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Abstract

:

We analyze a supply chain consisting of a capital-constrained supplier and a platform functioning as a marketplace, where the supplier sells products to consumers via the platform, which charges a commission fee for each item sold. Operating in a market characterized by price-sensitive stochastic demand, the supplier must make simultaneous decisions regarding pricing and production quantity before a selling period. The supplier has three financing options for production: bank financing, platform-guaranteed bank financing, and direct platform financing. Using a Stackelberg game approach, we model these interactions and derive key managerial insights. Our findings reveal that financing choices and commission fees significantly impact the supplier’s pricing and production decisions, as well as the platform’s financing preferences. Generally, while the platform favors direct financing, the supplier prefers guaranteed financing under certain conditions.
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1. Introduction


1.1. Background and Motivation


In today’s business world, small and medium-sized enterprises (SMEs) are rapidly increasing in number and play a crucial role in driving economic growth in both developed and developing countries. However, as suppliers, SMEs currently face two major challenges because of the tenuous nature of their business establishment: capital and distribution channel. Traditional solutions to the capital constraint mainly involve bank financing (denoted as BF hereafter), but due to the lack of tangible resources, significant operational risks, and severe information asymmetry, bank loans are costly for such suppliers and, in some cases, even unattainable [1]. Supply chain finance, in which members of the supply chain provide financial support to suppliers, is increasingly becoming an alternative to BF for sustainable business development [2,3,4]. Traditional distribution channels typically involve brick-and-mortar establishments, but due to the small business scale, limited network connections, and insufficient investments, establishing offline channels incurs high distribution costs to suppliers. The establishment of online channels is increasingly becoming a reasonable means of responding to this problem [5].



In the above context, suppliers in the role of SMEs urgently need to find an intermediary to secure loans, expand customer bases, and reduce distribution costs. With the rapid development of information technology and digital economy, the emergence of e-commerce platforms (EPs) provides integrated solutions to the aforementioned challenges. Firstly, EPs with very high creditworthiness can act as guarantors, alleviating banks’ concerns about the potential bankruptcy risks of suppliers and, thus, non-repayment [6,7]. We denote this financing scheme as the guarantor financing (denoted as GF hereafter) in this paper. Secondly, these EPs offer online distribution channels for suppliers, facilitating their access to consumers and promoting distribution and production [8]. In the literature on e-commerce, EPs are generally considered to play two roles: resellers similar to wholesalers, and marketplaces acting as agents [9,10,11]. We focus solely on the latter scenario, and the validity of our discussion is supported by numerous real-world examples, such as Amazon.com in the United States and JD.com in China. It is worth noting that, in cases where the EP acts as a reseller, the retail price is set by the EP [12], while in cases where the EP acts as a marketplace, the supplier pays a commission to the EP, and jointly decides retail price and production quantity before selling season [13].



As EPs continue to expand their operations, they actively seek new value-added services as a source of profit. Providing online financial services has become a crucial aspect, with major e-commerce giants such as JD.com launching its own “Internet Commerce Banks” [14]. We denote this financing scheme as direct financing (denoted as DF hereafter) in this paper, which belongs to an internal financing way. Yang et al. [15] showed that, since 2010, over 1.6 million suppliers as SMEs in China have received financing support from Alibaba, with a total loan amount reaching USD 400 billion. Offering online financing as a innovative value-added service can serve as a means to attract interest income. However, it may introduce operational complexities arising from the EPs’ dual roles as a marketplace and a borrower, i.e., the EP needs to determine its interest rate. Furthermore, the discussion about when an EP chooses to act as a guarantor and when it opts to provide financing options itself is currently limited.



Motivated by the above observations, we naturally raise the following research questions:




	
Optimal decision-making for each party across financing modes: What are the optimal pricing and production strategies for the supplier under different cases and the platform’s optimal interest rate if he provides? This question assumes that each financing mode impacts operational decisions differently.



	
Conditions for the platform’s financing Support: Under what conditions does the platform choose to provide financing support, and what factors may influence his preference for offering DF versus GF? This question assumes that the platform seeks to maximize profit while considering the risks and rewards associated with each financing mode.



	
Supplier’s financing choice based on platform’s offering: Given the financing options provided by the platform, how does the supplier determine her preferred financing method? This question assumes that the supplier prioritizes minimizing financing costs while maximizing profitability under capital constraints.









1.2. Contribution and Paper Organization


Considering a supply chain system consisting of a capital-constrained supplier (she), a marketplace platform (he), and an external financing source, i.e., bank (it). This paper investigates the optimal operational decisions for each party. Our paper contributes to the expanding body of research at the intersection of supply chain finance and operation management. Specifically, the theoretical contributions are twofold:




	
First, our work expands on the application of the Modigliani–Miller theorem. We illustrate that in the case where the supplier makes joint decisions on her price and production quantity, the outcome under BF still satisfies M&M theory, i.e., the operational decisions can be separated from the financing decision.



	
Second, we explore a novel platform-supported financing mode, where the platform acts as a marketplace and the supplier has the pricing power. We extend the traditional price-setting newsvendor model to portray the capital-constrained supplier’s optimal joint decisions in such market.








In terms of practical implications, our findings offer actionable insights for both platforms and suppliers in capital-constrained environments.




	
For platforms, the results suggest that DF is generally the most profitable option when available, but GF can be strategically favorable when commission fees are high and DF is not feasible. This provides platforms with clear guidelines on choosing financing schemes to maximize profitability.



	
For suppliers, our study highlights that GF often provides the most preferred form of support, but in cases where DF is the only option, suppliers should evaluate BF as a favorable alternative when commission fees are low. These insights help suppliers optimize their operational and financial decisions based on the availability and nature of platform financing support.








This dual focus on theoretical and practical contributions allows our study to bridge the gap between supply chain finance theory and operational practice.



The rest of the paper is organized as follows. We review the related literature in Section 2. Section 3 presents the model preliminaries. Then, we characterize the equilibrium decisions of the supplier and the platform under three financing modes in Section 4. In Section 5, we conduct some numerical studies given parameter values to derive more managerial insights. Finally, in Section 6, we present our concluding remarks and outline potential directions for future research. All proofs can be found in Appendix A.





2. Literature Review


We develop this paper in the context of a capital-constrained supplier operating on a platform acting as marketplace. In such marketplace, the supplier jointly decides the price and production size, and pays the platform a commission fee per transaction. There exist two streams of literature related to our paper: supply chain finance and price-setting newsvendor problem, which is reviewed in this section. We conclude the difference between this work and the closely related literature in Table 1.



In the real business world, there are numerous market frictions that prevent the realization of the Modigliani–Miller theorem. This theorem posits that in a perfect (frictionless) financial market, managers can independently make operational decisions irrespective of financial decisions [22]. Therefore, understanding how budget constraints influence operational decisions, such as production quantity and pricing, becomes a crucial topic in the fields of economics and operations management (OM). We focus more on the latter, and readers are referred to the economic analyses in Che and Gale [23]. Scholars in the OM field have integrated financing decisions with operational decisions, giving rise to the research stream of supply chain finance (SCF), as seen in editorial views by Kouvelis [24]. SCF comprises two models: external financing, where financial institutions outside the supply chain systems provide loans to capital-constrained companies, such as bank financing or third-party logistics financing [16,25], and internal financing, where companies within the supply chain systems provide loans to their upstream or downstream counterparts, such as trade credit and buyer credit financing [26,27]. Most of the literature examines the financing equilibrium or preferences of companies by comparing different financing schemes. For comprehensive reviews, please refer to Chen et al. [28], Li et al. [29], and the references provided therein. Next, we will focus on platform financing, an emerging financing mechanism based on the development of digital technology and platform economy [30]. We are interested in the topic that platforms provides financing support to suppliers, and we recommend readers who are interested in platforms providing credit finance/support to consumers to Kuang and Jiang [31], Wei et al. [32] and Xie et al. [33].



