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Two financing modes can be considered for manufacturer’s production capital constrained: RPFM (retailer’s prepayment financing
mode) and PCFM (procurement contract financing mode). Under the RPFM, the retailer places order in advance for a discount
price and makes prepayment; manufacturer is able to finance from a bank as production quantity cannot satisfy the second-
order quantity of retailer. By contrast, manufacturers make financing from commercial banks based on the procurement contract
with upstream supplier under the PCFM. Taking into account the relation between production volumes with the manufacturer’s
own capital and retailer’s order quantity, the optimal production and financing decision model for manufacturer under these two
financing modes are built. Moreover, the profits of the manufacturer, the retailer, and the supply chain are compared and discussed.
Results show that both of the two modes can create new value and profit for the supply chain with capital constraint and achieve
optimal production under “newsvendor” mode; the supply chain has the better performance under the RPFM than that achieved
under the PCFM.Also, under the RPFM, themanufacturer’s production and the profit of thewhole supply chainwould be increased
when the manufacturer makes the second financing. Similar conclusion is reached under the PCFM. Finally, numerical study was
given to demonstrate the conclusions.

1. Introduction

A manufacturer with capital constraint restricts its own pro-
duction capacity and fails to meet retailer’s order demands.
For manufacturer with capital constraint, there are two
financing modes commonly used: retailer’ prepayment and
manufacturer’s financing from commercial banks. Two fac-
tors make the retailer be willing to provide working capital to
the manufacturer. On the one hand, it stabilizes purchasing
channel, ensures goods source quality, and maintains the
long-term cooperation relationship with the enterprises; on
the other hand, the retailer can get some discount from the
manufacturer. With regard to the manufacturer, by selecting
retailer’s prepayment financing, it gets the needed production
capital, ensures smooth selling channel, and gets sales volume
in advance. For example, the large retail enterprise, such as
Carrefour, Wal-Mart, and Wu-Mart, makes credit rating for

upstream manufacturers or suppliers and provides capital
support with their own capital. However, the prepayment
financing mode is often under the precondition of the
manufacturer’s discount on the supplied goods, which often
reduces profit margin of the manufacturer. Hence, the man-
ufacturer often considers finance from financial institutes,
which becomes a preferred way of corporate financing. To
avoid credit risk, financial institutes represented by com-
mercial banks often need a third party to provide security
or pledge for the loan enterprises. With emerging of the
innovative financing service in the supply chain, financing
from the bank based on interenterprise relationship becomes
a new option for capital-constrained enterprises and a new
profit increasing point for commercial banks.

In the field of corporate finance research, owing to the
M&M theory’s assumption that corporate investment and
financing are independent fromproduction andoperation [1],
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capital management in supply chain has long been ignored.
However, the factors such as agent cost, information asym-
metry, and tax make the capital structure of enterprise be
closely related to the production decision [2]. Studies show
that capital constraint will impact on enterprise’s operation
decision, while financing service can create new value to
realize optimal decision and achieve the supply chain coor-
dination [3–5].

Supply chain financing mainly focuses on the optimal
decision and financing strategy selection under internal and
external financing modes. Relying on interenterprise trade
relation in the supply chain, the commercial credit mode
could satisfy capital demand of enterprises. Commercial
credit financing has appellations such as delay payment,
trade financing, and postponement strategy [6], which are all
regarded as short-term financing methods. When the buyer
is capital constrained, upstream manufacturer or supplier
may provide credit financing by this financing mode. Studies
show that commercial credit financing could stimulate the
retailers’ order and expand market share for suppliers and is
an important financing method for the buyer [7, 8]. Studies
on commercial credit mode mainly include optimal decision
about credit term [9], order policy [10, 11], and optimal
batch size [12]. The above studies mainly focus on down-
stream retailer with capital constraint and rarely focus on
commercial credit financing whenmanufacturer faces capital
constraint. Besides, commercial credit financing is also an
important way for supply chain coordination with capital
constraint. For example, Lee and Rhee showed that the trade
credit contract can better coordinate supply than commercial
bank financing where both retailer and manufacturer are
capital constrained [13]. Chen andWang indicated that com-
mercial credit can create value for supply chain and partially
coordinate supply chain with capital constrained [14].

External financing via interenterprise relation is another
important way for capital-constrained supply chain. In the
production phase from cash payment to product selling, the
enterprise may get credit from external financial institute
with inventory pledge or warehouse receipt pledge. For
example, Buzacott and Zhang connected asset financing to
production decision and built model with available cash as
assets and liabilities; meanwhile, outstanding loans under
different interest rates were taken into account [15].The study
indicated the importance of simultaneously considering pro-
duction and financing strategies. Under financing mode with
pledge by warehouse receipts and taking into account the
bankrupt risk of retailer, Yan and Sun studied optimal credit
decision of commercial bank, optimal wholesale price of
manufacturer, and optimal order quality of retailer [16]. Yan
and Sun make a comparison between two different limited
financing modes where retailer is capital constrained and
consider the bankruptcy risk; the results have shown that the
two financing modes all can improve the expected profits of
supply chain [17].

In addition, enterprise can get guarantee based on the
cooperation relation between upstream and downstream
enterprises, so as to finance from commercial bank. For
example, Yi and Zhou considered the decision of inven-
tory pledge financing from commercial bank under core

enterprise’s buy-back [18]. Zhang and Tang considered the
supply chain financing decision of financing from commer-
cial bank under manufacturer’s guarantee where retailer is
capital constrained and made decision for optimal order
quantity of retailer and optimal order price of manufac-
turer [19]. Moreover, financing from commercial bank with
procurement relation between upstream and downstream
enterprises raises more and more academic concern recently.
Downstream enterprise requests credit loan towards com-
mercial bank and the latter checks the trade relation between
upstream and downstream enterprises. Then, when down-
stream enterprise pays cash deposit in certain rate, the
commercial bank will pay for the raw materials purchased
for upstream enterprise, and the upstream enterprise should
store such raw materials in warehouse specified by the
commercial bank. At last, commercial bank gets back the
capital by controlling downstream enterprise’s right of taking
delivery of goods. The related studies refer to [20, 21].

For supply chain enterprise facing capital constraint,
different research on the question of which financial methods
should be adopted has different conclusions. Zhou and
Groenevelt compared trade financing and bank financing
from perspective of asset pledge. They draw a conclusion
that commercial bank credit is more attractive than trade
credit [22]. Jing et al. indicate that, as higher wholesale
price is required, commercial bank financing is superior
to commercial credit financing. When the production cost
is low, commercial credit financing can uniquely achieve
equilibrium [23]. However, according to the information
superiority theory, supplier can collect normal business
information of retailer more easily than the bank in credit
loan. In case of default of the retailer, the supplier can take the
advantage of disposing products; meanwhile, choosing credit
loan represents confidence of the supplier in its products,
which could facilitate control on trade relation of the supply
chain [24]. In addition, Caldentey and Chen indicate that,
for the retailer, internal financing from supplier is superior
to external financing from commercial bank [25]. Kouvelis
and Zhao indicated that manufacturer can improve profit
of supply chain by selecting commercial credit financing
and retailer financing from manufacturer better than from
commercial bank [26]. Chen made a comparison between
commercial credit financing and bank financing and pointed
out that commercial credit financing can uniquely achieve
equilibrium [27]. Yan et al. designed a partial trade credit
guarantee contract for the coordination of supply chain
finance (SCF) system where the retailer is capital constrained
[28]. The results have shown that this contract can realize
profit maximization of supply chain and achieve the coordi-
nation and financing equilibrium for SCF system based on a
suitable guarantee coefficient.

