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With the development of e-commerce, its influence on supply chain and supply chain management is becoming increasingly
significant too. In this paper, the literature on the supply chain profit is reviewed first, and then a two-level and four-party supply
chain which consists of a supplier, an e-commerce platform, third-party logistics, and demander is taken into consideration. The
profit function of supply chain under e-commerce is formulated by taking the price of product and the maximum supply amount
under certain investment as decision-making variables and taking the expected value of random variables of price as the setting
sales quantity. Finally, the existence of maximum profit in the supply chain is proved in the model, and the coordination of supply
chain under e-commerce environment can be achieved by setting coordination parameters when the relevant cost parameters of

supply chain members satisfy certain conditions.

1. Introduction

Competition in the 2lst century no longer takes place
between one enterprise and another, but among supply
chains. The supply chain connects an enterprise and its
suppliers, distributors, and customers together organically to
make it a function network which includes information flow,
material, and cash flow. The development of e-commerce is
becoming more and more mature along with the vigorous
development and increasing perfection of network economy.
In the meantime, the influence of e-commerce on supply
chain and its management also gets increasingly significant.
E-commerce can provide customers with direct sales, col-
lecting all kinds of channels of information. Additionally,
it can accelerate product to enter market and facilitate the
transfer of effective funding, so that a series of opportunities
will be created to increase the profit for the enterprise or
supply chain. Furthermore, e-commerce has favorable impact
on supply chain cost; for example, the cost of product
management can decrease as the supply chain is shortened,
the cost of inventory can be reduced with centralization,
and_ the coordination of supply chain_can be improved via
information sharing [1].

In the e-commerce environment, the realization of infor-
mation sharing and cooperation commerce makes the supply
chain respond to market demand quickly and helps improve
the operation efficiency of the whole supply chain. What is
more, it also brings huge benefits to the supply chain. On
the basis of the cooperation of individual firms, the supply
chain could operate efliciently through close coordination
in production, logistics, inventory, sales, and others so as to
improve the competition and profitability of the overall sup-
ply chain [2]. However, the chain enterprises are independent
economic entity, and each of them aims at maximizing their
own profits. Consequently, reasonable profit distribution of
supply chain and effective cooperation mechanism play a
key role in fostering a long-term and stable cooperative
relationship among chain enterprises.

The difference of the supply chain under e-commerce
environment and in the traditional condition is embodied not
only by the timely updating of product information and the
real-time transmission of the need information, but also by
the various forms of payment and the resulting complex cash
flows. Unlike the traditional supply chain with one level of
supplier and retailer, there are at least four party members
in the supply chain under e-commerce environment: supplier
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or manufacturer, e-commerce platform, third-party logistics,
and demander. Therefore, the profit distribution of supply
chain under the e-commerce environment is different from
that in the traditional environment; the former must consider
the profit coordination of two-level and four-party members
and the relationship among information flow, cash flow,
and profit point as well. Based on the established supply
chain model under e-commerce environment, the profit
distribution of supply chain under e-commerce environment
is analysed from two aspects: the existence of maximum profit
in supply chain under the e-commerce environment and the
role to coordinate supply chain members in this model.

2. Literature Review

According to the analysis of the previous literature, the fact
that the study of supply chain is mainly done in the following
several fields can be found.

(1) Take the newsboy problem as background to further
discuss how to coordinate the supply chain by various
contracts, such as buy-back contract, revenue sharing
contract, quantity flexibility contract, sales commis-
sion contract, and finally maximizing the profit of
the whole supply chain. For example, the pieces of
literature [3-6] have studied the profit distribution
of supply chain based on a variety of supply chain
coordination contracts. Literature [3] pointed out
three basic requirements for the reasonable profit
allocation mechanism against the newsvendor prob-
lem, and literature [4] takes the newsvendor problem
as background to coordinate the supply chain with
the compensation strategy. Additionally, literature [5]
and literature [6] have studied the profit distribution
of supply chain by revenue sharing contract.

(2) Expand the study of two-echelon supply chain to
three-echelon supply chain and the study of supply
chain with single retailer and wholesaler to that with
several retailers and wholesalers, such as pieces of
literature [7-10]. Literature [7] proposed a model
of profit sharing and transfer pricing for network
companies. Literature [8] studied cooperative behav-
iors and profit allocation in the supply chain which
consists of one supplier and several retailers under
the decentralized control on the premise of replen-
ishment allowed. Literature [9] investigated coordi-
nation in a three-echelon supply chain, examined the
impact of subsupply chain coordination, and pointed
out that both the supplier and the retailer would
prefer to act alone rather than to coordinate with the
manufacturer when subsupply chain coordination is
suggested. Literature [10] considered the coordina-
tion mechanism with revenue sharing and developed
a coordination mechanism for a supply chain made
up of one manufacturer and n Cournot competing
retailers when the production cost and demands are
simultaneously disrupted.

