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Abstract
Thedynamicdiscounting (DD)programbasedon thefinancial informationmatchingplatform
(FIMP) is an emerging but underexplored supply chain finance (SCF) model. This study
explores the configuration and operation of the DD program, compares and analyzes the DD
decision between the traditional model and the FIMP-based DD model, and reveals how the
latter model improves the cash flow of participants. Compared with the traditional model,
the FIMP-based DD model can improve the accuracy of the daily discount rate for small and
medium-sized enterprises; it offers enterprises more capital sources and helps participants
determine an optimal payment period. There are three major contributions of this study. First,
it explores the mechanism of the platform in promoting the DD model. The DD program
is not participated in by a single buyer and supplier, but by one buyer with multiple (N )

suppliers based on an FIMP. Once the fundamental decision parameters can be met, several
suppliers can enjoy early payment from a specific buyer, thereby improving liquidity of the
benefitting participants. Second, the study offers important managerial insights. Suppliers
can calculate the discount rate to motivate buyers’ early payment choices. Besides, early
payments could be constituted from a mixed portfolio with buyer’s own capital and that
from financial institutions. Third, the study explores key parameters. The discount rate is
not only related to the cost of working capital but also to the financing costs. Based on
the varying relationships between discount rate and capital costs, the present study makes a
reasonable argument for the use ofmixed funds and then calculates the optimal early payment
period. Finally, this study conducts a sensitivity analysis with numerical examples, which
finds that, by adopting the FIMP-based DD program, both buyers and suppliers enjoy a fairer
procurement environment and more profitable multi-lateral relationships.
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1 Introduction

1.1 Background andmotivation

For small and medium-sized enterprises (SMEs), financing has become a critical obstacle
to industrial development owing to its high cost and low return. As competition and infor-
mation asymmetry becomes more fierce, SMEs in the supply chain are suffering increasing
working capital pressure (Berger and Udell 2006). The extended payment terms of suppliers
are recognized as a financial problem worldwide since the 2008 global economic downturn
(Oliveira and Handfield 2017). In 2009, for example, 43% of the SMEs in Belgium and 50%
of those in Netherlands experienced payment delays on their receivables (OECD 2009). The
average payment delay in the Government-to-business model in Europe is nearly half of
the agreed contractual terms according to Connell’s (Connell 2014) report, who collected
payment duration data across 26 European countries in 2013. Additionally, according to the
Hackett Group, a US consulting firm, the average payment delay of 1,000 US listed com-
panies increased from 40.1 days in 2008 to 56.7 days in 2017 (Group 2018). This situation
has worsened due to the impact of COVID-19. For instance, based on KPMG’s recent report
“COVID-19 Global Tax Developments Summary,” payments were delayed severely on com-
mercial receivables and global firms’ liquidity needs increased from 5 days to 74 days in 2020
due to the COVID-19 outbreak worldwide (Hermes 2021). According to Coface’s (Coface
2020) recent research on the payment status of SMEs in China, the proportion of average
credit terms exceeding 120 days has almost doubled in two years-from 12% in 2017 to 23%
in 2020. In practice, 50% of the respondents offered maximum payment terms exceeding
120 days. The proportion of companies experiencing payment delays that exceeded 120 days
reached 37% in 2019, 6% more than in 2018. More ominously, more than a quarter of com-
panies (27%) experienced ultra-long payment delays (over 180 days), in which the payment
value exceeded 10% of their annual turnover.When these delayed payments constitute a large
proportion of total annual turnover, a company’s cash flow may be at risk (Coface 2020).
In addition, shortage of working capital among certain SMEs will further negatively affect
its upstream and downstream business partners (Gharaei et al. 2020; Rabbani et al. 2020),
causing widespread funding problems. To solve this problem, it is, therefore, necessary to
accelerate cash flow along the pipeline and promote financing for SMEs through innovative
approaches. Accordingly, the inter-organizational management of financial flows, based on
the interaction between operations and financing, SCF has become a mainstream method in
this field, whereby companies collaborate with financial institutions to provide additional
liquidity to strategic suppliers (Wuttke et al. 2013; Caniato et al. 2019).

The essence of SCF is to optimize the operation of the supply chain, improve the capital
efficiency of each member in the supply chain, and ultimately enhance the competitiveness
of the whole supply chain through financial services and activities. In a narrow sense, SCF
refers to short-term financing activities for SMEs at certain stages of the supply chain, mainly
including accounts receivable and payable financing (e.g., factoring, reverse factoring, for-
feiting), inventory financing (e.g., warehouse receipt pledge, inventory pledge), and advance
payment financing (e.g., confirming storage) (Bi et al. 2018; Bougheas et al. 2009; Hofmann
2009; Zhao and Huchzermeier 2019). In a broad sense, SCF not only enables financing but
also promotes cash flow among all stakeholders, facilitating the best operational performance
by optimizing and improving the capital efficiency of the whole supply chain (Bals 2019; Hua
et al. 2018). Traditional SCF is provided by banks, factoring companies, and other financial
institutions in terms of large core enterprise credits, and the financing loans are provided to
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their suppliers. However, reverse factoring is heavily dependent on core companies that are
usually reluctant to cooperate with financial institutes, and most SMEs cannot be covered by
supply chain financial loans. Therefore, it is necessary to solve the funds shortage problem
of SMEs in the supply chain by finding better ways of optimizing working capital. One of
the most important ways is through a dynamic discounting (DD) program.

Although dynamic discount technology has existed since 2010, it has recently become a
mainstream supply chain financial method in United States and European countries; so far
in Asia, it is still in its infancy. DD program refers to a dynamic settlement that properly
utilizes the visibility of the trade process provided by the platform and enables suppliers
and buyers to reach an agreement on a fixed daily discount on the nominal invoice value,
finally realizing a “customized” application of early payment discounts. As a flexible and
convenient solution to reduce accounts receivable, DD provides a stable mechanism to offset
financial negative externalities (Gelsomino et al. 2016). Specifically, the dynamic settlement
of invoices under DD benefits buyer–supplier dyadic relationships. For example, Columbia
SportswearCompanyhas reached an early payment discount planwith its suppliers. It chooses
to pay at a specific discount rate and time whereby suppliers can improve their turnover rate
of accounts receivable and the company can pay for its purchases at lower prices (Inc 2005).

Recently, the transaction volume brought about by electronic invoice adoption and digital
and intelligent settlement services is increasing. If a DD program is to be initiated by individ-
ual enterprises and there is a constant search for upstream and downstream enterprises willing
to accept this program, it will be limited in its ability to solve the working capital shortage
of SMEs due to the high transaction costs. Therefore, a DD program must evolve from the
traditional peer-to-peer mode to a real-time and intelligent platform-basedmode. Against this
background, a new model of SCF has emerged, namely, SCF based on a FIMP. This model
enables SMEs upstream and downstream in the supply chain to independently grant their core
customers an incremental discount on the nominal invoice value to encourage them to pay in
advance. SMEs can propose their demands according to their own capital situation, and both
parties can negotiate an advance period and discount rate to better match the capital needs of
SMEs (Demica 2007;Wandhöfer 2019). The first FIMP in the world, C2FO, has helpedmore
than 300,000 enterprises in 173 countries and regions solve the problem of working capital
financing. Presently, this platform has matched accounts receivable and accounts payable of
more than 1.2 trillion US dollars in total, using the DD program as a key business element.
In addition, as the foundation of DD’s operation, FIMP enables the DD program to realize
economies of scale and other operational advantages. First, with more business transactions
integrated into the platform, the platformmakes full use of digital and information technology
to activate working capital and uses financial technology tools to quickly and economically
serve core enterprises and their suppliers on both the payable and receivable to establish a
new working capital flow system (Farrell and Greig 2016). Second, unlike traditional SCF,
the information matching platform integrates the distinctive working capital requirements
of different suppliers into the same platform, and builds a “working capital market,” which
helps to form networked exchanges and interactions, configures a large number of dispersed
orders, and achieves DD in a unified way. In addition, the agglomeration of information by
the multi-level suppliers and core enterprises creates a fair financing market environment and
reduces financing cost discrimination. Therefore, the platform not only delivers benefits for
the core enterprises but also alleviates liquidity problems for SMEs.
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1.2 Research questions andmajor contributions

DD is a “demand-based” solution (Gelsomino et al. 2016, 2018) that allows a supplier choose
when to accept the buyer’s early payment application in coping with seasonal fund variations.
However, with the increase of DD users, the program needs to be supported by FIMP in
improving matching efficiency. Thus, studying optimal decision-making in this situation is
necessary. Therefore, this study specifically aims to address the following research questions:

(1) What are the main differences between a traditional DD model and the DD model based
on FIMP?