Current studies on supply chain financing are mainly
based on the assumption of buyer’s capital constraint and
mainly focus on these issues: optimal order quantity, retailer’s
order strategy, and the financing decision and coordination
under these two financing modes. Rare studies focus on
optimal decision and financing strategy selection of man-
ufacturer under capital constraint. Wang et al. establish a
conditional and partial trade creditmodel, where the supplier
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is capital constrained and as the leader in the Stackelberg
model [29]. This model makes the supply chain more stable
and a win-win outcome can be realized and the supplier’s
financial pressure can be relieved. Under the condition that
manufacturer specifies quantity discount rate, Zeng and Luo
designed trade credit incentive mechanism for retailer to
make prepayment to themanufacturer and studied inventory
management and coordination of supply chain.They reached
the conclusion that, if the manufacturer got high profit, the
mechanism could achieve coordination of the entire supply
chain and Pareto Optimality [30]. In addition,Wang and Luo
studied the optimal production decision and financing strat-
egy selection of manufacturer under two financing modes,
retailer’s prepayment financing model (RPFM) and supplier’s
commercial bank loan under retailer’s guarantee, when sup-
plier faced capital constraint.The result indicates that the two
financing modes can both realize optimal production under
noncapital constraint; moreover, when retailer cost is lower
than bank loan interest, retailer’s prepayment financingmode
should be selected; otherwise, commercial bank financing
under retailer’s guarantee should be adopted [31]. Zhan et al.
made a comparison and analyzed manufacturer’s production
decision and retailer’s financing problem under the RPFM
and commercial bank financing, which further considered
the price discount for retailer’s prepayment. The result shows
that both modes could create value for supply chain, and
prepayment financing could be better than financing from
bank when interest rate is specified and price discount rate
meets certain requirements [32]. In addition, Xiao and Luo
made a further research of dual-channel supply chain and
get the similar results that the retailer’s prepayment financing
mode (RPFM) is better than financing from bank when
manufacturer is capital constrained under the condition that
the discount rate is equal to the bank rate [33].

References [31, 32] are most closely related to this study.
However, the difference is that, in the above literatures,
further discussion is needed on the problem whether man-
ufacturer’s own capital could satisfy order demand of retailer
or no. In addition, with the RPFM, in case of secondary order
from retailer, the manufacturer needs to make secondary
financing from commercial bank for further production.
In this case, how could the manufacturer select financing
strategy and how to make optimal production? Aiming at
the problem, under procurement contract financing mode
(PCFM), the question of whether the manufacturer’s own
capital could satisfy retailer’s order is discussed. Furthermore,
we studied the optimal production and financing strategy
of manufacturer and made a comparison analysis on supply
chain performances between RPFM and PCFM.

The remainder of this paper is organized as fol-
lows. Section 2 describes the studied problem and symbols
involved in modeling and illustrates assumptions and basic
models in the paper. Sections 3 and 4 present supply chain
financing decision models under RPFM and under RPFM,
respectively. Section 5 compares the supply chain perfor-
mances under these two financing modes; Section 6 presents
a numerical example. The last section is the conclusion.

2. Problem Description and Basic Model
2.1. Problem Description and Notations. In the supply chain
system constituted by a single supplier, manufacturer, and
the retailer, the upstream supplier and downstream retailer
have commercial credit and stable operational cash flow.
The manufacturer purchases raw materials from a supplier
to produce certain products and sells to the retailer who
faces uncertain demands. It is assumed that, during the
entire procurement, manufacturing, and selling processes,
the manufacturer is required to solve the capital constraint
through financing.

In case of capital constraint, the manufacturer should
determine production after receiving an order request from
the retailer. And its own capital may be insufficient to cover
the procurement cost for the order quantity. The problems
to be considered by the manufacturer during financing
decision-making are as follows. Under the precondition of
ordering a certain quantity of products with wholesale price
discount, the retailer may make prepayment. However, in
case of secondary order when the sales volume exceeds
order quantity, the retailer will no longer enjoy a price
discount. Moreover, if its own capital is insufficient for
secondary production, the manufacturer needs to make the
secondary financing. In this case, the manufacturer may rely
on the procurement contract with upstream supplier and get
credit loan from the bank. We called this mode as retailer’s
prepayment financing mode (RPFM).

In addition, the manufacturer could get credit loan
directly from commercial bank through procurement con-
tract with upstream suppler and should pay initial deposit to
the bank in certain ratio; then, after check procurement con-
tract between supplier and manufacturer, the bank provides
loan in certain interest rate for payment of the capital needed
by manufacturer in production. Besides, the manufacturer
should store the rawmaterials in logistics enterprise specified
by a commercial bank, while the bank will control the capital
recycling through the right of taking delivery of goods. We
called this mode as procurement contract financing mode
(PCFM). Figure 1 demonstrates the specific frame and flow.

In this paper, notations and symbols are shown in
Notations.

2.2. Assumptions and Basic Model
Assumption 1. The supplier, manufacturer, and retailer are all
risk-neutral and have perfect rationality.

Assumption 2. The information among supplier, manufac-
turer, and retailer is symmetrical with no information con-
cealment.

Assumption 3. The product residual value is zero and reputa-
tion loss caused by stockout is not taken into account.

Assumption 4. The supplier, manufacturer, and retailer all
comply with the laws in operation and financing and no one
breaks the contract.

Assumption 5. The manufacturer just has only financing
chance when the retailer is reordering under RPFM.
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Figure 1: Frame and flows of the PCFM.

Without capital constraint, the manufacturer’s produc-
tion 𝑄

𝑁
satisfies the retailers order demand. It means that

retailer’s order complies with the “newsvendor” mode [32].
Expected profits of retailer, manufacturer, and supply chain
are
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(1)

When the manufacturer is capital constrained, and order
demand of retailer exceeds the maximum production of
manufacturer with its own capital (i.e., 𝑄

𝑁
> 𝑄
0
= 𝐵/𝑐),

expected profits of retailer, manufacturer, and the whole
supply chain are
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Obviously, as𝑄
𝑁
> 𝑄
0
, capital constraint results in failure

of manufacturer in satisfying the retailer’s optimal order and
making retailer, manufacturer, and the whole supply chain
be incapable of realizing optimal profits under “newsvendor”
model.

3. Supply Chain Financing
Decision under RPFM

3.1. Manufacturer’s Profit and Decision. Under the RPFM, the
retailer andmanufacturer sharemarket demand information.
The financing and production decision sequence is as follows.
The retailer determines order quantity 𝑞

𝐵
andmakes payment

for 𝛼𝜔𝑞
𝐵
; in case of secondary order of retailer, for 𝑞

𝐵
<

𝑋 ≤ 𝑄max (wherein, 𝑄max = 𝐵/𝑐 + 𝑞
𝐵
), the manufacturer’s

capital satisfies second-order demand, and the manufacturer
cannot need financing; for𝑄max ≤ 𝑋 ≤ 𝑄

1
, the manufacturer

considers secondary financing for production; for 𝑄
1
≤ 𝑋,
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which means market demand exceeds production of manu-
facturer, the production is 𝑄

1
.

(1) For 𝑋 < 𝑞
𝐵

≤ 𝑄
1
, the prepayment could be

sufficient for themanufacturer tomeet retailer’s demand, and
manufacturer’s profit is written as 𝜋1

𝑀
= 𝛼𝜔𝑞

𝐵
− 𝑐𝑄
1
.

(2) For 𝑞
𝐵
< 𝑋 ≤ 𝑄max, the manufacturer satisfies the

secondary order demand with its own capital and does not
need secondary financing, and manufacturer’s profit is 𝜋1

𝑀
=

𝛼𝜔𝑞
𝐵
+ 𝜔(𝑋 − 𝑞

𝐵
) − 𝑐𝑄

1
.

(3) For 𝑄max < 𝑋 ≤ 𝑄
1
, the manufacturer’s own

capital could not satisfy the secondary order demand andwill
need secondary financing. In this case, initial deposit should
be provided to bank in certain rate of total procurement
value to be paid to upstream enterprise. 𝐾

1
is the loan

amount from bank. After checking procurement contract
and relationship, the bank will directly make payment to
supplier, where 𝑟 is loan interest rate.Themanufacturer starts
secondary production after receiving raw materials needed.
And manufacturer’s profit is as follows:

𝜋
1

𝑀
= 𝛼𝜔𝑞

𝐵
+ 𝜔 (𝑄max − 𝑞𝐵) + 𝜔 (𝑋 − 𝑄max)

− 𝐾
1 (1 + 𝑟) − 𝑐𝑄1.

(3)

(4) For𝑄 < 𝑋, themarket demand exceeds themaximum
production volume of manufacturer after financing. In this
case, the manufacturer’s profit is 𝜋1

𝑀
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1
.

