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Abstract

This paper studies a manufacturer and two competing retailers with asymmetric market
power and facing capital constraints and purchasing strategy choices. Considering that
both competitive retailers have capital constraints and market power is asymmetric,
When retailers with strong market power and weak market power make simultaneous
decisions, the decision-making of purchasing quality differentiated products of supply
chain members and the financing selection strategies of retailers are discussed. The
manufacturer is the leader in Stackelberg, and the two retailers compete for volume and
make product purchasing and financing decisions simultaneously or sequentially.We
describe simultaneous decision (Nash game) , and solve the optimal order quantity,
wholesale price and profit of each supply chain member.
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1. Introduction

Due to the different income levels of consumers, the quality differentiated product strategy of
enterprises can meet the needs of more consumers, and thus improve the market share and
profit of enterprises. Huawei, Xiaomi, Hisense, Haier, GM, Volkswagen and other enterprises
have adopted this strategy. Low quality products have more price advantages than high quality
products, so they can help enterprises to rapidly expand the market and lay a foundation for
the promotion of high-quality products, especially for brand products newly manufactured or
entering new markets. For example, Xiaomi expands the market with its Mi series mobile
phones, and then launches mi Note series to enter the high-end market. High-quality products
can improve consumers' perception of low-quality products and promote the sales of low-
quality products. For example, in order to gain more market share and profits, Apple mobile
phone actively explores the low-end market.

With the diversification of consumer demand and product quality differentiation, the
competition between products is becoming increasingly fierce. With the intensification of
market competition, more and more retail enterprises adopt differentiated product sales
strategy, that is, to sell a variety of differentiated products at the same time to meet different
consumer needs.For example, JINGdong mall will sell huawei Nova, Honor Play and other
mobile phones at the same time, while Suning and Gome will sell multiple brands of computers
at the same time.However, product differentiation will also affect consumers' purchase choices,
which may lead to reduced or even no demand for products, which is detrimental to retail
enterprises.

In addition, with the intensification of market competition, the expansion of production scale
and improvement of the production cost, fund shortage problem increasingly prominent, if the
retailer choose high quality products, the high costs of ordering and uncertain earnings will
make them inevitably faced a serious shortage of funds, this situation is particularly striking in
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small and medium-sized enterprises. According to the fourth national Economic Census
released at the end of 2019, by the end of 2018, China had 18.07 million small, medium and
micro enterprises as legal persons, accounting for 97.3 percent of the total.In terms of the
structure of small, medium and micro enterprises, there were 239,000 medium-sized
enterprises, accounting for 1.3% of the total.Small enterprises 2,392,000, accounting for 13.2%j;
There were 15.439 million micro-enterprises, accounting for 85.4%. Small and medium-sized
enterprises are the new force of national economic and social development. China's small and
medium-sized enterprises have the typical characteristics of "five, six, seven, eight, nine",
contributing more than 50% of tax revenue, more than 60% of GDP, more than 70% of
technological innovation, more than 80% of urban employment, more than 90% of the number
of enterprises. Small and medium-sized enterprises are generally faced with capital shortage,
which seriously restricts the healthy development of enterprises, and even leads to bankruptcy
of enterprises. In the first half of 2019, a number of U.S. retailers closed stores due to
bankruptcy, with more than 7,000 stores closing across the U.S. retail industry.

Supply chain is the unity of logistics and capital flow, which flow towards each other. The capital
shortage of nodal enterprises hinders the transaction activities of supply chain, resulting in low
efficiency of supply chain. At present, to deal with the problem of insufficient funds, supply
chain enterprises mainly adopt bank financing and trade credit financing.Small and medium-
sized enterprises are difficult to obtain financing from banks and other external financial
institutions due to their weak capital and poor capital liquidity, and their resistance to
operational risks is low.In order to improve the operation performance of supply chain, trade
credit financing emerges with the transaction activities of nodal enterprises.Fabbri and Klapper
study found that trade credit financing in countries such as China and India may be the only
source of financing small and medium-sized enterprises, in addition, many large enterprises,
such as hewlett-packard and procter &gamble and SONY are its downstream retailers provide
trade credit financing, to alleviate the retailer's inventory risk and funding problems, realize
the industrial chain of long-term win-win cooperation.In this context, when retail enterprises
with capital constraints sell products, how to choose financing methods and procurement
strategies has become a new problem they face, and different procurement strategies and
product differentiation competition will also affect the pricing decisions of supply and demand.
In this paper, a two-level supply chain composed of a manufacturer and two capital constrained
retailers is studied, in which the manufacturer is the Stackelberg leader of the supply
chain.Considering that all competitive retailers have capital constraints and market power
asymmetry, this paper discusses the decision of purchasing quality differentiated products of
supply chain members and the financing selection strategy of retailers when retailers with
strong market power and retailers with weak market power make simultaneous decision.n.

