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ABSTRACT

Three evolutionary stable strategy are received in terms of evolutionary
game model on the two groups’ decision-making based on the function of
manufacturers and suppliers to the green degree of supply chain. And
then a series of proposal is given to promoting the green management

degree of manufacturers and suppliers.
© 2013 Trade SciencelInc. - INDIA

INTRODUCTION

With theaggravation of ecologica environment de-
terioration and resource depl etioni®, each country has
paid closeattentionto theenvironmentd issue, and made
the corresponding environmentd regulation andthere-
sponsibility undertakes. At the sametime,it caused a
huge shock to the export of China. In order to over-
come the green barriers and environmental
regulation,whichisdrown up by other countries, do-
mesticindustries highly value the green supply chain
management which focusing on solving environmenta
problemd?. Itisobviousthat supplier and manufac-
turer makeagreat contribution to the Green degree of
wholechain inthe process of green supply chain man-
agement®. However, theredlity isthat supplier and a
manufacturer dwaysfinaly consider environmentd is-
sues based ontheir self-interest. Inthispaper, we can
get aseries of detailed understanding about suppliers
and manufacturerswhichisobta ned by using theevo-
lutionary gamemodd and externd factorsto introduced.
Findly,getting theanayssof theseinformation, it have
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theimportant theoretical and practica guidancefor co-
ordinatethe green devel opment of supply chain.

SETTINGAND PRINCIPLEASSUMED OF
EVOLUTIONARY GAME MODEL

Under thetwo factors of asymmetricinformation
and thethought maximizing their owninterests, suppli-
ersand manufacturersbein agame. Evidently, manu-
facturersplay amoreimportant rolein the supply chain
duetoitsgreat contributionsto the green degree. In
thiscasemanufacturers’ greenideaisachallengefor
supplier. Faced the green ordersfrom manufacturers,
supplierssupply raw materialsbased on anaysing self-
interest.,but suppliersusedto ordinary materiasinstead
of green products,the cheating often exist inreality. So
it’sabsolutely essentid to study how to reducethe sup-
pliers’ ““ breach“ andimprovethe manufacturers’ green
idea through the analysis of the evolutionary game
model“.

Inthismodel it assume supplier and amanufacturer
asthetwo sdesof game. Thefollowingisther strategy
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decisions. Thesupplier usualy takestwo measuresto
getting the green ordersfrom themanufacturer, oneis
providing green material sto manufacturers, secondis
usingacommon materid instead of greenmaterid ssup-
ply. Inthispaper using “do” and “don’t” to substitute
two decisions. For manufacturers, two situations often
existinreality. Onekind isthat manufacturer’sgreen
consciousnessisvery srong, having strict requirements
to suppliersto provide green materia. And if themate-
rid isnot getting their requirement,they will fineon sup-
pliers or take other measures. The other kind isthat
low degree of attention for environment enterpriseis
not too concerned whether the material isthe green
and even does not pursue the supplier’sfraud. Inthe
following “firmly” and “inferior”” are said two choices
according tothelevel of awarenessof manufacturer.
Then we can get the strategy combination showed in
Figurel.

manufacturer

firmly mfirmly

do firmly do infirmly

do

supplier — =
. don’t firmly don’t infirmly
don’t

Figurel: Srategy combination

Wewill denotethevariablesinvolved withthelet-
tersin order to facilitate the analysis of thereturn of
supplier and manufacturer under different conditions.
They aredl showedin TABLE 1.

Basic assumptions

e Inordertofacilitatethe calculation, weassumethe
gasaunit of raw materiasto produce one unit of
the product.

e R and R, aredifferent function valuefrom the

samefunction. Theexterna factorsaremore, such

asgovernment, thefuture potential income, third

awards, corporate brand vaue,etc. Weassumethat

R representsthe external benefits. And the number

of external benefits depends on the enterprises’

environmental management attitudeand behavior.

We agreetothat theresoluteand action timely en-

terprise can gain morethan thelack of resolveen-

terprise.