In summary, the profit of manufacturer can be given by
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(4)

Therefore, decision model of the manufacturer is given as
follows:

max 𝐸 (𝜋
1

𝑀
)

= (𝜔 − 𝑐)𝑄1 + 𝛼𝜔𝑞𝐵 − 𝜔𝑞𝐵
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𝑐
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(5)

Obviously, we have 𝜕2𝐸(𝜋1
𝑀
)/𝜕𝑄
1

2
= −𝜔𝑓(𝑄

1
) < 0, it is

easy to observe that Formula (5) is linear constraint, which is
nonlinear convex programming with respect to 𝑄

1
, and the

manufacturer’s optimal production quantity is
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Conclusion 1. When 𝑄max ≤ 𝐹
−1
(1 − 𝑐/𝜔), that is, 𝑐 ≤

𝜔(1 − 𝐹(𝑄max)), the manufacturer will choose loan from
commercial bank. The optimal loan amount is
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3.2. Retailer’s Profit and Decision. At the beginning of selling
season, the retailer enters into order agreement with the
manufacturer, makes prepayment 𝐿 for the manufacturer to
carry out production, and places preorder 𝑞

𝐵
= 𝐿/𝛼𝜔 in

discount price; the retailer faces random market demand
𝑋. For 𝑋 < 𝑞

𝐵
, the retailer should dispose the remaining

products by himself and never return them to the manufac-
turer; for 𝑋 ≥ 𝑞

𝐵
, the retailer needs to make the secondary

order in price 𝜔 and will no longer enjoy discount. If the
market demand exceeds the maximum quantity available in
the secondary order, the retailer will bear the loss caused

by stockout. Therefore, the final order quantity of retailer is
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The retailer’s expected profit model is given by
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1

𝑅
) = 𝑝(𝑄

1
− ∫

𝑄1

0

𝐹 (𝑥) 𝑑𝑥) − 𝜔 (𝑄
1
− 𝑞
𝐵
)

+ 𝜔∫

𝑄1

𝑞𝐵

𝐹 (𝑥) 𝑑𝑥 − 𝑠∫

+∞

𝑄1

(𝑥 − 𝑄
1
) 𝑓 (𝑥) 𝑑𝑥

− 𝐿.

(9)

Substituting (6) into (9), the following can be obtained.
(1) For 𝑄∗

1
= 𝑞
𝐵
, 𝜕2𝐸(𝜋1

𝑅
)/𝜕𝑞
𝐵

2
= −(𝑝 + 𝑠)𝑓(𝑞

𝐵
) < 0

holds. From the first-order optimality condition, we have
𝑞
∗

𝐵
= 𝐹
−1
(1 − 𝛼𝜔/(𝑝 + 𝑠)), where 𝛼𝜔2 − 𝑐(𝑝 + 𝑠) < 0.

(2) For 𝑄∗
1
= 𝐹
−1
(1 − 𝑐/𝜔), 𝜕2𝐸(𝜋1

𝑅
)/𝜕𝑞
𝐵

2
= −𝜔𝑓(𝑞

𝐵
) < 0

holds. From the first-order optimality condition, 𝑞∗
𝐵
= 𝐹
−1
(1−

𝛼), where 𝐹−1(1 − 𝛼) + 𝐵/𝑐 − 𝐹−1(1 − 𝑐/𝜔) ≥ 0.
(3) For 𝑄∗

1
= 𝐹
−1
(1 − 𝑐/𝜔), 𝜕2𝐸(𝜋1

𝑅
)/𝜕𝑞
𝐵

2
= −𝜔𝑓(𝑞

𝐵
) <

0 holds. From the first-order optimality condition, we have
𝑞
∗

𝐵
= 𝐹
−1
(1 − 𝛼), where

𝑐𝐹
−1
(1 − 𝛼) + 𝐵 < 𝑐𝐹

−1
(1 −

𝑐

𝜔
)

< 𝛼𝜔𝐹
−1
(1 − 𝛼) + 𝐵 + 𝐾1.

(10)

(4) For 𝑄∗
1
= (𝐿 + 𝐵 + 𝐾

1
)/𝑐

𝜕
2
𝐸 (𝜋
1

𝑅
)

𝜕𝑞
𝐵
2

= −𝜔𝑓 (𝑞
𝐵
)

−
𝛼
2
𝜔
2
(𝑝 − 𝜔 + 𝑠)

𝑐2
𝑓(

𝐿 + 𝐵 + 𝐾
1

𝑐
) < 0.

(11)

𝐸(𝜋
1

𝑅
) is the convex function of preorder quantitywith respect

to 𝑞
𝐵
. Then, taking the first-order derivative with respect to

𝑞
𝐵
, we have

𝜕𝐸 (𝜋
1

𝑅
)

𝜕𝑞
𝐵

=
𝛼𝜔 (𝑝 − 𝜔 + 𝑠)

𝑐
𝐹 (

𝛼𝜔𝑞
𝐵
+ 𝐵 + 𝐾

1

𝑐
)

+ 𝜔𝐹 (𝑞
𝐵
) − 𝛼𝜔,

(12)

where 0 ≤ 𝑞
𝐵
< (1/𝛼𝜔)[𝑐𝐹

−1
(1 − 𝑐/𝜔) − 𝐵 − 𝐾

1
].

Equation (12) is rewritten as

𝜕𝐸 (𝜋
1

𝑅
)

𝜕𝑞
𝐵

=

{{{{{

{{{{{

{

𝛼𝜔 (𝑝 − 𝜔 + 𝑠)

𝑐
[1 − 𝐹(

𝐵 + 𝐾
1

𝑐
)] + 𝜔 [1 − 𝛼] > 0, 𝑞

𝐵
󳨀→ 0

𝛼 (𝜔 − 𝑐) (𝑝 − 𝜔 + 𝑠)

𝑐
− 𝛼𝜔 + 𝜔𝐹[

𝑐𝐹
−1
(1 − 𝑐/𝜔) − 𝐵 − 𝐾1

𝛼𝜔
] , 𝑞

𝐵
󳨀→

[𝑐𝐹
−1
(1 − 𝑐/𝜔) − 𝐵 − 𝐾1]

𝛼𝜔
.

(13)

If 𝑞∗
𝐵
satisfies 𝜕𝐸(𝜋1

𝑅
)/𝜕𝑞
𝐵
= 0, we can deduce

𝜕𝐸 (𝜋
1

𝑅
)

𝜕𝑞
𝐵

=
𝛼 (𝜔 − 𝑐) (𝑝 − 𝜔 + 𝑠)

𝑐

+ 𝜔𝐹[
𝑐𝐹
−1
(1 − 𝑐/𝜔) − 𝐵 − 𝐾1

𝛼𝜔
] − 𝛼𝜔

≤ 0.

(14)

The optimal order quantity 𝑞∗
𝐵
is given by

𝑞
∗

𝐵
=

{{{{{{{{{{{{{{

{{{{{{{{{{{{{{

{

𝐹
−1
(1 −

𝛼𝜔

𝑝 + 𝑠
) , 𝛼𝜔

2
− 𝑐 (𝑝 + 𝑠) < 0

𝐹
−1
(1 − 𝛼) , 𝐹

−1
(1 − 𝛼) +

𝐵

𝑐
− 𝐹
−1
(1 −

𝑐

𝜔
) ≥ 0

𝐹
−1
(1 − 𝛼) , 𝑐𝐹

−1
(1 − 𝛼) + 𝐵 < 𝑐𝐹

−1
(1 −

𝑐

𝜔
) < 𝛼𝜔𝐹

−1
(1 − 𝛼) + 𝐵 + 𝐾1

𝑞,
𝛼 (𝜔 − 𝑐) (𝑝 − 𝜔 + 𝑠)

𝑐
+ 𝜔𝐹[

𝑐𝐹
−1
(1 − 𝑐/𝜔) − 𝐵 − 𝐾1

𝛼𝜔
] − 𝛼𝜔 ≤ 0,

(15)
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where 𝑞 is the positive solution as the following equation:

𝜕𝐸 (𝜋
1

𝑅
)

𝜕𝑞
𝐵

=
𝛼𝜔 (𝑝 − 𝜔 + 𝑠)

𝑐
𝐹 (

𝛼𝜔𝑞
𝐵
+ 𝐵 + 𝐾

1

𝑐
)

+ 𝜔𝐹 (𝑞
𝐵
) − 𝛼𝜔 = 0.

