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Abstract

This paper takes fuzzy demand and consumers’ channel preference into serious
consideration so as to construct the decision-making model of dual channel supply
chain inventory under the circumstance of dual channel supply chain system made
up of one manufacturer and retailers for the sales of a single product. It carries out
the optimum analysis, obtains the optimal inventory strategy of manufacturer and
retailer and further analyzes the inventory decision making of both sides in the
supply chain and variation of fuzzy expected profit with channel sales price, fuzzy
demand and consumers’ online channel preference rate. The result shows that the
selling price of dual channel has a definite impact on the inventory decision
making of supply chain and fuzzy expected profit. With great fuzzy demand,
manufacturers and retailers tend to increase inventory. Fuzzy expected profit of
both sides on the supply chain and total fuzzy expected profit of the supply chain
will fall down, and the fuzzy expected profits of the retailers decrease
significantly. The increase of consumers’ online channel preference rate will lead
to the increase of manufacturer's inventory and the decrease of retailer's inventory.
The total inventory of supply chain will increase slightly. At the same time, the
manufacturer's fuzzy expected profit will increase while the fuzzy expected profit
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of retailer and sully chain will decrease.
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1.Introduction

Withtheincreasingpopularityofinternettechnologyand
rapiddevelopmentofe-commerce,manyenterprisesintr
oducethenetworkmarketingchannelwhileretainingtra

ditionalretailchannelsatthesametime.Ontheonehand,t
hisdual-channelmarketingmodelenlargesthemarketde
mand.However,therearecompetitionsbetweennetwor

kmarketingchannelandtraditionalretailchannel,resulti
nginchannelconflicts.Manyscholarshavestudiedthepr
icingstrategyandcoordinationmechanismofdualchann
elsupplychain.Onthebasisofmanufacturer ’smarketing
channel,KongZaojielYetalhavestudiedtheinfluenceofr
etaileropenelectricchannelonthesupplychain.Thispap

errespectivelystudiescentralizeddecisionmakingando

Published by: The Mattingley Publishing Co., Inc.

ptimalpricingandprofitproblemofretailersandmanufa
cturersundertheStackelberggamescatterdecisionmode
. YongweiZhou®hasstudiedthepricingstrategyofdual
channelsupplychainunderthealtruisticbehaviorandcha
nnelpreference. Theresearchshowsthatthechannelpref
erencecoefficientofconsumers,theloyaltyofconsumer
retailchannelandthealtruisticbehaviorofmanufacturer
sandretailershavedefiniteimpactonthepricingdecision
ofsupplychain. Theimpactofmanufacturers’altruisticb
ehavioronthepricingdecisionofsupplychainisgreatert
hantheimpactofretailers’altruisticbehaviorontheprici
ngdecisionofsupplychain.WangXianjia™letalhavedisc
ussedthecoordinationstrategyofdualchannelsupplych
ainofuneconomicalscaleofproductioncharacteristicsa
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ndproposedtheproductpricingandoverallprofitofdualc
hannelsupplychainundercentralizeddecisionmakinga
nddesignproposalofwholesalepriceandgainsharingco
ntractunderscatterdecisionmodel.ZhouJianheng!“etal
havesetupthethreechannelstructuresofsingleonlinema
rketingchannel,perfectcompetitionbetweenretailersan
dmanufacturersandjointproductionbetweenretaileran

dmanufactureranddiscussedproductexperiencebaseds
upplychainchanneloperationcombinationandcooperat
ionconditionsonthebasisofthedifferencesbetweentrad
itionalchannelandonlinechannelcausedbyproductexp
erience.However,therearefewresearchesonlogisticsco
nflictsofdualchannelbyscholars.Logisticsconflictsind
ual-channelsupplychainaremainlyreflectedintheware

houseproblemofonlinemarketingandtraditionaldistrib
ution.Fuzzydemandandchannelpreferencedirectlyaff

ecttheinventoryandrevenueofmanufacturersandretail

ers.Therefore,itisparticularlyimportantformanufactur
ersandretailerstoadjustinventorylevelsunderthecircu

mstanceoffuzzydemand.Onthisbasis,thispaperstudies
theinventorycontroloptimizationstrategyofdual-chan