(3)pUsepGamepTheorystopanalysegprofit distribution in
supply chains. Literature [11] and Literature [12]
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discussed how the producer prices and how the
retailer decides the order quantity under the Stack-
elberg Game structure and developed a cooperative
game model to implement profit sharing between
the manufacturer and the retailer utilizing Nash bar-
gaining model, respectively. Literature [13] analysed
the impact of surplus division in supply chains on
investment incentives with a biform-game approach,
and literature [14] analysed both simultaneous-move
and leader-follower games to determine the Nash and
Stackelberg equilibrium, respectively, and achieved
the globally optimal solution that maximizes the
system-wide expected profit.

(4) Take the e-commerce as a decision-making variable
to study supply chain. Literature [4] and Literature
[15] researched the supply chain by taking the e-
commerce as a decision-making variable. Literature
[4] studied whether the supplier and the customer
are willing to complete the transaction through e-
commerce in the perishable product sales which
is based on random demand, and literature [15]
identified the B2B e-commerce usage patterns in
North American small- and medium-sized enter-
prises (SMEs) in their supply chains, the con-
textual factors that influence usage patterns, and
the subsequent effects of these patterns on firm
performance.

Additionally, literature [16] and literature [17] have stud-
ied the relationship among supply chain members based
on profit distribution. Literature [16] put forward a profit
distribution plan among supply chain partnerships according
to the maximum profit of supply chain and their respective
risk proportion by analyzing supplier-retailer relationship
model. Literature [17] studied how an informal, long-term
relationship between a manufacturer and a retailer performs
in turbulent market environments characterized by uncertain
demand.

Based on the analysis we can find that many scholars take
the traditional two-echelon or three-echelon supply chain as
background to discuss supply chain profit distribution with
mathematical model and Game Theory. But it is still not
very common to study the supply chain profit distribution
under e-commerce environment, and most study is mainly
done on a single level supply chain. This paper takes the
two-level and four-party supply chain which consists of
a supplier, an e-commerce platform, third-party logistics,
and a demander into consideration first, and next we
take the product price and the maximum supply amount
under certain investment as decision-making variables, take
the setting sales quality as an expected value of random
variables of price to create a profit function, and then
study the supply chain profit distribution model under
e-commerce environment via the analysis of the profit
function.
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FIGURE 2: The relationship between fixed cost and the maximum
supply capacity.
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FIGURE 1: The supply chain model under e-commerce environment.
3.2. Symbols and Meanings

(1) S sold the product to EC at unit price w; and sold the
product to 3PL at unit price w,; EC and 3PL both sold
product to D at unit price p(w;, < p, w, < p). ¢
of the EC income for goods as the revenue sharing
to S; similarly, ¢, of the 3PL income for goods as the
revenue sharing to S.

3. Model Establishment

3.1. Hypothesis

(1) Assume that we only take the supply chain which
consists of a supplier S, an e-commerce platform
EC, third-party logistics 3PL, and demander D into

consideration (as shown in Figure 1). (2) In a certain sales cycle, the transportation cost which

(2) This model only considers a specified sales cycle and D paid to 3PL shared per unit is t.

the product is single in the supply chain. (3) The proportion of online payment for payment is «,

(3) The supplier releases product information in the e- while the proportion of cash on delivery is 1 - a.
commerce platform, the demander will obtain the
required information through the platform, and the
order will also be completed in the e-commerce plat-
form. After the order information is received through
e-commerce platform, the supplier will manufacture
or purchase products and then entrust the third-party
logistics to take and deliver goods and finally the
logistics will be completed.

(4) In a certain sales cycle, the relationship between the
fixed cost for the product purchase or production and
the maximum supply capacity after receiving the need
information as shown in Figure 2, the maximum sup-
ply capacity (namely, the maximum product number
that you can purchase or produce under a certain
amount of investment) taken as decision variable is a
series of discrete values {q;,¢,, . . ., q,}. The fixed cost
corresponding to the maximum supply capacity g; is
C,i- The unit variable cost is ¢ .