2. Literature Review

2.1. Research on Product Quality Differentiation

Keskin and Birge (2019) discuss how a company can build a product line with uncertain quality
costs.They found that a minimum quality standard helped companies get the best price.Cui
(2019) and Jain and Bala (2018) investigate the impact of investment strategies on
differentiated quality competition.Rodriguez and Aydin (2015) showed that manufacturers
may prefer retailers to carry goods with high demand variability, but retailers prefer goods
with low demand variability.Dzyabura and Jagabathula(2017) found that dual-channel retailers
should sell popular products when offline channels dominate, and informational products
when online channels dominate.

Liu et al. (2013) studied the dynamic pricing of differentiated products.Giri (2017) studied the
pricing of differentiated products considering the impact of consumers' return behavior.Wang
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et al. (2016) studied the influence of channel operating costs on retailers' channel selection
considering that a single manufacturer sells two alternative products with differentiation at the
same time.Hsieh et al. (2020) considered that manufacturers purchase parts from two
competitive suppliers to produce differentiated products, and studied the pricing of
differentiated products and parts ordering.Zhou Xiongwei et al. (2019) studied product pricing
strategies based on network externalities and quality differentiation.Ma Dongsheng etal. (2021)
consider the pricing strategy of quality-differentiated products based on strategic customer
behavior.In the above literature on differentiated products, the pricing or ordering of
differentiated products is studied by combining different influencing factors, and the product
differentiated competition among different manufacturers or suppliers is all considered.]in
Liang et al. (2021) studied retailers' purchasing strategy of product quality differentiation, and
the research showed that dual-source purchasing strategy is the best purchasing strategy for
retailers.

2.2. Capital Constraints and Financing Methods

There is also literature on capital constraints and financing methods.When supply chain
enterprises have capital constraints, supply chain financing is an effective method, in which one
supply chain member lends funds to another supply chain member to pay for business activities
on the due date. Cash flow shortage is one of the main reasons supply chain members seek loans.
Both bank credit and trade credit financing are common in supply chain finance (Zhao and
Huchzermeier, 2015;Xu et al,, 2018).In practice, capital constraint is common in all types of
enterprises.There are two kinds of researches on capital constraint of enterprises, which can
be divided into capital constraint of downstream buyer enterprises and capital constraint of
upstream manufacturing enterprises.

When the downstream buyer enterprises have capital constraints, they can solve the problem
of capital constraints by applying for deferred payment from upstream suppliers or external
financing pins from banks and other financial institutions.Cai etc. Compared with bank
financing, trade credit can better coordinate the supply chain when retailers have capital
constraints.Kouvelis etc. Compared with bank financing, optimal trade credit contracts are
more attractive for capital constrained supply chains.Yan etc. This paper analyzes how credit
guarantee under bank loan affects financing balance and system coordination.Yang, etc.
Considering a two-level supply chain consisting of a single supplier and two competitive
retailers with capital constraints, the effect of retailer external financing on the optimal
decision-making of on-chain members and supply chain performance is discussed.

Different from the existing literature, this paper considers the product quality factors and
studies the product procurement strategy of capital constrained retailers. This paper combines
trade credit financing with bank financing, and links market forces with financing interest
rate.This paper analyzes the asymmetrical retailer financing mode selection of market forces
and explores the influence of market forces on financing.

3. Literature References

3.1. Model Description and Basic Assumptions

This paper consider a well-funded manufacturers and two market forces composed of
asymmetric retailer supply chain as the research object, the retailers are capital constraint
problems, needs to be done to the quality of the products purchasing choice and financing way
to choose, choose to purchase high quality or low quality products, choose the way to bank
financing or trade credit. M Suppose the manufacturer is a Stackelberg leader in the supply
chain, selling a good with a unit cost of production through two retailers. Where, cost changes
with product quality, unit product costc={k k(tuy}, is the manufacturer's unit product quality
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cost coefficient, represents the product quality difference level, represents the manufacturer's
quality level of high-quality products.

Table 1 describes the meanings of the parameters.
Assume that there are two financing methods to fund the retailer's choice:

(1) Bank financing: With capital constraint, the retailer applies for a loan from the bank at the
interest rate before the beginning of the sales period to pay the wholesale cost of the product,
and reimburses the loan principal and interest to the bank after the end of the sales period.

(2) Trade credit financing: Before the sales period begins, the manufacturer delivers the
products to the retailer in accordance with the order quantity. After the sales, the retailer pays
back the corresponding principal and interest of the loan at the trade credit interest rate set by
the manufacturer.With the literatureSimilarly, we also assume that the trade credit interest rate
is related to the market power of retailers, that is, the trade credit interest rate given by
manufacturers and is respectivelyr, /y andr, /(1-7).