nelsupplychainunderthecircumstanceoffuzzydemand

Somescholarshavestudiedtheinventoryproblemofthe
dual-channelsupplychain.Basedonthestudysubjectofd
ualchannelsupplychainsystem, LiLi®etalsetuprelevan
tinventorydecisionmodelfortheoptimumsolutionwhil
etakingintoaccountofconsumers’preferencesforchann
elselection. Theresearchshowsthatthegreaterdemandu
ncertaintyis,themorelikelymanufacturersandretailerst
rendtoincreaseinventoryandthegreatertheprofitlosses.
However,increaseofonlinechannelpreferenceratewilll
eadtotheincreaseofmanufacturerinventoryandtheloss
ofprofitsofretailersandsupplychains.BaiQingguo®eta
Ihavestudiedtheoptimalinventorystrategyundertheset
wodistributionchannelsindualchannelsupplychainand
thecombinationoftraditionalmarketingandonlinemark
etingforcustomers’demandbydistributors.Mixedinteg
eroptimizationmodelofnon-perishableproductsandpe
rishableproductsaresetupwhentheorderingcostinthesy
stemisofcertainlearningeffect.Researchshowsthatthis
systemcangainmoreprofitwhenthereislearningeffecti
nsupplychainsystem.PandaS! etalhavestudiedthepric
ingandreplenishmentstrategyofdualchannelsupplych
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ainofacertainhigh-techproduct. Theproductcostisredu
cedwiththetime.Optimalpricingandreplenishmentstra
tegyforsupplychainsystemiscalculatedifthemanufactu
reristheleaderofStackelberg.ltthenproposesthecoordi
nationmechanismtoalleviatethechannelconflicts.Base
donthedualchannelsupplychainsystemintheonlinemar
ketingchannel, YangJQ®etalhavestudiedthechanneltr
ansferbehaviorofconsumersintheshortageofgoodssup
ply,inventorycompetitionofperishableproductsandex
pandedtheclassicnewsvendormodelsoastoobtaintheo
ptimalorderquantityoftheretailerandtheoptimalinvent
orylevelofthemanufacturer. TaoF®letalhaveintroduce
dcarbonemissionconstraintsintothedual-channelsuppl
ychainandstudiedtheinfluenceofcarbonemissionconst
raintsonsupplychaininventorystrategyandcoordinatio
nmechanismbysettingupmulticycledynamicplanmod
el.FanChen™”etalhaveproposedthecontractdesignof
VMlIsupplychainofownershipsupplieraccordingtothet
woinventoryreplenishmentstrategies(r,Q)and(s,S)and
providedtwofeasiblerisksharingcontractformbyusing
risksharingidea.Duetotheuncertaintyofdemandofsupp
lychainsystemindualchannelcompetition, Liuzheng™
letalconstructtheinventorymodeandshortagemodelofd
ualchannelsupplychainandanalyzetheinfluenceofshor
tagelosscostanddemandfluctuationonthesupplychain
aswellasthecostofthesetwomodeswhiletakingintoacc
ountofdemandfluctuationintheearlystage. Theresultsh
owsthatthecostunderindependentinventorymodeishig
herthanthecostofdualchannelunderthejointmode. Inter
msoftheinventorydecisionproblemofthetwostagesupp
lychainundertherestrictsofthreecarbonpolicies, YiDon
gboetal.*lexplorehowtoachievetheminimumtargetof
thetotalcostunderthedifferentcarbonpoliciesfromthep
erspectiveofenterpriseandstudythemodesunderthediff
erentcarbonpolicies.Itisprovedthatenterprisecanreduc
ethecarbonemissionswithoutincreasingthetotalcostsi
gnificantlyunderthereasonablecarbonpoliciesoftwost
agesupplychain.Atthesametime,underthecarbonquota
andtradingpolicy,enterprisesplayincentiveroleinreduc
ingcarbonemissionswiththeincreaseofcarbonprice.

Itcanbefoundthatthecentralizedmanagementofmostof
theassumedsupplychaininventoryisinconsistentwith

managementinventoryontheactualsupplychainwithou
tconsideringtheinfluenceofconsumers’channelprefere
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nceonsupplychain.Inaddition,mostoftheabovestudies
regardmarketdemandasarandomvariableofacertaindis
tribution.Infact,duetotheinsufficienthistoricaldataand
information, itisdifficulttodescribethehigh-techprodu
ctswithshortlifecycleandchangingmarketdemandbyu
singaccuratedataandprobabilitytheory.Instead,weonl
yhaveavagueunderstandingofthechangingdemandsitu
ation.Therefore,fuzzymathematicaltheoryissuitablefo
runcertaintymodeling.Ithassetupsinglestagesupplych
ainmodelinliterature™**®underfuzzydemandcircumst
ance.Variablemarketdemandisshownintrianglefuzzyn
umberanditsparameterisdeterminedbyexperts.Howev
er,mostoftheirresearchesfocusonfuzzypricingandcoor
dinationmechanismofsupplychainandtherearefewrese
archesonthefuzzyinventoryindualchannelsupplychain
.Basedonthepreviousresearchresults,thispaperregards
marketdemandasafuzzyvariable,setsupdecision-maki
ngmodelofdualchannelsupplychaininventoryunderth
ecircumstanceoffuzzydemandandconsumerchannelpr
eferenceandanalyzesthefuzzydemandandtheinfluence
ofchannelpreferenceonmanufacturer,retaileroptimali
nventorylevelandfuzzyexpectedprofit,thusprovidingp
referencebasisforinventorydecisionmakingofrelevant
enterprises..

