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ABSTRACT
This paper studies the universal point schemewithmultiple retailers and a platform that implements
the points within a channel. First, we analysed the equilibriums of the channel under the decen-
tralised control and the mode of lateral cost-sharing among retailers. We found that retailers are
willing to set the lowest point conversion ratios under the lateral cost-sharingmode compared with
the decentralised and centralised controlmodes. The optimal conversion ratio of a retailer under the
decentralised control is greater than the one under the centralised control when the cost spillover
and double marginalisation are not significant. Next, we extended the model by considering the
participation of new retailer. In this dynamic channel, the impact of the cost spillover phenomenon
on the channel members’ preferences is discussed. Third, we showed that the wholesale price con-
tract for point management used in the real world has a limitation in terms of profit split. Following
this, we proposed a buyback contract and showed the optimal contract parameters under which the
channel’s profit could be maximised and arbitrarily split. The managerial insights we obtained shed
light on how to design a universal point scheme and select channel members to achieve an all-win
scenario.
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1. Introduction

Customer reward programmes (CRPs) have been widely
implemented in modern marketing to promote sales
and enhance customer loyalty. According to a survey by
Sun and Zhang (2019), 55 of the top 100 retailers in
the U.S. implement CRPs. Different types of CRPs can
be observed within the practice, such as consumption
points, coupons, special discounts for membership, and
free gifts. The consumption point programme is one of
themost popularCRPs, underwhich retailers send points
to customers’ accounts according to the payment from
customers and point generation ratios. Those points can
be accumulated in customer accounts and be redeemed
for free products or discounts on future purchases.

In the real world, several platforms are running uni-
versal point schemes (UPSs) that are extended versions
of consumption point programmes. Under a UPS, a com-
pany acts as a platform and sells the universal points to
the retailers in the channel at wholesale prices. Retailers
then send the points to customers, who can then redeem
the universal points at any retailer in the channel. In
South Korea, for example, CJONE company’s universal
point platform serves more than twenty retailers from
different retailing industries, including food, cosmetics,

CONTACT Ilkyeong Moon ikmoon@snu.ac.kr Department of Industrial Engineering and Institute for Industrial Systems Innovation, Seoul National
University, Seoul 08826, Korea

movies, English training programmes, and so on.1 Cus-
tomers can accumulate the CJONE points in their own
accounts when purchasing products from the retailers in
the channel. The amount of obtained points from each
purchase depends on the payment made to the retailer
and that retailer’s point conversion ratio. Customers can
redeem their universal points at any of the retailers under
the CJONE’s UPS.

At first glance, the advantage of the UPS in promoting
sales would appear straightforward. For one thing, many
retailers set thresholds of point redemption. For example,
Starbucks’ ‘My Starbucks Rewards Card’ program sends
a certain number of ‘stars’ to one customer when the cus-
tomer purchases one cup of coffee. The customer can
redeem the stars for a free drinkwhen the number of stars
reaches a threshold, such as 12. Another type of threshold
can be set with finite reward expiration terms (Sun and
Zhang 2019). These thresholdsmay reduce the likelihood
of redeeming the points, in particular for occasional cus-
tomers. Moreover, the impact of the finite expiry period
could make the decision-making more challenging with
the competition of multiple retailers (e.g. Bazargan, Kar-
ray, and Zolfaghari 2017). Under the UPS, however, cus-
tomers can accumulate points frommultiple retailers and
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thereby reach the redemption threshold more quickly. In
such cases, the consumption points may have a greater
impact on sales promotion than under the traditional
isolated point programmes. Next, the UPS enables cus-
tomers to enjoy a greater flexibility by allowing them
to redeem their points at a wide range of retailers. This
means that customers may find a wide menu of products
for point redemption. This flexibility becomes evenmore
significant when the number of retailers in the channel
is increased. Third, the point inventory at retailers is not
involved in the procurement process because the current
information system technologies can ensure a smooth
transfer of points from the platform to the retailers. This
means that retailers can get universal points from the
platform immediately and send them instantaneously to
customers.