(16)

Accordingly, substituting (15) into (6) the optimal pro-
duction volume of manufacturer is rewritten as follows:

𝑄
∗

1
=

{{{{{{{{{{{{{{

{{{{{{{{{{{{{{

{

𝐹
−1
(1 −

𝛼𝜔

𝑝 + 𝑠
) , 𝛼𝜔

2
− 𝑐 (𝑝 + 𝑠) < 0

𝐹
−1
(1 −

𝑐

𝜔
) , 𝐹

−1
(1 − 𝛼) +

𝐵

𝑐
− 𝐹
−1
(1 −

𝑐

𝜔
) ≥ 0

𝐹
−1
(1 −

𝑐

𝜔
) , 𝑐𝐹

−1
(1 − 𝛼) + 𝐵 < 𝑐𝐹

−1
(1 −

𝑐

𝜔
) < 𝛼𝜔𝐹

−1
(1 − 𝛼) + 𝐵 + 𝐾1

(𝛼𝜔𝑞 + 𝐵 + 𝐾
1
)

𝑐
,

𝛼 (𝜔 − 𝑐) (𝑝 − 𝜔 + 𝑠)

𝑐
+ 𝜔𝐹[

𝑐𝐹
−1
(1 − 𝑐/𝜔) − 𝐵 − 𝐾1

𝛼𝜔
] − 𝛼𝜔 ≤ 0.

(17)

From (15) and (17), the optimal order quantity and
production volume are both related to wholesale discount
coefficient 𝛼.

Proposition 1. For IFR distributions of demand, if 𝑞∗
𝐵

=

𝐹
−1
(1 − 𝛼𝜔/(𝑝 + 𝑠)) and 𝑞

∗

𝐵
= 𝐹
−1
(1 − 𝛼), then we have

𝑑𝑞
∗

𝐵
/𝑑𝛼 ≤ 0. If 𝑞∗

𝐵
= 𝑞, the sufficient condition for 𝑑𝑞∗

𝐵
/𝑑𝛼 ≤ 0

is

1 ≤ 𝐹(
𝐿 + 𝐵 + 𝐾

1

𝑐
) −

𝛼𝜔𝑞
𝐵

𝑐
𝑓 (

𝐿 + 𝐵 + 𝐾
1

𝑐
)

−
𝑐

(𝑝 − 𝜔 + 𝑠)
.

(18)

Conversely, if 𝑑𝑞∗
𝐵
/𝑑𝛼 ≥ 0

𝐹(
𝐿 + 𝐵 + 𝐾

1

𝑐
) −

𝛼𝜔𝑞
𝐵

𝑐
𝑓 (

𝐿 + 𝐵 + 𝐾
1

𝑐
)

−
𝑐

(𝑝 − 𝜔 + 𝑠)
< 1,

(19)

where 𝑞 is the positive solution of (16).

Proof. The following results are obtained from (15).
(1) For 𝑞∗

𝐵
= 𝐹
−1
(1 − 𝛼𝜔/(𝑝 + 𝑠)), 𝑑𝑞∗

𝐵
/𝑑𝛼 = −(𝜔/(𝑝 +

𝑠)𝑓(𝐹
−1
(1 − 𝛼𝜔/(𝑝 + 𝑠)))) < 0 holds.

(2) For 𝑞∗
𝐵
= 𝐹
−1
(1 − 𝛼), we have 𝑑𝑞∗

𝐵
/𝑑𝛼 = −1/𝑓(𝐹

−1
(1 −

𝛼)) < 0.

(3) For 𝑞∗
𝐵
= 𝑞, by taking the first-order derivation of (16)

with respect to 𝛼, we deduce

𝑑𝑞
∗

𝐵

𝑑𝛼
=
𝑐𝜔 (𝑝 − 𝜔 + 𝑠) [1 − 𝐹 ((𝐿 + 𝐵 + 𝐾

1
) /𝑐) − (𝛼𝜔𝑞

𝐵
/𝑐) 𝑓 ((𝐿 + 𝐵 + 𝐾

1
) /𝑐) − 𝑐/ (𝑝 − 𝜔 + 𝑠)]

𝑐2𝜔𝑓 (𝑞
𝐵
) + 𝛼2𝜔2 (𝑝 − 𝜔 + 𝑠) 𝑓 ((𝐿 + 𝐵 + 𝐾

1
) /𝑐)

. (20)

Obviously, if the distribution of demand is IFR, 𝑑𝑞∗
𝐵
/𝑑𝛼 ≤

0 is equivalent to the following inequality:

1 ≤ 𝐹(
𝐿 + 𝐵 + 𝐾

1

𝑐
) −

𝛼𝜔𝑞
𝐵

𝑐
𝑓 (

𝐿 + 𝐵 + 𝐾
1

𝑐
)

−
𝑐

(𝑝 − 𝜔 + 𝑠)
.

(21)

Conversely, 𝑑𝑞∗
𝐵
/𝑑𝛼 ≥ 0; then we have

1 > 𝐹(
𝐿 + 𝐵 + 𝐾

1

𝑐
) −

𝛼𝜔𝑞
𝐵

𝑐
𝑓 (

𝐿 + 𝐵 + 𝐾
1

𝑐
)

−
𝑐

(𝑝 − 𝜔 + 𝑠)
.

(22)
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Conclusion 2. FromProposition 1, the optimal order quantity
𝑞
∗

𝐵
under prepayment is negatively related to the discount

rate 𝛼; that is, larger discount rate value represents smaller
discount rate and leads to smaller optimal order quantity
𝑞
∗

𝐵
. On the contrary, smaller discount rate value represents

larger discount rate and leads to larger optimal order quantity
𝑞
∗

𝐵
.

Proposition 2. For IFR distributions of demand, if credit loan
𝐾
1
is constant, the retailer’s profit𝐸[𝜋1

𝑅
] is a decreasing function

with respect to 𝛼 and satisfies the following formula:

𝜕𝐸 [𝜋
1

𝑅
]

𝜕𝛼
=

{{{{{{{{

{{{{{{{{

{

−𝜔𝐹
−1
(1 −

𝛼𝜔

𝑝 + 𝑠
) , 𝑄

∗

1
= 𝑞
∗

𝐵
= 𝐹
−1
(1 −

𝛼𝜔

𝑝 + 𝑠
)

−𝜔𝐹
−1
(1 − 𝛼) , 𝑄

∗

1
= 𝐹
−1
(1 −

𝑐

𝜔
) , 𝑞
∗

𝐵
= 𝐹
−1
(1 − 𝛼)

−
𝜔𝑞

𝛼
𝐹 (𝑞) , 𝑄

∗

1
=
(𝛼𝜔𝑞 + 𝐵 + 𝐾

1
)

𝑐
, 𝑞
∗

𝐵
= 𝑞,

(23)

where 𝑞 is the positive solution of (16).

Proof. (1) For 𝑄∗
1
= 𝑞
∗

𝐵
= 𝐹
−1
(1 − 𝛼𝜔/(𝑝 + 𝑠)), 𝜕𝜋1

𝑅
/𝜕𝛼 =

−𝜔𝐹
−1
(1 − 𝛼𝜔/(𝑝 + 𝑠)) < 0 holds.

(2) For 𝑄∗
1
= 𝐹
−1
(1 − 𝑐/𝜔), 𝑞

∗

𝐵
= 𝐹
−1
(1 − 𝛼), 𝜕𝜋1

𝑅
/𝜕𝛼 =

−𝜔𝐹
−1
(1 − 𝛼) < 0 holds.

(3) For 𝑄∗
1
= (𝛼𝜔𝑞 + 𝐵 + 𝐾

1
)/𝑐, 𝑞∗
𝐵
= 𝑞, we have

𝜕𝜋
1

𝑅

𝜕𝛼
=
𝜔𝑞

𝑐
(𝑝 − 𝜔 + 𝑠) 𝐹(

𝛼𝜔𝑞 + 𝐵 + 𝐾
1

𝑐
) − 𝜔𝑞

= −
𝜔𝑞

𝛼
𝐹 (𝑞) < 0.