(2) What is the reasonable discount rate to be offered by SME suppliers? Is there an optimal
value to maximize the possibility of DD settlement between the participants based on
FIMP?

(3) In a DD program based on FIMP, if the buyers have insufficient working capital, how can
they optimize the capital utilization scheme from multiple sources to maximize profits?

(4) In DD program based on FIMP, how can the optimal payment period decision be deter-
mined by the two participants?

To address the above research questions, this study first analyzes the traditional DD model
and the FIMP-based DDmodel, and formulates the best decision scheme based on FIMP. The
main decision parameters include the daily dynamic discount rate, working capital amount,
payment period and so on. Second, this study makes a numerical analysis examining whether
the propositions derived from the model can apply to practical settings, given the different
values of the parameters acquired from the investigation. This study contributes to the litera-
ture on SCF andDDprograms by providing a better understanding of the relevant benefits and
parameters of the model. Therefore, the main contributions of this research are as follows:

(1) The DD model based on the FIMP in this study explores the mechanism of the platform
in promoting the DD model. The platform can match DD applications of multiple (N )

suppliers for a single buyer at a time, and provide an environment for them to automati-
cally trigger an optimal payment period. Moreover, the FIMP that links SME suppliers
with core enterprises, creates a fairly financed capital market, eliminates cost discrimi-
nation, helps SMEs gain more autonomy, and provides a new perspective to solve capital
shortage.

(2) This study offers important management insights for supply chain enterprises to improve
their profits and optimize capital flow. Suppliers can set the discount rate range to ensure
that buyers are stimulated to early pay, and calculate the optimal discount rate to improve
the profits for participants. Furthermore, the buyer can optimize the portfolio proportion
of mixed source funds according to the capital cost, discount rate, and working capital
amount, and further play the role of core enterprises in improving the capital liquidity of
the whole supply chain.

(3) This study discusses the key parameters–discount rate, working capital constraints, and
optimal payment period, and finds the differences from previous studies. This study
proposes that based on FIMP, determining the discount rate needs to consider not only
the cost of working capital but also the cost of bank financing. Additionally, this study
considers that the buyer may also have capital constraints, and according to the key
parameters, could make a reasonable argument for the use of mixed funding. Moreover,
the optimal early payment period of DD settlement based on FIMP is also an important
finding of this study, since previous studies have not found an accurate measure.
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The rest of the paper is organized as follows: Sect. 2 highlights the relevant theoretical
background through a literature review; Sect. 3 presents the model parameters and basic
assumptions; Sect. 4 analyzes the DD model; Sect. 5 compares the differences between the
traditional DD decision situation and the DD decision situation based on FIMP; Sect. 6
presents the numerical example and parameter sensitivity test. Finally, Sect. 7 summarizes
the research and advances prospects for future research.

2 Literature review

2.1 Supply chain finance and dynamic discounting program

To optimize the cash flow of enterprises, research on SCF is emerging and developing rapidly
(Caniato et al. 2019; Chen et al. 2020). Research on SCF describes the interactions among
capital, operations, and risk management, and includes the integration mechanisms of logis-
tics, cash flow, and information flow (Babich and Kouvelis 2018). There are several schemes
of SCF, such as early payment, delayed payment, debt financing, equity financing, financial
insurance, partial guarantee factoring, and reverse factoring (Gelsomino et al. 2016b). In gen-
eral, the previous literature on SCF adopts one of two perspectives-financial orientation and
supply chain orientation (Gelsomino et al. 2016b; Hua et al. 2018; Pellegrino et al. 2019).
Financial-oriented SCF usually regards SCF as a type of short-term financial plan (Lam-
oureux and Evans 2011; More and Basu 2013; Lekkakos and Serrano 2016; Wu et al. 2019)
that focuses on optimizing accounts payable and accounts receivable in the supply chain.
Supply chain-oriented SCF, meanwhile, regards SCF as a way to optimize working capital
and improve the financial performance more generally. It focuses on the cooperation among
supply chain participants rather than on financial products (Pfohl and Gomm 2009; Randall
and Farris 2009; Ma et al. 2020; Sokolinskiy et al. 2018). However, any single SCF scheme
has limitations in terms of participants’ diversity and relational complexity in business supply
chains. In a broader sense, the role of SCF is to improve the operational efficiency as well
as the efficiency of working capital of the supply chain. In this sense, the DD program is
especially and gradually favored by more SMEs.

The DD program relies on buyers making early payments in return for a discount offered
by the supplier on the goods or services purchased. Early payment can be settled by the
buyer’s own excess cash or by an intermediary financing provider (Templar et al. 2016).
Previous studies have shown that DD is derived from the typical cash discount policy in trade
credit practice, allowing the dynamic settlement of invoices through some integrated buyer-
supplier platforms (Kopalle et al. 1999; den Boer 2015; Gelsomino et al. 2018). DD stems
from the fundamental recognition that the large-scale application of a static discount weakens
the potential profits from differentiated pre-payment demands (Randall and Farris 2009). A
flexible cash discount policy–in which the buyer and supplier can settle the invoice at any
time within the standard payment terms in exchange for a certain percentage of discount–
can provide more benefits to the related companies (den Boer 2015). DD can be initiated
by two participants: buyers (i.e., the buyer declares the acceptable discount rate, and the
supplier responds by accepting early payment) or suppliers (i.e., the supplier proposes a
proper discount, and the buyer accepts the proposal). Meanwhile, DD can also increase the
trust and cooperation level among participants (Templar et al. 2016). In addition, DD helps
to reduce the capital cost of both supply and demand and accelerates the speed of capital
turnover in the whole supply chain. On the one hand, Gelsomino et al. (2016) show that DD
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can reduce the uncertainty of the supplier’s working capital demand and help to plan the cash
flow better. On the other hand, it can help the buyer determine the optimal payment period
and reduce the financial cost. Furthermore, DD can accelerate the operation and effectively
improve the stability and reliability of the supply chain; thus DD plays an important role in
relieving the capital pressure of SMEs (Hofmann and Kotzab 2010; Wandfluh et al. 2016).

Previous research has studied DD from the perspective of improving supply chain oper-
ation efficiency. Several sources show that the inventory (Gharaei et al. 2019; Kazemi et al.
2018), order quantity (Giri andMasanta 2020; Shekarabi et al. 2019), product price and qual-
ity (Duan et al. 2018; Shah et al. 2020) in the process of production and operation will have
an impact on the overall and individual profits of the supply chain. The research of DD in the
production and operation area mainly includes the discount and payment methods, discount,
inventory, transportation management, and discount and product quality (Jaggi et al. 2017;
Jana and Das 2017; Shi et al. 2021). However, in the actual business activities, collaboration,
price strategy, and product quality cannot be altered rapidly by SMEs. Therefore, this study
considers ways to improve the profit of SMEs from the perspective of improving the liquidity
of supply chain capital without changing the factors such as order quantity, inventory, and
price, and provide a feasible way for SMEs to improve their own profits and supply chain
efficiency.

Therefore, based on the above literature review of DD, it can be seen that the previous
research on DD focused more on the peer-to-peer supply–demand relationship in the supply
chain.As the number of participants and transaction settlements increase, the decision scheme
of DD changes, while the differences have not been studied adequately. Moreover, previous
research explored the impact of quantity DDmainly on the production cost aspects. However,
there is a gap regarding DD as a supply chain financial model to alleviate the capital shortage
and DD to improve the efficient utilization of funds.

2.2 Supply chain finance and financial informationmatching platform

The development of SCF requires specialized information, communication, technical abil-
ities, and multi-agent connection capabilities. Specialization and platformization are the
inevitable tendencies of SCF development (Xiangjun and Lingyun 2012; Bals 2019; Chen
et al. 2019; Song et al. 2019). FIMP is one of the most advanced models of novel SCF
solutions (Zhou et al. 2018; Jia et al. 2020). FIMP is a service-oriented infrastructure, which
provides necessary applications and information to all participants to promote smooth trans-
actions and financing activities. Spagnoletti et al. (2015) propose that any information or
digital platform contains three architectural elements: a core component, complements, and
an interface. A platform-based system is a special type of amodular system; it is composed by
a set of relatively stable core services of low variety, a set of evolving peripheral complements
of high variety, and a set of interfaces that link the core components to their complements
(Baldwin andWoodard 2009). In an FIMP, the core component includes financial information
disclosure (e.g., the volume of receivables and payables, payment days), financial require-
ments and conditions matching (e.g., the communication and negotiation between suppliers
and customers), and payment/financing activities (e.g., early payment or financing from
financial institutes). From the complement perspective, an FIMP grows in complexity as it
accommodates heterogeneous suppliers’ needs (early payment or capital requirement) while
maintaining backward compatibility (customers’ situation and commitment) and horizontal
compatibility (payment or financing conditions) across different components. Therefore, an
FIMP enriches the diversity of SCF, resulting in increased financial services complexity.
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In addition, combined with a transactional information and financial resources interface, an
FIMP not only meets the customized capital requirements of SME suppliers, but also realizes
other potential benefits, reflected in both the suppliers’ and customers’ economic payoff and
operational competitiveness.