Table 1. Key parameter description

symbol instructions
14 The Market Power of retailers r, y<(0.5,1)
t The quality level difference between the two products, () t(0,1)
r Bank base Rate r<(0,1)
u The quality level of a manufacturer's high-quality products
tu The quality level of a manufacturer's low-quality products
k Manufacturer's unit product quality cost coefficient
c Unit product cost c = {ku’, k(tu)’}
B Consumers' quality preferences

When two retailers make decisions at the same time, the retailer’'s selling price in the
[ scenario and in the financing scenario, where, R, x k i=L,S x={HH,HL,LH,LL}

k={TT,TB,BT, BB}

The quantity ordered by the retailer in the scenario and in the financing scenario when
i . . .
both retailers make simultaneous decisionsr, x k

The wholesale price of the retailer in the scenario and in the financing scenario when

i both retailers make simultaneous decisionsr, x k

@ The financing rate of the retailer in the financing scenario r, x

&, The financing rate of the retailer in the financing scenario r,

) When two retailers make simultaneous decisions, the retailer's profits in the RFID
e adoption scenario and in the financing scenarior; x k

) When both retailers make simultaneous decisions, the manufacturer makes profits in
Tm

the RFID adoption scenario and in the financing scenario x k
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According to whether the two retailers sell high-quality products, there are four procurement
strategy scenarios: two retailers both sell high-quality products, R, Selling only high quality

products, R, Selling only high quality products, Both retailers sell low quality products known
as scenarios.
3.1.1. Profit Model of All Retailers Purchasing High Quality Products ( Scenariohh)

In this scenario, all retailers purchase high-quality products, and the Product quality difference
t=0. At the same time, manufacturers will produce high-quality products and provide them to
downstream retailers. Because both retailers are facing the problem of capital constraint, they
will choose trade credit financing or bank financing to solve the problem of capital constraint.If
the retailer chooses trade credit financing, the manufacturer will provide the product for the
retailer before the sales period, and when the sales period ends, the retailer will repay the loan
principal and interest according to the trade credit interest rate.If the retailer chooses bank
financing, he will use the loan to order the product at the wholesale price set by the
manufacturer before the sales period begins and repay the bank loan principal and interest at
the bank lending rate when the sales period ends.

Suppose the wholesale price set by the manufacturer is w/” , and the quantity of products
ordered by the retailer and at the same time are ¢, and g,";.7z"] z: and z/"), are respectively

the profit function of retailer and manufacturer under the financing choice of scenario, then:

il = (ra—qt —dg"s + pu)gll —w gl (1+9,)
mle =((1-p)a-q"s —dg"; + pu)q"s —w"lg" 1+ 4,) (1

7 = w0l 1+ o)+ 0 g1+ g) -k (g7 +4.%5)

When retailers decision-making order quantities at the same time, the first to the retailer's

price demand function into the profit function 7"/, simultaneous expression for solving get
order quantity g;"/ about the wholesale price w;"/, and then through backward induction into
the manufacturer's profit functionw”", in the case of negative definite Hesse matrix, then the
optimal order of each member and maximum profits, as shown in Table 2.

According to the optimal solution of each parameter in Table 2, the financing subgame
equilibrium of retailers under Nash game scenario is analyzed, as shown in Lemma 1:

Lemma 1. Nash Game: when y <(0.5,y™) ,all retailers chose trade credit financing; when
ye(y™,1),retailers R, chose trade credit financing and retailers R, chose bank financing.

2ad’r® +16ad’r +16ad” —64ar —64a—3d°r*u—10d°ru—8 fd’u + 2 fd*r*u+16 fd°ru

+16 Bd*u + 8 Bdr*u + 40 Bdru + 32 fdu — 64 Bru — 64 fu + 3d° kr*u® +10d°kru® + 8d°ku®

-10d%kr*u® - 24d*kru® —16d°ku® —8dkr*u® — 40dkru® —32dku® + 32kr*u” + 96kru® + 64ku’
a(d+2)(3d°r* +10d°r +8d” — 4dr* — 4dr —32r —32)

HH

}/ =

It can be found from Lemma 1 that market forces are the key factors affecting retailers'
financing choices.When the market power of retailers R, is small, all retailers choose trade

credit financing. With the increase of R, market forces, the original financing choice will be
changed, and R, will chose bank financing to solve own capital constraints. This is because the
bank interest rate is lower than the trade credit interest rate, and with the increase of R, market
power, R, market power becomes smaller. The higher trade credit interest rate makes the

417



Scientific Journal of Economics and Management Research Volume 4 Issue 5, 2022
ISSN: 2688-9323

financing cost of trade credit more heavy for retailersR,, so R, will choose the bank financing
method with lower interest rate.