Now wecan ca cul atetheincome of suppliersand
manufacturersin different Stuations, and makethefirst
quadrant supplier revenue ca culation asan example:

Supplier revenue= production benefit - cost + pen-
aty + reward

Thenwecanget that R=q(1+ o )p, - C, + A

By the sametoken, we can get thefollowing payoff
merix:

EQUILIBRIUM ANALYSISOFTHE
EVOLUTIONARY GAME

Intheinitid stage of thegame, we assumethat the
ratio of the supplier group selection“ do” isx, “ don’t”
is1-x, andtheratio of manufacturer group selection «

TABLE 1: Explanation of lettersin theformula

letters meaning letters meaning
q Purchase quantity of manufacturer A " don’t" supplier punishment " firmly" manufacturer
) . The award of " firmly" and to provide green products
P Common raw material price FQ1 .
manufacturer from outside
i i . The punishment of " infirmly" and to provide green
P,  Ordinary commodity price R, .
products manufacturer from outside
Theratio of green materials’ price higher .
o _ _ C, General material cost
than ordinary materials’
Theratio of Green products compared to
B P P C,  Green materia cost
the common products
A "do" supplier award from " firmly"

manufacturer
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manufacturer

firmly infirmly

do ( gl+a)p,—C +4 s« gl+a)p, - C,

Supplier q(L+ B)p, —q(l+a)p, — A+ R q(1+B)p, —q(l+a)p, + R

dow’t | (pg—Cy—4y, qp, —qp, +4) (pg—Cos qp, —qp,>

Figure2: Payoff matrix

firmly “isy, “infirmly “is1-y. At the sametimewe
assumethat the suppliers’ expected profit of *“ do” ex-

pressed as ES , of “ don’t” as ES, and the average

payoff of thegroup asES. Then we get thefollowing
results

ES = y[a(1+a)p,~C,+ Al+ (- y)a@+a)p, - C|]
ES ={(p.a-G,~A)+(1-y(pa-G)
ES=XxES, +(1- X)ES,

Weassume B, = q(1+a)p,, then:

ES.[ = y(Bo _Cl + A)"'(l_ y)(Bo _Cl)
ESZ=V( % —co—A)}(l—y)( % —Coj
l+a 1+ a

ES:xyA+x(BO—C1)—y(1—x)A)+(1_X)( B, —COJ
l+a

By the sametoken, we assumethat the manufac-
turers’ expected profit of “ firmly” expressed as EM , ,

of “infirmly”as EM,, and theaverage payoff of the
groupas M -
WeassumeD, = q(1+ 3)p,,, then:

D B
EM, =x(D, - B, - A+ R )+ (1~ x{ﬁ—ﬁJr A’j

D, B
EMZ:x(DO—BO+R2)+(1—x{1+TH—l+L)

EM < (R~ A) - O, 0, B+ R)- 0+

Thereplicator dynamicsequation of supplier group
“do “ratioisasfollows (Taylor P D, Jonker L B,
1978):

dx

F(x):a =x(ES -ES)=x(1- x)[y(A+ A)+B, —l%mo—cl}

% B,+C,-C,

A+ A
showsthat dl levelsarein steady state.

BioTechnologqy —

jthen F(x)=0. This

-4 B,+C,-C,
l+a

A+ A
makeF (x) = 0, Sothesetwo pointsareal stablepoint.

Andthenthederivativeof F(x)isasfollows:

If y= ,then x=0,x=1can

dF(x) _ a- ZX){y(A+ Ay)+ B, - 150
(24

dx
Itisrequiredin evolutionary stable strategy that

dF(x)

dx

+C, —Cl}

<0(JingS, Lei L H, 2006). Through the analy-

B
sisof B, ———+C, —C , we can obtain the below
1+«
conclusons:

B
B _ 0
It ° 1+a

+C,-C>0, then

B
y(A+AO)+BO—ﬁ+CO—Cl>O,and x=11s

an evolutionarily stablestrategy.