2.TheFuzzySetTheoryandModelDescription
2.1.TheTriangularFuzzyNumbersandTheirPrope
rties

Definition1.Calledthetriadicarray A=(d, d,d)

astriangularfuzzynumber,ifandonlyifitsmembershipf
unction z,, : x = [0, 1] satisfies:

Hixy = xe[d, d] @

Here d
iscalledthecenterpointoftriangularfuzzynumber, d and

d arecalledthelowerandupperinfimumof A ,ifd >0, A

iscalledpositivetriangularfuzzynumber,when

L(x) = x-d isastrictincreasingfunctionof

xeld, d] , d-d
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X ,when xe(d, d] , R(x):‘i‘x
d-d

isastrictdecreasingfunctionof x.

Definition2.Let A

beafuzzysubsetofthedomain,let'scall

Aefo, 1 letscallit A, ={x|u;, =1} let'scallitthe 2
interceptof A ,where 1 istheconfidencelevel. A,
canbeexpressedas A, =[L*(4),R™(4)] ,where L*(1) and

R*(2) aretheleftandrightboundariesof A, ,here
L' (A) =inf{xeR:p;,, 24} and  R*(1)=sup{xeR:
Mo Z A} -

Forany A€l0, 1] the A
interceptsetoftriangularfuzzynumber A=, d,d)
canbeexpressedas L'(A)=d+(d—-d)A ,

R*(A)=d—(d—d)A.
Accordingtotheexpansionprincipleoffuzzyset,itcanbe
obtained:

Propertyl.If A
isapositivetriangularfuzzynumber,forany
A€[0, 1], thereis

. kL' (A), kR (A)], keR*
kAi:{[ (RGN, keR™ )
[KR*(4), KL*(2)], keR
Property2.Notethat B, =[L; '(4),R, (W] and
C, =[L (AR ()] arethe A
interceptsetsoftriangularfuzzyNumbers B and C
respectively,then
B,+C, =[L; (1) +L'(A), Ry () +R (A 3
B, —C, =[Ls (AR (A, Ry () -L ()] ®)
Property3.1f A

isatriangularfuzzynumber,theexpectedvaluecanbeexp
ressedas

ELA] = [JIL () + R (110 @)

2.2.SymbolDescriptionandModelDescription

Thispaperstudiesthedualchannelsupplychainsystemm
adeupofmanufacturerandretaileraswellasthejointsales
ofakindofhigh-techproductwithshortlifecycle.Duetot
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heinsufficientdatainformationforhigh-techproducts,t
hedecisionmakerscanonlyhaveavagueunderstandingo
fthechangesinmarketdemand. Therefore,thispaperreg
ardsthetotalmarketdemandofmanufacturerandretailer

astrianglefuzzyvariables b , D=(, d,d) , and
0<d<d<d Amongthem, d
isthecenterpointoffuzzydemand D D
ismarketdemand. d and d

arerespectivelytheminimumdemandvalueandmaximu
mdemandvalue.Thevalueof d , d and d

aredeterminedbyexperts.Inthesupplychainsystem,reta
ilersareresponsiblefortraditionalsaleschannelwhilema
nufacturersareresponsibleforonlinesaleschannel.Con
sumerswilltakeintoaccountofproductprice,spendtime,
travelcostandotherfactorsinproductpurchasing. Theref
ore,twotypesofconsumers,preferenceretailchannelan
dpreferenceonlinechannelcomeintobeing.Itisassumed
thatthesetwotypesofconsumerdemandareindependent
randomvariables.Manufacturersandretailersinthesup
plychainholdinventory.Theinventoryofmanufacturers
isusedtomeetthedemandofonlinemarketingchannelw
hiletheinventoryofretailersisusedtomeetthedemandof
offlinechannel.

Thissystemfocusesontheoptimalinventorystrategyof
manufacturersandretailers. Therefore,thewholesalepri
ceandretailpriceoftheproductsareregardedastheextern
alvariables.Therevenuesofmanufacturersmainlycome
fromsalesrevenueofonlinemarketingchannel,retailrev
enueofwholesalesalesandresidualvalueofresidualprod
uctsandthemanufacturers’costsconsistofproductionco
stoftheproduct,stockholdingcost,productdistributionc
ostofnetworkmarketingchannelandshortagecost. Ther
evenuesofretailersarethesalesrevenueoftraditionalreta
ilchannelandresidualvalueofresidualproductsandther
etailers’costsincludeproductorderingcost,stockholdin
gcostandshortagecostoftraditionalretailchannel. Thes
ymbolandsignificanceofmodelisshowninTablel.