(24)

In summary, if the distribution of demand is IFR,
𝜕𝐸[𝜋
1

𝑅
]/𝜕𝛼 < 0 holds, and𝐸[𝜋1

𝑅
] is a decreasing functionwith

respect to 𝛼.

Proposition 3. For IFR distributions of demand, if credit loan
𝐾
1
is a constant, then the manufacturer’s profit 𝐸[𝜋1

𝑀
] is an

increasing function about 𝛼 and can be given by

𝜕𝐸 [𝜋
1

𝑀
]

𝜕𝛼

=

{{{{{{{{{

{{{{{{{{{

{

(𝛼𝜔 − 𝑐 + 𝐾
1 (1 + 𝑟) 𝑓(𝐹

−1
(1 −

𝛼𝜔

𝑝 + 𝑠
) +

𝐵

𝑐
))

𝑑𝑞
∗

𝐵

𝑑𝛼
+ 𝜔𝐹
−1
(1 −

𝛼𝜔

𝑝 + 𝑠
) , 𝑄

∗

1
= 𝑞
∗

𝐵
= 𝐹
−1
(1 −

𝛼𝜔

𝑝 + 𝑠
)

𝜔𝐹
−1
(1 − 𝛼) + 𝐾1 (1 + 𝑟) 𝑓 (

𝐵

𝑐
+ 𝑞
∗

𝐵
)
𝑑𝑞
∗

𝐵

𝑑𝛼
, 𝑄

∗

1
= 𝐹
−1
(1 −

𝑐

𝜔
) , 𝑞
∗

𝐵
= 𝐹
−1
(1 − 𝛼)

1

𝑐

𝜕𝑞

𝜕𝛼
[𝛼𝜔
2
𝐹(

𝛼𝜔𝑞 + 𝐵 + 𝐾
1

𝑐
)] +

𝑞

𝑐
𝜔
2
𝐹(

𝛼𝜔𝑞 + 𝐵 + 𝐾
1

𝑐
) + 𝑐 (𝐾

1 (1 + 𝑟) 𝑓 (𝑞 +
𝐵

𝑐
)) , 𝑄

∗

1
=
(𝛼𝜔𝑞 + 𝐵 + 𝐾

1
)

𝑐
, 𝑞
∗

𝐵
= 𝑞,

(25)

where 𝑞 is the positive solution of (16).

Proof. (1) For 𝑄∗
1
= 𝑞
∗

𝐵
= 𝐹
−1
(1 − 𝛼𝜔/(𝑝 + 𝑠)), from the

conclusion of Proposition 1, we have

𝜕𝜋
1

𝑀

𝜕𝛼
= (𝛼𝜔 − 𝑐

+ 𝐾
1 (1 + 𝑟) 𝑓(𝐹

−1
(1 −

𝛼𝜔

𝑝 + 𝑠
) +

𝐵

𝑐
))

𝑑𝑞
∗

𝐵

𝑑𝛼

+ 𝜔𝐹
−1
(1 −

𝛼𝜔

𝑝 + 𝑠
) > 0.

(26)

(2) For 𝑄∗
1
= 𝐹
−1
(1 − 𝑐/𝜔) and 𝑞∗

𝐵
= 𝐹
−1
(1 − 𝛼), from the

conclusion of Proposition 1, we have
𝜕𝜋
1

𝑀

𝜕𝛼
= 𝜔𝐹
−1
(1 − 𝛼) + 𝐾1 (1 + 𝑟) 𝑓 (

𝐵

𝑐
+ 𝑞
∗

𝐵
)
𝑑𝑞
∗

𝐵

𝑑𝛼

> 0.

(27)

(3) For 𝑄∗
1
= (𝛼𝜔𝑞 + 𝐵 + 𝐾

1
)/𝑐 and 𝑞∗

𝐵
= 𝑞

𝜕𝜋
1

𝑀

𝜕𝛼
=
1

𝑐

𝜕𝑞

𝜕𝛼
[𝛼𝜔
2
𝐹(

𝛼𝜔𝑞 + 𝐵 + 𝐾
1

𝑐
)]

+
𝑞

𝑐
𝜔
2
𝐹(

𝛼𝜔𝑞 + 𝐵 + 𝐾
1

𝑐
)

+ 𝑐 (𝐾
1 (1 + 𝑟) 𝑓 (𝑞 +

𝐵

𝑐
)) > 0.

(28)
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In summary, if the distribution of demand is IFR, 𝜕𝐸[𝜋1
𝑀
]/

𝜕𝛼 > 0 holds. Themanufacturer’s profit𝐸[𝜋1
𝑀
] is an increasing

function with respect to 𝛼.

4. Supply Chain Decision under PCFM

Manufacturer with capital constraint also can select request-
ing credit loan directly from commercial bank with PCFM.
After checking the relation between manufacturer and sup-
plier, the commercial bank provides certain loan 𝐾

2
to the

manufacturer who should repay the capital and interest
𝐾
2
(1+𝑟) at the end of the selling season. To avoid default risk,

sales income should be greater than the capital and interest
to be repaid; that is, 𝐾

2
(1 + 𝑟) ≤ 𝜔𝑄

2
. At the beginning of

selling season, the retailer orders products with quantity of
𝑞 = min(𝑋,𝑄

2
) from the manufacturer at wholesale price 𝜔,

where the manufacturer production volume is 𝑄
2
.

At the beginning of selling season, the retailer places
purchase order with amount of 𝑞

2
= min(𝑋,𝑄

2
) from the

manufacturer according to its judgment on market demand
and production capacity of the manufacturer. For 𝑞

2
≤ 𝐵/𝑐,

the manufacturer could satisfy the retailer’s order demand
with its own capital; for 𝐵/𝑐 < 𝑞

2
≤ (𝐵 + 𝐾

2
)/𝑐, the

manufacturer could satisfy retailer’s order demand through
loan; for (𝐵 + 𝐾

2
)/𝑐 < 𝑞

2
, the order quantity of retailer

exceeds the manufacturer’s maximum production volume
after financing. In this case, the retailer will be out of stock
with unit cost 𝑠. Profit of the retailer can be given by

𝜋
2

𝑅

=

{{{{{{

{{{{{{

{

(𝑝 − 𝜔)𝑋, 𝑋 < 𝑄
2
≤
𝐵

𝑐

(𝑝 − 𝜔)𝑋,
𝐵

𝑐
< 𝑋 ≤ 𝑄

2
≤
(𝐵 + 𝐾

2
)

𝑐

(𝑝 − 𝜔)𝑄
2
− 𝑠 (𝑋 − 𝑄

2
) , 𝑄

2
<
(𝐵 + 𝐾

2
)

𝑐
< 𝑋.

(29)

The excepted profit of retailer under PCFM is as follows:

𝐸 [𝜋
2

𝑅
] = ∫

𝑄2

0

[(𝑝 − 𝜔)𝑋]𝑓 (𝑥) 𝑑𝑥

+ ∫

+∞

𝑄2

[(𝑝 − 𝜔)𝑄
2
− 𝑠 (𝑋 − 𝑄

2
)] 𝑓 (𝑥) 𝑑𝑥

= (𝑝 − 𝜔) (𝑄
2
− ∫

𝑄2

0

𝐹 (𝑥) 𝑑𝑥)

− 𝑠∫

+∞

𝑄2

(𝑋 − 𝑄
2
) 𝑓 (𝑥) 𝑑𝑥.

(30)

In initial production period, after receiving order from
the retailer, decision sequence of the manufacturer is as
follows: for 𝑞

2
≤ 𝐵/𝑐, the manufacturer could satisfy the

retailer’s order demandwith its own capital and does not need
financing; for 𝐵/𝑐 < 𝑞

2
≤ (𝐵 + 𝐾

2
)/𝑐, the manufacturer

could satisfy the retailer’s order demand through loan; for
(𝐵 + 𝐾

2
)/𝑐 < 𝑞

2
, the order quantity of retailer exceeds

the maximum production volume of manufacturer after
financing. Production volume of the manufacturer is 𝑄

2
.

