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Abstract. In the cellphone industry, some manufacturers may face the problem
of insufficient funds in the production process and some retailers can return un-
sold phones to the manufacturer at a repurchase price. Hence, in this article, we
aim to investigate the supply chain operation and financing strategy under a
buyback policy in the product lifecycle management of the cellphone. In this
supply chain, the manufacturer can obtain money from two sources, one is the
downstream retailer’s advance payments, the other is the loans from a third-
party financial institution. Through modeling, the optimal strategy of the supply
chain is determined, and the influence of the deviation between repurchase
price and residual value on the optimal strategy of the supply chain is analyzed.
The results show that the deviation between the repurchase price and the resid-
ual value of the unsold cellphone has an impact on the manufacturer's decisions,
and the repurchase price has an impact on the financing equilibrium. Finally,
the numerical analysis verifies the results.

Keywords: Supply Chain Management, Capital Constraints, Supply Chain Fi-
nancing, Residual Value, Buyback Policy

1 Introduction

Many cellphone enterprises are faced with capital constraints when they make deci-
sions such as purchasing or production and cannot make optimal decisions because of
the lack of money. Therefore, they choose financing to meet the needs of business
development and enhance the profitability of enterprises. Some enterprises, especially
small and medium-sized enterprises (SMEs), often fail to apply for bank loans due to
their mortgage assets and the lack of guarantees, which not only affects their devel-
opment but also affects other enterprises in the supply chain [1, 2]. In the supply
chain, if upstream manufacturers face a shortage of money, it will lead to supply dis-
ruptions or shortages for downstream enterprises. To address this problem, supply
chain finance (SCF) has emerged, which uses the high-quality credit resources of the
core enterprises in the supply chain to help SMEs obtain money [3]. In the past few
years, SCF services have been widely adopted worldwide. How to use effective fi-
nancing strategies and solve the problem of capital constraints of manufacturers is
important in cellphone research.



Further, cellphone manufacturers introduce new products quickly, resulting in a
short product life cycle. Due to the rapid change of client tastes and the existence of
many unobservable factors, demand is random. If the retailer orders more than the
actual market demand, at the end of the selling season there will be unsold stock with
residual value, and the retailers can clear excess via the residual value [4]. In this
article, we investigate cases where residual values are handled by the manufacturer.
We consider a buyback contract, also known as a return contract, which is an agree-
ment at the end of the sale period for the manufacturer to repurchase any unsold in-
ventory from the retailer at a certain price. This contract is common in perishable
goods supply chains, which was first proposed by Pasternack [5]. Under the return
contract, the risk of uncertain market demand can be shared by the manufacturer and
the retailer.

Therefore, this paper studies two kinds of financing instruments, one is an external
financing instrument: return support buyer-backed purchase order financing
(RSBPOF), and the other is an internal financing instrument: return support advance
payment discount (RSAPD) to ease the financial constraints of the manufacturer.
RSAPD is a form of cash in advance, to alleviate the financial stress before product
delivery. If the retailer is willing to pay in advance, the manufacturer will offer a unit
discount on the wholesale price. By paying for products in advance, the downstream
enterprise can help the manufacturer produce smoothly or motivate the manufacturer
to prepare more inventory to cope with the uncertain market demand in the future. On
the other hand, by providing financing loans, downstream buyers can build closer
partnerships with key manufacturers. RSBPOF means that a financial institution pro-
vides loans according to a reliable buyer purchase order before product delivery.
There is no literature on how to solve the problem of supply chain working capital
constraints through RSAPD and RSBPOF. Hence, with these two financing ways, our
research objective is to investigate the optimal decisions in the cellphone supply chain
under some conditions, and our main results are in three aspects: 1) the manufactur-
er’s capacity level and expected profit are affected by the deviation between repur-
chase price and residual value. The smaller the gap, the higher the capacity level, and
the higher the manufacturer’s profit. 2) in RSAPD, with a higher deviation, the manu-
facturer should offer a lower discount rate to the buyer, thus reducing the financing
cost and risk.

The rest of this research begins with the literature review in Section 2. Two models
with RSAPD and RSBPOF are built in Section 3. Section 4 analyzes the financing
equilibrium. Numerical experiments are carried out in Section 5 and Section 6 sum-
marizes and concludes the paper.

2 Literature Review

Two literature streams are relevant to the research: SCF and the study on the buyback
contract.