Tablel.SymbolsandTheirMeanings

Sy

m

bo
I

Meaning
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Q
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Thepreferencerateofconsumersforinternetchannelsin
dicatestheproportionofconsumerswhoprefershoppin
ginternetchannelstothetotaldemand

Demandforretailchannels( D, = (1-«)D)

Demandformanufacturers'internetchannels(
D,=aD)

Retailpriceofproductsintraditionalretailchannels

Thepriceofthemanufacturer'sinternetchannelproduct
S

Thewholesalepriceatwhicharetailerpurchasesaprodu
ctfromamanufacturer

Costperunitofproduction

Theunitresidualvalueofsurplusstock(Satisfy
s<C<w<p,<p,)

Theout-of-stockcostofretailchannelunitproducts

Thecostofout-of-stockofamanufacturer'sinternetcha
nnelunitproduct

Unitproductdistributioncostsforthemanufacturer'sint
ernetchannels

Retailerinventory

Manufacturerinventory

Totalsupplychaininventory(Q=Q, +Q,)
Retailer'sfixedcarryingcostofinventory
Manufacturer'sfixedcarryingcostofinventory

Thecarryingcostofaretailerasafunctionofinventory
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b Thecarryingcostofa manufacturer as a function of 3.ModelSolution
d

invent . :
nventory Supposethatbothretailersandmanufacturersaimtomax

imizetheirownfuzzyprofitexpectations. Thefuzzyexpe
ctedprofitofsupplychainiscloselyrelatedtotheoptimali
nventoryofmanufacturerandretailer,bothofwhichareri
skneutral,thatis,thebasisoftheirinventorydecisionsisto
maximizetheirfuzzyexpectedprofit.

7, Fuzzyprofitofretailer

7,  Fuzzyprofitofmanufacturer

Todothis,fuzzyprofitofretailer:
7 Fuzzyprofitofsupplychain

Zy = p, MiN(Q,,D,) +smax(Q, —D,,0)—1 max(D, —-Q,,0)-wQ, —(a, +b,Q,) (5)

Theproblemtobesolvedcanbeexpressedas:

max E[#,] = E[p, min(Q,, D,) +smax(Q, - D,,0)—I, max(D, -Q,,0)-wQ, —(a, +b,Q,)] (6)
st.(@l-a)d<Q <(1-a)d Proof:DuetoQ, e(1-a)d, (1-a)d),
Thusthereare whenQ, e (1-a)d, @-a)d),
Theorem1.Retailer'sfuzzyexpectedprofit E[%:] The/interceptof min(Q,,B,) is:

isastrictconcavefunctionofitsinventory Q, .

. < [L7(2), Q1 2€(0 L@Q)]
D)1, =
{min(@., B {[Q,, Ql  2e(L@Q). 1 "
max(Q, — D,,0) =Q, —min(Q,, D, ) ,its 4 interceptis:
z [0, Q ~L"(A)], A€(0, L(Q)]
-D,,0), =
[max(Q, - D,,0)] {[0, . 2e(L@), 1 (8)
max(D, —Q,,0) =-min(Q, - D,,0) ,its 1 interceptis:
< [0, R*(1)-Q]l, A€(0, L(Q)]
D, -Q,.,0), = 9
fmex(®:=Qr o) {[Llw—q, RAA)-Q A<(LQ), 1 ®)
If 1€ Q) ,the 1 interceptsetof 7, canbeknownfrom(5),(7),(8)and(9):
[7:]1, = p.[Min(Q,, B,)], +s[max(Q, - D;,0)], -1, [max(D, -Q,,0)], —[wQ, + (&, +b,Q,)],
=p L7 (A), Q1+s[0, Q L (AI-1[0, R™(A)-Q.I-[wQ, +(a +b,Q.),wQ, +(a, +b,Q)] (10)
=[p, L () -LR(A)+1,.Q ~wQ, —(a +b,Q) , (b, +5)Q, —SL™ (1) ~wQ, (&, +b,Q,)]
If 1€ (L(Q,), 1 ,the 2 interceptsetof 7z canbeknown:
[%:]1, = p.[Min(Q,, D,)], +s[max(Q, - b,,0)], -1, [max(D, -Q,,0)], ~[wQ, +(a, +b,Q,)],
=p[Q, Q1+s[0, 01-I[L(A)-Q,, R*(2)-Q1-[wQ, +(a +b.Q,),wQ, +(a +b.Q,)] (11)
=[p.Q ~,R'(A)+1Q -wQ, - (a +bQ) ,p.Q, ~I,.L"(2) +1,.Q, —wQ, —(a, +b,Q,)]
Theretailer'sfuzzyexpectedprofitcanbeobtainedfro m(4),(10)and(11)
1888
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L] =3 [, “Ip.LA () - LR (D) +1Q, ~wQ, ~(3, +DQ)#(p, +9)Q, ~sL (D) -wQ, - (&, +6,Q)ld A+