Table 2. Optimal wholesale price, order quantity and profit of retailers in Nash game scenario

k T TB BT BB
—y(~ad’ry = 2ad’y + 2adry
2. 2
—2adr +8ary +8ay — Bdru ad’ry +2ad”y + 2adry — 2adr
— 2 2,
ZU““* y(av+u(p + ku)) —2fdu=2dru +8fru+38 fu 8“7+ﬂ‘: m»+2ﬁ‘{ uz 2 ay + fu+kru’ + ku’
k-L 20r+7) Pl —3d e — 2d ki —8fu+d kru” +2d ku 20 +1)
2 2 2
+2dkru® + 2dkru? + 8kr® + 8k 2k 8k Sk
B 2 d*r’ +4d 4d* —16r-16
(@7 +ad’r+4d> —16r=16)(r+7) TorAdT ’
. (I-y)~ad*ry +ad’r —2ad*y
ad’ry—ad’r+2ad"y ~2ad” +2ad® +2adry +8ary —8ar +8ay
+2adry —8ay +8a— pd’ 2 2 2
e (1= p)(a+u(B+he)-ar) adry =8ay +8a B o 8a+ Bd’ru+2pd u + 2Bdru -8 Bru dmay b fut kil + kit
k=5 2(1+r-y) 72/3f1 u+2fdru +8fu—d kru —8Pu+d’kr*u’ +3d’kru® +2d° ku’ 2(r+1)
—2d*ku* - 2dkru® + 8kru® + Sku* 2dkr*u® — 2dkru® — 8kru? —8ku®)
42,2 _ 2. _ 2
47" —dd'r —4d” +16r+16 (r—7+ D)@ +4d°r + 4d> —16r - 16)
adry —adr +2ady —2ad
ady —ad +2ay — fdu +dary +4ay — Bdru—2fdu —adry + adr = 2ady + 2ad ady —ad +2ay — Bdu +2pu
HH? ) : ) s ) (r+1)| —4ay +dru +2Bdu—4pu ) ) ) )
[y +2fu + dku” —2ku +4fru+4fu+dkr-u” + 3dkru 7 ) - N +dkru® + dku” - 2kru” —2ku
2 N 2 N —dkru” —2dku” + 4kru” + 4ku” 3
2(4-a%) +2dkur® — dre® — dhar® Sl L 24-d%)
T < A2 +4d*r +4d* —16r-16
16r+16—d"r —4d°r—4d
| ) 4 adry +2ady + 4ary — 4ar
ady +2ay —2a+ fdu (r+Dadry +2ady +4ay +day —4a+ Bdru+2Pdu ady +2ay —2a+ fdu—2pu
—4 i 2fdu—4,
* R + + - 2
’1;{7}; —2u —dku’ + 2ku’ @t pdru [} u=4pu N 4 fru — 4 Bu —dkr*u’ - 3dkru’ ~dkru® — dku® + 2kru’® + 2ku’
T —dkru® = 2dku’ + dkru’ + dku*) N 5 2 2
2(d” -4) o] — — =2dku” +4kru” + 4ku” 2(d”-4)
d°r* +4d’r +4d” -16r-16 s adirrad —16r—16
r’ +4d’r+4d* —16r —
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2 4 r (r+1) (—adry + adr - 2ady
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Ad* -4y +2dku” — 4kru” — 4ku”)” (d2r2 T adir 1 ad? 716}'716)2 4(d” —-4)
(d*F +4d°r +4d” —16r - 16)°
dry +2ady + 4ary —4ar
N (r+1)*(adry + 2ady + 4ay (adry 4 yosa
ady +2ay —2a+ Bdu da+ fdru+2 B — 4 u— dird’ +4ay —4a+ fdru+2fdu (ady +2ay —2a+ fdu—2pu
" —4a ru u— u— ru 2 5 2 2 2.2
”E? 2B~ dlad® + 2Dt s’ + 4k + dla' —4Bru—4pu - dkr*u’ —dkru® — dku® + 2kru® + 2ku* )’
-_ . u 2 2 2
4(d* -4y — . _ . =3dkru® - 2dku’ + dkru® + dku*)? Ad* -4y
(@7 +4dr+4d” - 16r =16y (7 +4d°r +4d* — 167 - 16)’
HH* . . . .
Tem Tt Tigu Taru L

3.1.2. Only Rw Profit Models for Purchasing High Quality Products (Scenarios HL)

Suppose the wholesale price set by the manufacturer is w;" , and the quantity of products

ordered by the retailer and at the same time are ¢, and g,"; . 7", =", and z",, are respectively
)

the profit function of retailer and manufacturer under the financing choice of scenario, then:

HIZLL = (}“l_qITL _dqg}s +ﬂ“)ﬁf§ —wffMﬂLL (1+¢)
il = ((1 ~y)a-q —dgl; +ﬂt”)‘7§-Ls ~w s (1+4,) (2)

”kH-LM = waI—LLqIfI—LL (1+¢)+ wlfl—qul?—Ls (1+4)- kuzqf-LL - k(tu)zqf_"s

According to the optimal solution of each parameter in Table 3, the financing subgame
equilibrium of retailers under Nash game scenario is analyzed, as shown in Lemma 2:
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Lemma 2. Nash Game: when y€(0.5,5") ,all retailers chose trade credit financing; when

7 € (y™,1),retailers R, chose trade credit financing and retailers R, chose bank financing.