Firstly, the closest thing to our work is SCF research. For a long time, operating
management and corporate finance research respectively in different directions. The



studies of operating management have tended to ignore the corporate usability prob-
lem, and the corporate finance research often neglects the operational problems of the
enterprise. Few scholars take operations management and financing at the same time
into consideration. Joint operational and financial strategies could be used to deal with
the enterprise’s budget constraints. Recently, there has been a growing emphasis on
various financing ways. According to Petersen and Rajan [6], trade credit is the most
popular short-term financing for American companies. Trade credit is also widely
used in economies with underdeveloped financial markets or weak bank-enterprise
relationships [7]. Cai, Chen [8] investigated the relationship between trade credit and
bank financing when a retailer faces both budget constraint and demand uncertainty.
Zhong, Shu [9] proposed a supply chain network design model with trade credit to
optimize system-wise location, transportation, inventory, and financing costs. Yang
and Birge [10] theoretically and empirically showed that even when bank and supplier
financing can be jointly used, supplier financing is still preferred to bank financing.
Alan and Gaur [11] explored the role of inventory in bank financing and trade credit.
Tanrisever, Cetinay [12] studied how reverse factoring creates value for each party in
the supply chain. Lekkakos, Serrano [13] examined how the adoptions of reverse
factoring and traditional factoring affect the inventory policy in a stochastic multi-
period setting. Khan, Shaikh [14] presented the impact of early-payment financing on
supply decisions for perishable goods and showed the demand depended on price and
inventory. Qin, Han [15] investigated the importance of advance payment financing
on carbon emission problems. Most SCF studies focus on retailers' capital constraints,
with little discussion of upstream enterprises’ capital constraints (e.g., [16-18]).

Further, a buyback contract, also known as a return contract, is an agreement at the
end of the sale period for the manufacturer to repurchase any unsold product from the
retailer at a certain price. The purpose of the return contract provided by the manufac-
turer is to stimulate the retailer to increase the order quantity and ultimately improve
the revenue of himself and the supply chain. Under the return contract, the risk of
uncertain market demand can be shared by the manufacturer and the retailer. This
contract focuses on adjusting the return price, which is common in perishable goods
supply chains, which was first proposed by Pasternack [5] to study sales pricing. The
individual rational buyback contract was designed by Devangan, Amit [19] that can
coordinate the supply chain when the retailer was faced with the demand related to
inventory level. He and Zhao [20] found that the commonly used classic coordination
contracts could not coordinate the supply chain, and showed that combining produc-
tion cost subsidy, an advance-purchase discount contract, and a revenue-sharing con-
tract can effectively coordinate the supply chain. Xue, Hu [21] studied the value of
buyback contract by analyzing the supply chain of one manufacturer and two compet-
ing retailers and present the effects of uncertainty of demand, level of competition,
and processing cost of the contract on the profits of the manufacturers, retailers and
the supply chain. This paper is related to the studies on the return contract, however,
different from the previous studies, the presence of the residual value is considered,
and the effect of buyer return on the two financing ways when using return policy is
studied.



3 Models

This study considers a newsvendor framework that a buyer places an order with a
manufacturer before the sales period starts. The manufacturer then produces the fin-
ished product to meet the retailer's need, and the retailer receives these finished prod-
ucts from manufacturers, sells them to clients, and charges retail prices for each item.
The buyer faces a stochastic market demand, and purchases from the manufacturer to
meet the demand. The manufacturer provides a return policy for repurchasing unsold
goods at the end of the sale period. This in turn stimulates the retailer to order more.
In the model, the manufacturer is strapped for cash, and the retailer may run into fi-
nancial difficulties in financing manufacturers. Without sufficient working capital, the
retailer uses RSAPD or RSBPOF to obtain money.

Furthermore, D, F(D), f(D), F(D) and h(D) are the uncertain demand, the cumu-

lative distribution function, the probability density function, the complementary cu-
mulative distribution function, and the hazard rate, respectively. Here,
F(D)=1-F(D) andh(D) = f(D)/F(D). Let H(D) = Dh(D) represents the gener-
alized failure rate, and the generalized failure rate is shown
ash(D)=Df (D)/(1-F(D)). Fig. 1 shows the sequence of RSAPD and RSBPOF.

The notations are presented in Table 1.
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Fig. 1. The sequence of events in RSAPD and RSBPOF.



Table 1. Summary of notations.