Therefore, information sharing, collaboration, and collective actions can be realized
through an FIMP (Tiwana et al. 2010). By analyzing and forecasting the cash flow along
the pipeline, the platform enables cash flow monitoring, liquidity shortages analysis, financ-
ing channels search and establishment, and also helps enterprises find appropriate approaches
to optimize their working capital (Boyson et al. 2003; Zhou et al. 2018). More specifically,
the FIMP can collate and summarize the payment terms of certain trading partners (Zhou
et al. 2018), guide and reward existing partnerships by equally cultivating and encouraging
better cash-to-cash cycle management, thereby realizing inherent advantages for each com-
pany along the pipeline (Randall and Farris 2009). Powered by innovative technologies such
as blockchain and the Internet of Things, FIMP can provide an aggregation service to clients,
with financing availability frommultiple banks and non-banking institutions. Themulti-bank
nature increases competition among banks for the provision of financing. This not only puts
pressure on margins but also drives improvements in the quality of financial services, with
streamlined onboarding and superior interfaces that make them easier to use (Lahkani et
al. 2020). Further, due to the network externality, with the increased of number and types
of enterprises joining the network, the guidance that the FIMP can provide for SMEs is
richer and more accurate, and the solution can provide customized financing services for
SMEs (Cheng 2020; Dou et al. 2018). Moreover, unbalanced profits will inevitably affect the
enthusiasm of supply chain participants, and FIMP addresses this by balancing the profits
between the supply and demand sides; it adjusts the profit distribution scheme and tries to
prevent any party from losing profits (Narasimhan et al. 2018; Schor and Attwood-Charles
2017). Currently, several FIMPs (such as C2FO, Taulia, SAP Ariba, and PrimeRevenue) use
DD as the main approach to implement SCF. The reason is that DD can increase buyers’
benefits and reduce the uncertainty of suppliers’ cash flow. Therefore, DD is an important
SCF mode that is supported by the FIMP.

Nevertheless, the mechanism and decision-making changes of DD based on FIMP have
not been explored previously. Previous studies mainly discuss the application scenarios of
DD and the impact of buyers’ early payments on improving the working capital operational
efficiency of the supply chain, as well as the impact on different supply chain financial
schemes (including dynamic discount) in reducing capital shortage (Gelsomino et al. 2019).
However, few studies have focused on the specific buyer–supplier relationship or the DD
program based on a FIMP realizing information matching and large-scale order processing.
Previous studies also did not identify how to determine the key parameters of working capital
costs and requirements, as well as the key parameters of DD schemes that affect adoption and
benefits. Therefore, this study aims to bridge the gaps in literature and overcome limitations
identified above. By constructing a DD decision-making model, this study addresses the
discount rate, optimal paymentmethodswhen capital is constrained, optimal payment period,
and other parameters. This study investigates whether these considerations and insights hold
in the case of the concurrent occurrence of multiple variables, followed by a sensitivity
analysis on the optimal combination of parameters in different situations.
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3 Dynamic discounting program description

3.1 Main process of dynamic discounting

DD has four main process stages (Thangam 2012). The first is invoice uploading, which
starts when the invoices are composed and exchanged electronically between the buyer and
the supplier (for instance, through a cloud-based FIMP), and endswhen the electronic invoice
is sent to the buyer. The second is invoice receiving. It includes all the activities carried out
by the buyer after receiving the invoice (i.e., after uploading of the invoice on the FIMP),
and ends with the approval of the payment invoice. The third is negotiation and agreement:
it starts with the submission of an early payment proposal (EPP) and ends with the definition
of the updated payment terms. During this stage, the supplier and buyer communicate and
negotiate to reach an agreement. The supplier and the buyer determine the revised payment
terms, such as payment discount and payment period. If the terms of payment are not agreed
or the buyer refuses to accept, the supplier may compromise to allow the two to reach an
agreement on the payment period, price, and other elements. The supplier then revises the
corresponding documents (Matus et al. 2017). The last step is invoice archiving. Notably, the
buyers can accept or reject the suppliers’ request for a specific discount. When the request
is finally accepted, or when the standard payment terms have been met, the due date and
discount will be updated on the buyer’s enterprise resource planning system to complete the
payment in advance. Invoice archiving is completed by one of three events: the agreement
on an EPP (and the consequent update of the invoice terms), the fulfillment of contractual
payment terms, or mandatory archiving dictated by specific regulations (e.g., 15 days after
invoice receipt). This process repeats until the proposal is accepted or the payment date
arrives.

3.2 Inputs

Gelsomino et al. (2016a) proposed a DD model based on the assumption that the buyer’s
commercial credit is higher than the supplier’s commercial credit. Specifically, rs is the cost
to the supplier of financing one unit of cash for one day (e.g., the daily cost of a form of
short-term debt comparable to trade credit, such as invoice discounting). The buyer can access
short-term debt (similarly to the suppliers) at a cost of rb per unit of cash per day, or can use
its own liquidity (e.g., generated from operating activities), at a cost of y0 per unit of cash per
day. Given the above-mentioned assumption, it follows that y0 < rs, rb < rs . If the buyer
needs to use working capital (an amount equal to liq) to pay an invoice in advance, there is
an attached opportunity cost: that working capital cannot be used for other purposes (Chen
and Rq 2021). Each issued invoice has standard payment terms of G days. Invoices issued at
t = 0 are paid at t = G, with t = {0, 1, · · · , G}, while the early settlement period is equal
to ep(t). By assuming that all the suppliers are similar, therefore, all the invoices within an
invoice cycle have the same nominal value, vn that is, the amount the buyer must pay the
supplier under standard invoice conditions. Daily discount (dd), multiplied by the number
of days in advance, constitutes the actual discount received by the buyer. The financial cost
to the buyer is fc(t), and may either be the cost of working capital or the cost of short-term
debt due. The financial savings of the supplier is fs(t), and d(t) is the buyer’s discount.
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3.3 Assumptions

To simplify the model and facilitate comparison, the following assumptions are made in
this study: (1) in an invoice cycle, there are N undifferentiated suppliers and 1 buyer; (2)
regardless of the buyer’s inability to obtain debt; (3) at the end of the invoice cycle, the buyer
can pay off the total debt owed to financial institutions; (4) the invoice is paid on the same
day that the EPP is accepted; (5) due to the short invoice period, it is assumed that the fund
cost and return change linearly with time; (6) the buyer’s payment period will not exceed the
standard invoice period.

4 Basic model of dynamic discounting

As the previous review shows, this study does not discuss dynamic discount by changing
order quantity, inventory quantity, and product price (Dubey et al. 2015; Gharaei et al. 2021),
but analyzes it from the perspective of SCF. If DD is implemented, the payment will be
completed dynamically before G days, and the actual discount is not only the buyer’s income
but also the suppliers’ loss. In addition, due to the pre-payment, the buyer incurs financial
costs, while the supplier gains financial savings. Therefore, the buyer’s expected profit πb =
discounts financial cost, and the suppliers’ expected profits πs = financial saving discounts.

When the buyer and supplier reach an EPP agreement on the platform, the early period
is equal to ep(t), which is the number of days that the invoice must be settled in advance. In
this study, the payment days are considered to be integers, so ep(t) = G − t, ep(t) ∈ [0, G].
Where the EPP is accepted on day t , the discounted value that the buyer will pay to the
supplier is as follows.

dv(t) = vn · [1 − dd · ep(t)] (1)

The discount offered by the supplier (or the discount received by the buyer) is

d(t) = vn · dd · ep(t) (2)

The financial saving for the supplier is

fs(t) = vn · [1 − dd · ep(t)] · rs · ep(t) (3)

According to the previous analysis, based on FIMP DD model, the buyer’s financial cost
depends on the source of funds used for early payments. It may be the opportunity cost of
occupying working capital or the cost of short-term debt from financial institutions. As stated
above, the buyer “allocates” an amount of liquidity (liq) to the program. If theworking capital
in the DD program cannot be used for other investments, an opportunity cost is incurred. In
this study, the yield of an alternative investment is used as a proxy for the opportunity cost.
Although this assumption might seem restrictive, its effect on the outcome of the model is
considered trivial (Lee and Rhee 2011). Generally, working capital is deposited in a bank
or invested in a short-term operation before payment, and the buyer “allocates” an amount
of liquidity (liq) to the program. Under the standard payment terms, the buyer’s short-term
income from working capital is liq · G · y0, and the opportunity cost is dv(t) · ep(t) · y0.
Therefore, the buyer’s profit is liq ·G · y0 − dv(t) · ep(t) · y0. If short-term debt is selected
for payment, the buyer would also receive the working capital income as liq · G · y0. The
financing cost of financial institutions is dv(t) · ep(t) · rb and therefore, in this situation, the
buyer’s profit is liq · G · y0 − dv(t) · ep(t) · rb. Overall, the financial cost for a given buyer
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is shown in Eq. (4).

fc(t) =
{

dv(t) · ep(t) · y0 working capital cost
dv(t) · ep(t) · rb short-term debt cost

(4)

When the payment time is t , the change in profit relative to the payment without a DD
program is given in Eqs. (5) and (6), respectively.