Table 3. Optimal wholesale price, order quantity and profit of retailers in HL scenario under

Nash game
k T TB BT BB
—y(~ad’ry = 2ad’y + 2adry
—2adr +8ary +8ay — Bd*ru ad ry +2ad’y + 2adry — 2adr
) —8ay + Bd’ru+2pd*u 2 fdrt I
s Hay + Pu+ k) —2Bd*u—2fdrtu+8pru+8pu ay ﬁj " 5 hu- Bdrtu ar+ fut ket + kil
pir} T —ku = 3d ke’ - 2d “8fut d ko + 2k 2r+1)
2k’ + 2k + 8k + 8ku?) 2kt Bk Bl
7 d’r? +4d’r +4d* ~16r -16
(@77 +ad’r +4d> ~16r-16)(r+7) AT "
(1-y)(~ad*ry +ad’r —2ad*y
2 2 2, 2 R
ad’ry —ad’r +2ad’y = 2ad” +2adry +2ad’ + 2adry +8ary —8ar + 8ay
2 2
e ., —8ay +8a— fd rtu—2pd tu+2pfdru “8a+ fdriu+ 2pd*u + 2 fdru — 8 Priu a—ay+ Pt ket + ke
Wy_g (1’7)(‘1*‘17*/;”’*1“ u ) +8ftu —d*krt*u® = 2d*kt*u® — 2dkru’ 8t + Ak +3d ke + 2d ke 20r+1)
2(1+r7}/) +8krt*u’ + 8kt*u* dkru? = 2dkru® — 8krtu® —8kPu®)
16-d*r* —4d’r —4d* +16 2 2 )
" rosdnior (r— 7 + D1 +4d°r + 4d® — 16— 16)
adry —adr +2ady —2ad + 4ary —adry +adr - 2ad v+ ad
ady —ad +2ay - fdtu +4ay - fdrtu =2 fdu +4fru . Z 4 adr Z Z+ a4 ady —ad +2ay — fdtu+2fu
. 5 ) 5 +1)| ~day + Bdrtu +2 fdtu - s
q,IiLL +2Bu + dkt’u’ - 2ku’ +4pu +dkr*t*u’ + 3dkrt*u® (r+1)] —day N zﬂ i ) ’i " zﬂu ) +dkrt*u’ + dkt*u’ — 2kru’ — 2ku’
2 (4 —-d’ ) +2dkt*u’ — dkru® — 4ku® ;ﬂzrt :d: Zd]ZdL: Jrlgkrul 6+ Ll 2(4-d*)
T ; +4d’r +4d* ~16r -
16 +16—d*r* —4d’r —4d" g g "
(r +V)(adry +2ady +4ay adry +2ady +4ary — 4ar
ady +2ay —2a+ Bdu —4a + Bdru+2Bdu—4pu +4ay —4a+ Bdru+2Bdu ady +2ay —=2a+ fdu -2 ptu
q,IiLs =2 Btu —dku’ + 2kt*u’ ~dkru® = 2dku’ + 4kru® + 4ku®) —4Brtu —4Btu — dlr*u® —3dkru® —dkru® = dku’ + 2krt*u* + 2kt*u’
2(d* - 4) A+ 4dr+4d* —16r—16 2dku’ +dkrt*u® + 4kt*u® 2d* - 4)
d*r +4d’r +4d> —16r 16
N (adry ~adr +2ady ~2ad (r +1)*(—adry + adr —2ady
ady — ad + 2ay — Bdtu +4ary +4ay — drtu — 2 Bdtu 2ad —4ay + frtu + 2Pt — 4 B (ady —ad +2ay — fdtu+2fu
lil—lf 12 + dkt*u® — 2k +4Bru+ 4 pu + dkr*t*u’ ket — 2k + Ak + Ay +dkrt*u® + dkt*u® = 2kru® - 2ku* )’
4(d* -4y +3dkrt*u® + 2dkt*u® — dkru’ — 4ku’)? @ 1 4+ 40 —16r—16) A(d? -4y
(&% +4d’r +4d” —16r —16)°
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HL - — dku® 2’ - - —4Brtu— 4 ptu — dkr*u’® —3dkru® —dkru® — diu® + 2krt*u® + 2kt*u*)?
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Ad” -4y I adir A —16r 167 =2dku’ + dkrt*u® + dkt*u® ) 4d> -4)
@ +4d’r +4d° ~16r-16) (@7 +4d°r + 4d" — 167 - 16)°
HL* . . . .
ey i T o T