EIL(Qr)[prQr—LR'l(?t)+l Q ~wQ, —(a +bQ) +p,Q ~I.L7 (1) +1.Q —~wQ, —(a +b,Q,)1d2 (12)
I, —s L | +l -
= P [ - S e (5, +1)Q - Q@) w0, ~ (3, +0Q)
Takethesecondderivativeof Q W|threspectto Q e(l-a)d, (l-a)d) , E[#,]
E[#,],andget: isastrictlyconcavefunctionofitsinventoryqQ, .
dsz[fR] _ Pt Q) WhenQ, e (1-a)d, (1-a)d),
Q 2 . <
The 2 interceptof min(Q,,D,) is:
Clearly, p, +I,-s>0, L'(Q,)>0, d’ E[”R]<o ,Sowhen
. « [L'"(4), QL  4€(0,R@Q)]
[mln(Qr’ Dr)]iL = 13
{[Ll(i), R (D], 4e(REQ), 1 (13)
max(Q, —D,,0) =Q, -min(Q,, D, ) ,its 4 interceptis:
- 0, Q —-L*(W)] 1€(0, R
[mex(@, - B, .0}, z{[ Q : @) } €0, R@Q)] (14)
[Q -R™(A), Q. -L"(A)], 2e(RQ). 1]
max(D, —Q,,0) =-min(Q, - D,,0) ,its 1 interceptis:
< [0, R*(2)-Q], 2€(0, R@Q)]
Dr - r’o 2= ' ' 1
imex(®. = 0 {[o, ) 2e(RQ). 1 (15)
If 1€ R(Q) ,the 1 interceptsetof 7, canbeknownfrom(5),(13),(14)and(15):
[ﬁ.R]/"L = pr[mln(Qr’ 5r)]ﬂ, +S[maX(Qr - 5r10)]1 _Ir[max(ﬁr _ero)]j, _[WQr + (ar +err)]ﬂ,
= pr[Lil(ﬂ)’ Qr]+s[ol Qr - Lﬁl(ﬁ’)]_lr[o7 Ril(ﬂ’) _Qr]_[WQr +(ar +err)’WQr + (ar +err)] (16)
=[p,L(A)-LR(A)+1.Q -wQ, —(a +b,Q) , (b, +5)Q, —SL™(2) —wQ, (&, +b,Q,)]
14 <(LQ: A the ;interceptsetof 7= canbeknown:
[7:1, = p.[Min(Q,, D)1, +s[max(Q, - D,,0)], -I,[max(D, -Q,,0)], -[wQ, +(a, +b.Q)],
= pr[Lil(ﬂ')! R™ (/1)]+S[Qr -R” (/1)! Qr -L (l)]_lr[ol 0]_[WQr +(ar +err)!WQr +(ar +err)] (17)
= [pr Lﬁl(ﬂ’)—‘rsQr _SRil(Z’)_WQr _(ar +err) ’ eril(ﬂ’)J'_SQr _SLil(ﬂ’)_WQr _(ar +err )]
Theretailer'sfuzzyexpectedprofitcanbeobtainedfro m(4),(16)and(17)
Bz =3 [ P LD LR (D +1.Q ~WQ, - (3, +5,Q) +(p, +5)Q, 5L (A)-wQ, ~(3, +bQ)]d 2+
> IR(Q)[IDr L7 (2) +5Q, —sR™(2) -wQ, —(a, +b,Q,) +p,R™*(4) +5Q, —sL*(2) ~wQ, —(a, +b,Q,)1d 4 (18)
= (p, -9)-@)E[Al+5Q, + L 2Q R(Q,) - &j “RE)dA-WQ, - (a, +b,Q,)
Takethesecondderivativeof  Q, withrespectto Clearly, +1,-5>0 , R(Q)<0 7 dZE[;zR] <0.Sowhen
E[#,],andget: dQ,
Q7,1 p, +1, s RQ) Q e(@-a)d, A-a)d) , El7:]
dQ’ 2 r isastrictlyconcavefunctionofitsinventory .
1889
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Basedontheabovetwocases,when
Q e(1-a)d, (1-a)d) theretailer'sfuzzyexpectedpr
ofit E[#,] isastrictconcavefunctionofitsinventory Q, .

L—l 2(pr +Ir _W_br)
p, +1, —s

" o[ 200+, =)
p,+l. —-s )

Proof:WhenQ, e (1-a)d, (1-a)d) ,by(12):

dE[7,] P+l —s
Tj‘: p,+1 —w-b, - 5 LQ) (20)
Let JEZl_o | [y ZPtl-woh)
er P, +|Ir -S
Q- L_l[Z(Pr *l ‘W‘br)j ,andthenfrom
P+l —s
2P+l Wby getting p, <2wb,)—(, +9).
P+l —s

WhenQ, e (1-a)d, (1-a)d),by(18):

J, p, <2(w+b)—( +9)

July-August 2020
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Theorem2.Underthefuzzydemandenvironment,the

optimalinventory Q,” ofretaileris

(19)
p, >2(W+b)—(I +59)

dE[7;] p, +I, —s

RQ)-w-b +s  (21)

dQ, 2
Lot GEIZI_, | R(Qr*)=2(w+bf_s) S0
er P, +Ir -
Q = R{M] ,andthenfrom
pr +Ir =S
%a,getting p. <2(w+h)—(. +5).
P =

Basedontheabovetwocases,sotheoremz2istrue.

Fuzzyprofitofmanufacturer:

7~rM = Py min(Qd ' f)d)+smax(Qd - I5(1 '0)_Id max(f)d _Qd'o)_td min(Qd' de)+WQr _C(Qr +Qd)_(ad +erd) (22)

Theproblemtobesolvedcanbeexpressedas:
max E[7,, ]

s.t. (23)

ad <Q, <ad

Thusthereare

Theorem3.Manufacturer'sfuzzyexpectedprofit
E[#, ]isastrictconcavefunctionofitsinventory Q, .