Tunca and Zhu [12] were among the pioneers in researching e-commerce platform financing. They studied platforms that purchase products from the upstream supplier and sell them to downstream consumers. The supplier decides the wholesale price, and the platform makes ordering decision before the selling season. Yan et al. [34] investigated a dual-channel supply chain structure, where the supplier with constrained capital can sell products through both online and offline channels. Lu et al. [35] considered contract farming and platform supply chain, where the farmer, facing uncertain output, decides to borrow from the platform or the bank. In the mentioned studies, platforms act as resellers, similar to the wholesaler role in traditional supply chains. Many recent studies on platform operations confirm the advantages of platforms acting as marketplaces compared to resellers, suggesting that the agency selling mode will become a trend [36]. Wang et al. [16] explored coordination issues for online retailers when choosing between bank credit financing and e-commerce platform financing. Gupta and Chen [18] considered manufacturers obtaining financial support from both platforms and retailers (the financing support from retailer is denoted as RF). Yi et al. [6] studied financing issues in an agricultural supply chain context with constant market prices. They compared three financing models, namely bank financing, guarantor financing, and direct financing. Liu et al. [20] investigated the impact of overconfidence, a behavioral factor, on platform financing. Rath et al. [37] compared bank financing and platform financing in an environment without demand randomness. Further, Mandal et al. [38] examined these two financing modes considering the sellers’ competition. The most relevant literature to our study is Gong et al. [13], as they considered joint pricing and ordering decisions of the supply chain participant when the platform acts as a marketplace. However, they assumed the platform would set an interest rate which is competitively priced, while we explore the platform’s optimal interest rate decision under the goal of maximizing the profit.



As analyzed before, when the EP acts as an intermediary for selling products, the SME gains pricing power. Faced with uncertain market demand, the SME needs to make joint decisions on pricing and production quantity. Since the 1950s, extensive research has been conducted in this field, e.g., Mills [39], Karlin and Carr [40]. In the research area of supply chain, this joint decision-making is often referred to as the price-setting newsvendor problem, as reviewed comprehensively by Petruzzi and Dada [41]. They summarized existing work, employed additive and multiplicative demand functions to address the problem, and used the stock factor to substitute the ordering decision. They derived sufficient conditions for the uniqueness and existence of optimal joint decisions with risk-neutral considerations. Zhao and Wang [42] considered how to coordinate the supply under the joint pricing-production decisions. Wang et al. [43] considered consignment contracts with revenue-sharing between suppliers and retailers, where joint decisions are made by the supplier, and a certain proportion of revenue should be shared with the retailer. They compared the efficiency gap between decentralized and centralized systems. Chen et al. [44] considered the effect of risk-preference on the operational performance by employing Conditional Value at Risk (CVaR) as the objective function. Tang et al. [45] introduced a dynamic pricing policy in the newsvendor model to reduce supply chain loss. Zhang et al. [46] derived analytical decisions for pricing and inventory allocation given the form of demand distribution. Our work differs from the mentioned literature by assuming that the SME making this joint price-production decision is capital-constrained. This setup is similar to Yang and Liu [47], but their study focuses on trade credit and pricing postponement, comparing the impact of joint decisions and sequential decisions on different financing methods (bank financing and trade credit). In contrast, we consider a supply chain where the EP participates operation and provides financing support. We explore the optimal strategies and interactions between the EP and the upstream SME.



To sum up, we identify the following limitations in the current literature, and indicate how this work fills them correspondingly:




	
Limited analysis of the comparison between three financing modes in a marketplace environment: While many studies address financing and operational decisions simultaneously, few consider the supplier facing several financing modes at the same time within a marketplace. In reality, suppliers with limited capital resources often need to simultaneously optimize pricing and production while managing financing options. Our study bridges this gap by examining how capital constraints influence joint production and pricing decisions under different financing scenarios.



	
Limited analysis of platform financing in marketplace models: Although platform financing has been explored, the existing research often assumes the platform acts as a reseller rather than a marketplace intermediary. This distinction is significant as, in marketplace models, suppliers retain pricing control, influencing both demand response and production strategies. Our study addresses this gap by considering a platform as a marketplace where the supplier sets prices, leading to more complex interactions and optimal decisions for both the platform and the supplier.



	
Underexplored impact of demand uncertainty and price sensitivity on financing decisions: The current literature rarely addresses how demand uncertainty and consumer price sensitivity affect financing choices and operational decisions in supply chains. In our work, we incorporate these factors into the price-setting newsvendor model, capturing realistic conditions in which the supplier must adapt to varying demand and financing options while optimizing pricing and production simultaneously.









3. Model Formulation


3.1. Demand Form


We consider a random price-dependent market demand   D ( p , ϵ )  , where  ϵ  denotes the randomness and      ∂ D ( p , ϵ )   ∂ p    < 0   satisfies, i.e., the market demand is price-sensitive. We also predefined that the variance of demand increases with expected demand while the coefficient of variation contains unaffected. Thus, a multiplicative model is appropriate under our setting [48]. Following Karlin and Carr [40], we define the demand function in multiplicative form, and express it as the follows:


  D  ( p , ϵ )  = y  ( p )  · ϵ ,  y  ( p )  = α  p  − β   ,  



(1)




where  α  denotes the basic market size and  β  characterizes the price elasticity. We only focus on a price-elastic product, i.e.,   β > 1  . The random factor  ϵ  denotes the market uncertainty, which has a probability density function (p.d.f)   f ( · )  , a cumulative distribution function (c.d.f)   F ( · )  , and a complementary cumulative distribution function    F ¯   ( · )   . In the next sections, we consider that the random factor  ϵ  follows a uniform distribution on   [ 0 , B ]   for analytical traceability, which is a commonly used assumption in the OM literature [48,49]. Furthermore, we define the failure rate function as   h  ( x )  =    f ( x )    F ¯   ( x )      . We then have      d h ( x )   d x    ≥ 0  , since that uniform distributions have increasing failure rate (IFR) properties [50].




3.2. Sequence of Events


The paper investigates the optimal operational strategies of the supply chain system with a capital-constrained supplier and a marketplace platform. The supplier only sells products via the online channel. She bears a unit production cost c, and pays a commission fee t to the platform per transaction. She can apply for financing from the bank with or without platform guarantee, or from the platform directly. For each case, the detailed sequence of events is illustrated in Figure 1.




	
In the BF case (see Figure 1a), first, the supplier determines her production quantity   q b   and selling price   p b   simultaneously. Then, she borrows money   c  q b    from the bank. After the selling season, the total revenue of the supplier is realized as    p b  min   q b  , D  (  p b  , ϵ )    . The total commission fee charged by the platform is thus given by   t min   q b  , D  (  p b  , ϵ )    . Then, the supplier is assigned the remaining sales revenue, and repays the principal plus interest to the bank.



	
In the GF case (see Figure 1b), the supplier firstly makes joint decisions of production quantity   q g   and selling price   p g  . Then, she borrows money   c  q g    from the bank. At this point, the bank lends money to her without any associated risk. After the sales period, she received a total revenue as    p g  min   q g  , D  (  p g  , ϵ )    . The platform charges a total commission fee   t min   q g  , D  (  p g  , ϵ )    . Finally, the supplier receives the remaining sales revenue, and repays the principal plus interest to the bank.



	
In the DF case (see Figure 1c), the platform firstly announces his interest rate   r d  . Then, the supplier jointly determines her selling price   p d   and production quantity   q d  . She borrows money   c  q d    from the platform. After selling season, she pays the commission fee   t min   q d  , D  (  p d  , ϵ )     to the platform, repays the principal plus interest to him, and earns the leftover revenue.