2ad*r* +16ad’r + 16ad* — 64ar —64a -3 fd°r*u—108d°ru—8fd°u+ 2 Bd>r*tu + 16 Bd*rtu +16 fd*tu + 8 fdr’u
+40 Bdru + 32 Bdu — 64 Briu — 64 Btu + 3d°kr*u® + 10d°kru® + 8d°ku® —10d°kr**u® - 24d°krt*u® —16d°kt*u®
—8dkr*u® — 40dkru® — 32dku® + 32kr*t*u* + 96krt*u” + 64kt*u’

a(d+2)(3d* +10d°r +8d” — 4dr* — 4dr —32r - 32)

HL

According to Lemma 2, market forces are the key factors affecting retailers' financing
choices.When the market power of retailers R, is relatively strong, retailers R, will choose

trade credit financing immediately. As its market power declines, interest rates on trade credit
financing rise, leading to higher financing costs.So retailers R; will turn to bank financing at

lower interest rates to solve their own funding problems.
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3.1.3. Only R.. Profit Models for Purchasing High Quality Products (Scenarios LH)
Suppose the wholesale price set by the manufacturer is w;", and the quantity of products
ordered by the retailer and at the same time are g;" and g, .7" #" andz/", are respectively

the profit function of retailer and manufacturer under the financing choice of scenario, then:

m'y = (ra-ql —dgls+ pruyg” ~wligl (1+9)
mls =((1=p)a-gs —dgi’ + pu)gls —wlsq s (1+ 4,)

LH
Ty_m

LH _LH

=w g, (1+¢)+ wfsq{fs

(1+4)—ku*qs

—k(tu) g,

(3)

Table 4. Optimal wholesale price, order quantity and profit of retailers in LH scenario under

—2d*ku* = 2dkrt*u’ + 8kru® + 8ku®
"7 —4dr—4d® +16r 116

2dkr*t*u® = 2dkrt*u® — 8kru® —8ku®)
(r—y +1)(d*F +4d’r +4d* —16r -16)

Nash game
k T TB BT BB
—y(~ad’ry = 2ad’y + 2adry
~Dadr +8ary +8ay — pd*riu ad’ry +2ad”y +2adry — 2adr
2 2, .
LH* y(av+ fru+kt*u®) ~2fd’tu =2 fdru+8friu+ 8 _80}/+ﬁ5 mf Zﬁ‘i u‘—2ﬂd'u ay + ptu+ krt*u® + kt*u’
Wi, 2 +7) +d? (—k)P Pt = 3d ket = 2d ke’ “8put d ke’ + 2k 2(r+1)
2 2 2
V2dkeu? + 2dkru’ +8krtu® +8k*u?) 2k 8k Sk
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According to the optimal solution of each parameter in Table 4, the financing subgame
equilibrium of retailers under Nash game scenario is analyzed, as shown in Lemma 3:

Lemma 3. Nash Game: when y<(0.5,'") ,all retailers chose trade credit financing; when
7 e(y*,1),retailers R, chose trade credit financing and retailers R, chose bank financing.
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2ad*r* +16ad*r +16ad* — 64ar — 64a—3Bd°r* tu —10 Bd°rtu — 8 fd° tu + 2 fd*r*u+16 fd*ru + 16 Bd*u + 8 fdr’tu +
40 Bdrtu +32 fdtu — 64 fru — 64 fu + 3d°kr* 2 u® +10d°krt*u® + 8d°kt*u* —10d*kr*u® — 24d*kru® —16d%ku® —8dkr*t*u?
—40dkrt*u® - 32dkt*u® + 32kr*u® + 96kru® + 64ku*

a(d+2)(3d°r* +10d°r + 84> — 4dr® — 4dr —32r - 32)

LH _

3.1.4. Profit Model of All Retailers Purchasing Low-quality Products (Scenario LL)
Suppose the wholesale price set by the manufacturer is w;",, and the quantity of products
ordered by the retailer and at the same time are g;", and g,*;.7/", =", andz/*,, are respectively

the profit function of retailer and manufacturer under the financing choice of scenario, then:

”If—LL =(ya— qu - dqﬁs + ﬂtu)‘ﬁi - wﬁL‘]ﬁL (1+¢,)
mls = ((1 —y)a— qlffs - dQﬁL + ﬂtu)qgs - wﬁs%ﬁs (1+4) (4)

ﬁkL—LM = wlfqul%L 1+¢)+ wﬁsqgs (1+4)- k(t”)z (%EL + qﬁs )

Table 5. Optimal wholesale price, order quantity and profit of retailers in LL scenario under

Nash game
k T TB BT BB
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According to the optimal solution of each parameter in Table 5, the financing subgame
equilibrium of retailers under Nash game scenario is analyzed, as shown in Lemma 4:
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Lemma 4. Nash Game: when y<(0.5,y") ,all retailers chose trade credit financing; when
7 e(y™,1),retailers R, chose trade credit financing and retailers R; chose bank financing.