Proof:Similartheoremprovingprocess,when
Q; €(ad, ad),

If 1 €(0, L(Q,)] ,the 1 interceptsetof 7, canbeknown:

[Zu 1, =[(Py —t )L () = [,RT(A) +1,Qq +WQ, —¢(Q, +Q,) —(a, +b,Q,),
(pd _td)Qd +SQd _SL71(1)+WQr _C(Qr +Qd)_(ad +bde)] .

I1f4 < (LRI the 1 interceptsetof ™ canbeknown:

[Zu], =1(py —t4)Qy —1, Ril(/’L)"‘Ide +WQ, —¢(Q, +Q,) —(a; +b,Q,),
(Py —t,)Qy =1L () +1,Q, +WQ, —¢(Q, +Q,) —(a, +b,Q,)].

Sothemanufacturer'sfuzzyexpectedprofit

0

- 1 rLq
El7y1=5]

)[(pd _td)l:l(l)_ld Ril(ﬂ)""lde +WQr _C(Qr +Qd)_(ad +bde)+

(py —t,)Q, +sQ, —sL™* (1) +wQ, —¢c(Q, +Q,) - (a, +b,Q,)d A+

1p 1

2 o [P ~1)Qs R () +1,Q; +WQ, ~c(Q, +Q;)— (3 +0,Qs) + (24)
(p, —t,)Q, —1,L(A) +1,Q, +wQ, —c(Q, +Q,)—(a, +b,Q,)1d A

+1, -t
=(pg +1g —t4)Qq —p"+

WQr _C(Qr +Qd)_(ad +bde)

Published by: The Mattingley Publishing Co., Inc.
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Takethesecondderivativeof Q, d*E[#,]

withrespectto(24),andget: dQ,’
isastrictlyconcavefunctionofitsinventory Q, .

<0 ,Sowhen Q,e(ad, ad) , E[7,]

d?E[#, ] _ Pyl -ty s L'@Q,)
dQ,? 2 ¢ 7
’ WhenQ, e (ad, ad),
Clearly, Potli—ts—s>0 ,  LQ)>0 , Ifze(0, R(Q,)] thezinterceptsetof z, :

[Zu], =[P L (A) — 1R (A) +1,Q, —1,Q, +WQ, —¢(Q, +Q,) —(a, +b,Q,),
(g +8)Q —sL™(A) —t, L (A) +wQ, —¢c(Q, +Qq) —(a, +b,Q,)].
14 (LQDA the 1 interceptsetof 7= ;
[Zu], =[Ps L™ (A) +5Q, = SR () ~t,R™ () + WQ, —¢(Q, +Q,) —(a, +b,Qy),
PR (A) —sL7(A) —t, L7 (A) +5Q, +WQ, —¢(Q, +Q,) —(a, +b,Q,)].
Sothemanufacturer'sfuzzyexpectedprofit

E[m:% [T TP () -1, R™M(A) +1,Q, ~1,Q, +WQ, —¢(Q, +Q,)~ (8, +b,Q,) +

(pd +S)Qd _SLil(/l)_td Lﬁl(ﬂ)*'WQr _C(Qr +Qd)_(ad +bde )]d/’H’
1 1 1 -1 -1
E'[R(Qd)[pd L7 (A4) +sQ, —sR™(4) -t,R™ (1) +WQ, —¢c(Q, +Q,) —(a, +b,Q,) + (25)
PR (A) —sL™(4) —t, L7 (1) +sQ, +WQ, —¢c(Q, +Q,)—(a, +b,Q,)]d A
_ Py —;d _SaE[A]— Py +Id2—td —sJ‘R(Qd)R_l(/l)d/%r Py +Id2—5—td Q,R(Q,)+

0

SQd +WQr _C(Qr +Qd)_(ad +bde)

Takethesecondderivativeof Q, Basedontheabovetwocases,when
withrespectto(21),andget: Q, €(ad, ad) ,themanufacturer'sfuzzyexpectedprofit
d’E[#,] Py +ly —t, =5 R(0,) E[#,,]isastrictconcavefunctionofitsinventory Q, .
- d
dQ,” 2 Theorem4.Underthefuzzydemandenvironment,theop
Clearly, Py +ly —t,—s>0 : R'(Q) <0 . timalinventory ,” ofmanufactureris
2 ~
%< 0 ,Sowhen Q, e(ad, ad) , E[4,]
d

isastrictlyconcavefunctionofitsinventory Q, .