(1) For 𝑞
2
≤ 𝐵/𝑐, the manufacturer does not need financ-

ing; that is, it could satisfy the retailer’s order demand with
its own capital. Manufacturer’s profit is 𝜋2

𝑀
= 𝜔min(𝑋, 𝑄

2
) −

𝑐𝑄
2
.
(2) For 𝐵/𝑐 < 𝑞

2
≤ (𝐵 + 𝐾

2
)/𝑐, the manufacturer needs

loan from bank and should repay the capital and interest
𝐾
2
(1 + 𝑟) at the end of sales season. Manufacturer’s profit is

𝜋
2

𝑀
= 𝜔min(𝑋, 𝑄

2
) − 𝐾
2
(1 + 𝑟) − 𝑐𝑄

2
.

(3) For (𝐵 + 𝐾
2
)/𝑐 < 𝑞

2
, the order quantity exceeds

the manufacturer’s maximum production volume with loan.
Manufacturer’s profit is 𝜋2

𝑀
= (𝜔 − 𝑐𝑄

2
) − 𝐾
2
(1 + 𝑟).

Therefore, manufacturer’s profit under PCFM is as fol-
lows:

𝜋
2

𝑀
=

{{{{{{

{{{{{{

{

𝜔𝑋 − 𝑐𝑄, 𝑋 < 𝑄 ≤
𝐵

𝑐
𝜔𝐵

𝑐
+ 𝜔(𝑋 −

𝐵

𝑐
) − 𝑐𝑄 − 𝐾

2 (1 + 𝑟) ,
𝐵

𝑐
< 𝑋 ≤ 𝑄 ≤

(𝐵 + 𝐾
2
)

𝑐

(𝜔 − 𝑐)𝑄 − 𝐾
2 (1 + 𝑟) , 𝑄 <

(𝐵 + 𝐾
2
)

𝑐
< 𝑋.

(31)

Decision model of manufacturer is given by

𝐸 [𝜋
2

𝑀
]

= (𝜔 − 𝑐)𝑄2 − (1 − 𝐹(
𝐵

𝑐
))𝐾
2 (1 + 𝑟)

− 𝜔∫

𝑄2

0

𝐹 (𝑥) 𝑑𝑥

s.t. 𝐾
2 (1 + 𝑟)

𝜔
≤ 𝑄
2
≤
𝐵 + 𝐾

2

𝑐
.

(32)

Owning to the fact that 𝜕2𝐸[𝜋2
𝑀
]/𝜕𝑄
2

2
= −𝜔𝑓(𝑄

2
) < 0

and the constraint conditions are linear constraint conditions
of 𝑄
2
, (32) is a nonlinear convex programming problem

about 𝑄
2
. According to Kuhn-Tucker conditions, the man-

ufacturer’s optimal production volume 𝑄∗
2
is

𝑄
∗

2

=

{{{{{{{{

{{{{{{{{

{

𝐾
2 (1 + 𝑟)

𝜔
, 𝐹

−1
(1 −

𝑐

𝜔
) <

𝐾
2 (1 + 𝑟)

𝜔

𝐹
−1
(1 −

𝑐

𝜔
) ,

𝐾
2 (1 + 𝑟)

𝜔
≤ 𝐹
−1
(1 −

𝑐

𝜔
) ≤

𝐵 + 𝐾
2

𝑐

𝐵 + 𝐾
2

𝑐
,

𝐵 + 𝐾
2

𝑐
< 𝐹
−1
(1 −

𝑐

𝜔
) .

(33)
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Proposition 4. Under PCFM, if the manufacturer carries out
production according to 𝑄

∗

2
, the optimal loan amount is as

follows:

𝐾
∗

2

=

{{{

{{{

{

𝜔

1 + 𝑟
𝐹
−1
(𝐹(

𝐵

𝑐
) −

𝑐

𝜔
) , 𝑄

∗

2
=
𝐾
2 (1 + 𝑟)

𝜔

𝑐𝐹
−1
(1 −

𝑐

𝜔
) − 𝐵, 𝑄

∗

2
= 𝐹
−1
(1 −

𝑐

𝜔
) .

(34)

Proof. (1) For 𝑄∗
2
= 𝐾
2
(1 + 𝑟)/𝜔, 𝜕2𝐸[𝜋2

𝑀
]/𝜕𝐾
2

2
= −(1 +

𝑟)𝑓(𝐾
2
(1 + 𝑟)/𝜔)((1 + 𝑟)/𝜔) < 0 holds. From the first-order

optimality condition,

𝜕𝐸 [𝜋
2

𝑀
]

𝜕𝐾
2

= (𝜔 − 𝑐)
(1 + 𝑟)

𝜔
− (1 − 𝐹(

𝐵

𝑐
)) (1 + 𝑟)

− (1 + 𝑟) 𝐹(
𝐾
2 (1 + 𝑟)

𝜔
) = 0.

(35)

We have

𝐹
−1
(1 −

𝑐

𝜔
) < 𝐹

−1
(𝐹(

𝐵

𝑐
) −

𝑐

𝜔
) 󳨐⇒ 𝐹(

𝐵

𝑐
) < 1 (36)

and𝐾∗
2
= (𝜔/(1 + 𝑟))𝐹

−1
(𝐹(𝐵/𝑐) − 𝑐/𝜔).

(2) For 𝑄∗
2

= 𝐹
−1
(1 − 𝑐/𝜔), 𝜕2𝐸[𝜋2

𝑀
]/𝜕𝐾
2

2
= −(1 −

𝐹(𝐵/𝑐))(1 + 𝑟) < 0 holds. From the first-order optimum
condition,

𝜕𝐸 [𝜋
2

𝑀
]

𝜕𝐾
2

= −(1 − 𝐹(
𝐵

𝑐
)) (1 + 𝑟) < 0. (37)

So, the manufacture should try to satisfy the production
demand with loan from commercial bank, and the optimal
loan amount is 𝐾∗

2
= 𝑐𝑄
∗
− 𝐵 = 𝑐𝐹

−1
(1 − 𝑐/𝜔) − 𝐵.

(3) For𝑄∗
2
= (𝐵+𝐾

2
)/𝑐, 𝜕2𝐸[𝜋2

𝑀
]/𝜕𝐾
2

2
= −(𝜔/𝑐

2
)𝑓((𝐵+

𝐾
2
)/𝑐) < 0 is obtained. According to the first-order optimum

condition 𝜕𝐸[𝜋
2

𝑀
]/𝜕𝐾
2
= (𝜔 − 𝑐)/𝑐 − (1 − 𝐹(𝐵/𝑐))(1 + 𝑟) −

(𝜔/𝑐)𝐹((𝐵 + 𝐾
2
)/𝑐) = 0, the optimal loan amount should

not exist in this case, because of 𝐹−1[(𝜔 − 𝑐)/𝜔 − (𝑐/𝜔)(1 −

𝐹(𝐵/𝑐)(1 + 𝑟))] < 𝐹
−1
(1 − 𝑐/𝜔).

5. Comparison of Supply Chain Performances

Considering the goal of maximizing profit of the whole
supply chain and the profits under the conditions of no capital
constraint, RPFM and PCFM are compared.

Under RPFM, 𝑄∗
1
is the maximum value point and 𝑄∗

1
>

𝑄
𝑁
. For 𝑞

𝐵
≤ 𝐹
−1
(1 − 𝑐/𝜔) ≤ 𝑄max, the manufacturer does

not need loan: that is, 𝐾∗
1
= 0. For 𝑄max ≤ 𝐹

−1
(1 − 𝑐/𝜔) ≤

(𝐿 + 𝐵 + 𝐾
1
)/𝑐, commercial bank loan can be expressed as

𝐾
∗

1
= 𝑐(𝐹
−1
(1 − 𝑐/𝜔) − 𝐹

−1
(1 − 𝛼) − 𝐵/𝑐).

Under PFCM, themaximumproduction capacity ofman-
ufacturer is𝑄∗

2
= 𝐹
−1
(1−𝑐/𝜔), and the loan from commercial

bank is 𝐾∗
2
= 𝑐𝐹
−1
(1 − 𝑐/𝜔) − 𝐵. By comparing profits of the

supply chain, we can get the following conclusions.

Proposition 5. In case of capital constraint, under RPFM, we
have 𝑄∗

1
> 𝑄
𝑁
. And for 𝑞

𝐵
≤ 𝐹
−1
(1 − 𝑐/𝜔) ≤ 𝑄max, we

have 𝐸(𝜋2
𝑇,𝑄

) > 𝐸(𝜋
𝑁

𝑇
). Under PCFM, similarly, 𝑄∗

2
> 𝑄
𝑁
.