2ad’r? +16ad’r +16ad* —64ar —64a—3Bd°r*tu —10 Bd°rtu — 8 fd° tu + 2 Bd*r* tu +16 fd°rtu + 16 Bd* tu + 8 Bdr*tu
+40 Bdrtu + 32 Bdtu — 64 friu — 64 ftu+ 3d°kr*t*u® + 10d°krt*u® +8d°kt*u® —10d>kr*t*u® — 24d*krt*u® —16d°kt*u?
—8dkr*t*u® — 40dkrt*u® — 32dkt*u* + 32kr*t*u” + 96krt*u” + 64kt*u’

a(d+2)(3dr” +10d°r +8d” — 4dr” — 4dr —32r - 32)

}/LL —

3.2. Supply Chain Financing Decision Analysis

After obtaining the optimal income of each member of the supply chain and the selection
conditions of each financing strategy, we analyze the financing decision of the supply chain.For
the threshold expression of market power in Lemma 1-4, we can get the following relation. As
lemma 5 shows:

Lemma 5. Nash game: If, exists ke(0,k] ’ <yt <y <yt I, exists ke(k,k)
B(3d°r +10d%r +8d” +4dr* +4dr - 32r -32)
(4 Du(3d% +10d% +8d> — 4dr* — Adr 161" — 48r-32)

7LH <7/HH <7/LL <7/HL, kl

According to Lemma 5 and the previous lemma 1-4, the retailer's financing decision equilibrium
can be analyzed and obtained.As shown in theorem 1.

Theorem 1. Nash game:

(1)Given ke (0,k,], if y€(0.5,™) : TT is the financing equilibrium strategy in four scenarios
HH,HL,LH,LL ;if ye(y™,y*] :when LL , HH , LH scenario, TT is financing equilibrium
strategy,and when HL scenario, TB is financing equilibrium strategy; ify  (»"*,"]: when HH,

LH scenario, TT is financing equilibrium strategy,and when HL, LL situation, TB is financing
equilibrium strategy; if y e (", ] :when LH situation, TT is financing equilibrium strategy,

and when HL, LL , HH scenario, TB is financing equilibrium strategy; if y € (*",1) : TB is the
financing equilibrium strategy.

(2)Given ke (k, k), if y €(0.5,5*") : TT is the financing equilibrium strategy in four scenarios
HH,HL,LH,LL ;if ye(",y™] :when HH , LL , HL scenario, TT is financing equilibrium
strategy,and when LH scenario, TB is financing equilibrium strategy; ify  (»"",»"]1: whenLL,

HL scenario, TT is financing equilibrium strategy,and whenLH, HH situation, 7B is financing
equilibrium strategy; if y e (**,7"™]:when HL situation, TT is financing equilibrium strategy,

and whenLH, LL , HH scenario, TB is financing equilibrium strategy; if y e (" ,1): TB is the
financing equilibrium strategy.

According to Theorem 1, the market power and product cost coefficient of retailers are the main
factors affecting their financing decisions, and the different purchasing strategies of retailers
also affect their financing strategies.

3.3. Supply Chain Procurement Decision and Financing Choice Balance Strategy

This section mainly analyzes the purchasing strategies of two retailers.Based on the financing
decision of theorem 1, we further analyze the product purchasing strategy and financing choice
equilibrium strategy of supply chain.

3.3.1. Product Procurement Decision When Product Cost Coefficient K is Small
When the product cost coefficient is small (i.e. k €(0,k,]), we compare the influence of market

competition coefficient on purchasing decision, and discuss retailer's product purchasing and
financing equilibrium strategy in Nash game based on retailer's financing decision, as shown in
Theorem 2.
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(1)When y € (0.5,y™):if d€(0,d,,), then adopt the strategy for the optimal equilibrium of the

supply chain, that is HH -TT, both retailers purchase high-quality products and choose trade
credit financing method; if de(d,,,1), then the optimal equilibrium of the supply chain is
adopted, that isHL-TT, retailers R, purchase high-quality products and retailers R, purchase
low-quality products, and both retailers choose trade credit financing.

(2)When y e (y™, " 1:if d€(0,d,,), then adopt the strategy for the optimal equilibrium of the
supply chain, that is HH-TT, both retailers purchase high-quality products and choose trade
credit financing method; if de(d;,,1), then the optimal equilibrium of the supply chain is
adopted, that is HL-TB, the retailer R, chooses to purchase high-quality products and choose
trade credit financing, while the retailer R, chooses to purchase low-quality products and
choose bank financing.