L—l[z(pd +Id _td _C_bd)

J, Py <2(c+b,)+t, —(, +5)

. Py +1y—t; —s
& = 2(cib d s)d (26)
-1 d_ _
R [—pd+ld—td—sj' Py > 2(C+by)+t, — (I, +5)
Proof:When Q € (@d. ad) hy04).
de[7,,] py+1y—t,—S
W:pd—i_ld —t; —c—h _%L(Qd) (27)
dE[7y ] oy _ 2Py +1y -ty —c—hy) . af2(p, +1, —t, —c—b,)
Let —M2-0 , L(Q )=t 4 ¢ d SO _t o Tl —l d
dQ, d P, 1 —t, —s Q=L { S ,andthenfrom
1891
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andthevariousparametersinthemodelare  p, =16 ;

2(pd +Id _td _C_bd) <1

,getting
Py 1y —ty =5 p,=12;1,=05;1 =1;c=25; w=4;s=15;t,=1;
Py <2(C+by)+t, — (I +5). a,=0 ; a=0 | b=05 ; b=05 o;
WhenQ, € (ad, ad),by(25): a =0.5 .Inordertobetterillustratetheimpactofparametri
. cvariationonsupplychaininventorydecisionmakingan
dE[7,, ] Py +lg —ts =5 . .
4o, ¢ b, -——5——R(Q) (28 dsupplychainfuzzyexpectedprofit.
d
g Thispaperfirstanalyzestheimpactofretailers’traditiona
dE[7,, ] . 2(c+by —5s) . . .
Let 0 - 0 , RQ)= ol 1 s S0 Ichannelmarketingpriceontheinventoryofmanufactur
2d ] e ersandretailers,totalinventoryinthesupplychainandsu
Q= R‘{%] ,andthenfrom  pplychainfuzzyexpectedprofitasshowninTable2.ltcan
Pa e =l beseenfromTable2thatwiththeincreaseoftretailers’trad
_2etb, -s) Jgetting p, > 2(c+b,)+t, —(I, +). itionalchannelmarketingprice,theincreaseofretailers’i
Patly =ty =5 nventoryandfuzzyexpectedprofit,theincreaseofmanuf
Basedontheabovetwocases,sotheoremd4istrue. acturers’fuzzyexpectedprofitandtheincreaseofsupply
4.Numericalexperiments chaintotalinventoryandfuzzyexpectedprofit,themanuf

acturers’inventorystillkeepsunchanged.

Itisassumedthatmarketdemand 2 = (00, 200,300)
Table2.Supplychaininventorydecisionandfuzzyexpectedprofitvarywithretailer'sprice

P Q Q Q El7.] Elzy] El7]

14 127.7778 135 262.7778 833.3 4529 1286.2
16 130.6452 135 265.6452 1029.0 457.2 1486.2
18 1328571 135 267.8571 1225.7 4605 1686.2
20 134.6154 135 269.6154 1423.1 463.2 1886.3
22 136.0465 135 271.0465 1620.9 465.3 2086.2
24 137.2340 135 272.2340 1819.1 467.1 2286.2

26 138.2353 135 273.2353 2017.6 468.6 2486.2

Itthenanalyzestheimpactofmanufacturers’marketingc  dprofitasshowninTable3.
hannelpriceonsupplychaininventoryandfuzzyexpecte
Table3.Supplychaininventorydecisionandfuzzyexpectedprofitvarywithmanufacturer'sprice

Py Q’ o Q E[#z.] E[#,] El7l

12 138.2353 135.0000 273.2353 2017.6 468.6 2486.2
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14  138.2353 137.5000 275.7353 2017.6 566.7 2584.4
16 138.2353 139.2857 277.5210 2017.6 665.4 2683.0
18 138.2353 140.6250 278.8603 2017.6 7644 2782.0
20 138.2353 141.6667 279.9020 2017.6 863.6 2881.3
22 138.2353 142.5000 280.7353 2017.6 963.0 2980.6
24 138.2353 143.1818 281.4171 2017.6 1062.5 3080.1

ItcanbeseenfromTable3thatwiththeincreaseofmarketi
ngchannelprice,retailers’inventoryandfuzzyexpected
profitkeepunchanged. However,themanufacturers’inv

entory,fuzzyexpectedprofit,totalinventoryofsupplych
ainandfuzzyexpectedprofitareontheincrease.

Table4.Theinfluenceofdemandfuzzinessonsupplychaininventorydecisionandfuzzyexpectedprofit

D Q’ Q

(190,200,210) 103.0645 103.5000

(170,200,230) 109.1935 110.5000

(150,200,250) 115.3226 117.5000

(130,200,270) 121.4516 124.5000

(110,200,290) 127.5806 131.5000

(100,200,300) 130.6452 135.0000

Itthenanalyzestheimpactofdemandfuzzyvariationons
upplychaininventoryandfuzzyexpectedprofitasshown
inTable4.ltcanbeseenthatwiththeincreaseoffuzzydem
and,manufacturersandretailerstrendtoincreaseinvento
ry. Themanufacturers’inventoryhasalargerrangeofincr
ease.However,themanufacturers’andretailers’fuzzye
xpectedprofitandsupplychaintotalprofitdecreaseandre
tailers’fuzzyexpectedprofithasasmallerrangeofdecrea
se.Ithasputforwardrequirementsformanufacturersand
retailerstohaveaccurateestimationofthemarketdeman
dintheearlystageofinventorydecisionmakingsoastoav
oidtheprofitlosses.