B
If 0 -B,+C,-C, > A+ A, then
1+«
By -B,+C,-C,
y<ita ,and x = 0 isastablepoint.
A+A
BO
|f—(A)+A)< Bo_1+a+CO_C1<O,then:
B, -B,+C,-C,
If y>lta AA and
+
dF(x) dF(x)
— >0,—| <0y _1i
dx |x:0 ax |x,1 ythen x =1 isastable
point.
B, -B,+C,-C,
If y<ita and
A+ A,
dF(x dF(x
d>(< )|xo <0,#|X1 >0, then x = 0 isastable

Hn Tudian Jounual
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point.
Thereplicator dynamicsequation of manufacturer
group“ firmly” ratioisasfollows:

F(y)=2 = y(EM,~EM) = y(1- y)XR - A-R,— A)]

dt
A |
It X AT A +R _R 'then F(y)=0. This
showsthat dl levelsarein steady state.

Ay
A+Ab+R2 I:\,1andF() 0,

theny =0, y =1 arestablepoints.
If A+ A +R,—R <0,then

If

> /%-FAisz—Rl ,and y =1isastablepoint.

A
0 1 :
A i
If >A)+A+R2—Rlythen
dF dF
dyy)‘y=o< —(y)‘y=1>0.And y=0isastable
point
A
If <AD+A+R2—R1’ then
dF (y) dF(y)
dy ‘ >0, dy ‘y1<0 and y=1lisastable
point

A graphof thetow groups’ dynamicreplicationtrend
onacoordinate planeisasfollows:
Thearrowsinthediagram areexplainedinthefol-
lowing:
B, _g+c-c,
e Arrow 1 meansthatif y>1ta

A+ A
thenx tendsto 1. Similarly we can know the mean-
ing of arrow 2.

A
A+A+R R’

e Arrow 1 meansthatif X> then

————, FyurrL PAPER

y tendsto 0. Similarly we can know the meaning of
arrow 2.
From the Figure 3 we can know that

(% y)=(20),(x, y)=(02),(x, y)=12).(x y)=(0,0)
ared| saddlepoint and not theevolutionarily stablestrat-

egies.

B,
-B, ~ ﬁ?
l+a +( \ 4
L

2

A,
A, +A+R,—R
Figure3: Schematic diagram of two groupsof evolutionary
game

CONCLUSION

Therearethree evolutionary stable strategiesinthe
processof thegame:

B,
o ifB, —ﬁ+co —C >0 then x = 1istheevo-

lutionary stable strategy. In this casethe supplier
groupsarechosen “do” strategy. From theview of
strategy equilibrium, in order to encourage suppli-
ersto providegreen raw materia's, need manufac-
turer order green materias priceishigher thanthe
ordinary material prices, then wedraw out daily
often seeproblems. Manufacturershopeto get green
materias, but they arenot willingto pay ahighprice,
and just imposethe cost to the supplier. So, in or-
der to get the better green effect, manufacturers
should taketheinitiative to share green raw mate-
ria cost with suppliers. Inaddition, manufacturers
need achievelarge centralized purchasing, thiscan
aso promotethesupplier conscioudy providegreen
materids.

o if A+A+R,—-R <0, then y=1 is balanced
strategy. Inthiscase, all manufacturershave cho-
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senthe“‘resolutely” strategy. Fromthisequilibrium
point of view, inorder toimprovethemanufacturer’s
green consciousness, we can adopt the measures
by the government and other externd organizations
to improve the award on the enterprise”. This
awardisnot simply adirect reward, alsoincludes
thefuture potentia benefitsand theenhance of brand
va ueby theimplementation of green management.
In addition, when externd organizationstekeanin-
centiveto enterprises, they should strictly distin-
guishtherank of enterprisebased ontheenterprise
green awarenesslevel. In order to haveagoodin-
centivesto enterprisein system of prize external
organizations must widen the difference.

Meanwhile, A, A,should not too high, company
need aproper distribution.

if(li— Boj_(co ~C,)=A > A then The
+a

supplier groupswill choose “not” strategy, which
should be appropriate to increase the amount of
A,. However, thisasoleadsto aconclusonthat is
contrary to the conclusion of the second. So we
can consider the establishment of thethird party to
assumethereward and penalty function, manufac-
turerswill beisolated. Thiscan not only reducethe
manufacturer’s profit loss but also realize penalty
amount of freetransfer at thesametime.

Based on the consideration of convenient calcu-
late. Thefactor from theabovewill beselected smply.
If wewant to make the model havemorepractica sig-
nificance, we need make aspecific assumption onfac-
torsaccording to the characteristics of industry.
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