It is important to mention that the supplier bears only limited liability: In the event that she generates sufficient revenue during the sales period, she is obligated to repay both the principal and interest. However, if she falls short, she only returns the amount received from the sales and, subsequently, declares bankruptcy.




3.3. Notations and Assumptions


We make the following assumptions in the paper.



Assumption 1.

The supplier’s initial capital is zero. The platform is endowed with no budget constraint.





Assumption 2.

The capital market is perfect without taxes, transaction fees, and bankruptcy costs.





Assumption 3.

Without compromising generality, the supplier’s sales cost, shortage cost, and residual value of the unsold products at the end of sales horizon are ignored for simplification.





Assumption 4.

The commission fee rate t is seen as an exogenous parameter in our work. It is predetermined before the selling season, which is in parallel with the industrial practice. This setup is consistent with the state-of-the-art literature in this area, see Chen et al. [51], Xu et al. [52].





Assumption 5.

The supplier and the platform are all risk neutral. There is no information asymmetry between the supply chain participants.





We summarize the notations used throughout the paper in Table 2. In the following analysis, the subscript   i ∈ { S , P }   denotes the supplier and the platform, respectively. The subscript   j ∈ { n , b , g , d }   indicates the cases of no-budget constraint, bank financing, guarantor financing, and direct financing, respectively. The superscript (*) is used to denote equilibrium values throughout the paper. All the proofs for the lemmas and propositions can be found in Appendix A.




3.4. No-Budget Constraint Case


In this section, we consider a budget-free supplier selling product on the platform. The supplier jointly determines her pricing and production decisions, and pays a fraction of her sales revenue to the platform. Her profit can be written as


   Π  S , n    (  p n  ,  q n  )  =  ( 1 − t )   p n  E  [ min   q n  , D  (  p n  , ϵ )   ]  − c  q n  .  



(2)







The supplier seeks maximum profit by solving     m a x    p n  ,  q n     Π  S , n    . The optimization problem can be seen as a transformation of Petruzzi and Dada [41] and Wang et al. [43]. Following their approach, we define a new variable   z n   as the stock factor, where    z n  =    q n   y (  p n  )     ,    z n  ∈  [ 0 , B ]   . The profit function of the supplier can be rewritten as


      Π  S , n    (  p n  ,  z n  )      = y  (  p n  )   {  ( 1 − t )   p n  E  [ min  (  z n  , ϵ )  ]  − c  z n  }           = y  (  p n  )   [  ( 1 − t )   p n   ∫ 0  z n    F ¯   ( x )  d x − c  z n  ]           = α  p n  − β     ( 1 − t )   p n    z n  −    z n 2   2 B     − c  z n   .     



(3)







The optimal decisions can be derived by optimizing over   p n   and   z n  , i.e.,     m a x    p n  ,  z n     Π  S , n    . We conclude the optimum conditions for the stock factor and the supplier’s operational decisions in the following proposition.



Proposition 1.

Given   ϵ ∼ U [ 0 , B ]  , (i). The optimal solution of   z n *   is unique,


    z n *  =    2 B   β + 1      



(4)







(ii). The optimal selling price and production quantity are given by


      p n *     =    ( β + 1 ) c   ( β − 1 ) ( 1 − t )    ;      



(5)






      q n *     =    2 α B   β + 1    ·      ( β + 1 ) c   ( β − 1 ) ( 1 − t )      − β        



(6)









Lemma 1.

(1) The supplier’s optimal price   p n *   is decreasing in β while increasing in t; and (2) her optimal ordering quantity   q n *   is increasing in β while decreasing in t.





We can obtain some findings from Proposition 1 and Lemma 1: (1) The optimal stock factor depends only on the upper limit of its distribution and the price sensitivity of the market demand. When the market demand is more sensitive to the selling price, i.e., a larger  β , the optimal stock factor will be lower. (2) Keeping the other parameters unchanged, the optimal price   p n *   decreases with  β  and increases with t. The intuitions behind are that: when the platform charges a higher commission fee, the supplier will increase her sales price; when the market demand is more sensitive to the price, the supplier will drop her sales price. Given other parameters,   q n *   increases with  β  and decreases with t, the relationships of which are opposite to that of   p n *   (see Figure 2).



The supplier finally realizes a total revenue of    Π  S , n  *  =    2 α B c    β 2  − 1    ·      ( β + 1 ) c   ( β − 1 ) ( 1 − t )      − β    . We also give the profit function of the platform in the following:


     Π  P , n      = t  p n  E  [ min   q n  , D  (  p n  , ϵ )   ]           = t y  (  p n  )   p n  E  [ min  (  z n  , ϵ )  ]  .     



(7)







When the supplier optimally determines her joint decisions, the platform realizes a total revenue of    Π  P , n  *  =    2 α B c β t     β 2  − 1   ( 1 − t )     ·      ( β + 1 ) c   ( β − 1 ) ( 1 − t )      − β    .





4. Equilibrium Analysis


4.1. Bank Financing


In this case, we consider the supplier borrows money from the commercial bank. The bank firstly announces an interest rate   r b  . Then, the supplier determines her optimal joint decisions. We suppose   c  ( 1 +  r b  )  ≤  ( 1 − t )   p b    to avoid meaninglessness. If her total profit    ( 1 − t )  E   p b  min   q b  , D  (  p b  , ϵ )      is less than the principal plus interest   c  q b   ( 1 +  r b  )   , she goes bankrupt. Therefore, her repayment to the bank is written as


  min {  ( 1 − t )   p b  min   q b  , D  (  p b  , ϵ )   , c  q b   ( 1 +  r b  )  } .  











The bank loan is competitively priced [53]. Then, the interest rate   r b   charged by the bank should satisfy the following equation:


  c  q b   ( 1 +  r f  )  = E  [ min  {  ( 1 − t )   p b  min   q b  , D  (  p b  , ϵ )   , c  q b   ( 1 +  r b  )  }  ]  ,  



(8)




where   r f   represents the risk-free interest rate, and the right side denotes the expected value of repayment.



The profit of the supplier can be written as


   Π  S , b    (  p b  ,  q b  )  = E   [  ( 1 − t )   p b  min   q b  , D  (  p b  , ϵ )   − c  q b   ( 1 +  r b  )  ]  +  ,  



(9)




where     ( x − y )  +  = x − min  ( x , y )   . Following the approach described in the last section, we employ the stock factor    z b  =    q b   y (  p b  )      to solve the optimization problem. We can rewrite the supplier’s profit function as


      Π  S , b    (  p b  ,  z b  )      = y  (  p b  )   {  ( 1 − t )   p b  E  [ min  (  z b  , ϵ )  ]  − c  z b   ( 1 +  r f  )  }           = y  (  p b  )   [  ( 1 − t )   p b   ∫ 0  z b    F ¯   ( x )  d x − c  z b   ( 1 +  r f  )  ]           = α  p b  − β     p b   ( 1 − t )    z b  −    z b 2   2 B     − c  z b   ( 1 +  r f  )   .     



(10)







Proposition 2.