(4) There are two approaches to payment for demander:
® online payment, namely, it is paid through online
bank and e-commerce platform; @ cash on delivery,
namely, the payment is collected by third-party logis-
tics. The demander paid the same in both kinds of
payment methods.

(5) In a certain sales cycle, the construction and main-
tenance of the fixed cost share of the e-commerce
platform by the platform business are c,;, and the
variable cost per unit of product that is produced by

(5) For e-commerce platform, it can be profitable only
the transaction is c,; .

when a cash flow generated the information flow
(such as releasing and obtaining product information,
order, etc.) which is produced in the deal of both sides
of supply and demand does not create profit point.
There are two profit points in third-party logistics: the
profit of cash flow from collection on delivery; the
profit of shipping goods.

(6) In a certain sales cycle, the fixed cost share for
transporting goods by 3PL is ¢y, and the variable cost
per unit of product produced by the transaction is c;.

(7) In a certain sales cycle, when the sales price of the
product is p, the demand for product from user

(6) There is no condition of asymmetric information in is a random variable with deterministic distribution

the whole supply chain, the supplier, e-commerce
platform investor, and three-party logistics are all
risk=free;pandytheirgtargetpisptopmaximize their own
profit.

D(p), and its distribution function and density func-
tion, respectively, are F(q; | p) and f(g; | p) (g; = 0).
F(q; | p)isdifferentiable about p,and 0F(q; | p)/op >
0.
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(8) Q(g; | p) is the expected value of the number of
products in actual trading when the product price is
p; then

Q(q; | p) = E{min (q;, D (p))}

= [ min(aon) £ (1 )y
- J:iyf(y | p)dy +4q; I;f(y | p)dy

qi
=q,-—J F(y|p)dy.

0

@

3.3. Model Establishment. Based on the above assumptions
and conditions, we can obtain the profit functions of supply
chain.

The profit function of supplier S is

Q (g p) = w10Q(q; | p) + ¢1paQ(g; | p)
+w,(1-)Q(q; | p) +p(1-)Q(q | p)
- Q(4: | p) — i
= [aw, + (1 - ) w,] Q(g; | p)
+ [ p+ (1 - )b, p] Q(q; | p)

-¢4Q (g | p) = i
(2)

The profit function of e-commerce platform is

Q. (g5 p) = (1-¢,) paQ(g; | p) ~ w,aQ(g; | p)
- elQ(qi I p) — Ceo-

©)
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4. The Research on Profit and

Coordination of Supply Chain under
E-Commerce Environment

4.1. The Existence of Maximum Profit of Supply Chain. Find-
ing the first and the second derivative of Q(g;, p) of p for a
given g; according to (5), we can obtain

0Q (q;, p) _ 0Q(q; | p)
T =Q(g; |P)+PT
0Q(g; | p)
+ (t —Cq —C — cpl) ap )
=Q(g; |p)_(p+t_csl_cel_cpl)
% OF (y | p)
el VAL £ V)
8 .[) op 7
’Q(q5p) . 9Q(q | p)
Fre =2 ap +(p+t—csl—cel—cpl)
y aZQ(qz‘ | p)
op?
% 0F (y | p)
__2J0 Tdy—(p+t—csl—cel—cp1)

X J'qi OF(y1p)

dy.
0 ap2 4

@)

Analyzing (5) and (6), then we get that the maximal value

exists when certain conditions are satisfied.

Theorem 1. When the conditions 9*F(y | p)/dp* > 0 and
P 2 ¢ + Gy + ¢y — t are met, there exists only one p; for
maximum supply quantity of each product, which makes the
profit of supply chain maximum.

The profit function of 3PL is
0, (25 p) = (1-6,) p(1-2)Q(q; | p)

~w,(1-)Q(q; |1 p) ~ Qg 1 p)  (4)
_Cp0+tQ(qi | P)

Proof. For 9F(y | p)/dp > 0, 0°F(y | p)/op> > O and p >
G + Gy + €y — 5 then

2 .
The profit function of supply chain is M ) Jql M dy

op? o Op

Q(qi’P)sz(qi|P)_(C51+Cel+cpl)Q(qilp) —(p+t—csl—cel—cpl) (8)

~Goi —Go — € +1tQ il q 32
0 = G0~ G0 +1Q(q: | ) XJ angzlp)dy<0_
=(P+t)Q(qz‘|P)_(Csl+ce1+cp1)Q(‘1i|P) ° P
(5) That is, Q(g;, p) is a concave function on p.
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When p;, = ¢, +¢,4 + 1, then

["E(y | py)dy < g;,and

¢ — b for F(y | p;) <

0Q(g;, p)
ap pP=pn
=Q(q; 1 p1) - (Pl tt—Cq—Ca _Cpl)
% 9F (y | p) ©
. J — dy
0 P lpep,

i
=q,-—L E(yl|p)dy=0.