πb = [d(t) + liq · G · y0 − fc(t)] − liq · G · y0 (5)

πs = fs(t) − d(t) (6)

By substituting Eqs. (2) and (4) into (5), the difference in the buyer’s profit from using
the working capital payment method compared to liquidity provided by a financial institute
is given in Eqs. (7) and (8), respectively.

πb−w = vn · dd · y0 · ep(t)2 + vn · (dd − y0) · ep(t)
s.t. 0 ≤ ep(t) ≤ G

(7)

πb−d = vn · dd · rb · ep(t)2 + vn · (dd − rb) · ep(t)
s.t. 0 ≤ ep(t) ≤ G

(8)

By substituting Eqs. (2) and (3) into (6), the supplier’s profit can be obtained as follows:

πs = −vn · dd · rs · ep(t)2 + vn · (rs − dd) · ep(t)
s.t. 0 ≤ ep(t) ≤ G

(9)

Therefore, when there are N undifferentiated suppliers and one buyer, and the probability
that the buyer and the supplier reach a payment agreement at time t is set as θ , according
to Eqs. (7), (8), and (9), in an invoice cycle vn , the expected profit of the buyer’s payment
with the working capital method or with other financial institutes; the expected profit of the
supplier are expressed as Eqs. (10), (11), and (12).

�b−w =
G∑

t=0

θ · N · vn · dd · ep(t)−
G∑

t=0

θ · N ·vn · [1 − dd ·ep(t)] · ep(t) · y0 (10)

�b−d =
G∑

t=0

θ · N · vn · dd · ep(t)−
G∑

t=0

θ · N · vn · [1 − dd · ep(t)] · ep(t) · rb (11)

�s =
G∑

t=0

θ · N · vn · rs · [1 − dd · ep(t)] · ep(t) −
G∑

t=0

θ · N · vn · dd · ep(t) (12)

5 Dynamic discounting decision analysis

The DD model can be divided into FIMP-supported and non-FIMP-supported (this study
refers to the non-FIMP-supported DD program as the traditional DD program). In the tra-
ditional DD program, the core enterprise interacts with several SME suppliers. Due to the
large number of scattered orders, the buyer needs to manage each payment order separately
and communicate the discount details individually. Concurrently, as the number of suppliers
is increasing, the buyer needs to invest more resources in multiple DD orders. Therefore, the
suppliers cannot accurately judge whether the buyer is willing to accept the DD settlement.
Furthermore, as the suppliers do not know the buyer’s capital cost, the number of suppliers,
the source of funds, and other information, they can only infer the discount rate based on
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their own information; thus, it is unclear to them whether the buyers can accept these terms.
However, in the scenario of FIMP, the information flow between the suppliers and the buyer
is transparent, and the platform provides more decision-making references for DD partici-
pants to ensure that the profits of both parties can be improved simultaneously. Moreover,
FIMP provides more capital sources for the buyer, urges them to use a capital combination
more reasonably in the DD program, and provides benchmark parameters for the suppliers
as a reference, which helps to determine the optimal discount rate and discount range and
reasonably optimize the pre-payment period. Therefore, the main differences between the
traditional DD model and the DD model based on FIMP are reflected in the discount rate,
working capital constraints, and the optimal early payment period. The following section
differentiates between the decision-making of traditional DD and of FIMP-based DD, by
highlighting the aforementioned aspects.

5.1 Traditional dynamic discount program decision

In the traditional DD program, several SME suppliers use DD to encourage their buyer to
pay in advance. However, as the buyer is the core enterprise, it is often unrealistic for them to
carry out multiple rounds of a repeated bargaining process on the important parameters of DD
(including discount rate, payment period, and other factors) (Giri and Bardhan 2014; Sarkar
and Giri 2020; Yin et al. 2016). Thus, the suppliers can only infer the range of the discount
rate according to their own capital cost, and then provide a discount rate and payment period
based on the buyer’s situation. Additionally, due to the increasing number of suppliers, the
buyer may not be able to provide sufficient working capital at any given time to meet the DD
demand of all suppliers; thus, the buyer could have insufficient working capital. Therefore,
based on the above characteristics of the traditional DD program, this study analyzes this
decision-making process.

(1) Discount rate dd1 For the supplier, the discount rate provided should ensure that profit
is not less than zero at any time during the invoice cycle. If the supplier’s profit is zero,
it implies that, although the supplier has not obtained any profit but has recovered the
accounts receivable in advance, the supplier is also willing to agree to the settlement.
The buyer’s profit must also be greater than zero; that is, buying should be profitable,
resulting in an incentive for both parties to reach an early payment agreement. Hence,
first, for the supplier, since πs is a convex function passing through the origin, it only
needs to satisfy the condition that πs is not less than zero at the two endpoints of ep(t);
the concluding equation can be drawn as:

0 < dd1 ≤ rs/ (rs · G + 1) (13)

Second, the suppliers cannot get the buyer’s capital cost information, and thus, the sup-
pliers cannot speculate the discount rate range that the buyer can accept. The discount
rate given by the suppliers may cause the buyer’s profit to be greater than or less than
zero. The buyer will be willing to pay early only when the discount rate leads to increased
profits from the DD project. In this situation, the suppliers can only provide a rough range
of discount rate, see Eq. (13).

(2) Working capital constraints liq1 and early payment period ep(t)1 For the buyer, if the
discount rate provided by the suppliers can generate profit greater than zero, then the
buyer will be willing to attend the DD program. However, as the buyer may face financial
constraints, there may be not enough funds to meet the DD application of all suppliers.
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Even if the buyer has other sources of funds, it is not economical and feasible to use these
for individual and scattered short-term loans for all suppliers at any time. Therefore, the
buyer can only use the existing working capital to meet the flexible dynamic discount
items of multiple SME suppliers.

According to Assumption 6, at the end of the invoice cycle, the buyer needs to be able to
pay all the suppliers. As the buyer’s payment amount is N · vn · [1 − dd1 · ep(t)1], only
when ep(t)1 is maximum G, the buyer’s working capital can be used at least, so if the
buyer wants to be able to complete the payment on time, they need to prepare at least
liqC = N · vn · (1 − dd1 · G). Then, this study sets a critical value of ep(t)L if the buyer
uses working capital to pay all suppliers; ep(t)1 needs to at least exceed ep(t)L , thus getting
ep(t)L = (N · vn − liq) / (N · vn · dd). The buyer can only choose the payment method
freely at this time, when ep(t)1 is in the range of [ep(t)L , G]. If ep(t)1 is in the range of
[0, ep(t)L − 1], the buyer will refuse early payment to some suppliers, which is inconsistent
with the assumption. Therefore, from the above analysis, it can be concluded that the working
capital of the buyer should at least satisfy Eq. (14) and the early payment period should satisfy
Eq. (15).

liq1 ≥ liqC (14)
N · vn − liq

N · vn · dd1 ≤ ep(t)1 ≤ G
(15)

According to the above analysis, due to the limitation of working capital or the inability
to guarantee that the buyer will pay early at a fixed time, Eq. (15) can only determine the
payment period range of the buyer. Therefore, when the probability of the suppliers and the
buyer to reach payment at time t is θ , the profits of the suppliers and the buyer are shown in
Eqs. (16) and (17).

�b1−w

liqC ≤liq<liqmax
=

G∑
ep(t)1=ep(t)L

θ · N · vn · dd1 · ep(t)

−
G∑

ep(t)1=ep(t)L

θ · N · vn · y0 · [1 − dd1 · ep(t)] · ep(t)

(16)

�s1
liqC ≤liq<liqmax =

G∑
ep(t)=ep(t)L

θ · N · vn · rs · [1 − dd1 · ep(t)] · ep(t)

−
G∑

ep(t)=ep(t)L

θ · N · vn · dd1 · ep(t)

(17)

According to the above analysis, there are some problems in the process of theDDprogram
between multiple suppliers and a core enterprise buyer: (1) because the SME suppliers do
not know the buyer’s capital cost, the number of suppliers, and other factors, they are unable
to accurately determine the reasonable range of discount rate to ensure the buyer’s profit is
greater than zero; (2) due to the uncertainty of a reasonable range of discount rate, suppliers
also cannot determine the accurate optimal discount rate that can be accepted by the buyer.
The above situations will greatly affect the buyer’s payment enthusiasm and the buyer may
directly refuse the suppliers’ application for DD. (3) In the traditional scenario, the buyer’s
capital constraint is in the range of liqC and liqmax, and if suppliers’ demand for capital
is beyond the range, DD cannot be smoothly implemented. (4) In the range of [ep(t)L , G],
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the buyer can determine the timing of payment in their own interest without considering the
suppliers’ benefit, which can result in unbalanced benefits for both sides.

