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ABSTRACT

When the online stores and the logistics service providers make decision alone, as trade off phenomenon exists,
inventory costs achieve the minimum while transportation costs are not the minimum or the opposite situation
occurs. When implementing inventory and transportation integrated optimization, the profit of the whole supply
chain and the stores increases, while the profit of the logistics service providers declines, thus the logistics service
providers will not cooperate with the stores and the paper aims to solve these problems that how to minimize the
costs of inventory and transportation and promote cooperation between the online stores and the logistics service
providers. Solving such problems can not only minimize inventory costs and transportation costs, but also increase
the profit of the logistics service providers and the stores. The core innovation of the paper is that both revenue
sharing contract and ITIO are introduced into supply chain on online shopping which previous studies have not
involved in. Compared with previous work, the paper takes both the online storesand the logistics service
providers as the object of study and designs a kind of profit distribution mechanism which can raise both the profit
of the logistics service providers and the stores in the process of ITIO. The paper builds revenue model of the
individual decisions firstly, revenue model of ITIO secondly, revenue sharing model of ITIO based on the revenue
sharing contract thirdly, and a numerical example verified the feasibility of the model finally.

Keywords: Supply chain on online shopping; Inventory andnggortation integrated optimization; Contract
parameter.

INTRODUCTION

With the development of e-commerce, online shopgmpt only increasingly becoming a favorite wayshop, but
also a new growth point of the modern economy.msciated in the “Chinese online retail market datanitoring
report on 2013(a)”, Chinese online shopping useexhied 277 million people, an increase of 29.4%squal
online stores’ number 12460000; Chinese onlindlretarket’ transactions reached 754.2 billion RM#, increase
of 47.3% in the year to June 2013. Online shoppinglaying an increasingly important role in theoeamy.
Inventory and transportation costs are a major aorapt of the total cost in the online shopping pesg therefore,
the article constructs a inventory and transpantaiintegrated optimization (inventory and transatioh integrated
optimization, hereinafter referred to as ITIO) modesupply chain on online shopping based on maeesharing
contract, in which the online stores and the laggsservice providers have to achieve revenue sfaontract on
the basis of ITIO, namely the stores will trangbart of its earnings to the logistics service pdevs, so that the
stores and the logistics service providers carizeedligher profit than that of individual decisiors® as to realize
the win-win of the stores and the logistics seryioaviders.

Since revenue sharing contract is proposed, af lattention had been paid for it at home and ahréadierson E
and Coughlan A (1987) [1] pointed out that theribsttion of benefits directly related to whethee ttonstruction,
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operation and management of the supply chain casmmmthly conducted; Mortimer (2000) [2] and JAAWder
Veen et al (2005) [3] introduced revenue sharingtiaet in the video rental industry, and pointed that revenue
sharing contract can enhance overall profits inpgughain; Dana et al (2001) [4] noted that revesharing
contract which retailers provided can reduce cot#flivith upstream suppliers; Cachon et al (200b3{&died the
wholesale price contract and revenue sharing ccntp@inting out in both cases with a fixed refaiice and that
retailers set prices, the parties in the supplyrchan achieve the optimal profit. A large numbé&attentions had
also been paid to revenue sharing contract at hBoreexample Shoufeng Ji, Mingjia Liu, Wei Ding aXidoyuan
Huang (2008) [6], Yali Hou, Dequn Zhou and Beiyaili(2009) [7], Chundong Wan and Liqun Gu (20[39)
Qinghua Pang and Zhanbin He (2011) [9] and Meipingng, Xianyu Wang and Ziyang Geng (2012) [10] when
studied revenue sharing contract, have pointedtl@ait revenue sharing contract can maximize theitprof the
whole supply chain, to coordinate the supply ch&@mghua Pang, Hui Jiang, Yueming Hou and Yang Lip[
analyzed the impact of effort level on revenue isigacontract on coordinating the supply chain, esrdarked that
the constraint of the optimal order quantity and tiptimal effort is determined with the channel rctiating the
supply chain.