However, it must be noted that the UPS is still not
ubiquitous in the real world, and many retailers are run-
ning their own isolated point programmes. This implies
that challenges exist for an easy implementation of the
UPS. To benefit from operating the UPS, a platform usu-
ally acts as the leader under the UPS by inviting retailers
to join the channel and deciding the prices of the univer-
sal points. Prices will influence the unit cost of point gen-
eration at retailers, so decisions of the platform and retail-
ers are jointly influenced. Moreover, the phenomenon of
cost spillover could result in new characteristics of the
equilibrium under the UPS. As a consequence, it may
not be straightforward for practitioners to see how to
make good decisions with the UPS, or what their prof-
its under the UPS will be. In addition, the objectives of
the platform and retailers may conflict and the channel’s
overall profit may not be achieved. In this case, it would
become even more complicated when the platform has
the option to invite new retailers to join the UPS. Thus, it
is important to explore how the platformmakes decisions
and the equilibrium between the platform and retailers.
This paper attempts to discuss the following three main
questions.

(1) howdoes the platformmake the pricing decision and
how does the decision influence the decisions of the
retailers?

(2) is it always better for all channel members to involve
more retailers in the UPS?

(3) how can contracts be developed that coordinate the
channel to promote the implementation of the UPS?

The contribution of this paper is threefold. First, we
uncover the platform’s optimal pricing decision and the
corresponding equilibriums under two point-operation
modes (i.e. the decentralised control and the mode when
retailers laterally share point costs). We compare the

equilibriums under the UPS that involves point cost
spillover and doublemarginalisation simultaneously. The
theoretical findings in this study show that the various
decisions made under the UPS have novel phenomena
comparedwith the pure point-sharing policy (Moon et al.
2020) and with advertising for supply chains. The analy-
ses may provide the platform and retailers with a tool of
decision-making and shed light on how to select a good
mode to improve their own profits.

Second, we discuss performance in light of involv-
ing new retailers under different modes, and we look at
the impact of channel parameters on performance. The
centralised control is analysed as a benchmark to reveal
potential profit improvement under the UPS. According
to our study, the platform could be capable of inducing
appropriate retailers for the UPS to increase all members’
profits under different point-operation modes. Existing
and potential retailers also can learn from this study how
to estimate their profits under a dynamic channel.

Third, we propose a buyback contract and discuss
how to determine the contract’s parameters to coordi-
nate the channel and arbitrarily split the total profit. The
comparison between our optimal solution and the cur-
rent practice of one platform in the real world showed
the advantage of our buyback contract. Our results will
help practitioners design more efficient UPSs in order to
achieve all-win scenarios in the retail space.

The rest of this paper is organised as follows. We
review relevant literature with the comparison with the
current study in the next section. In Section 3, we analyse
the optimal decisions of the channel members with mul-
tiple retailers under the decentralised control and lateral
cost-sharing mode. The case of creating a dynamic chan-
nel is discussed in the same section. Section 4 develops
the wholesale price contract and buyback contract and
discusses the optimal contract parameter setting to coor-
dinate the channel. Section 5 summarises managerial
insights and offers directions for future study.

2. Literature review

2.1. Customer reward programme and point
sharing

As far as we know, the UPS with a platform and multiple
retailers has not been well explored in the existing liter-
ature. Most of the studies within the stream of customer
reward programmes focused on isolated programmes of
a single company. Shin and Sudhir (2010) identified the
conditions in which a firm can benefit from rewarding
its own customers with price discrimination by consid-
ering the competitors’ customers. Kopalle et al. (2012)
summarised some real examples of frequency reward and
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customer tier, and emphasised that these two compo-
nents should be jointly considered to develop a model
of customer loyalty programmes. Rossi (2018) explained
some reasons for the success of CRPs by investigating
customers’ purchasing behaviour in the travel indus-
try. Guo et al. (2019) analysed the performance of a
reward advertising programme for apps, under which
customers can obtain rewards by viewing advertisements
from app developers when they are using apps. That
study uncovered the necessary balance between encour-
aging advertisement viewing and accelerated satiation
for premium content. Sun and Zhang (2019) developed
a model of CRP by considering short and long expira-
tion terms, and found the conditions when a firm’s profit
can be increased under the CRP with a finite expiration
term. Bueker, Kim, and Kim (2020) considered anM/G/1
queue model wherein the service supplier may provide
the waiting customers with a reward to incentive them to
stay until the service is finished. Gu et al. (2021) investi-
gated the retailer’s optimal decision on the order quantity
of a seasonal product and investment in the customers
reward programme. In that model, customers can select
to buy the product in the first period with a full price and
a reward, or to buy the product in the second period with
a lower price but no reward.