5.2 Dynamic discounting program decision based on financial information
matching platform

In the DD program based on FIMP, the platform provides more ways to optimize decisions,
and has an impact on the important decision-making factors of participants.

(1) Discount rate dd In DD program based on FIMP, the platform can collect and share the
buyer’s and the suppliers’ capital cost. The capital cost of the buyer includes not only
the cost of its own capital, but also the capital cost from the bank’s short-term financing.
Moreover, because the buyer may consider DD transactions with many SME suppliers,
they need to first provide the discount rate to facilitate the buyer’s decision-making. Then,
the buyer will have three choices: direct acceptance, direct rejection, or a suspension with
a conditional modification of the discount rate. The latter two results will seriously reduce
the buyer’s willingness to adopt the DD, in that, the invoice cycle is limited, and repeated
modificationmay affect the early payment period. However, when the buyer is faced with
multiple SMEs, the volume of communicationswill increase transaction costs. Therefore,
the discount rate provided by rational suppliers should equilibrate both their own and
buyer’s profits to a point where both are greater than zero, and the supplier can provide an
exact discount rate that the buyer will accept more readily. Therefore, ways to determine
a reasonable range of discount rate and an optimal discount rate should be investigated.

As FIMP shares capital cost between the suppliers and the buyer, the values of rs, rb and
y0 can be obtained and used to infer each party’s decision choices. The analysis of the
traditional DD model concludes that, to ensure that suppliers’ profits are greater than zero,
the discount rate should satisfy 0 < dd1 ≤ rs/ (rs · G + 1). Similarly, in the FIMP model,
suppliers should first ensure that their profits are greater than zero, and the discount rate
should also satisfy 0 < dd2 ≤ rs/ (rs · G + 1). Furthermore, the buyer has the motivation
to obtain profits through the DD model, according to Eqs. (7) and (8). Regardless of when
the early payment is fulfilled, when y0 < rb, the expected profit from the working capital
mode is higher, the buyer should adopt the working capital method to make early payments
to suppliers. When y0 ≥ rb, the buyer should adopt short-term debt. The buyer’s profit must
also be greater than zero; that is, the buyer also makes a profit, resulting in an incentive for
both parties to reach an early payment agreement. When working capital is used for early
payment, πb−w should not be less than zero, which is a concave function passing through
the origin. Therefore, this study needs to discuss the symmetry axis of πb−w . Provided that
ep(t̃) is set as the symmetry axis, if 0 ≤ ep(t̃) < G/2 (i.e., y0/ (1 + y0 · G) < dd2 ≤ y0),
a different payment period will affect the buyer’s profit. The early period, when the buyer’s
profit is greater than zero, is from (y0 − dd) /dd · y0 to G; if ep(̃t) ≤ 0 (dd2 ≥ y0), the
buyer’s profit is greater than zero at any time. Therefore, if the buyer uses working capital for
early payment, the daily discount rate should satisfy dd2 > y0/ (1 + y0 · G) to ensure the
possibility that the buyer’s profit is greater than zero. Overall, when y0 < rb, the dd provided
by the supplier should satisfy Eq. (18)

y0/ (1 + y0 · G) < dd2 ≤ rs/ (rs · G + 1) (18)
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When y0 ≥ rb, the buyer should choose short-term debt to pay early, and the proof is the
same as above; hence the following conclusion equation is reached.

rb/ (1 + rb · G) < dd2 ≤ rs/ (rs · G + 1) (19)

For suppliers, when the reasonable range of daily discount rate is determined, they need to
further promote the DD program based on limited information. Moreover, according to the
previous review, the role of the FIMP is to create a fair and equal environment for SMEs and
try to balance the profits of the supply and demand parties, so that they can obtain more equal
capital income. Therefore, based on the FIMP, suppliers need to consider the expected profits
of both sides when setting the discount rates. This means that when �b = �s , the difference
in the profits of both sides is minimal, the FIMP promotes the maximum realization of profit
sharing, and both parties are willing to accept the discount rate. Currently, the discount rate is
the optimal discount rate. Specifically, if y0 < rb, the buyer will use working capital for early
payment. The buyer’s profit expectation function is shown in Eq. (10) and the supplier’s profit
expectation function is shown in Eq. (12). Assuming equal profit between the two parties,
the optimal daily discount rate for both parties can be solved for using Eq. (20):

dd∗
2 = 3 · (rs + y0)

6 + rs + 2G · rs + y0 + 2G · y0
(20)

Similarly, if y0 ≥ rb, the buyer will incur short-term debt to pay; accordingly, the buyer’s
profit expectation function is described in Eq. (11). Assuming equal profits between the two
parties again, it can be concluded that the daily discount rate is as stated in Eq. (21).

dd∗
2 = 3 · (rb + rs)

6 + rb + 2G · rb + rs + 2G · rs
(21)

Based on the analysis of the range of discount rate and the value of the optimal discount
rate, Proposition 1 is obtained.

Proposition 1 For suppliers, when y0 < rb, the daily discount rate offered should sat-

isfy
y0

1 + y0 · G
< dd2 ≤ rs

1 + rs · G
, and the optimal daily discount rate shall be

dd∗
2 = 3 (rs + y0)

6 + rs + 2G · rs + y0 + 2G · y0
; when y0 ≥ rb, the daily discount rate should

satisfy
rb

1 + rb · G
< dd2 ≤ rs

1 + rs · G
, and the optimal daily discount rate shall be

dd∗
2 = 3 (rb + rs)

6 + rb + 2G · rb + rs + 2G · rs
.

It follows that, when the supplier offers a discount rate that satisfies dd∗
2 < dd2 ≤

rs/ (rs · G + 1), the buyer will generate more profit than the supplier. Contrarily, if
y0/ (y0 · G + 1) < dd2 < dd∗

2 or rb/ (rb · G + 1) < dd2 < dd∗
2 , the supplier will gen-

erate more profit than the buyer.
Through Proposition 1, it can be concluded that the supplier can provide dd∗ to predict the

discount rate that the buyer is most likely to accept, and then enhance the buyer’s motivation
for early payment. According to the traditional DD model, it can be concluded that the buyer
may have insufficient working capital and the FIMP will provide short-term bank financing;
therefore, the buyer should balance the allocation of funds from different sources (working
capital and funds from financial institutions) simultaneously when there is a funds shortage.
Therefore, how the buyer should optimize multiple sources of funds to complete the DD
program is analyzed.
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(2) Working capital constraints liq2 As an increasing number of suppliers hope to get
accounts receivable in advance through the DD program, the FIMP will provide more
capital sources for the buyer, so that the buyer can make full use of various capital com-
binations. The buyer can choose either working capital or short-term debt to pay for a
discount but in advance, based on the relation between y0 and rb. According to the above
analysis, when y0 < rb, no matter when to fulfill the early payment, expected profit of
working capital mode is higher; thus, the buyer should adopt the working capital method
to adopt early payments to suppliers; when y0 ≥ rb, they should use short-term debt.
Concurrently, the buyer will encounter sufficient and insufficient working capital.

If y0 < rb and buyer’s working capital is insufficient, that means liq2 < N · vn ; this
study sets liqmax = N · vn . The threshold for the buyer’s working capital, liqC , is set
as the minimum amount (N · vn · [1 − dd · G]) that the buyer needs to prepare if early
payment of all the suppliers is planned. When the actual amount of working capital satisfies
liqC ≤ liq2 < liqmax it means that, although the buyer can use working capital for early
payment, the payment ability is affected by the specific time and discount rate. Then, a critical
value of ep(t)L is set if the buyer uses working capital to pay all suppliers; ep(t)2 needs to at
least exceed ep(t)L , so ep(t)L = (N · vn − liq) / (N · vn · dd) is obtained. The buyer can
only choose the payment method freely at this time, when ep(t) is in the range of [ep(t)L , G].
As the rational buyer will choose a more profitable method, working capital will be used for
early payment. When ep(t)2 is within the range of [0, ep(t)L − 1], if the buyer wants to use
working capital to pay all suppliers, the working capital is likely to be insufficient. Thus,
when ep(t)2 ∈ [0, ep(t)L − 1], and N1 (N1 < N ) are the number of suppliers that the buyer
can pay early from working capital while the remaining suppliers N − N1 are paid using
short-term debt, the buyer’s profit is shown in Eq. (22).