Letting A = ["(0F(y | p)/op)] _
sis OF(y | p)/op > 0, we get A > 0.

Since BZF()/ | p)/ap2 > 0, then 0F(y | p)/op is a
increasing function of p.

So, when p, > p;, then (OF(y | p)/ap)lpzp2 > (0F(y |
)/9p)l -, holds and [ "(@F(y | piop)l,_, dy > |, ©@F(y |

P)/0p)l -, dy = A holds.
Iftwelet p, > ¢ + ¢y +¢p

aﬂ(q,, p) ‘

) dy, with the hypothe-

—t+(q;/A), then

—a- [[orip)|

p=p» p=p2

- (Pz GG~ t t)

[rerlp

d
0 ap 4

pP=p; (10)
- (Pz G117 C1 "t t)

qi
" J oF(y | p) dy
o Py,

<q;— %A =0.

From (9) and (10), we know that there exist p, and p, for
maximum supply quantity g; of each product, which makes
(afl(q,-,p)/Bp)IP:p1 > 0 and (0Q(g; p)/ap)lpzl72 < 0 true.
According to the Zero Theorem, we obtain that there must be
only one p;" for each g;, which makes (9Q(g;, p)/9p)| p=pr =0
true, and then the profit of the whole supply chain achieves
the maximum value.

In the supply chain model under e-commerce environ-
ment, we suppose that the profit of supply chain achieves the
maximum value Q(q p;pt) when the supply quantity of Sis
qopt and the corresponding final price of product of EC and
3PLis pg . O

4.2. The Coordination in Behavior of Supply Chain Members.
When the maximum supply quantity of product is g, the

ﬁnal sellmg price is popt, that is, when the profit of supply

fuIlCthllS 1“ t]le

el are as follows.

The profit function of supplier S is

O, (Qopo> Pt
= w,0Q (qopt | Pipe) + B1 2p@Q (Qopt | Do)
+ 1w, (1= ) Q(qope | Pie)
P (1= @) Q (G | Pl
=1 Q (Gopt | Pior) — Cooopt
~ Q) 2P0y~ Ca]

= [‘xwl +(l-a)w, + ‘x‘/’lp:pt

X Q (qOPt | P, opt) sOopt
(11)

The profit function of e-commerce platform is
Qe (qopt’ P:pt)
= (1 - (/51) P:pt‘xQ (qopt | P:pt)
- U)IOCQ (qopt I P:pt) -

(12)
CelQ (qopt | P:pt) ~Go

Cel] Q (qopt | P:pt) ~ Ceo-

The profit function of 3PL is

= [“(1 - ¢1)P:pt - aw; -

Qp (qopt’ p:pt)
= (1 - ¢2)P:pt (1

—Ww, (1 - “)Q(qopt | p:pt) -

- 06) Q (qopt | P;pt)
CplQ (qopt | p:pt)

(13)
- CpO +1Q (qopt I p:pt)

=[a-w(1

- ¢2)p:pt —(l-aw, — ¢y + t]
xQ (qopt | p:pt) ~ Cpo-

The profit function of supply chain is

O (Gopo> o)
= P Q (dope | Popt) = (61 + 61 +€51) Q (dope | Pipe)
+1Q (Qopt | Papt) = Coopt — 0 ~ o
= (Poe +t = =€ = 1) Q(dopt | Pop)

- (C500pt TCo T CpO) :
(14)

Analysing (11), (12), (13), and (14), then we get that

Qs(qopt’ p:pt)’ Qe (qopt’ P:pt)’ Qp(qopt’ p:pt)’ and Q(qopt’ p:pt)
are all unary functions of Q(qey | pgy)- Therefore, if there
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exist constants A, 4,, 0 < A; < 1and 0 < A, < 1 can meet
the following conditions

aw; + (1 -a)w, + “¢1P:pt +(1-a) ¢2p;pt — G
=1 (p:pt +t—cq— ¢y —cpl),
0‘(1 _¢1)p:pt —aw; — ¢ = A, (p;pt tl—C—C _Cpl)’
(1=a) (1=¢,) o — (1 =) w, — ¢y +1
=(1-1,-1,) (p::pt +t—cg -6, —Cpl),
Csoopt = M1 (CSOOPt T Cot Cpo) >
Co =AMy (cs()opt + ¢+ CPO) ,

o = (1=2; = 1,) (CSOOPt thot CPO) ’
(15)

Then we obtain

Qs (qopt> p;pt) = )LIQ (qopt’ p::pt) >
Qe (qopt’ p:pt) = )LZQ (qopt’ p;pt) > (16)

Q‘p (qopt’ p:pt) = (1 - /\1 - /\2) Q (qopt’ P:pt) .