In addition to the studies on isolated programmes,
the UPS and point-sharing scheme have also been dis-
cussed from different aspects. Several studies attempted
to obtain the optimal operation of points generated by
a third-party platform (Cao, Nsakanda, and Diaby 2012;
Cao,Nsakanda, andDiaby 2015; Cao et al. 2015). In those
studies, one third-party platform sells its points to mul-
tiple retailers, who send those points to customers under
a reward policy. Customers can then redeem the points
at the platform by receiving free gifts from a limited
menu. Those studies focused on the platform’s optimal
supply and inventory plan of the gifts, without consid-
ering the point sharing among retailers. In contrast, our
UPS allows customers to redeem points across retailers,
which results in a cost spillover phenomenon. Hence,
retailers and the platform have quite different decision
frameworks under the UPS than they do under those
schemes inmost existing studies.Moon et al. (2020) stud-
ied the point-sharing policy of two retailers who allow
customers to redeem points at any partner, and proposed
a target rebate contract to coordinate the retailers. That
study showed that point sharing may increase the profits
of both retailers, but that the cost spillover phenomenon
might be a bottleneck for maximising the overall profit.
The current paper differs from that study from several
aspects. First, this paper analyses the novel characteris-
tics of the UPS under three different modes when the
platform makes decisions on the wholesale price of the

universal points. Second, the dynamic channel with the
participation of potential retailers is discussed in this
paper, while Moon et al. (2020) focused on a static chan-
nel with two retailers. Third, according to the existence of
the platform, we discussed the limitation of the wholesale
price contract and developed a tailored buyback contract
to coordinate the channel.

2.2. Cooperative sales promotion

Existing studies have discussed various efforts on cooper-
ative sales promotion. Many studies focused on horizon-
tal cooperation between retailers. For example, Gou et al.
(2014) discussed a model composed of two firms that sell
their own products. In that model, the firms can coop-
erate by jointly producing a new product and engaging
in advertising. Machowska (2019) analysed horizontal
cooperative advertising between two firms by consid-
ering dynamic goodwill with delayed effects. Yu et al.
(2021) proposed a horizontal advertising programme
between two retailers with the consideration of adver-
tising threshold effects. In the programme, two retailers
can share the advertising cost or share a common brand
name. There is also a large body of literature on ver-
tical cooperation between retailers and manufacturers.
He, Prasad, and Sethi (2009) developed a dynamic model
with a manufacturer and a retailer, in which the for-
mer contributes a percentage of the retailer’s advertising
expenditure. He et al. (2012) provided a generalisation of
the model of cooperative advertising between a manu-
facturer and a retailer, taking into account dynamic retail
oligopolies. Chutani and Sethi (2018) discussed the deci-
sions of multiple retailers and multiple manufacturers
on the advertising efforts and the subsidy rates to sup-
port these efforts. Cao and Ke (2019) designed optimal
cooperative advertising policies from the perspective of
a single manufacturer, who shared the search advertis-
ing cost of multiple retailers. Lu et al. (2019) formulated
a game model of a manufacturer and a retailer who
decides the advertising level by considering myopic and
farsighted strategies of the supply chain members. That
study showed that the members’ best selections of the
strategies are influenced by the marginal contribution of
advertising efforts. Gou et al. (2020) analysed the cooper-
ative advertising programme of a supply chain that used
a local media company for advertising. That study found
that a manufacturer may have a different optimal strat-
egywhen a localmedia company is involved, as compared
against a classic two-tier supply chain setting. Xiao et al.
(2019) proposed a hybrid game model for a supply chain
with horizontal and vertical cooperative advertising. In
that model, a single manufacturer invested the brand
advertising and multiple non-competing retailers made
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local advertising efforts. Yang et al. (2019) conducted an
empirical study on the performance of cooperative pro-
motion amongmultiple retailers. Their results stated that
customers could evaluate a featured product more posi-
tively in an independent sales programme than in a coop-
erative programme. Li, Zhang, and Dan (2021) discussed
the design of cooperative advertising contract between an
online retailer and an offline showroom who decides the
retail price and the advertising effort, respectively. In that
contract, the offline showroom benefit from the commis-
sion paid from the retailer for every order through the
showroom. Yan et al. (2021a) developed a game-theoretic
model to analyse the equilibrium of two cross-market
retailers who used 3D printing in their joint sales pro-
motion schemes. Readers may refer to Aust and Buscher
(2014) for a detailed review of cooperative advertising
models.