(3)When ye(y™,1):if de(0,d,,), then adopt the strategy for the optimal equilibrium of the

supply chain, that is HH -TB, both retailers purchase high-quality products,but the retailer R,
chooses bank financing; if d  (d,;,1), then the optimal equilibrium of the supply chain is adopted,
thatis HL-TB, the retailer R, chooses to purchase high-quality products and choose trade credit
financing, while the retailer R, chooses to purchase low-quality products and choose bank
financing.

_ 2ay+2a+ ftu+ fu—kt*u® —ku’

d 2
ay + fu—ku

f1

_ HH* HL*
dfz = aig {ﬂTT—S - ﬂTB—S}

g - 2{u[-LA+1)+k(1+ )1+ u]+2a(-1+y)}
73 Q+r)[u(B—ku)+ay]

For the convenience of observation, we summarized the retailers' product purchasing
equilibrium strategy into a table, as shown in Table 6:

Table 6. Product procurement balancing policies

y€(05,7™] re(@™,r™] ye@™,1)
R, H L H L H L
RS
H de(0,d,) | de(d,,1) de(0,d,,) de(dy, 1) | de(0,d,;) | de(0.d,,)
L non-existent non-existent non-existent non-existent non-existent non-existent

3.3.2. Product Procurement Decision When Product Cost Coefficient K is Large

When the product cost coefficient is large(i.e. k € (k,,k)), we compare the influence of market

competition coefficient on purchasing decision, and discuss retailer's product purchasing and
financing equilibrium strategy in Nash game based on retailer's financing decision, as shown in
Theorem 3.

(1)When y € (0.5, :if d€(0,d,,), then adopt the strategy for the optimal equilibrium of the
supply chain, that is LL-TT, both retailers purchase low-quality products and choose trade

credit financing method; if de(d,,,1), then the optimal equilibrium of the supply chain is
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adopted, that isLH-TT, retailers R, purchase low-quality products and retailers R, purchase
high-quality products, and both retailers choose trade credit financing.

(2)When y e (", 7" 1:if de(0,d,;), then adopt the strategy for the optimal equilibrium of the
supply chain, that is LL-TT, both retailers purchase low-quality products and choose trade
credit financing method; if de(d;,1), then the optimal equilibrium of the supply chain is
adopted, that isLH -TB, the retailer R, chooses to purchase low-quality products and choose
trade credit financing, while the retailer R, chooses to purchase high-quality products and
choose bank financing.

(3)When ye(y*,1]:if de(0,d,), then adopt the strategy for the optimal equilibrium of the
supply chain, that is LL-TB, both retailers purchase low-quality products, but the retailer R,
chooses bank financing; if d e (d,,, 1), then the optimal equilibrium of the supply chain is adopted,

thatis LH - TB, the retailer R, chooses to purchase low-quality products and choose trade credit
financing, while the retailer R, chooses to purchase high-quality products and choose bank
financing.

_ 2ay—2a- Btu— fu+kt’u’ +ku’

d
—ay —tu+ kt*u?

4
_ LL* _ _LH*
dys = aig {”rrfs *ﬂm,s}

Pl (%)) +h(L+P) 1+l +2a(-14 )}
6 Q+1)[tu(B—ktu)+ay]

For the convenience of observation, we summarized the retailers' product purchasing
equilibrium strategy into a table, as shown in Table 7:

Table 7. Product procurement balancing policies

y€(0.5,7"] ye(™,r"] ye(r™,1)
R, H L H L H L
RS
H non-existent | non-existent non-existent non-existent non-existent non-existent
L de(0,d,,) | de(d,,1) | de(0,d,,) de(d;,1) de(0,d,,) de(dg,1)

4. Conclusion

The results show that in both Nash and Stackelberg games, retailers with strong market power
tend to choose trade credit financing from the perspective of financing strategies, while
retailers with weak market power have more choices in financing strategies and are influenced
by market forces and product purchasing strategies. From the perspective of product
purchasing strategy, retailer's product purchasing strategy will be affected by product
production cost, market power and market competition intensity. When the production cost
coefficient of unit product is small, no matter the market competition intensity is large or small,
retailers will purchase high-quality products when the market forces are not different. When
the difference of market forces increases, retailers' product purchasing strategies appear
differentiation with the increase of market competition intensity. When the production cost
coefficient of unit product is large, retailers with higher market power will give up purchasing
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high-quality products, while retailers with lower market power will purchase high-quality
products with the increase of competition intensity.

Therefore, retailers should choose appropriate financing methods to solve the problem of
capital constraints in combination with their own market power, so as not to miss the good
opportunity and be eliminated by the market.
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