Under bank financing, (i) the optimal stock factor is unique and equal to that of the benchmark case, and (ii) the optimal selling price and production quantity are given by


      p b *     =     ( β + 1 )  c  ( 1 +  r f  )    ( β − 1 ) ( 1 − t )    ;      



(11)






      q b *     =    2 α B   β + 1    ·       ( β + 1 )  c  ( 1 +  r f  )    ( β − 1 ) ( 1 − t )      − β        



(12)









The supplier finally realizes a total revenue of    Π  S , b  *  =    2 α B c ( 1 +  r f  )    β 2  − 1    ·       ( β + 1 )  c  ( 1 +  r f  )    ( β − 1 ) ( 1 − t )      − β    . When the supplier sets her optimal decisions, the total revenue of the platform is realized as    Π  P , b  *  =    2 α B c β t ( 1 +  r f  )     β 2  − 1   ( 1 − t )     ·       ( β + 1 )  c  ( 1 +  r f  )    ( β − 1 ) ( 1 − t )      − β    . Supported by Assumption 2, the result is still consistent with M&M theory in our context [22]. Specifically, when the capital market is perfect and the bank interest rate is competitively priced, the supplier makes her production decision the same as that under the situation without capital constraint, which means that the operational decisions and financing decision are made separately, and the risk-free interest rate reflects the time value of the capital.



Lemma 2.

  r b *   satisfies the following equation:


    r b *  =    3 +  r f   ( 1 + 2 β )  +  ( 1 +  r f  )    β 2  −  ( 1 + β )      ( β − 1 )  2  + 4      2 ( β − 1 )    .   



(13)









We find a linear positive correlation between   r b *   and   r f  , i.e., in a competitively priced capital market, we can speculate on changes in the bank’s optimal interest rate by observing changes in the risk-free rate. Further, the relationship between   r b *  , and the price sensitivity of market demand  β  is relatively complex (as shown in Figure 3); it first increases rapidly as  β  increases, and then decreases after reaching the threshold. The possible reason for this change is analyzed as follows: we find that the supplier’s optimal profit exhibits an (almost) opposite trend to the bank’s optimal interest rate, which may indicate that when the bank anticipate that the supplier’s profit is lower, it will charge a higher interest rate to compensate for the default risk accordingly.




4.2. Guarantor Financing


In this case, the bank still plays a role as loan provider as BF case; however, the platform acts as a guarantor at this point, sharing the financial risk for the bank. Specifically, if bankruptcy happens, the platform will repay the supplier’s debt. Hence, the bank charges the supplier a risk-free interest   r f  . The profit of the supplier can be written as


   Π  S , g    (  p g  ,  q g  )  = E   [  ( 1 − t )   p g  min   q g  , D  (  p g  , ϵ )   − c  q g   ( 1 +  r f  )  ]  +  .  



(14)







Then, we also replace   q g   with the stock factor   z g  , and rewrite her profit function as


      Π  S , g    (  p g  ,  z g  )      = y  (  p g  )    {  ( 1 − t )   p g  E  [ min  (  z g  , ϵ )  ]  − c  z g   ( 1 +  r f  )  }  +           = y  (  p g  )   ( 1 − t )   p g   ∫  k (  z g  ,  p g  )   z g    F ¯   ( x )  d x          = y  (  p g  )   ( 1 − t )   p g    1 −    c ( 1 +  r f  )    ( 1 − t )   p g       z g  −   1  2 B     1 −      c ( 1 +  r f  )    ( 1 − t )   p g      2    z g 2   ,     



(15)




where   k  (  z g  ,  p g  )  =    c  ( 1 +  r f  )   z g     ( 1 − t )   p g      . We further define   A =     ( β − 1 )  2  + 1    ,   A > 1   to facilitate expression in the following analysis.



Proposition 3.

Under guarantor financing, (i) the optimal stock factor is unique, and given by:


    z g *  =    B ( A − β + 2 )  2   ;   



(16)







(ii) The optimal selling price and production quantity are given by


      p g *     =    c  ( 1 +  r f  )   ( A + 1 )    ( 1 − t ) ( β − 1 )    ;      



(17)






      q g *     =    α B ( A − β + 2 )  2        c  ( 1 +  r f  )   ( A + 1 )    ( 1 − t ) ( β − 1 )      − β   .      



(18)









The supplier finally obtains her total revenue, which is given by


   Π  S , g  *  =    α B ( 1 − t ) ( A − β + 1 )  2        c  ( 1 +  r f  )   ( A + 1 )    ( 1 − t ) ( β − 1 )      − β   .  











Lemma 3.

(1) The supplier’s optimal price   p g *   is decreasing in β while increasing in t; and (2) her optimal ordering quantity   q g *   is increasing in β while decreasing in t.





As we can see, the relationships between    p g *   (  q g *  )    and the two key parameters ( β  and t) under GF case remain unchanged compared to those under BF case, respectively (see Figure 2 and Figure 4). When  β  is larger, the supplier tends to decrease her sale price to induce more demand. Accordingly, she will increase her production quantity to satisfy demand. When t is larger, i.e., the platform charges a higher commission fee for more profit, the supplier will increase the price and lower her production scale, which means that the supplier takes actions to hedge the loss caused by the platform’s incentive to have a lager share of her revenue.



Proposition 4.

Comparing the optimal results under GF case to those under BF case, we find: (1)      p g *   p b *    < 1  ; and (2)      q g *   q b *    > 1  .





When the platform acts as a guarantor, the bank lends money to the supplier without any risk. As a result, it charges the supplier a risk-free interest, which only reflects the time value of the investment, which is lower than its interest rate (  r b *  ) under the BF case. In other words, the supplier’s capital cost of investing in her production under GF is less than that under BF. Correspondingly, she will drop the selling price to induce more demand and produce aggressively (see Figure 5).



The platform’s profit function is as follows:


     Π  P , g      = t  p g  E  [ min  (  q g  , D  (  p g  , ϵ )  )  ]  − E   [ c  q g   ( 1 +  r f  )  −  ( 1 − t )   p g  D  (  p g  , ϵ )  ]  +           = y  (  p g  )   [ t  p g   ∫  k (  z g  ,  p g  )   z g    F ¯   ( x )  d x +  p g   ∫ 0  k (  z g  ,  p g  )    F ¯   ( x )  d x − c  z g   ( 1 +  r f  )  ]           = α  p g  − β − 1    t  (  z g  −    z g 2   2 B    )   p g 2  −     c 2    ( 1 +  r f  )  2   z g 2    2 B ( 1 − t )     .     



(19)







At the point that the supplier optimally make her decisions, the platform correspondingly realizes a total revenue as


      Π  P , g  *  =       α B  c 2    ( 1 +  r f  )  2   2 t   ( A + 1 )  2  −  (  A 2  − 1 )    β 2  −  ( A + 3 )  β + 2 A + 3     4   ( β − 1 )  2    ( t − 1 )  2             ·       ( A + 1 )  c  ( 1 +  r f  )    ( β − 1 ) ( 1 − t )      − β − 1   .     












4.3. Direct Financing


In this section, we explore operational and financing decisions under platform direct financing. In this case, the platform acts as both a marketplace and a loan provider. We adopt a two-stage Stackelberg game to determine the optimal operational strategies, where the platform is the leader and the supplier acts as the follower.



We resolve the game through backward induction. Firstly, given the platform’s interest rate   r d  , the supplier determines   q d   and   p d   simultaneously to maximize her expected profit,


   Π  S , d    (  p d  ,  q d  )  = E   [  ( 1 − t )   p d  min   q d  , D  (  p d  , ϵ )   − c  q d   ( 1 +  r d  )  ]  +  .  



(20)







Then, we rewrite her profit function by replacing   q d   with the stock factor   z d   as


      Π  S , d    (  p d  ,  z d  )      = y  (  p d  )    {  ( 1 − t )   p d  E  [ min  (  z d  , ϵ )  ]  − c  z d   ( 1 +  r d  )  }  +           = y  (  p d  )   ( 1 − t )   p d   ∫  g (  z d  ,  p d  )   z d    F ¯   ( x )  d x          = y  (  p d  )   ( 1 − t )   p d    1 −    c ( 1 +  r d  )    ( 1 − t )   p d       z d  −   1  2 B     1 −      c ( 1 +  r d  )    ( 1 − t )   p d      2    z d 2   ,     



(21)




where   g  (  z d  ,  p d  )  =    c  ( 1 +  r d  )   z d     ( 1 − t )   p d      .