Many studies in this stream focused on the spillover
of the positive impact of sales promotion, such as the
free riding of advertisements (e.g. Liu, Liu, and Chin-
tagunta 2017; Zhou, Liu, and Cai 2019). Cost sharing
has been a key approach of achieving channel coordina-
tion in sales promotion (e.g. He, Prasad, and Sethi 2009;
Cao and Ke 2019; Wang et al. 2020). Yan et al. (2021b),
which analysed the cooperative sales promotionwith two
non-competing retailers in a shopping mall, could be the
most closed to our study. In their model, the shopping
mall provides customers purchasing at one retailer with
coupons which can be used for discount during the pur-
chasing at the other retailer. Yan et al. (2021b) uncovered
the optimal decisions of retailers and explored the perfor-
mance of the horizontal joint promotion. In that study,
the denomination of coupons is modelled as a parame-
ter and the profit of the shopping mall is not considered.
Unlike that and many other literatures, our model con-
siders the platform’s decision on the wholesale prices of
the universal point as important decision variables, and
we analyse how the platform’s pursuit of profits influence
the equilibrium of the channel.

2.3. Channel operationwith third-party platforms

In the UPS, the platform plays an important role by
setting the selling price of universal points. With the
popularity of the third-party platform in channel man-
agement, many researchers focused on channel manage-
ment of different types of platforms, such as online sales
platforms, matching platforms, sharing platforms, and
logistics platforms (Liu et al. 2020). Abhishek, Jerath, and
Zhang (2016) studied electronic platform retailing and
revealed when retailers should use agency selling instead
of traditional reselling. Chu andManchanda (2016) anal-
ysed the impact of networks on consumer-to-consumer

platforms and suggested that the cross-network effect
may significantly improve the platforms’ growth. Aseri
et al. (2018) discussed the optimal procurement policies
for mobile-promotion platforms who enable advertisers
to launch their advertisements on mobile applications.
However, the platform’s pricing decisions for its adver-
tisement products has not been considered in that study.
Tian et al. (2018) showed the impacts of order fulfil-
ment costs and competition intensity on the selection
of retailing modes among reselling, platform selling, and
hybrid modes. Choi (2019) explored the selling platform
for luxury supply chains under blockchain technology.
Hagiu andWright (2020) developed a two-period model
with a platform andmultiple customers and retailers who
may operate new or established products. Haviv, Huang,
and Li (2020) showed that sellers on video game plat-
forms may generate a positive intertemporal spillover
effect which expanded the demand for other sellers on
the platform. In that study, an identification strategy has
been proposed to leverage the exogenous variation in
the release timing of games. Liu et al. (2020) analysed
how market size and data-driven marketing influence
the platform’s decision on sales mode (i.e. agency sell-
ing or reselling). Zhang et al. (2020) conducted a ran-
domised field experiment with Alibaba Group, and their
results showed that the long-term effects of price promo-
tions on customers’ strategic behaviour may spill over to
the sellers on the platform who did not previously offer
promotions.

Many studies attempted to find how to coordinate
the channel with a platform. Cachon, Daniels, and Lobel
(2017) proposed a commission contract for a platform
facing service providers when the contract resembles the
surge pricing mechanism that has been used by Uber.
In the same study, the commission contract was com-
pared with the fixed and dynamic wage structures and
dynamic price contracts to show its performance. Bai
et al. (2019) discussed the optimal decision of an on-
demand service platform by considering impatient cus-
tomers and service providers. That study revealed how
the platform should determine the wage rate and price
under different conditions, for example, the number of
service providers and waiting costs. Yang et al. (2020)
designed a rewardmechanismwith surge pricing for ride
sourcing platforms, under which customers are equipped
with reward accounts for peak and off-peak hours. Choi
and He (2019) showed that a revenue-sharing contract
would be beneficial for the platform of fashion prod-
ucts with peer-to-peer collaborative consumption. Choi
et al. (2019) developed a leftover food-sharing plat-
form that covers a single supplier and multiple retailers.
Barenji et al. (2019) proposed a logistics platform for bet-
ter scheduling at e-commerce logistics parks. Compared
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with the above platforms, the novel managerial challenge
of the universal point platform in our study results from
the point cost spillover among retailers, which incentives
retailer to buy and generate more points in the decen-
tralised control than under some coordination cases. This
paper analyses the equilibriumof the channel under three
point-operation modes to reveal the platform’s prefer-
ence to these modes. The findings may fill the gap in
the literature about the operational of the universal point
platform.