What another related documents to the articletediterature about ITIO. Daganzo and Newell (1988) studied
the problems of distribution system in the supgigio, and designed the most cost-effective invgritmration and
vehicle scheduling scheme, which can be seen aggrtitetype of ITIO; Speranza and Ukovich (19848)] studied
how to minimize inventory and transportation castsnulti-product distribution problems. Domestidstars also
conducted some research on ITIO, such as Ruxiu@had Tianfang Xu (2005) [14], Guiging Liu and Yong
Zhou (2009) [15], and Cong Wu and Dongyuan Yan@®@(16]. Fuchang Li pointed out the obstaclesTilO, and
put forward the corresponding countermeasures Hir¥],then pointed out in the study of profit distition in ITIO,
the profit distribution is related to whether ITan carry out, and the supply chain can develop prefit growth
point or no{18], finally considering the condition of the peicliscount and flexible transport and found thatttial
cost of ITIO is less than that of the decentralipgtimization [19].Although a lot of research oweaue sharing
contract and ITIO have done, neither will revenbarig contract be applied to online shopping, wak ITIO
applied to online shopping contract.

2. Brief descriptions
Assuming in the supply chain of online shopping tinline stores and the logistics providers are mautral and
completely rational, that is, they tend to adoptisiens to maximize their own gains. The onlineratoare of

dominant statues in the supply chain, facing thekatademand aX , and the suppliers can always provide the
required quantity of goods to the stores in corigtaines. X is a function of both priceP and effort level of the
logistics service provider® (0< e<1),where P and e are the decision variables, and demand informasion

completely known to the stores and the logistiasise providers. C, is unit purchase cost of the stores, is
unit cost of service.C; is unit inventory costsW, is unit distribution price.W, (W, >W,) is unit distribution

cost. g (e) iseffortcost. C,C,,C;, W andWw,are all constants.

3. Research on I TIO model of supply chain on online shopping based on the revenue sharing contract

A. Revenue model of decision-making bodies of theindividual decisions

In order to compare the individual decision-makwigh ITIO, the article builds a separate decisioodel firstly,
and solves the revenue function of the stores lamdogistics service providers. The article assuthatithe market
demand function which the stores faced as follows:

X(P,e)=a-BP+Ae, 1)

wheredt >0,>0, A>0and O, B, A are the constantsdl is the maximum market demand which is
determined by the sales pricB ; [3 is a sensitivity coefficient of sales pricB, as 3 increases, the impact of

the sales priceP on the market demand also increasas;is a sensitivity coefficient of the logistics giee
providers, asA increases, the impact of effort lev€l on the market demand also increases.

Effort cost function of the logistics service prdeis can be expressed as:

g(e=5¢, )(2

where >0 and & is a constant.d is a sensitivity coefficient of effort level oféHogistics service providers
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e, as O increases, the impact of effort level of the Itigsservice providerseon effort cost also increases.

The profit function of the stores after which impiified can be expressed as:

n(p.e) = [P-k] (a-BP+Ae), €)

G

where K =C, + CZ+E +W,.

The profit function of the logistics service proeid after which is simplified can be expressed as:
M,(P,e) = (w, —w,)(a-BP+Ae) — o€, @)

Since the stores and the logistics service prosidee two independent decision-making bodies, urbder
completely rational conditions, they decided thewn decisions according to their own profit maxiatian

criterion. According Stackelberg dynamic game icddhe stores adjust the sales price and the logistervice
providers adjust the level of effort in order tdmwe an equilibrium state, where the stores azentbkers of sales
and the logistics service providers decided thein effort level according to a fixed price that gteres provided in

order to maximize profits. Under the conditiongtu sale priceP given, if the logistics service providers want to
achieve their own profit maximization, we need dtve the maximum value of the formula (4), thus fibrenula (4)
should satisfy the condition that the decision afkleés € of bivalent derivative is less than

zero(d®M,(P,e) / de” < 0) and first order derivative is equal to zetd(,(P,€)/de = 0). We are very easy to

getd’l,(P,e)/de* =-25< 0. Whene=g,, the logistics service providers achieve the mammprofit.
Seeking the first order derivative & in the formula (4), we conclude:

)\(W1 - Wz)

5
25 ®)

If the stores want to achieve their own profit nmaiziation, we need to solve the maximum value offthmula (3),
thus formula (3) should satisfy the condition ttiet decision variabled? of bivalent derivative is less than zero