�b2−wd
y0<rb ,liqC ≤liq<liqmax

=
G∑

t=0

θ · N · vn · dd · ep(t)

−
G∑

ep(t)2=ep(t)L

θ · N · vn · y0[1 − dd · ep(t)] · ep(t)

−
ep(t)L−1∑
ep(t)2=0

θ · N1 · vn · y0[1 − dd · ep(t)] · ep(t)

−
ep(t)L−1∑
ep(t)2=0

θ · (N − N1) · vn · rb[1 − dd · ep(t)] · ep(t)

(22)

If liq2 < liqC , the buyer cannot fulfill payment to all suppliers using working capital, at
any time; thus, only some suppliers can be paid with working capital, and the rest through
short-term debt. The buyer’s profit under these circumstances is shown in Eq. (18). According
to the above analysis, when y0 < rb, the buyer’s profit is greater when paying by working
capital than when using short-term debt. When 0 ≤ liq2 < liqC , less working capital will
be utilized in payment, so the result obtained from Eq. (22) is evidently larger than that of
Eq. (23).
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�b2−wd
y0<rb ,0≤liq<liqC

=
G∑

t=0

θ · N · vn · dd · ep(t)

−
G∑

ep(t)2=0

θ · N1 · vn · y0[1 − dd · ep(t)] · ep(t)

−
G∑

ep(t)2=0

θ · (N − N1) · vn · rb[1 − dd · ep(t)] · ep(t)

(23)

In view of the situation that the buyer’s working capital is insufficient, and the mixed
method of payment must be used, it is necessary to consider whether the buyer’s expected
profit could be less than zero under this payment method. Therefore, the possibility that
Eq. (23) could return a result less than zero is analyzed. When the buyer’s expected
profit is zero, the value of working capital is liqmin

2 , from Eq. (24). At this time, if
dd2 < 3rb/ (3 + rb + 2G · rb), then liqmin

2 > 0, and the buyer needs to prepare funds
to the value of at least liqmin

2 to ensure that the expected profit is not less than zero. If
dd ≥ 3rb/ (3 + rb + 2G · rb), then liqmin

2 ≤ 0, and any amount of the buyer’s working
capital can ensure that the buyer’s profit expectation is not less than zero.

liqmin
2 = N · vn · (3rb − 3dd − dd · rb − 2dd · G · rb)

3 (rb − y0)
(24)

This study further analyzes the maximum profit expectation of the buyer’s mixed payment
method. As the optimal amount of liq2 is obtained through Eq. (22), it is necessary to derive it
andmake the derivative equal to zero to get the optimal amount l îq , as stated in the following:

l îq2 = N ·
(
vn − √

3 · dd · vn

)
(25)

If y0 ≥ rb, seller payments using short-term debt will create more profits for the buyer at
any time in the invoice cycle. If the buyer chooses to use working capital for payment, part of
the profit will be forfeited. Therefore, a rational buyer does not need to arrange any working
capital assuming that the buyer will not use the mixed payment method in this situation,
regardless of their inability to obtain debt from a third party. The buyer’s profit remains as
shown in Eq. (11). It means that the buyer does any working capital requirements in this
situation, that is, the optimal and minimum amount of working capital is zero.

Therefore, this study proposes Proposition 2, wherein the buyer’s optimal working capital
strategy and the resultant profit changes are analyzed.

Proposition 2

(1) If y0 < rb and the buyer’s working capital is insufficient (liq2 < N · vn), the buyer needs
to use mixed funding sources to settle invoices early. When the daily discount rate provided

by the supplier satisfies dd2 <
3 · rb

3 + rb + 2G · rb
, the buyer’s working capital needs to

exceed the amount of
N · vn · (3rb − 3dd − dd · rb − 2dd · G · rb)

3 (rb − y0)
at least to ensure

that the buyer’s expected profit is not less than zero; when dd2 ≥ 3 · rb

3 + rb + 2 · G · rb
,

any amount of buyer’s working capital will ensure that the expected profit of the mixed
payment method is not less than zero. When the buyer makes working capital of N ·
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(
vn − √

3 · dd · vn

)
available in the mixed payment method, their expected profit can

be maximized.
(2) If y0 ≥ rb, the buyer should use short-term debt for early payment, and the optimal

amount of working capital is zero.

In the light of the above analysis, suppliers can determine a range of daily discount rates
and an precise daily discount rate, to enhance the buyer’s possibility of DD adoption and to
alleviate the problem of capital shortages. For the buyer, a capital combination can be chosen
more freely, and a mixed payment method can be employed to optimize the use of working
capital, to improve their own capital income.

However, from the above analysis, it is found that the determinants of discount rate and
the allocation buyer’s funds are still based on an uncertain early payment period. As the
buyer has multiple suppliers and individual business-to-business communication is required,
huge costs are incurred. Therefore, the specific payment period cannot be determined. If the
buyer’s payment period is not set, there may be greater uncertainty for both parties which
results in missing the optimal payment period. Thus, some suppliers do not receive advanced
payment. Therefore, to address the difficulty of determining the optimal payment period, the
third part is defined as follows.

(3) Early payment period ep(t)2 The FIMP can provide a settlement transaction environment
for both parties to automatically trigger an optimal early payment period. Furthermore,
it can help improve the settlement efficiency for both parties in the DD model, and help
SMEs address the problem of uncertain payment period. In practice, C2FO, Demica and
other enterprises use the FIMP to integrate capital requirements of suppliers of various
sizes into an invoice pool. Then, FIMP determines a basic profit level based on the
historical orders of the core enterprise and order information in the invoice pool (Demica
2007). Although this method will lead to profit spillover for the buyer, it will also help
the buyer save significant transaction costs, activate entire supply chain, and improve
the efficiency of invoice processing. Therefore, the decision-making of FIMP-based DD
program has a premise of meeting the buyer’s basic profit level requirements, and the
suppliers determine the discount rate and payment period when their profit level is the
highest.

According to Eq. (9), the suppliers’ expected profit function is a convex curve, and its sym-

metry axis satisfies ep(t̃)s = 1/(2dd) − 1/ (2rs) . If 0 < ep(t̃)s < G

(
dd >

rs

2G · rs + 1

)
,

the payment period corresponding to the maximum �s is ep(t)∗2 = 1/(2dd) − 1/ (2rs), and

if ep(t̃)s ≥ G

(
dd ≤ rs

2G · rs + 1

)
, the payment period corresponding to the maximum �s

is ep(t)∗2 = G. Therefore, Proposition 3 is proposed to determine the optimal early payment
period decision of the DD program based on FIMP in different situations.

Proposition 3 If
rs

2G · rs + 1
< dd2 <

rs

G · rs + 1
, the optimal payment period satisfies

ep(t)∗2 = 1

2dd
− 1

2rs
; if y0 < rb and

y0
G · y0 + 1

< dd2 ≤ rs

2G · rs + 1
or y0 ≥ rb and

rb

G · rb + 1
< dd2 ≤ rs

2G · rs + 1
, the optimal payment period satisfies ep(t)∗2 = G.

Currently, the maximum profit function of each supplier is expressed as Eq. (26), and the
maximum profit function of all suppliers is given in Eq. (27). The buyer must necessarily
consider whether to use working capital or short-term debt for early payment. If y0 < rb, the
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Table 1 Parameter values Parameter Value assumed

G 90 days

vn 250000e
rb 0.0053%

rs 0.0276%

N 200

θ 1/90

buyer should choose working capital, and if y0 ≥ rb, short-term debt should be used. The
maximum profit function of the buyer is shown in Eq. (28).

maxπs2 = −vn · dd2 · rs · ep(t)∗22 + vn · (rs − dd2) · ep(t)∗2 (26)

max�s2 = N · vn · [
1 − dd2 · ep(t)∗2

] · ep(t)∗2 · rs − N · vn · dd2 · ep(t)∗2 (27)

max�b2 =

⎧⎪⎪⎨
⎪⎪⎩

N · vn · dd2 · ep(t)∗2 − N · vn · [
1 − dd2 · ep(t)∗2

] · ep(t)∗2 · rb

y0 ≥ rb

N · vn · dd2 · ep(t)∗2 − N · vn · [
1 − dd2 · ep(t)∗2

] · ep(t)∗2 · y0
y0 < rb

(28)

In sum, from the analysis, it can be concluded that FIMP can help DD participants bring
the following potential benefits: (1) FIMP can collect the buyer’s working capital cost and
other information in advance, help suppliers more accurately formulate a reasonable range
of discount rates, and improve the possibility of SMEs obtaining early payment through the
DD program. (2) It facilitates a fair communication channel for SMEs, thereby promoting
agreements on DD schemes while balancing their profits. (3) It provides multiple sources of
capital for the buyer that can effectively serve suppliers’ diversified working capital require-
ments. (4) It can help both the suppliers and the buyer set an optimal early payment period
in advance to improve the profit of both parties and the efficiency of the DD program.