The platform’s profit function is as follows:


      Π  P , d    (  r d  )      = t  p d  E  [ min   q d  , D  (  p d  , ϵ )   ]  + E  [ min  {  ( 1 − t )   p d  D  (  p d  , ϵ )  , c  q d   ( 1 +  r d  )  }  ]  − c  q d   ( 1 +  r f  )           = y  (  p d  )   t  p d   ∫  g (  z d  ,  p d  )   z d    F ¯   ( x )  d x +  p d   ∫ 0  g (  z d  ,  p d  )    F ¯   ( x )  d x − c  z d   ( 1 +  r f  )            = α  p d  − β − 1    t  (  z d  −    z d 2   2 B    )   p d 2  −     c 2    ( 1 +  r f  )  2   z d 2    2 B ( 1 − t )    + c  z d   (  r d  −  r f  )   .     



(22)







The first term of the first line of Equation (22) represents the profit stemming from the commission fee, and the second and third terms of that denote the repayment from the load provision and the opportunity cost, respectively.



Proposition 5.

Under direct financing case, (1) the optimal stock factor is unique, which equals to that under guarantor financing case; and (2) the equilibrium decisions for the two supply chain players,   (  p d *  ,  q d *  ,  r d *  )  , are given by


      r d *     =    2      ( β − 1 )  2   β 2    ( t − 1 )  4  −   β 2  − 1  c  (  r f  + 1 )    ( t − 1 )  2   M − N + K    +  ( β − 1 )  β   ( t − 1 )  2     c ( M − N + K )    − 1 ;      



(23)






      p d *     =    c  ( 1 +  r d *  )   ( 1 + A )    ( 1 − t ) ( β − 1 )    ;      



(24)






      q d *     =    α B ( A − β + 2 )  2        c  ( 1 +  r d *  )   ( A + 1 )    ( 1 − t ) ( β − 1 )      − β   .      



(25)









Here,   M =  A 3  t − β    A 2  − 4  t + 2 A + 5   ,   N =  ( A + 4 )   β 2   ( t − 1 )   , and   K = − 4 A t + A +  β 3   ( t − 1 )  − 4 t + 2  .



The unique optimal stock factor   z d *   (as well as   z g *  ) is determined by the upper limit of its distribution B and the price sensitivity of the market demand  β . Given the other parameters,   z d *   decreases as  β  increases. Moreover, this decrease in   z d *   is more pronounced when B is relatively large.





5. Numerical Study


Due to the complexity of the expressions derived from the DF case, it is difficult to perform some rigorously mathematical analysis of decisions, profits, and comparisons between DF case and other cases. Thus, in this section, we conduct some numerical experiments in an attempt to obtain some managerial insights. We give the parameter-values in the following: the supplier’s unit production cost   c = 0.2  , the market size   α = 1  , the price-sensitivity related factor   β = 5  , the random factor   ϵ ∼ U [ 0 , 5 ]  , and the risk-free interest rate    r f  = 0.05  . The parameter values are set similar to Wang et al. [16].



Lemma 4.

Comparing the optimal results under GF case to those under DF case, we find: (1)      p d *   p g *    =    1 +  r d *    1 +  r f      ; and (2)      q d *   q g *    =      1 +  r d *    1 +  r f       − β    .





Since  β  is larger than 1, we can see that the ratio of the optimal pricing decision under DF case to that under GF case always shows an opposite trend in magnitude compared to the ratio of the optimal quantity decision under DF case to that under GF case, i.e., when      p d *   p g *    > 1  ,      q d *   q g *    < 1  , vice versa (see Figure 6), and the specific relationship is related to the value comparison between   r d *   and   r f  . Specifically, under DF case, the platform lends money to the supplier while bearing certain default risk. Hence, he charges a higher interest rate   r d *   than the risk-free rate when his commission fee is at a low level. Under this situation, the supplier will increase the price and lower the production scale, i.e.,      p d *   p g *    > 1   and      q d *   q g *    < 1   with a relatively small t. Furthermore, from Figure 7, we can see that   r d *   is decreasing in t. When t is large enough and the   r d *   is smaller than the risk-free rate, the supplier will decrease the price and increase production scale. Hence, the ratios of optimal pricing decision and production quantity between DF and GF are opposite to before, respectively.



Lemma 5.

Comparing the optimal results under DF case to those under BF case, we find: (1)      p d *   p b *    =     ( 1 +  r d *  )   ( A + 1 )     ( β + 1 )   ( 1 +  r f  )      ; and (2)      q d *   q b *    =    ( A − β + 2 ) ( β + 1 )  4   ·       ( 1 +  r d *  )   ( A + 1 )     ( β + 1 )   ( 1 +  r f  )       − β    .





Under the DF case, when the commission fee t is small, the platform charges a high interest rate   r d *  , which is larger than   r b *  . At this point, the supplier optimally sets her price   p d *   larger than   p b *  . We find that   r d *   is decreasing in t while   r b *   maintains its value. Thus, the magnitude of the increase in   p d *   with t is smaller compared to that of   p b *  . When t is larger than a certain threshold,   p d *   is even smaller than   p b *  . However,   q d *   is always larger than   q b *   (see Figure 8), which shows that when the supplier applies DF, she will take riskier production decisions than she would under BF case.



5.1. The Platform’s Choice


According to the previous analyses, the platform is in a leader position in the supply chain system we study, which is in parallel with the real-life situation. This means that the platform has the right to decide on his own way of adopting financing assistance, and then the supplier (usually an SME) can choose between the financing options offered by the platform and the bank. From Figure 9, we can see that given the parameter values above, the platform’s profit is always larger in the DF case than those in the GF and BF cases, i.e., the platform always tends to provide direct financing support to the supplier when he is capital sufficient. We further find that the difference between his profits in the DF and GF cases decreases as t increases. To illustrate the reason, we show the changes in his optimal interest rate   r d *   in Figure 7. We find that when the platform charges higher commission fees, he correspondingly lowers his interest rate; however, the loss of profit to him from lowering the interest rate outweighs the increase in profit from raising the commission fee rate, and thus overall he is less profitable.



We further explore whether this insight would be changed under different production costs c. Figure 10 illustrates that although c greatly influences the profits of the platform, the value of it does not alter the conditions under which the platform selects financing strategies. In other words, regardless of different production costs, the platform consistently prefers direct financing. Whether to provide a guarantee depends solely on whether the commission fee exceeds the threshold   t 1  .




5.2. The Supplier’s Choice


5.2.1. When GF Is Unavailable


Obviously, when the platform offers DF, GF is not available. Under this situation, the choice of supplier depends on the relationship between the interest rate   r d *   and commission fee t. We explore the comparison results between DF and BF cases in the following.



If the platform offers DF, the supplier will choose BF when t is relatively small and DF when t is relatively large (see Figure 11). The reasons behind the above are as follows: When the supplier chooses to be financed directly through the platform, she provides the platform with two sources of income, i.e., interest collection and commission fee. As can be seen from Figure 7 and Figure 11, when t is relatively small (  t <  t 2  = 0.18  ), the platform will charge an interest rate that is much larger than   r b *  , which will decrease the supplier’s profit heavily and make her choose BF. On the contrary, if the platform’s commission rate is very high, he will significantly lower his interest rate   r d *   (even lower than that of the bank   r b *  ), which in turn makes the supplier’s profit in the DF case higher than that in the BF case, and thus at this point the supplier tends to choose DF).




