

 the pararneters 1li e
     eLl, 2, ･･･ ,7)

234567

nel UiG.1

vMutantvector L-.-.-,TTialvectoT

Fig. 5 Example of  crossover  process for n  
=
 7

step 4,

Step5.

       fV,'i,o+i if(randt(j)SCR) or  J'=rnbr<i)
"ji,G'i=1xJ,,G

 if(randqJ')>CR) and  J'#rnbt<i)

     J'=1,･･･.n
where  izvidZ,U)  is the J'th evaluation  of  a  uniform

random  number  generator, CR  is the crossover  con-

stant E  [O,1], and  rnbt<i)  is a  randomly  choseri  in-

dex in {1, 2,.,,, n}  which  ensures  that Ui,G.i gets

at least oneparameter  from Vi.G.l, Tllen, evalu-

ate the perfbrrriance of  each  vector.

If the "trial
 vector"  is better than the L'target

 vec-

tof', the "trial  vector"  replaces  the "tmget

 vector".

Otherwise, the "inrget

 veetor"  is remained.

TherefoTe, the members  of  the new  population for
the next  generation will  be selected  in this step.

Check the pre-specified stopping  condition,  If it is
satisfied, stop and  return the overa11  best vector  as

the final solution.  Otherwise, go  back to Step 2 by
incrementing the generation number  by 1 .

5. NUMERICALEXPERIMENTS

tire chain  of  
"single-manufacturer,

 multi-retaileT" problem
wnh  three different contrz}11ing policies. The result shows

that DE  can  attain  the better profit than GA  fbr every  case

with  shorter  computation  time (within at most  severa1  sec-

onds  using  recent  ordinary  PC). This is because the binary
coding  employed  by GA  makes  the length ofchromosome
extremely  long according  to the increase in the number  of

decision variables. In contrast, DE  needs  only  the same
number  of  length as  the decision variables.  Relying on  this

facg we  will  discuss the consequences  based on  the results
obtained  only  ffom DE  hereinafter.

Table  1 Pararneter employed  in numerical  experiment

Inutrameter Value
DhFct Normal(loOO,2sO)

unitserda

Fd, Normal(leeo,3se2)xT
unitsereriod

lmhlrt Normal2,1das
Lm,Lr 2das
PR 2000unitserda
T 6eriods

T 1Oda
Costarameter Value

Com)Cer $SOOerorder
Cm $150erunit
e $350erunit
ht 1.50/oofrawmaterialvalue

hm,hr 20/oand3"loofroductvalue
Csth $15erunit
ct $1,OOOereriod
er $570erunits
Ca $100erunits
hr 3"/oofreductvalue
csu $20erunits
Cb $l5,OOOereriod

seUr $760erunits

 Numerical experiments  are carTied  out  under  the fo11ow-
ing conditions  and  use  input parameters as shown  in Table
1, End custorner  demands per day at each  retailer and  de-
livery lead-times .are randomly  generated under  the normal
disnibution. For DE,  population size =  20. constant  of  mu-

tation (weight) 
t
 O,9 and  crossover  constant  

=
 O.5. Stop-

ping generation of  single  dyadic chain,  multi-retailer  chain

and  multi-manufacturer  chai'n =  3000, 10000  and  10000,

respectively.

 To exam{ne  the perfbrmance ofDE,  we  applied  also  GA
to solve  the prob}ems (Prasertwattana and  Shimizu 2005).
For GA,  the crossover  rate  and  mutation  rate  ==  e.5 and  O.2,
respectiyely.  The other  values  are  set  as  same  as  DE.

5.1 Comparison ofthe  Results between  DE  and  GA

 A  comparison'of  the results between DE  and  GA  are

shown  in Fig.6. This figure illustrates the profit of  the en-

 ptee

 2.65
t}-2

 2.60

 " 2.55･re

 g 2.so'

 -ta 2.45
 & 2.40
 g 2.35
 o

 £  2.30

 ℃ 2.25
 at 2.20

£ Manufacturer's Centralized

 Perspective Policy

       Oontrvllingpolicy

Coordinating

  Pelicy

Fig. 6 Comparison of  the results  between DE  and  GA
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52  Resu]t of  Single ,Dysdic Chain Problem
 Without  information sharfng  under  the decentralized pol-
icy, the manufacturer  has to forecast the demand  based on
its local information and  is usually  faced with  the problem
ofemor  production seuing.  By 

'introducing
 the centralized

policy with  fu11 information sharing  to the system,  the fi-
nancial  perfbrmance of  the manufacturer  and  the chain  are

improved compared  with  the case  of  the manufboturer's

perspective as  shown  in Fig.7.
 However since  the retailer  always get the informadon at
the point of  sale, sharing  fu11 information has less influence
on  the renilen  So the centralizod  policy fails to improve
the perfbrmance of  the retailer when  compared  with the
case  under  the retailer's  perspective. Then  an  incentive
scheme  is introduced as a coordinating  mechanism  be-
tween  partners in the chain.  As  a  result,  the profit of  all

partners and  the chain  can  be increased, or  it becornes to
achieve  a  win/win  situation.

53  Results of  
"SinglerMsnufacture4

 Multi-Retailer"
    Problem  and  

"Multi-Manufacture"
 Sin-

    gle-Retailee' Problems

 The  manufacturer  tends  to dominate  the chain  under  
"sin-

gle-manufhcturer, rnulti-retailer" problem. When  the aim is
to maximize  the profit of  only  one  party, it generates the
lowest profit of  the chain  in comparison  with  the other
policies as shown  in Fig 8. When  the aim  is to maximize
the profit of  the entire  chain  as in the case  of  the central-
ized pblicy, it is found that the profit of  the whole  chain

can  be inereased. However, no  improvement on  the manu-
facturer's profit in this case  may  prevent the manufacturer
from forwarding the plan. In contrast,  by virtue  of  ex#

changing  ineentives among  the manufacturers  and  the re-
tailers. a  winlwin  garne for all parties can  be achieved  as

known ffom the result  ofcoordinating  policy.
 Moreover. the results of  

"multi-manufacturer,
 sin-

gleretailer" problem are come  out  to be the sarne as 
"sin-

gle-manufacturer, multi-retailer" problem  that the coordi-
nating  policy can  generated the best profit for all members
and  the supply  chain  system.
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6. CONCLUSIONS

 This paper presented the material  ordering  and  inventory
control  policies of  single dyadic chain, 

"sin-

gle-manufacturer, multi-retailer" as well  as
"multi-manufacturer,

 single-retailef'  prob}ems. By  imple-
menting  the evolutional  rnethods  like DE  and  GA  to solve

the problems, it reveals  that both methods  can  solve  fa.
vorably  the complicated  mathematical  models,  but DE
outperfbrms  GA  in accuracy  of  the resulting  solution. The
results of  the numerical  experiments  illustrate that the in-
centive scheme  introduced in the coordinating  policy can
generate a  winlwin  situation for all members  and  improve
the perfbrmance of  the entire chain  for all three configura-
tions of  supply  chain  systerns.
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