6 Numerical example and sensitivity analysis

Input data and parameters for the analysis have been gathered from interviews, secondary
sources, and experts (Gelsomino et al. 2016b; Gelsomino et al. 2019). Table 1 illustrates the
value assumed by the different parameters required to run the model. A reliable estimation
of its payment term is 90 days (i.e., G = 90). The value (vn) of each invoice issued by the
supplier to the buyer is 250,000e. The initial liquidity is set at the maximum, liq = N · vn .
The financial third party’s short-term debt rate rb is 0.0053%. The supplier’s financing cost
per unit of currency rs is 0.0276%, and rb < rs . The number of suppliers is 200. The buyer
has an equal probability θ of payment at each time t , so θ = 1/90. All parameters are shown
in Table 1. In the process of numerical examples and sensitivity analysis, the differences in
discount rate setting, working capital contract, and optimal early payment period between
the traditional DD model and the DD model based on FIMP are compared.

(1) Discount rate dd If y0 < rb, y0 = 0.0023% is set in the traditional DD model, as the
suppliers cannot get the buyer’s capital cost, the discount rate can only be set based on
their own positive profit and 0 < dd1 ≤ 0.0269%. It means that if the discount rate
provided by the suppliers is 0 < dd1 < 0.0229%, the buyer’s profit will be negative;
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Table 2 Effect of different dd
values on the profit expectations
of the buyer and suppliers

dd (%) Buyer’s profit
expectation (e)

Suppliers’ profit
expectation (e)

0.0015 –18152.6 593207.0

0.0020 –6761.8 581642.3

0.0023 0 574704.3

0.0058 79808.1 493753.6

0.0067 100312.3 472937.7

0.0089 150431.4 422053.3

0.0111 200550.4 371170.4

0.0136 257504.2 313348.7

0.0148 284842.2 284842.2

0.0193 387359.6 181514.3

0.0223 455704.4 112127.8

0.0256 530883.5 35801.9

0.0268 558221.1 8047.3

0.0271 5372442.8 0

consequently, the buyer will directly refuse the suppliers’ application for DD. In a DD
program based on FIMP, according to Proposition 1, 0 < dd2 ≤ 0.0269% is obtained.
According to Eq. (15), the optimal daily discount rate dd∗

2 provided by the suppliers is
0.0148%. If dd2 > dd∗

2 , the buyer’s profit increases while that of the supplier decreases.
Contrariwise, if dd2 ≤ dd∗

2 , the buyer’s profit decreases and that of the supplier increases.
In addition, dd cannot be increased or decreased infinitely. The minimum value of dd
is 0.00229%, and the maximum is 0.0269%. The profit expectation corresponding to
different rates of dd is shown in Table 2, which indicates that the discount rate needs to
be set within a specific range. The discount rate will be optimal only when their profits
are equal, as each side will have a high tendency to reach an agreement. Compared with
the traditional model, the range of discount rates based on FIMP is more accurate, which
can ensure the buyer is willing to participate in DD. Concurrently, the optimal discount
rate will further promote the settlement of the DD program. Moreover, if y0 ≥ rb, the
situation is similar to the above analysis.

In the traditional model, the buyer can only utilize their own capital for early payment,
while in the FIMP model, the buyer has multiple sources of capital. The two models are
identical when the buyer’s capital is sufficient; however, increasingly suppliers are adopting
DDwhile the buyer’s own capital is limited, and thus, the FIMP-based model can better solve
the above problems by providing more sources.

(2) Working capital constraints liq In the traditional model, the buyer has signal source of
capital. Therefore, when increasing suppliers apply DD, the buyer needs to prepare more
funds. This study verifies the main differences between the two models when the buyer’s
capital is sufficient or insufficient.

First, it is assumed that y0 ≤ rb, y0 = 0.0023%, and dd∗ = 0.0148%. When the working
capital is sufficient, the profit for all suppliers will be higher. Therefore, the traditional model
and the FIMP model are identical. The expected profit of both parties is 284,842.2e, as
calculated through Eq. (10).
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Fig. 1 Relationship between the buyer’s working capital and profit

If buyer’s working capital is insufficient, the buyer needs to arrange at least 49,334,000eas
shown in Eq. (14) under the traditional model, and the expected profit is 6,265.3e. If the
same expected profit is obtained from the FIMP model, only 43,500,300eworking capital is
required and 5,833,700eis saved. However, in traditional models, working capital cannot be
lower than 49,334,000e. In the FIMPmodel, as dd∗ ≥ 3rb/ (3 + rb + 2G · rb) = 0.00528%
is known, there would be no possibility that the buyer’s expected profit is less than zero, even
though there is insufficient working capital. Therefore, the buyer’s minimum amount of
working capital is 0e. According to Eq. (25), when the buyer’s working capital satisfies

N ·
(
vn − √

3 · dd · vn

)
(equal to 49,987,420e), the maximum expected profit of the buyer

is 285,942e, which saves 12,580eworking capital compared with liqmax, and higher profit
expectations can be achieved (compared to 284,842e). If the amount of working capital is
zero, the buyer can only choose short-term debt for early payment. According to Eq. (22),
the expected profit is 217,202e. Compared with the traditional model, the amount of work-
ing capital reduced significantly (from 49,334,000eto 0e), and the expected profit increased
significantly (from 6,265.3eto 217,202e). Therefore, when dd∗ is equal to 0.0148%, accord-
ing to Eqs. (17) and (18) and different working capital amounts, Fig. 1 shows the change of
expected profit achieved by different amounts of working capital when the buyer uses the
mixed repayment method. It is evident from Fig 2 that, if the buyer sets the working capital
in a reasonable range, the expected profit level can be improved accordingly.

In addition, a sensitivity analysis on the working capital amount and discount rate
based on the FIMP model is conducted. When the discount rate changes, the buyer’s
expected profit may be negative. As shown in Fig. 2, if the discount rate is in the
range of 0.000022968 to 0.000052831, the buyer’s working capital should be at least
N · vn (3rb − 3dd − dd · rb − 2dd · G · rb) / [3 (rb − y0)]. Only when the working capi-
tal is greater than this value can the buyer’s profit expectation be positive. Therefore, the
buyer needs to reasonably arrange the use of working capital based on the specific discount
rate to avoid generating negative expected profit.

Second, it is assumed that y0 > rb, and dd∗ = 0.0148%. In this situation, in the traditional
model, the minimum working capital is liqC . In the FIMP model, the buyer can replace all
the working capital with short-term debt, and the minimum amount of working capital for
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Fig. 2 Relationship between dd and buyer’s profit

the buyer will be reduced to zero. At this time, the advantage of the FIMP model is evident.
It can not only save more working capital but also incur short-term debt with lower cost to
the DD program; thus, the profit will also be significantly higher than in the traditional DD
model.

(3) Early payment period ep(t) In the traditional DD model, the suppliers do not know the
buyer’s specific early payment period accurately but can only know their payment period
range [ep(t)L , G]; thus, the payment period is uncertain, and only the expected profit
can be measured on both sides. However, in the FIMP model, the platform can help the
participants to determine the optimal early payment period by pre-setting parameters in
advance. The following is to verify the sensitivity of early payment period in FIMPmodel
under y0 ≤ rb and y0 > rb conditions.

When y0 ≤ rb, y0 = 0.0023% and dd∗ = 0.0148% as above, and dd∗ is satisfied
dd∗ < rs/ (2G · rs + 1). In the FIMP model, it can be calculated that the optimal pay-
ment period is (equal to 90 days), and the buyer’s profit with the working capital method is
higher. According to Eqs. (27) and (29), it can be calculated that: max�s = 559, 456.55e,
max�b = 563, 878.62e. If the working capital is not sufficient (reduced to the minimum
value of zero), the buyer will use alternative payment methods through short-term debt; at
this time, max�b = 430, 677e, and suppliers’ profit is unchanged. In the traditional model,
when the working capital is sufficient, the profit of the buyer and the suppliers can only be
calculated by the expected profit, which is 284,842e. If the working capital of the buyer
is reduced to (liqC ), then the expected profit of the supplier and the buyer is only 6,265e.
Through comparative analysis, it can be concluded that the profit at an optimal early payment
period will be higher than that in the traditional DDmodel, which means that when the FIMP
can help the participants to determine the specific payment period, their profits will be further
improved, as shown in Figs. 3 and 4 .