Notation Definition
1T Expected profit
Li Short-term debt
Ai Asset level
p Selling price
a Proportional distress cost
y Proportional liquidation cost
o A portion of financial institution’s loss
Cp Production cost
Ck Capacity cost
i Interest rate
S Residual value
r Repurchase price
q Order quantity
K Capacity level
w Wholesale price
d Discount rate
A A portion of purchase order value

3.1 RSAPD Model

In this case, only RSAPD is applied. It is important to notice that there exist unsold
inventories, and the upstream manufacturer has the responsibility to repurchase the
unsold goods at the repurchase price. In our study, the capital market is imperfect.
That is, when the manufacturer fails to pay debts, the manufacturer can either be lig-
uidated or be in an expensive restructuring process. In the case of liquidation, the cost
of financial default is a proportion 1— y (0 <y < 1) of firm value. In the case of reor-
ganization, the cost of financial distress is a proportion 1— a (0 < a< 1) of raised capi-
tal.
Therefore, the manufacturer’s expected profit is

ﬂ_mbsapd — [W(l_ d) _Cp]N bsapd __ Ck K _ (r _ S)[N bsapd __ D]+
—(1-a)[L, - A +c K-w(l-d)q]"
Here N"® —min(g™,K"®) . For liquidation, the optimal capaci-

@)

ty K™ =0 . K™ ynder continuation (C), and K"*"" under reorganization (R)
satisfy  [p—(p—r)F(K™)[L-h(K™ )] =[c, +c, +(r—s)F(K™)]/1-d) ,
and
[p—(p—n)F (K™ )L-h(K**)] =[c, +(2-a)c, +(r—s)F(K™)]/1-d)
respectively:
Under RSAPD, the retailer’s expected profit is
7, = pEmin[D, N]-w(—d)N +r[N - D]

O]



If RSAPD is enough to support the manufacturer's financial needs, the retailer's op-
timal order quantity g”*'" meets (p—r)F(qbsapd*): p—(@1—d)w in continuation

and (p—r)F (q™*") = p—(2-a)(L- d)win reorganization.

Proposition 1. In RSAPD financing, the deviation between r and s harms the prof-
it of the manufacturer and the capacity level; Moreover, z.** and q™**" are increas-

ing with the repurchase price.

Proposition 1 first proves that the manufacturer's expected profit and production
capacity are affected by the deviation between the repurchase price and the residual
value when the quantity transported exceeds the customer's demand. Under the return
policy, the manufacturer is more inclined to pack fewer goods with high r-s to reduce
losses. Besides, the retailer's expected profit and optimal order quantity are not related
to the residual value of the unsold cellphones, but since the retailer returns the prod-
ucts and the residual value is not processed by the retailer, the retailer's expected prof-
it and optimal order quantity are positively affected by the repurchase price.

Proposition 2. The discount rate d is decreasing with the deviation between r and s.

Proposition 2 indicates that in RSAPD, the larger the deviation between r and s, the
smaller the discount rate provided by the manufacturer. In other words, the greater the
deviation between the repurchase price and the residual value of the remaining cell-
phones, the higher the adverse degree to the manufacturer and the greater the risk that
the manufacturer takes. Therefore, when return costs are high, the manufacturer
should offer lower discount rates and thus lower financing costs.

3.2 RSAPD Model

In RSBPOF financing, the financial institution provides the manufacturer with a loan
that is guaranteed from the downstream retailer. We can get the manufacturer's profit:

ﬂ_mbsbpof — (W_Cp)Nhsbpof —CkK _(r —S)[N bsbpof D]+
—Awgi—(1-a)[L, - A +c, K-w(l-d)q]
@)

Here N™" = min(q™", K**")  For liquidation, the manufacturer’s optimal ca-
pacity K™ = 0. Otherwise K™™' satisfies:
[p—(p—r)F(K*™ )] =[c, +c, +(r—s)F (K™")]/[L-h(K™*)] (©)
[p—(p-r)F(K™™ )] =[c, +(2-a)c, +(r=s)F(K™)]/[L-h(K*™")] (R)
Further, the retailer’s profit is:

7, = pEmin[D,N]-wN +r[N - D] -

a4 +
(w—c, )N -c,K—(r—s)[N-D] (5)
_ p A ) dA
15{1‘,\“ y|:—qui+A -L, }}qj( )

The retailer’s profit function is concave, and the optimal order quantity

(4)

bsbpof * _ F—l(p_w) .
p-—r

isq



Proposition 3. In RSAPD financing, both the profit of the manufacturer and the ca-
pacity level decrease with the deviation between the repurchase price and the residual
value. The retailer’s profit and order quantity are positively related to r.

Proposition 3 holds that the manufacturer's profit and capacity are affected by the
repurchase price and residual value. If there is surplus inventory, a higher r-s would
give the manufacturer an incentive to install less capacity, reducing expected profits.
Therefore, the implementation of the return strategy will bring greater risk to the
manufacturer. For the retailer, his order quantity and expected profit will be affected
by the repurchase price, the higher the repurchase price will encourage the retailer to
place more orders, to maximize his profit. It is worth noting that the retailer's order
number and profit are not related to the residual value, but only positively related to
the repurchase price because all unsold items are bought back by the manufacturer.