(d?M,(P,e)/ dP? < 0) and first order derivative is equal to zedl{, (P, €) / dP=0). We are very easy to get
d’r,(P,e)/dP? =-28< 0, namely the stores can achieve the maximum preieking the first order

derivative of P in the formula (3), we conclude:

_k1) + A (V\ﬁ _Wz) ' (6)

Fz:l(g
2 B 435

Taking formula(8) and (6) into the formula(1), wenclude:

- 2 -
x, = 4Pk AW ow) )
2 45
Taking formula (8) and (6) into the formula (3) a@d, we conclude:
2 -
|-|l[j = i (g'k1> L;NZ) (8)
85 B 16B5
andrny = (= w,)Ca =Bk )
2
Total profit function after which is simplified cdre expressed as:
MN(Pe = [P-k | (a-pP+re - o, (10)
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wherek, =C, + Cz+% +w, and k, <k .

Then total profit [ " can be expressed as:

n° = n’ +n;. (11)

When the stores and the logistics service provideske decision separately, we solve the two mogbitant
unknown variables that are effort level of logistiervice providersg, and sales prices, then taking € and

P into relative formulas, and solve optimal orderntity X, , profit of the storesl_llmand profit of the logistics

. . O
service providers[l, .

B. Revenue model of decision-making bodiesof ITIO

When the stores and logistics service providersenucisions alone, they can achieve their maximrofitpbut it
apparently did not realize the maximum profit oé tivhole supply chain. To achieve the maximum profithe
whole chain of the stores and logistics servicevigers, hamely to seek maximum of formula (10),need to seek

the first derivative, second derivative and mixedond derivative ofP and € in formula (10). Such conditions
ofdMN(P,e) /0P =0,0MN(P,e)/0e=0, AC—B*>0 and A<O should be met in formula (10), where

2 2 2

A= Gl (F;'e) , C:a n(lj’e) and B:M_ We can conclude:

oP oe oPoe
P, = 28h+k,, (12)
and e, = Ah. (13)
Taking the formula (19) and (13) into the formula, (we conclude:
X,=a =B (28h+k)+A’h, (14)

_a _Bkz — — —
where h—m and o —Bk, >0 apparently. Because A =-2B<0, C=-20<0 and B=A >0,

we get AC—B?=4B5-A*>0and thenh>0 and we also conclud€,=Ah>0 and P, =28h+k, >0,
namely the optimal solution of the formula (19) gi@8) is meaningful. So conditions of supply chairachieve
maximum profit are met, lef’1;,, be the maximum of formula (10), namely:

I_Imo >n". J15

Let l;,; is the maximum profit of the stores ardd, is the maximum profit of the logistics service

providers, wheP=P,, e=ge,andX =X, .We get:
Mo = (B-k) (a=PR+Aey, (16)
and Mo, = (W —W,)(a—-BP,+Ae) - 365, 17)

There are two reasonable possibilities. Case Blis,, > MM, andl o, <I1,’, namely the profit of the stores

increase while the profit of the logistics servimeviders decrease, and case b o, > M, andM; o, >,

namely the profit of both the stores and the laggsservice providers increase. When the case brecthe stores
and the logistics service providers will choosedoperate, and the article will only study the case

134



Fuchang Li and Hua Wang J. Chem. Pharm. Res,, 2014, 6(6):131-136

C. Revenue sharing model of ITIO based on the revenue sharing contract
Assuming the case a situation occurs and the stiwesot take any incentives for logistics servicgeviers,
cooperation can not be carried out smoothly. Thasstores provide revenue sharing contract andferatheir own

profit of T times to the logistics service providers. LEl‘Elo1 be the profit of the stores anﬂlﬁlo2 the profit of

the logistics service providers. The valueTofs related to cooperation conditions with the $&bigs service
providers. From the assumptions above we obtain:

I_II'ID'IOl =1 )nmor (18)
Moo = Minor + Moo (19)
Moy > My, (20)
Moo > 15, (21)
andMy = Miior + My - (22)

From the relative formulas above, we obtain:
(VV:L_WZ)[}\ (e.l._e2>+B (Pz_ P1)] <T<1- (Pl_kl)[a _BP1_+}‘e] . (23)
(Pz_k1)[a_BP2_+)‘e2] (Pz_kl)[a_sz_"'}‘ez.'