Published by: The Mattingley Publishing Co., Inc.

Q El7.] Elz,] El7]

206.5645 11379 4732 16111

219.6935 1113.7 469.7 1583.4

232.8226 1089.5 466.1 1555.6

2459516 1065.3 462.6 1527.9

259.0806 1041.1 459.0 1500.1

265.6452 1029.0 457.2 1486.3

ItcanbeseenfromTable2and Table4thatwhenconsumer
preferencerate

a =0.5 ,themanufacturers’fuzzyexpectedprofitissmall
erthantheretailers’fuzzyexpectedprofitduetotheexiste
nceofpricedifferencesoftwochannelmarketingandma
nufacturers’distributioncost.

FigurelandFigure2reflecttheimpactofconsumers’onli
nechannelpreferenceratevariationonsupplychaininve
ntoryandfuzzyexpectedprofit.ltcanbeseenfromFigure
1thatwiththeincreaseofconsumers’networkchannelpr
eferencerateandsmallincreaseofsupplychaintotalinve
ntory,theretailers’inventorydecreasesrapidlytoOandth
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emanufacturers’inventoryincreasesuntilitisequaltosu
pplychaintotalinventory.ltcanbeseenfromFigure2that
withtheincreaseofconsumers’onlinechannelpreferenc
e,retailers’fuzzyexpectedprofitdropsrapidlytoOandma
nufacturers’fuzzyexpectedprofitincreasesuntilitreach
esthesupplychainfuzzyexpectedtotalprofit.ltcanbesee
nthatwiththeincreaseofonlinechannelpreference,man
ufacturers’inventoryvariationandfuzzyexpectedprofit
donotexactlycoincide. Thereasonisthatwiththeincreas
eofconsumers’networkmarketingchannelpreferencer
ate,manufacturersneedtopayhighercostsforaccuratem
arketdemandinformation,whichcausesgreatlossestore
tailers’interest. Thetotaltwoaspectsarehigherthanthem
anufacturers’revenue. Therefore,manufacturersandret
ailersshouldconsidertosetupancooperativecontractsoa
stogainwin-winsituation.

(24

Fig.1.Impactofchangesinconsumers'internetchannelp
referencerateonsupplychaininventory
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Fig.2.Impactofchangesinconsumers'internetchannelp
referencerateonthefuzzyexpectedprofitofsupplychain

5.Conclusions

Thispaperdiscussesthechannelpreferencedualchannel
supplychaininventorystrategyunderthecircumstanceo
ffuzzydemand.Manufacturersadoptsalesmodesofnet
workmarketingchannelandtraditionalsale. Theconsum
ersinthemarketcanbedividedintonetworkmarketingch
annelpreferenceandtraditionalretailchannelpreferenc
e.Basedontheoptimalinventorystrategymodelofmanu
facturersandretailers,thispaperanalyzesthesetwochan
nelpreferencerateandsalespriceofthesetwochannels,th
eimpactoffuzzydemandontheoptimalinventorylevelof
manufacturersandretailersandtheirseparatefuzzyexpe
ctedprofitincrease. Itisfoundthatwiththeincreaseofreta
ilers’traditionalchannelsalesprice,increaseofretailers’
inventoryandfuzzyexpectedprofit,theincreaseofmanu
facturers’fuzzyexpectedprofit,increaseofsupplychain
totalinventoryandfuzzyexpectedprofitandtheincrease
ofmanufacturers’fuzzyexpectedprofit,themanufactur
ers’inventorykeepsunchanged.Withtheincreaseofmar
ketingchannelprice,theretailers’inventoryandfuzzyex
pectedprofitkeepsunchangedwhilemanufacturers’inv
entory,supplychaintotalinventoryandfuzzyexpectedpr
ofitincrease.Whenconsumers’channelpreferencerate
a=0.5 themanufacturers’fuzzyexpectedprofitislowe
rthantheretailers’fuzzyexpectedprofitduetothechanne
Ipricedifferencesandmanufacturers’productdistributi
oncost.Atthesametime,wealsotaketheimpactofconsu
mers’onlinechannelpreferencerateonsupplychaininto
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seriousconsideration.Theresultshowsthatwiththeincre
aseofconsumers’onlinechannelpreference,themanufa
cturers’inventoryvariationandfuzzyexpectedprofitvar
lationdonottotallycoincide. Thereasonisthatwiththein
creaseofconsumers’networkmarketingchannelprefere
ncerate,manufacturersneedtopayhighercostsforaccur
atemarketdemandinformation,whichcausesgreatlosse
storetailers’interest. Thetotaltwoaspectsarehigherthan
themanufacturers’revenue.Therefore,manufacturersa
ndretailersshouldconsidersettingupacooperativecontr
actsoastogainwin-winsituation. Itwillbeoneoftheresea
rchareasinthefuture.
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