Besides, for 𝑟 < (1/𝐾
∗

2
)[(𝑐(𝑝 − 𝜔)/(𝜔 + 𝑠))(𝑄

∗

2
− 𝑄
𝑁
) − 𝐾
∗

2
],

we have 𝐸(𝜋2
𝑇,𝑄

) > 𝐸(𝜋
𝑁

𝑇
); for 𝑄∗

1
= 𝑄
∗

2
= 𝐹
−1
(1 − 𝑐/𝜔),

RPFM and PCFM have the same optimal production volume
and 𝐸(𝜋2

𝑇,𝑄
) < 𝐸(𝜋

1

𝑇,𝑄
).

Proof. Firstly, if the manufacturer adopts RPFM, from the
assumption, the manufacturer’s optimal production volume
𝑄
∗

1
= 𝐹
−1
(1 − 𝑐/𝜔) > 𝑄

𝑁
= 𝐹
−1
(1 − 𝜔/(𝑝 + 𝑠)) holds.

(1) For 𝑞
𝐵
≤ 𝐹
−1
(1 − 𝑐/𝜔) ≤ 𝑄max, we have

𝐸 (𝜋
1

𝑇,𝑄
) − 𝐸 (𝜋

𝑁

𝑇
)

= (𝑝 − 𝑐 + 𝑠) (𝑄
∗

1
− 𝑄
𝑁
) − (𝑝 + 𝑠) ∫

𝑄
∗

1

𝑄𝑁

𝐹 (𝑥) 𝑑𝑥

> [(𝑝 − 𝑐 + 𝑠) − (𝑝 + 𝑠) 𝐹 (𝑄
∗

1
)] (𝑄
∗

1
− 𝑄
𝑁
)

=
𝑐 (𝑝 + 𝑠 − 𝜔)

𝜔
(𝑄
∗

1
− 𝑄
𝑁
) > 0.

(38)

Therefore, it is easy to observe 𝐸(𝜋1
𝑇,𝑄

) > 𝐸(𝜋
𝑁

𝑇
).

(2) For 𝑄max ≤ 𝐹
−1
(1 − 𝑐/𝜔) ≤ (𝐿 + 𝐵 + 𝐾)/𝑐, we have

𝐸 (𝜋
1

𝑇,𝑄
) − 𝐸 (𝜋

𝑁

𝑇
)

= (𝑝 − 𝑐 + 𝑠) (𝑄
∗

1
− 𝑄
𝑁
) − (𝑝 + 𝑠) ∫

𝑄
∗

1

𝑄𝑁

𝐹 (𝑥) 𝑑𝑥

− 𝐾
∗

1
(1 + 𝑟)

> [(𝑝 − 𝑐 + 𝑠) − (𝑝 + 𝑠) 𝐹 (𝑄
∗

1
)] (𝑄
∗

1
− 𝑄
𝑁
)

− 𝐾
∗

1
(1 + 𝑟)

=
𝑐 (𝑝 + 𝑠 − 𝜔)

𝜔
(𝑄
∗

1
− 𝑄
𝑁
) − 𝐾
∗

1
(1 + 𝑟) .

(39)

Therefore, for 𝑟 < (1/𝐾
∗

1
)[(𝑐(𝑝 + 𝑠 − 𝜔)/𝜔)(𝑄

∗

1
− 𝑄
𝑁
) − 𝐾
∗

1
],

𝐸(𝜋
1

𝑇,𝑄
) > 𝐸(𝜋

𝑁

𝑇
) holds.

In addition, the manufacturer’s maximum production
volume is 𝑄∗

2
= 𝐹
−1
(1 − 𝑐/𝜔) under PCFM. According to the

assumption, 𝑄∗
2
= 𝐹
−1
(1 − 𝑐/𝜔) > 𝑄

𝑁
, and the loan amount

is𝐾∗
2
= 𝑐𝐹
−1
(1 − 𝑐/𝜔) − 𝐵. We deduce

𝐸 (𝜋
2

𝑇,𝑄
) − 𝐸 (𝜋

𝑁

𝑇
)

= (𝑝 − 𝑐 + 𝑠) (𝑄
∗

2
− 𝑄
𝑁
) − (𝑝 + 𝑠) ∫

𝑄
∗

2

𝑄𝑁

𝐹 (𝑥) 𝑑𝑥

− 𝐾
∗

2
(1 + 𝑟)

> [(𝑝 − 𝑐 + 𝑠) − (𝑝 + 𝑠) 𝐹 (𝑄
∗

2
)] (𝑄
∗

2
− 𝑄
𝑁
)

− 𝐾
∗

2
(1 + 𝑟)

=
𝑐 (𝑝 + 𝑠 − 𝜔)

𝜔
(𝑄
∗

2
− 𝑄
𝑁
) − 𝐾
∗

2
(1 + 𝑟) .

(40)
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For 𝑟 < (1/𝐾
∗

2
)[(𝑐(𝑝 + 𝑠 − 𝜔)/𝜔)(𝑄

∗

2
− 𝑄
𝑁
) − 𝐾
∗

2
], 𝐸(𝜋2

𝑇,𝑄
) >

𝐸(𝜋
𝑁

𝑇
) holds.

Furthermore, we can get the result of the supply chain
profits under two financing modes as follows.

(1) For 𝑞
𝐵
≤ 𝐹
−1
(1 − 𝑐/𝜔) ≤ 𝑄max,

𝐸 (𝜋
2

𝑇,𝑄
) − 𝐸 (𝜋

1

𝑇,𝑄
) = −𝐾

∗

2
(1 + 𝑟) < 0, (41)

and we get 𝐸(𝜋2
𝑇,𝑄

) < 𝐸(𝜋
1

𝑇,𝑄
).

(2) For 𝑄max ≤ 𝐹
−1
(1 − 𝑐/𝜔) ≤ (𝐿 + 𝐵 + 𝐾)/𝑐,

𝐸 (𝜋
2

𝑇,𝑄
) − 𝐸 (𝜋

1

𝑇,𝑄
) = (𝐾

∗

1
− 𝐾
∗

2
) (1 + 𝑟)

= −𝑐𝐹
−1
(1 − 𝛼) (1 + 𝑟) < 0.

(42)

So, 𝐸(𝜋2
𝑇,𝑄

) < 𝐸(𝜋
1

𝑇,𝑄
) holds.

According to the conclusion of Proposition 5, both the
two financing modes can create new value and profit for the
supply chain under capital constraint and can achieve the
optimal production when there is no capital constraint. If the
secondary financing is needed when their own capital could
not satisfy the second-order demand, the manufactures need
the second financing, and the loan interest rate meets certain
requirements, the RPFM can increase production volume
of the manufacturer and increase profit of the entire supply
chain; the corresponding conclusion can also be reached
under PCFM. By comparing these two financing modes, the
whole supply chain performance is better than that with
financing from a commercial bank by PCFM. Therefore, the
RPFM should be adopted.

6. Numerical Example and Analysis
6.1. Parameter Setting. To ensure consistency of the study, it
is assumed that the market demand on certain product of the
manufacturer satisfies the uniform distribution in [0, 800],
the unit market sale price 𝑝 = 100, the unit wholesale price
𝜔 = 60, the unit stock out cost 𝑠 = 40, manufacturer’s unit
production cost 𝑐 = 20, loan interest rate of commercial bank
𝑟 = 0.045, manufacturer’s own capital amount 𝐵 = 6000, and
production volume with its own capital 𝑄

0
= 300.

6.2. Numerical Example. When there is no capital constraint
and themanufacturer carries out optimal production accord-
ing to classic “newsvendor” model, the optimal production
volume and expected profits of manufacturer, retailer, and
the whole supply chain are calculated as follows: 𝑄

𝑁
= 457,

𝐸[𝜋
𝑁

𝑅
] = 2286, 𝐸[𝜋𝑁

𝑀
] = 18280, and 𝐸[𝜋

𝑁

𝑇
] = 20566.