Since Ay, A, € [0, 1] and Qy(qope Pope)> Le(Gope> Pope)> and
Qp(Gope> p:pt) can be seen as unary functions with coefficient
greater than zero of Q(qp p;‘pt), supplier S, e-commerce
platform EC, and the third-party logistics 3PL achieve the
maximum profit when the entire supply chain gets maximum
profit. And they get A, A,, and (1 — A, — A,) part of
the maximum profit of entire supply chain, respectively.
Then we know that the maximum profit of supply chain is
consistent with the maximum profit of each member, and
then the model realizes the coordination effect on supply
chain members.

With the set of unary equations (15), we have

CsOopt
A«l = —)
Cs()opt TCo T CpO
. 17)
e0
Ay= ——=
CsOopt T Cot CpO
Let
¢ -1 Az @ (CSOOPt TCo T CpO) ~Ceo
1= 41T — = >
o @ (CSOOpt T Cot CpO)
(18)
¢ _ /\1 + /\2 - CsOopt T Co— & (Cs()opt TCo T CpO)
y = =

l-o (1-«) (CSOOPt +6o+ cpo)

Discrete Dynamics in Nature and Society
Then

Ce0 (Csl + Cpl - t) —Ce1 (CSOOpt + CpO)

o (CSO()pt t ot CpO)

>

w; =

(19)
t (C500pt + CeO) + CpO (Csl + Cel) - Cpl (CSOOPt + Ceo

(1-«) (CsOOPt + G + CPO)

w, =

According to the requirement of revenue sharing ratio, ¢,
and ¢, should meet constraints 0 < ¢; < land 0 < ¢, < 1,
respectively. And since S sells the product to EC and 3PL at
prices of w;, w,, respectively, then w; > 0, w, > 0.

Analysing (18), we get that if 0 < ¢, < 1and 0 <
¢, < 1, we must have ¢,o/(cyop + ¢po) < /(1 — ) and
(Cooopt + €0)/€po > /(1 — ). Analysing (19), we know that
ifw; > 0and w, > 0, then ¢,o/(Cp0pt + Cpo) > C1/(Cy + €51 — 1)
and ¢,o/(Copopt + Co) > (o1 — 1)/(cyy + ;). Consequently,
we can realize the coordination of the supply chain under e-
commerce environment according to (18) and (19) to set the
coordinate parameters ¢, ¢,, w;, and w, when relevant cost
parameters of each member meet the above conditions.

Above all, the constructed model of profit distribution of
supply chain in e-commerce environment can maximize the
profit of supply chain when 0°F(y | p)/op> > 0, supply
quantity of product is g, and the corresponding selling
price is p:pt > ¢y + ¢y + ¢y — . Furthermore, coordinate
parameters of supply chain ¢, ¢,, w,, and w, can be obtained
from (18) and (19), when relevant cost parameters of each
member satisfy the conditions ¢,/ (coop: + ¢p0) < /(1 — ),
(C500pt+ce0)/cp0 > (X/(l _(X)’ CeO/(C500pt+Cp0) > Cel/(csl +Cp1 _t)’
and ¢,o/(Coopt + Co) > (¢p1 — 1)/(cyy + ¢1). Then the entire
supply chain achieves the maximum profit, and supply chain
members S, EC, and 3PL earn the maximum profit at the
same time. S, EC, and 3PL can get a¢p; + (1 — )¢, (1 —
¢,), and (1 — a)(1 — ¢,) part of the profit of supply chain,
respectively. Moreover, the shared ratio of profit only lies in
the cost parameters of each member; that is, it has nothing to
do with the demand.

5. Conclusion

In this paper, literature on profit distribution of supply chain
is analysed first, and based on the analysis, we study a two-
level and four-party supply chain which is composed of a
supplier, an e-commerce platform, the third-party logistics,
and demander; then a mathematical model of supply chain’s
profit is formulated. The profit distribution of supply chain
under e-commerce is investigated from two aspects: the
existence of maximum profit of supply chain and the model
to coordinate the behaviors of members through the analysis
of the profit functions of supply chain and each member.
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