5.2.2. When GF Is Available


For the supplier, when GF is available, it is always better for her to choose the GF option than other two financing options (see Figure 11). Although the analysis in the above shows that the platform’s profits are always higher when he provides DF support than when he provides GF support, in reality, there exist times when the platform is not able to provide this option due to exogenous reasons such as legal and regulatory constraints. Therefore, it is meaningful to analyze the supplier’s choice between GF and BF options, and their profits when the platform only provides GF. Under GF, the platform shares the bankruptcy risk of the supplier through his own creditworthiness in exchange for the risk-free interest rate offered by the bank for the supplier. Hence, only when the commission fee is larger than a certain threshold (  t >  t 1  = 0.27  , see Figure 9), will the platform have the incentive to offer GF. For the supplier, she can produce in a cheaper way, i.e., under the risk-free interest rate. Undoubtedly, she will increase the production scale and drop the price to achieve a higher profit. Hence, GF is a better choice for supplier for any given commission fee.



We also explore whether these insights would be changed under different production costs c. Figure 12 shows the same trends as that of Figure 11: Regardless of different production costs, the supplier consistently prefers guarantor financing. Moreover, whether to choose direct financing rather than bank financing depends on whether the commission fee exceeds the threshold   t 2  .






6. Conclusions


Our analysis delves into a supply chain involving a capital-constrained supplier and a platform operating as a marketplace. In this supply chain, the supplier utilizes the platform to sell products to consumers, with the platform charging a commission fee for each sale. In the context of a market with price-sensitive and randomly fluctuating demand, the supplier faces the challenging task of simultaneously determining pricing and production quantity before the sales period. To secure the financial resources necessary for production, the supplier has different choices: obtaining financing from a bank with or without platform guarantee, or seeking a loan directly from the platform. We model their interactions using the Stackelberg game approach. The optimal solutions can be obtained through the solution of the price-setting newsvendor model. In this section, we summarize all of our findings drawn from theoretical derivations and numerical experiments. We also conclude the limitations of this study and provide future research directions.



6.1. Main Findings


Beginning with the baseline scenario of the supplier without financial constraints, we then consider two external financing options: bank financing with and without platform guarantees. Additionally, we explore the internal financing option, i.e., platform direct financing. Our main findings are as follows:




	
In the absence of budget constraint, the supplier facing higher commission fee rates and lower price sensitivity tends to set higher optimal prices while reducing production levels. This is because the supplier aims to offset the platform’s profit share by charging consumers more and minimizing excess supply risks. Conversely, with lower commission fee rates and higher price sensitivity, the supplier lowers prices and increases production quantities. This is because the supplier adopts a low-margin-high-volume strategy to achieve substantial profit. These findings hold across both BF and GF cases.



	
Under BF case, the supplier’s optimal profit and the bank’s optimal interest rate show an inverse relationship in response to shifts in price sensitivity. Specifically, as the supplier’s optimal profit declines, the bank tends to raise its interest rate, and vice versa. This dynamic indicates that the bank increases interest rates when it anticipates lower profits may gained by the supplier to mitigate potential default risks.



	
For the platform, DF generally offers greater benefits than either GF or BF, making the platform more inclined to provide direct financial support to the supplier. However, if the platform simultaneously raises commission rates, the advantage of DF for him diminishes. In other words, with higher commissions, the platform’s profits from offering DF are nearly equivalent to those from providing only a guarantee.



	
For the supplier, constrained by the platform’s superior market power, financing options largely depend on the platform’s offerings. The platform is likely to offer GF only if commission fee rates exceed a certain threshold, at which point he assumes some default risk. If GF is available, the supplier will choose it; otherwise, with only DF as an option provided by the platform, the supplier will prefer BF when commission rates are low and DF when rates are high.









6.2. Limitations and Future Directions


While this study provides valuable insights into the interface between operation management and supply chain finance, it is not without limitations, which offer opportunities for further exploration. Specifically, we derive the analytical results under the assumption that the random factor in market demand follows a specific distribution, namely a uniform distribution. This simplification makes the model more accessible for managers. However, the choice of distribution for the random variables plays a crucial role in shaping the model’s underlying assumptions and predictive accuracy. In other words, the optimal decisions and financing strategies we have derived are applicable only under specific market demand conditions, which necessitate validation using historical data. If the market demand does not meet these conditions, our optimal strategies may not be suitable for guiding decision-making.



Addressing the limitation presents avenues for future research to expand upon and refines our findings. It is interesting to explore what degree our findings may hold under non-uniform demand distributions, such as exponential or power or triangle distribution. Understanding the impact of these alternative distributions could enhance our model’s robustness and provide a broader perspective on how our model performs under different market conditions. Also, such discussions could be extended to the general distribution case, and if a closed-form solution cannot be found under such case, a heuristic algorithm can be designed to seek a near-optimal solution and analyze the properties.



Beyond that, we offer some possible directions for research. First, all parties in the supply chain are assumed to be risk-neutral. However, it may be worth exploring the influence of behavioral factors, such as risk aversion on the part of the platform or the supplier. For suppliers, risk aversion often stems from external uncertainties, such as market demand fluctuations or macroeconomic instability. In contrast, for platforms, risk aversion is frequently driven by concerns over the supplier’s potential bankruptcy, as empirical evidence suggests that smaller marketplace platforms and suppliers tend to exhibit cautious behavior when facing such risks. These differing sources of risk aversion can significantly shape the decision-making processes of both parties. Second, the platform typically has access to extensive market information, such as customers’ browsing data and purchasing history, along with powerful data analytics capabilities due to their advanced digital technology and customer reach. As a result, it makes sense to consider the platform’s incentive to share detailed demand information with the supplier. It is also interesting to explore the supplier’s operational decisions and the extent to which the supplier can improve her profitability by better managing demand uncertainty which, in turn, benefits the platform, especially in a capital-constrained context. Finally, an important avenue for future research lies in examining the impact of market competition in the platform where heterogeneous suppliers coexist. These suppliers often differ in production capacity or cost structures, which can significantly influence their financing decisions. Such financial considerations, in turn, shape their subsequent decisions on production quantities and pricing strategies. In these markets, suppliers simultaneously determine their pricing and output levels, with each supplier’s choices affecting not only their own demand but also the demand for others through cross-price elasticity. Understanding how heterogeneity in production characteristics interacts with financing strategies could offer valuable insights into optimizing platform dynamics and supplier performance.
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Appendix A. Proofs


Appendix A.1. Proof of Proposition 1


Following Petruzzi and Dada [41] and Wang et al. [43], we solve the optimal pair   (  p n *  ,  z n *  )   using a sequential procedure. Specifically, we first derive the optimal selling price with given stock factor, and then plug such price into the supplier’s objective function to obtain the optimal stock factor.



Taking the first partial derivative of    Π  S , n    (  p n  ,  z n  )    with respect to   p n  , we have


     ∂  Π  S , n    (  p n  ,  z n  )    ∂  p n     = − α  p n  − β    [  ( β − 1 )   ( 1 − t )   ∫ 0  z n    F ¯   ( x )  d x −    β c  z n    p n    ]  .   



(A1)







Solving      ∂  Π  S , n    (  p n  ,  z n  )    ∂  p n     = 0  , we obtain    p n *   (  z n  )  =    β c   ( β − 1 ) ( 1 − t )    ·    z n    ∫ 0 z   F ¯   ( x )  d x     . It is easy to see when    p n  <  p n *   (  z n  )   ,      ∂  Π  S , n    (  p n  ,  z n  )    ∂  p n     > 0  , otherwise,      ∂  Π  S , n    (  p n  ,  z n  )    ∂  p n     < 0  . Thus,   Π  S , n    is unimodal in   p n   for any given   z n  , i.e.,    Π  S , n    (  p n  ,  z n  )    reaches its maximum at    p n *   (  z n  )    with any fixed   z n  . The unique optimal selling price is thus derived as follows:


   p n *   (  z n  )  =    β c   ( β − 1 ) ( 1 − t )    ·    2 B   2 B −  z n     .  