Under capital constraint, if the manufacturer produces with
its own capital, expected profits of manufacturer, retailer, and
the entire supply chain are 𝐸[𝜋𝐶

𝑅
] = 125, 𝐸[𝜋𝐶

𝑀
] = 12000,

and 𝐸[𝜋𝐶
𝑇
] = 12125, respectively. Obviously, in case of capital

constraint, the manufacturer, retailer, and the entire supply
chain cannot achieve the expected optimal profits.

Under the RPFM, the manufacturer’s optimal production
volume and retailer’s order quantity are related to the dis-
count coefficient. By verifying Formula (17), after secondary
financing, themanufacturer could realize optimal production
and not all the loan from the secondary financing is used in
production.
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1 = Q∗
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Figure 2: Optimal production volumes of the manufacturer under
the two financing modes.
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q∗B
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max = F−1(1 − 𝛼w/(p + s)) + B/c
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Figure 3: Preorder quantity of retailer under RPFM.

Under the PCFM, from (33) and (34), 𝑄∗
2
= 𝐹
−1
(1 − 𝑐/𝜔)

is verified satisfying the conditions; in this case, we have
𝑄
∗

2
= 533. Figure 2 shows the optimal production volumes

of manufacturer under the two financing modes.
From Figure 2, under the RPFM, the optimal production

volume 𝑄∗
1
decreases with increase of discount coefficient 𝛼,

presenting negative correlation: that is, high discount price
required by the retailer will lead to low wholesale price and
high optimal production volume of the manufacturer. In
addition, the manufacturer can achieve the optimal produc-
tion volume under both financing modes.

Under the RPFM, the relation between 𝑞
∗

𝐵
and the

discount price 𝛼 is illustrated in Figure 3, so as to show the
influence of discount coefficient 𝛼 on retailer’s order quantity.
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Figure 4: Comparison ofmanufacturer’s expected profits under two
financing modes.

From Figure 3, under the RPFM, 𝑞∗
𝐵
is negative corre-

lation with the discount coefficient 𝛼. Besides, if the man-
ufacturer could satisfy retailer’s secondary order with own
capital, for 0.43 < 𝛼 < 0.63, the production volume with its
own capital is less than retailer’s order quantity. To increase
production and sales volume, the manufacturer should adopt
RPFM. For 0.63 < 𝛼 < 17/24, the production volume
with the manufacturer’s own capital is more than retailer’s
order quantity under RPFM.With large bargaining space, the
manufacturermay choosewhether to accept preorder request
of the retailer in discount price.

Changes in expected optimal profit of manufacturer
under two financing modes are shown in Figure 4.

From Figure 4, the expected profits of the manufacturer
under the both modes are lower than that under classic
“newsvendor” model, and the profit under RPFM is also
lower than that with the manufacture’s own capital. In addi-
tion, with different optimal production volumes, preorder
volumes, and discount coefficients, the manufacturer will
choose different financing modes.

Figure 5 shows expected profits of retailer under two
modes.

From Figure 5, the retailer’s profits under both financing
modes are higher than that under classic “newsvendor”
model and the manufacturer’s optimal profit with own
capital. No matter which financing mode is then adopted by
the manufacturer, the retailer’s profits can always increase.
Moreover, under the RPFM, retailer’s expected profit will
decrease with increase of discount coefficient.

The optimal expected profits of supply under the two
financing modes are compared (as shown in Figure 6).

Figure 6 shows that, under the RPFM, profits of the
supply chain aremore than those under classic “newsvendor”
model and the PCFM. For 1/3 < 𝛼 < 7/9, profits of the
supply chain can reach the maximum value and will decrease
with increase of discount coefficient 𝛼, which also indicates
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Figure 5: Comparison of the retailer’s expected profits under the
two financing modes.
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Figure 6: Comparison of expected profits of the entire supply chain.

that the larger discount will lead to higher profit of the
supply chain. It is a remarkable fact that, if the manufacturer
adopts PCFM, profit of the supply chain will be less than
that under classic “newsvendor” model, which, according to
Proposition 5, is mainly because of the failure in meeting
boundary conditions of interest rate.

7. Conclusions

The manufacturer will address the capital constraint during
production and operation through financing in order to
realize optimal production and maximize the profit. The
manufacturer with capital constraint could finance through



Mathematical Problems in Engineering 13

the retailer’s prepayment financing mode (RPFM) and the
procurement contract financing mode (PCFM). Aiming at
these two financing modes, in this paper, the optimal pro-
duction and financing decision problems of themanufacturer
are studied; meanwhile, under the RPFM, the optimal order
quantity is studied based on the discount coefficient; at last,
under both financing modes, we compare expected profits
of the manufacturer, retailer, and the entire supply chain
through the numerical simulation.

Through our analysis, the result shows that when the
discount coefficientmeets certain requirements, profits of the
manufacturer, retailer, and the entire supply chain can all
increase and will be generally superior to those under the
PCFM. The optimal production volume of the manufacturer
is greater than that with its own capital under the PCFM. In
addition, due to the influence of interest rate and selection
of initial simulation date, in this case, expected profits of
the manufacturer and the entire supply chain are less than
those with the manufacturer’s own capital and under classic
“newsvendor” model.

In addition, our analytical and numerical results include
some theoretical and managerial implications in terms of
supply chain financial management and optimization. First,
the retailer, manufacturer, and the entire supply chain are
always more profitable and the manufacturer’s optimal pro-
duction volume can be increased by financing. Hence, it
proved that the financing service can create new value and
impact on enterprise’s operational decision. Second, from
the entire supply chain perspective, the bank’s loan interest
rate plays a key role and influences the manufacturer’s
financing decision-making and profit level. Moreover, the
profit level under RPFM is higher than PCFM; it reveals
why manufacturer prefers to select inner financing mode
such as RPFM compared to external finance mode from a
commercial bank.

Finally, there are some limitations and possible direc-
tions can be addressed in future research. First, our works
mainly focus on the supply chain financing and optimal
decision; however, how to use contracts to coordinate the
capital-constrained supply chain under RPFM and PCFM
will be another research problem in the future. Second, the
commercial bank’s risk control and product residual value
should be taken into account. Third, actually, under the
condition of asymmetric information assumption, the retailer
and manufacturer have game relationship. So, how to select
the financing mode and make decision is needed to give the
further discussion.

Notations

𝑝,𝑤, 𝑐, 𝑠: Unit retail price, wholesale price,
production cost, and shortage cost of unit
product, respectively

𝛼: Price discount coefficient for prepayment,
wherein 0 ≤ 𝛼 ≤ 1; 𝑐 < 𝑤 < 𝑝; and 𝛼𝜔 > 𝑐

𝑟: The bank’s loan interest rate
𝐵: The manufacturer’s initial budget (its own

capital)
𝐿: Prepayment of retailer

𝑄
0
: Manufacturer’s production volume with

initial budget (its own capital)
𝑄max: The maximum production of

manufacturer under prepayment
𝐾
1
, 𝐾
2
: Loan amount from commercial bank

under RPFM and PCFM
𝑄
𝑁
, 𝑄
1
, 𝑄
2
: The manufacturer’s production volume,

respectively, under “newsvendor” mode,
RPFM, and PCFM

𝑄
∗

1
, 𝑄
∗

2
: The manufacturer’s optimal production

volume, respectively, under RPFM and
PCFM

𝜋
𝑁

𝑀
, 𝜋
𝑁

𝑅
, 𝜋
𝑁

𝑇
: Profits of the manufacturer, retailer, and

the entire supply chain with no capital
constraint

𝜋
𝐶

𝑀
, 𝜋
𝐶

𝑅
, 𝜋
𝐶

𝑇
: Profits of the manufacturer, retailer, and

the entire supply chain with its own
capital

𝜋
1

𝑀
, 𝜋
2

𝑀
, 𝜋
1

𝑅
, 𝜋
2

𝑅
,

𝜋
1

𝑇,𝑄
, 𝜋
2

𝑇,𝑄
:

Profits of the manufacturer, retailer, and
the entire supply chain under RPFM and
PCFM

𝑋: Random demand of market
consumption. The probability density
function and distribution function are
𝑓(𝑥) and 𝐹(𝑥), respectively, wherein,
𝐹(𝑥) satisfies the failure distribution
IFDR characteristic of monotone
increasing.
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