To further verify the sensitivity of the discount rate, y0 and rb are set as 0.0260% and
0.0261%, respectively, and dd∗ = 0.02637% is calculated based on Eq. (20); at this time
dd∗ is satisfied dd∗ ≥ rs/ (2G · rs + 1). In FIMP model, according to Proposition 3, the
optimal payment period ep(t)∗ is equal to 1/ (2dd∗)−1/ (2rs), which equates to an integer of
84 days. At this time, if the buyer has sufficient working capital, the maximum profits of both
parties can be calculated as: max�b = 397, 288e, and max�s = 25, 983e, respectively.
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Fig. 3 Influence of different payment periods on profits when dd∗ is less than rs/ (2Grs + 1) and y0 is no
more than rb

Fig. 4 Influence of buyer’s working capital amount and different payment strategies on profits when dd∗ is
less than rs/(2Grs + 1) and y0 is no more than rb

If the buyer has insufficient working capital, the worst position for them to be is where
the payment needs to be replaced by short-term debt. Then, the buyer’s maximum profit is
max�b = 35, 622eand the profits of suppliers remain unchanged, max�s = 25, 983e. In
the traditional DD model, when the buyer’s working capital is sufficient, the expected profit
of the buyer and the supplier are both 17,858e. If the buyer’s working capital is insufficient,
the expected profit for them is further reduced to 494e. In this situation, in the FIMP model,
the optimal early payment period changes, and the profit of the buyer and the supplier in the
FIMP-based model is also higher than that in the traditional model, as shown in Figs. 5 and
6 .

Next, it is given that y0 > rb; y0 and rb are 0.0272% and 0.0263%, respectively; then
dd∗ = 0.02665%, and at this point, dd∗ is satisfied as dd∗ ≥ rs/ (2G · rs + 1). According
to Proposition 3, the optimal payment period in FIMP model satisfies ep(t)∗ = 1/ (2dd∗) −
1/ (2rs) (73.71 days), a result that can be rounded to an integer of 74 days. In this situation,
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Fig. 5 Influence of different payment periods on the profits when dd∗ is no less than rs/(2Grs + 1) and y0
is no more than rb

Fig. 6 Influence of buyer’s working capital amount and different payment strategies on profits when dd∗ is
no less than rs/(2Grs + 1) and y0 is no more than rb

the buyer will incur short-term debt to make payment; thus, the buyer’s maximum profit will
be equal to 27,237e, and the suppliers’ maximum profit will be unchanged at 19,919e. In
the traditional model, the buyer will reject the suppliers’ application, and their profit will be
0e, regardless of whether the buyer’s working capital is sufficient. Therefore, only the DD
based on FIMP can improve the profits of both parties, while the traditional DD model may
result in buyers forgoing opportunities for profit, as shown in Figs. 7 and 8.

From the above analysis, it can be concluded that the DD program will greatly improve
the payment period and capital turnover cycle of the participants. The results of the numerical
example show that the improvement of the important parameters of the DD program (the
daily discount rate, the working capital payment method, and the optimal payment period)
on the profits have been verified. The conclusions in the propositions are consistent with the
reality. Therefore, as for the suppliers, the DD program based on FIMP will enhance their
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Fig. 7 Influence of different payment periods on the profits when dd∗ is no less than rs/(2Grs + 1) and y0
is more than rb

Fig. 8 Influence of buyer’s working capital amount and different payment strategies on profits when dd∗ is
no less than rs/(2Grs + 1) and y0 is more than rb

motivation to participate, especially for enterprises with low profit margins; thus, they can
mitigate the impact of insufficient operating funds by joining the DD platform. By choosing
a different payment period and working capital reserve, the buyer can effectively improve
cash flow and reduce capital cost.

7 Conclusion, insights, and future research direction

7.1 Conclusion

The DD model is a new approach of SCF, which can solve the problem of working capital
shortage of SMEs from the perspective of capital efficiency optimization. This study estab-
lished an analysis model to explore the impact of FIMP on the DD model. Specifically, first,
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decision-making in the traditional DD model (peer-to-peer situation) and that in the FIMP-
based DD model were compared and analyzed. Second, this study calculated the range of
discount rate and an optimal discount rate to promote the two parties’ willingness to use DD
settlement, and the buyer’s working capital optimization schemes and an optimal payment
period were subsequently derived.

By comparing the two types of DD models, this study revealed the mechanisms of the
FIMP on DD program participants’ capital profits. This study found that, compared with the
traditionalmodel, theDDprogrambased onFIMPcanprovide information such as the buyer’s
capital cost and supplier quantity, and other key information; subsequently, SME suppliers
can arrive at a more accurate range of discount rate and the optimal daily discount rate.
Furthermore, the FIMP can also provide more sources of funds for the buyer and enhance the
possibility of the buyer to find an optimal capital portfolio to meet more dynamic discount
requirement. The FIMP can also provide the suppliers and buyer a settlement transaction
environment that automatically triggers the optimal early payment period, further improve
the settlement efficiency of the DD model, and create a win-win situation for both parties.
Therefore, this study drew noteworthy conclusions through modeling DD decisions.

Considering the analyses, it was discovered that the discount rate provided by the suppliers
should be set within a reasonable range. If the discount rate is too high or too low, the early
settlement motivation of one party and the profits of both parties will be reduced. Therefore,
the profit level of both parties can be improved by comparing the standard payment terms.
This study also found that the buyer’s should have the minimum optimal amount of working
capital in the DD program after considering different discount rate values. The proportion
of self-owned capital and banks’ capital depends on the cost of the two capital sources and
whether the capital gain is positive. To further fill the capital gap of SMEsuppliers, the optimal
early payment period automatically triggered by FIMP is not the equilibrium solution of the
traditional supply chain, but the point of maximizing the suppliers’ profit when the buyer’s
benchmark profit is met. At this time, the DD efficiency can be greatly improved. To ensure
rigor and robustness of the derived results, a sensitivity analysis of the parameters in the
propositions was conducted, and the conclusions in the propositions were proved.

7.2 Managerial implications and insights

This study offers some managerial implications and insights for practitioners. First, in the
traditional model, SMEs cannot access much information about the capital cost and supplier
numbers; thus, it is difficult for them to raise working capital in a short invoice cycle. When
increasing suppliers apply forDD, even if they can give an attractive discount rate to the buyer,
the buyer may not have enoughworking capital to implement the DD program. Therefore, the
emergence of the FIMP can effectively solve the problem of SME working capital shortages
by creating a more equitable financing environment for more SMEs and provide a novel way
for the supply and demand sides to gain profits.

Second, buyers can utilize FIMP-based DD to increase their margin. They can also release
DD demand to their suppliers through the platform, encourage more suppliers to provide
the DD program to their suppliers, and jointly improve the profit level of the supply chain.
Further, more capital sources provided by the FIMP can solve the problem of working capital.
However, it should be noted that when the discount rate provided is within a certain range,
low working capital investment may cause the buyers’ profit to be negative. Therefore, they
should formulate a perfect capital utilization scheme for the DD program and optimize its
own capital structure.
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Third, increasing the number of suppliers can solve the problem of capital shortages from
the DD program based on the FIMP. In the FIMP, the suppliers can set and adjust the discount
rate dynamically within a reasonable range (based on results in this study) to stimulate the
buyers’ acceptance of the discount application. Moreover, by adopting the FIMP, suppliers
can quickly get the buyers’ accurate payment period, rather than speculating whether and
when the buyer will pay, which helps suppliers benefit from lower accounts receivable,
eliminates capital uncertainty in the invoice cycle, and enables them to plan their production
and operations in the next cycle.

7.3 Future research direction

This study focused on theDD program based on FIMP between homogeneous SME suppliers
and one core enterprise buyer in a single invoice cycle. The research showed that the DD
program supported by the FIMP can create profits for both suppliers and buyer. However,
when the scale of suppliers, the number of invoices, the urgency of accounts receivable
recovery is different and the dynamic discount rate change from linear to non-linear, it is
worth exploring further how the key decision parameters change. Second, when there are
multiple consecutive invoice periods, the buyers’ capital cost may change seasonally and
periodically. These factors will further affect the profits and decision-making results of both
parties. In addition, the working capital constraints can sometimes affect the production and
operation relationship of upstream and downstream enterprises in the supply chain. Future
studies can explore whether the DD program based on FIMP has an impact on the production
and operation decisions. Last, this study focuses on one of supply chain financial models —
the DD program. Apart from this model, accounts receivable financing, inventory financing,
and other methods are also commonly applied as supply chain financial means. Studying the
differences between them in alleviating the capital shortages of SMEs and exploring whether
there is a possibility of paralleling these supply chain financial schemes simultaneously could
be a potential research direction.
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