(A2)







Then, we plug    p n *   (  z n  )    into the supplier’s expected profit function,


   Π  S , n    (  p n *   (  z n  )  ,  z n  )  = y  (  p n *   (  z n  )  )    ( 1 − t )   p n *   (  z n  )   ∫ 0  z n    F ¯   ( x )  d x − c  z n   ,  



(A3)




and solve it as a single-variable optimization problem,     m a x   z n    Π  S , n    .



Taking the first derivative of    Π  S , n    (  p n *   (  z n  )  ,  z n  )    with respect to   z n  , we have


     d  Π  S , n    (  p n *   (  z n  )  ,  z n  )    d  z n     =    α c    p n *   (  z n  )    − β      ( β − 1 )   ∫ 0  z n    F ¯   ( x )  d x    R  (  z n  )  ,  



(A4)




where   R  (  z n  )  = β  z n   F ¯   (  z n  )  −  ( β − 1 )   ∫ 0  z n    F ¯   ( x )  d x  . The optimal stock factor is thus derived as    z n *  =    β − 1  β   ·     ∫ 0  z n *    F ¯   ( x )  d x    F ¯   (  z n *  )       according to the first-order condition. In the next step, we will prove the uniqueness of   z n *  . It is easy to see      α c    p n *   (  z n  )    − β      ( β − 1 )   ∫ 0  z n    F ¯   ( x )  d x    > 0  . Then, we take the first and second derivatives of   R (  z n  )   with regard to   z n  , and obtain


      R ′   (  z n  )      =  [ 1 − F  (  z n  )  ]   [ 1 − β  z n  h  (  z n  )  ]  ,        R ″   (  z n  )      = − h  (  z n  )   R ′   (  z n  )  − β  [ 1 − F  (  z n  )  ]   [ h  (  z n  )  +  z n   h ′   (  z n  )  ]  .      











According to the IFR property, we know that   h (  z n  )   increases in   z n  , i.e.,    h ′   (  z n  )  > 0  . When    R ′   (  z n  )  = 0  , we have    R ″   (  z n  )  < 0  , i.e.,   R (  z n  )   increases in   z n   when    z n  <  z n *    |    R ′   (  z n  )  = 0     and decreases in it when    z n  >  z n *    |    R ′   (  z n  )  = 0    . Thus,   R (  z n  )   is proven unimodal in   z n  . We further find   R ( 0 ) = 0   and   R ( B ) = − ( β − 1 ) B < 0  , which show that the solution of   R (  z n  ) = 0   available in   [ 0 , B ]   is unique. Thus, the proof for the uniqueness of   z n *   is completed. Correspondingly,    z n *  =    β − 1  β   ·     ∫ 0  z n *    F ¯   ( x )  d x    F ¯   (  z n *  )       is proven as the available and unique solution to maximize    Π  S , n    (  p n  ,  z n  )   . □




Appendix A.2. Proof of Lemma 1


We have:


       ∂  p n *    ∂ β       =    2 c     ( β − 1 )  2   ( t − 1 )     < 0 ;         ∂  p n *    ∂ t       =    ( β + 1 ) c    ( β − 1 )    ( t − 1 )  2     > 0 ;         ∂  q n *    ∂ β       = −    2 α B     ( β + 1 ) c   ( β − 1 ) ( 1 − t )     − β     ( β − 1 )  log  −   ( β + 1 ) c   ( β − 1 ) ( t − 1 )    − 1     β 2  − 1    > 0 ;         ∂  q n *    ∂ t       =    2 α β B     ( β + 1 ) c   ( β − 1 ) ( 1 − t )     − β     ( β + 1 ) ( t − 1 )    < 0 .     











□




Appendix A.3. Proof of Proposition 2


The solution procedure is similar to that of the benchmark case. We firstly find that   Π  S , b    is unimodal in   p b   for any given   z b  , and obtain the optimal selling price    p b *   (  z b  )   ,


   p b *   (  z b  )  =    β c ( 1 +  r f  )   ( β − 1 ) ( 1 − t )       z b    ∫ 0  z b    F ¯   ( x )  d x    .  



(A5)







Then, we plug    p b *   (  z b  )    into the supplier’s expected profit function,


   Π  S , b    (  p b *   (  z b  )  ,  z b  )  = y  (  p b *   (  z b  )  )    ( 1 − t )   p b *   (  z b  )   ∫ 0  z b    F ¯   ( x )  d x − c  z b   ( 1 +  r f  )   ,   



(A6)




and solve it as a single-variable optimization problem,     m a x   z b    Π  S , b    . Taking the first derivative of    Π  S , b    (  p b *   (  z b  )  ,  z b  )    concerning   z b  , we have


     d  Π  S , b    (  p b *   (  z b  )  ,  z b  )    d  z b     =    α c  ( 1 +  r f  )     p b *   (  z b  )    − β      ( β − 1 )   ∫ 0  z b    F ¯   ( x )  d x    R  (  z b  )  ,   



(A7)




where   R  (  z b  )  = β  z b   F ¯   (  z b  )  −  ( β − 1 )   ∫ 0  z b    F ¯   ( x )  d x  . The optimal stock factor is obtained according to the first-order condition as    z b *  =    β − 1  β   ·     ∫ 0  z b *    F ¯   ( x )  d x    F ¯   (  z b *  )      . The existence and uniqueness of   z b *   is proven with the procedure similar to the last proof. We obtain   q b *   according to    q b *  = y  (  p b *  )   z b *   . □




Appendix A.4. Proof of Proposition 3


Firstly, take the second order derivative of    Π  g , S    (  p g  ,  z g  )    with respect to   z g  ,


     ∂  Π  g , S  2   (  p g  ,  z g  )    ∂  z g 2     = − y  (  p g  )   ( 1 − t )   p g     1 B    1 −      c ( 1 +  r f  )    ( 1 − t )   p g      2    < 0  











Thus, for any given   p g  ,   Π  g , S    is proven concave in   z g  . The necessary and sufficient condition of optimal stock factor can be given by the first order condition, that is,


     d  Π  g , S    (  z g  )    d  z g     = y  (  p g  )   ( 1 − t )   p g   1 −    c ( 1 +  r f  )    ( 1 − t )   p g     −   1 B    1 −      c ( 1 +  r f  )    ( 1 − t )   p g      2    z g   = 0 .  











We thus obtain    z g *   (  p g  )  =    B  ( 1 − t )   p g     ( 1 − t )   p g  + c  ( 1 +  r f  )      . Substituting    z g *   (  p g  )    into the supplier’s profit function, we have


   Π  g , S    (  p g  ,  z g *   (  p g  )  )  = y  (  p g  )   ( 1 − t )   p g     B [  ( 1 − t )   p g  − c  ( 1 +  r f  )  ]   2 [  ( 1 − t )   p g  + c  ( 1 +  r f  )  ]    .  