4 Financing Equilibrium

After analyzing the two financing methods separately, we will study the financing
equilibrium problem under the single financing condition. We assume that if the re-
tailer is unfamiliar with both types of financing, the retailer will prefer RSAPD.

Theorem 3. Under single financing, if the manufacturer’s repurchase price is over a
threshold g, such that RSBPOF is preferred. Here,

p[EN bsapd* __ EN bsbpof*] + W[qbsbpof* _ (1_ d )qbsapd*]

% (W— c )qbsbpof* —c K bsbpof *
+[s ﬂwquprf* —y p k ¢( )d
{ _(r _ S)M bsbpof —ﬂquprOf*i + Ag _ Ls A% A%’

A
Hy @ M bsbpof M bsapd ! where
N bsbpof — mln(q bsbpof Kbsbpof ) N bsapd — min(qbsapd Kbsapd) M bsbpof — (qbsbpof* _ D)+
M Psapd — (gPsapd” _ DY+ : Otherwise, RSAPD is preferred
bsapd* bsbpof *
7T 27T,

whenr < g, since "

Theorem 3 reveals that whether the manufacturer's repurchase price exceeds a cer-
tain threshold can determine the retailer's financing decision. The retailer is more
likely to use RSBPOF than RSAPD when the manufacturer's repurchase price is ex-
tremely high and there is no financial difficulty. This is because high repurchase pric-
es reduce the losses of the retailer and release the financing risks. Therefore, when the
unique threshold is lower, the retailer has more incentive to fund the manufacturer
with its money (RSAPD financing).

5 Numerical Analysis

In this section, the deviation between the repurchase price and the residual value is
investigated on the decisions of the cellphone manufacturer through a numerical
study. The benchmark parameter values include p = $600, «a=0.85, and ck=cp=$100.



Demand is normally distributed, N (1000,100). We allow r-s to vary between 0 and
150.

We first investigate how the deviation between the repurchase price and the residu-
al value affects the manufacturer's capacity level and discount rate under RSAPD and
RSBPOF conditions. We show these effects in Fig.2 and Fig.3. Fig.2 first shows that
the manufacturer's capability level is affected by r-s. Under the return policy, the
manufacturer is more inclined to pack fewer goods with high r-s to reduce losses.
When r-s is relatively small, the manufacturer's capacity level is larger. With the in-
crease of r-s, the manufacturer's capacity level in RSBPOF decreases, which also
makes the manufacturer's profit at a lower level. We can also see from Fig.2 that the
deviation between the repurchase price and the residual value has a greater impact on
RSBPOF, and the decline is more obvious, because the wholesale price of RSAPD is
lower, and the manufacturer tends to prepare less capacity before shipment. There-
fore, to maximize profits, the manufacturer prefers to borrow money by adopting
RSBPOF.
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Fig. 2. Impact of r-s on manufacturer’s capacity level.

Fig. 3 shows that in RSAPD, the discount rate provided by the manufacturer de-
creases with the increase of the deviation between the repurchase price and the resid-
ual value. When r-s is relatively small, the discount rate offered is high. And when r-s
goes up, the discount rate goes down. The higher the price deviation between r and s
is, the more unfavorable it will be to the manufacturer. Therefore, in the face of high-
er return costs, the manufacturer should offer a lower discount rate.
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Fig. 3. Impact of r-s on the discount rate.

6 Conclusion and Future Research

This study considers a capital-constrained supply chain with a cash-strapped manu-
facturer selling to an established retailer considering the existence of the residual
value under the return policy. To address the financial distress in the product lifecycle
management of the cellphone, the manufacturer can use financial institution loans
(RSBPOF) and/or the retailer’s early payment (RSAPD). In the study, the following
research questions can be addressed: In the presence of the residual value, whether the
deviation between the repurchase price and the residual value affect the participants’
decisions in the supply chain? What is the financing equilibrium of RSAPD and
RSBPOF? It is shown that the deviation between the repurchase price and residual
value of unsold cellphones affects the manufacturer’s capacity level under both
RSAPD and RSBPOF and the discount rate under RSAPD. Furthermore, when the
repurchase price is above a certain threshold, the only financing equilibrium is
RSBPOF. Otherwise, RSAPD should be selected.

In the future, the research work can be divided into two parts, that is investigat-
ing other post-shipment financing instruments and exploring a variable residual value
on the financing equilibrium in the supply chain.
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