As long as the value ofl satisfies the formula (23), cooperation can beinaetl, namely under the conditions of
revenue sharing contract, ITIO can achieve theximam profit individually.

From the analysis above, we get: a) with respemvtenue model of the individual decisions, the etad ITIO can
obtain greater profit of the whole supply chaind am fact only the case a can occur; b) to fadditeooperation of
ITIO, the stores transfer their own earnings Df times to logistics service providers, and onlaieiarnings of (1

- T) times, which makes the profit of the stores dmel lbgistics service providers enhanced; c) theevalf T
indicates that the profit can be coordinated bgnexe sharing contract, and also indicates thaitmhstribution has

a characteristic of flexibility; d) the value of is determined by cooperative power and statueérgame, and the
impacts on the value ot are different among decision-making bodies, anthaslominant of the stores, the value
of T is determined more by the stores than the logisticvice providers.

4. An example
In order to verify the changes of the profit anditggy selection in the supply chain, the articlk give a specific

example. Assumingt =1100, 3=12, A =15 and 0=100, we get X(P,e)=1100-1P +18 and
g(e)=100¢° . Assumingc,=40, ¢,=20, ¢,=20,w,=10 and W,=6, we get k=75, k,=71and
h=0.054z . Taking these figures above into the formulas a&bov we  get

=03 , B=79.35 , X=152.c , I'I1D=662.5 , I'I2D=6OO.2 ., NY = 1262.7 and
e,=0.813,P,=81.84, X,=130.17,M,,,=900.0,1,;,,,=453.8, T, = 1353.€, then taking these figures
obtained above into from the formula (18) to therfala (23), we get0.163<1 < 0.264.

We conclude from the example above, when the stamdshe logistics service providers make decisaose, the
effort level is 0.3, the sales price 79.35, thekmademand 152.3, the maximum profit of the stemes the logistics
service providers and the whole supply chain respdyg 662.5, 600.2 and 1262.7; while implementihg tactic of
ITIO, the effort level is 0.813, the sales price81 the market demand 130.12, the maximum préfihe stores
and the logistics service providers and the whafgply chain respectively 900.0, 453.9 and 1353@ngared the
two cases above, to realize the maximum profithef whole supply chain in the process of ITIO, tbgidtics
service providers need work harder than before, raowl the profit of the stores increase while thefiprof the
logistics service providers decreases. Thus thestrave to transfer their own earnings®f times to the logistics
service providers so as to facilitate cooperatioh ietain earnings of (1 1) times. Through the analysis above, we
get 0,163 <0.263, which meets the conditions and verifies fibasibility of the model of ITIO on online
shopping supply chain which based on the revenagrghcontract.

Compared with the decentralized decision-making,décision-making based on revenue sharing coritrgbve
the profit of both the stores and the logisticyviserproviders. When the values of the parametare different, the
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profit of the stores and the logistics service mexs will also change. The profit of the storesl dine logistics
service providers is shown in figure 1 and 2, wtienparameterT takes different values.
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w00 - : 720 702 ) 700 | 587.9 690. 6
7 684 gge e o g 6519  609.9 687.9

600 - 600 [ 6006 -

500 500
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300 300
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Figure 1. Comparison figure of the profit of theonline stores Figure 2. Comparison figure of the profit of the logistics service providers

Annotate: CP represents contract parameter, PDD represents the profit of the decentralized decision-making and
PDITIOBRSC represents the profit of the decision-making of 1TIO based on revenue sharing contract in figure 1 and
2.

CONCLUSION

The study found that the stores provide revenuergihaontract to the logistics service providersl aransfer their
own earnings of T times to the logistics service providers, and ordyain earnings of (1 -T) times by
determining the contract parameterthus the profit of the stores and the logistiesvige providers have been
enhanced. The article also concludes that whepah@meter T takes different values, the profit of the stored a
the logistics service providers will also changed dhe value ofT is determined more by the stores than the
logistics service providers because of the dominéttie online stores.
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