We can solve the supplier’s optimal pricing problem by the first order condition,


     d  Π  g , S     d  p g     =    α B  ( t − 1 )   p g  − β    (  ( 1 − β )    c 2    (  r f  + 1 )  2  + 2 c  p g   (  r f  + 1 )   ( t − 1 )  +  ( β − 1 )   p g 2    ( t − 1 )  2    2   [  ( 1 − t )   p g  + c  ( 1 +  r g  )  ]  2     = 0 ,  








and obtain    p g *  =    c  ( 1 +  r f  )   [ 1 +     ( β − 1 )  2  + 1   ]    ( 1 − t ) ( β − 1 )     . Substituting   p g *   into   z (  p g  )  , we can obtain    z g *  =    B ( 2 − β +     ( β − 1 )  2  + 1   )  2     and    q g *  =    α B ( 2 − β +     ( β − 1 )  2  + 1   )  2        c  (  r f  + 1 )       ( β − 1 )  2  + 1   + 1    ( 1 − t ) ( β − 1 )      − β    . □




Appendix A.5. Proof of Lemma 3


We have


           ∂  p g *    ∂ β    =    c  ( 1 +  r f  )   ( 1 + A )    A   ( β − 1 )  2   ( t − 1 )     < 0             ∂  p g *    ∂ t    =    c  ( 1 +  r f  )   ( 1 + A )     ( β − 1 )    ( t − 1 )  2     > 0 ;             ∂  q g *    ∂ β    = −    α B      ( A + 1 )  c  (  r f  + 1 )    β − β t + t − 1     − β     2  ( β − 1 )  A  A + 1     log      A + 1  c  (  r f  + 1 )    β − β t + t − 1              ·  −  ( β − 2 )  β − 2 A +  ( β − 1 )   − β   β 2  −  A + 5  β + 3 A + 8  + 4 A + 6            +    3 α B      ( A + 1 )  c  (  r f  + 1 )    β − β t + t − 1     − β     2  ( β − 1 )  A  A + 1     > 0 ;             ∂  q g *    ∂ t    =    α β  A − β + 2  B      A + 1  c  (  r f  + 1 )    β − β t + t − 1     − β     2 ( t − 1 )    < 0 .     











□




Appendix A.6. Proof of Proposition 4


We have


       z g *   z b *       =   1 4    A − β + 2   ( β + 1 )  > 1 ;         p g *   p b *       =    A + 1   β + 1    < 1 ;         q g *   q b *       =   1 4    ( β + 1 )   A − β + 2        ( β + 1 )  c  (  r f  + 1 )    ( β − 1 ) ( 1 − t )     β        A + 1  c  (  r f  + 1 )    β − β t + t − 1      − β   > 1     











□




Appendix A.7. Proof of Proposition 5


We adopt a Stackelberg game to determine the optimal operational strategies and resolve it through backward induction, where the supplier is the game follower and the platform is the game leader.



Firstly, for any given   r d  , we can derive the optimal decisions of the supplier, the solution procedure of which is similar to that of proof of Proposition 4.   Π  d , S    is concave in   z d   for any given   p d  , since


     ∂  Π  S , d  2   (  p d  ,  z d  )    ∂  z d 2     = − y  (  p d  )   ( 1 − t )   p d     1 B    1 −      c ( 1 +  r d  )    ( 1 − t )   p d      2    < 0  








holds. Then, taking the first order derivative of   Π  S , d   , we can derive the optimal stock factor by the first order condition, i.e.,


     d  Π  S , d    (  z d  )    d  z d     = y  (  p d  )   ( 1 − t )   p d   1 −    c ( 1 +  r d  )    ( 1 − t )   p d     −   1 B    1 −      c ( 1 +  r d  )    ( 1 − t )   p d      2    z d   = 0 .  











Thus,    z d *   (  p d  )  =    B  ( 1 − t )   p d     ( 1 − t )   p d  + c  ( 1 +  r d  )       is obtained. Substitute    z d *   (  p d  )    into the supplier’s profit function, we obtain


   Π  S , d    (  p d  ,  z d *   (  p d  )  )  = y  (  p d  )   ( 1 − t )   p d     B [  ( 1 − t )   p d  − c  ( 1 +  r d  )  ]   2 [  ( 1 − t )   p d  + c  ( 1 +  r d  )  ]    .  











Then, the optimal price can be derived from the first order condition


     d  Π  S , d     d  p d     =    α B  ( t − 1 )   p d  − β    (  ( 1 − β )    c 2    (  r d  + 1 )  2  + 2 c  p d   (  r d  + 1 )   ( t − 1 )  +  ( β − 1 )   p d 2    ( t − 1 )  2    2   [  ( 1 − t )   p d  + c  ( 1 +  r d  )  ]  2     = 0 ,  








i.e.,    p d *  =    c  ( 1 +  r d  )   [ 1 +     ( β − 1 )  2  + 1   ]    ( 1 − t ) ( β − 1 )     . Substituting   p d *   into   z (  p d  )  , we have    z d *  =    B ( 2 − β +     ( β − 1 )  2  + 1   )  2     and    q d *  =    α B ( 2 − β +     ( β − 1 )  2  + 1   )  2        c  (  r d  + 1 )       ( β − 1 )  2  + 1   + 1    ( 1 − t ) ( β − 1 )      − β    .



In the next step, we optimally solve the platform’s interest rate decision given the supplier’s optimal decisions, to maximize his profit,     m a x    p d *  ,  q d *     Π  P , d    (  r d  )   . We give his profit function in the following:


      Π  P , d    (  r d  )      =   1 8   α B c       ( A + 1 )  c  (  r d  + 1 )    ( β − 1 ) ( 1 − t )      − β − 1            ·     c   (  r d  + 1 )  2    ( A − β + 2 )  2    t − 1    −      ( A + 1 )  2  c   (  r d  + 1 )  2  t  [   ( A − β )  2  − 4 ]      ( β − 1 )  2    ( t − 1 )  2     + 4  ( A − β + 2 )   (  r d  −  r f  )       











Taking the second derivative of      Π  P , d      p d *  ,  q d *     (  r d  )    concerning   r d  , we have       d 2   Π  P , d    (  r d  )     d 2   r d     < 0  . Thus, the optimal interest rate   r d *   can be derived from the first-order condition,


   r d *  =    2      ( β − 1 )  2   β 2    ( t − 1 )  4  −   β 2  − 1  c  (  r f  + 1 )    ( t − 1 )  2   M − N + K    +  ( β − 1 )  β   ( t − 1 )  2     c ( M − N + K )    − 1  








where   M =  A 3  t − β    A 2  − 4  t + 2 A + 5   ,   N =  ( A + 4 )   β 2   ( t − 1 )   , and   K = − 4 A t + A +  β 3   ( t − 1 )  − 4 t + 2  . □
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Figure 1. Three financing modes. 
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Figure 2. The relationships between    p n *   (  q n *  )    and t with different  β  (  c = 0.2  ,   B = 5  ). 
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Figure 3. The relationship between   r b *   and  β , along with   Π  S , b  *   and  β  (   r f  = 0.05  ,   t = 0.25  ,   c = 0.2  ,   B = 5  ). 
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Figure 4. The relationships between    p g *   (  q g *  )    and t with different  β  (   r f  = 0.05  ,   c = 0.2  ,   B = 5  ). 
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Figure 5. The comparison results of the optimal quantity (a) and the optimal price (b) between BF and GF cases (  β = 5  ,    r f  = 0.05  ,   c = 0.2  ,   B = 5  ). 
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Figure 6. The comparison of supplier’s optimal quantity (a) and optimal price (b) in the DF and GF cases. 
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Figure 7. The comparison of the optimal interest rate of the platform   r d *   and that of the bank   r b *   in a wider value-range of t. 
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Figure 8. The comparison of supplier’s optimal quantity (a) and optimal price (b) in the DF and BF cases. 
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Figure 9. The comparison of platform’s profits in the DF, GF, and BF cases. 
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Figure 10. A comparison of the platform’s profits in the DF, GF, and BF cases under different production costs. 
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Figure 11. The comparison of supplier’s profits in the GF, DF, and BF cases. 
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Figure 12. The comparison of supplier’s profits in the GF, DF, and BF cases under different production costs. 
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