3. The universal point scheme under a
wholesale price policy

3.1. Problem description

Consider a Stackelberg game model of the UPS with
a single platform that operates universal points and N
retailers, in which the platform is the leader and retail-
ers are followers. The platform sells the universal points
to each retailer with a wholesale price, and retailers use
these points to attract more customers. Each of the retail-
ers purchase a unique type of product from the supply
market with a unit procurement cost and sell them to
customers. Each customer has a point account (e.g. a
membership card) and can accumulate some units of uni-
versal points in his account when he purchases one unit
of the product at a retailer. Customers can use the balance
of points in their accounts at any retailer in the channel
to obtain the corresponding number of products without
payment.

Retail prices set by retailers are important factors that
have a joint impact with point conversion on demand.
In this study, we assume that retailers do not compete
in retail pricing and set retail prices as parameters for
the following reasons. First, the UPS in the real world
usually covers a single retailer from each of the involved
industries to avoid pricing competition among channel
members and to achieve a smooth operation of the UPS.
In China, for example, one UPS covers a single retailer
from each industry among mobile communication com-
panies, airlines, and hotels. Second, the high-price-low-
point and low-price-high-point strategies of retailersmay
influence customer choice under the UPS. In particular,
more strategic customers would appear in the channel
to utilise the points. Given this, the operation of the
UPS would be quite complicated in both practice and
research. Hence, the platforms in the real world usually
select retailers to avoid this condition. As can be found
in the UPS of CJONE, retailers are of similar scales and
the retail prices and point conversion ratios are within
similar ranges. Third, this assumption helps us to focus
on the decisions of the channel members related to point

management, and it can also be commonly seen in exist-
ing studies on cooperative sales promotion (e.g. Gou et al.
2014; Xiao et al. 2019; Huang and Bai 2021).

We assume that each retailer faces a linear demand
function that has been widely used in the literature of
related areas of study (e.g. Tian et al. 2018; Choi, Feng,
and Li 2020; Moon et al. 2020). Each customer can
accumulate piλi units of universal points when he pur-
chases one unit of the product at retailer i. Then, the
total amount of universal points converted by retailer i is
equal to Di(λi)piλi. When customers redeem the points
at one retailer, they may decide how many points from
which retailers will be used. By doing so, the channel
can monitor the detailed flow of the points and analyse
the behavioural trait of customers. This setting can be
achieved by the platform who may tag the points gen-
erated by each retailer. If the channel does not track
the points by distinguish retailers, then we can obtain
θ1j = θ2j, . . . , θNj for any jwhich is a special case. There-
fore, we use θ ij to make our model more general. More-
over, we assume for retailer i, at least one θ ij should
be non-zero among all j = 1, 2, . . . , N and j �= i. We

assume that (pi − ci)bi > aipi
N∑
j=1

(θijcj/pj) to ensure pos-

itive optimal λi and wi, i = 1, 2, . . . , N. Without loss of
generality, we normalise the value of each universal point
to be $1 during the redemption, and then one unit of
a point can be redeemed for 1/pi unit of the product at
retailer i. We define 1/pi as the unit point redemption
cost at retailer i. The notations used in the models are
summarised as follows, wherein i, j = 1, 2, . . . , N.

3.2. Comparison of three point-operationmodes

We consider three point-operation modes, (i.e. decentra
lised control, lateral cost-sharing, and centralised con-
trol). Under the first two modes, retailer i needs to pur-
chase the universal point from the platform with wi. We
have π i

d(λi) as follows.2

πd
i (λi) = (pi − ci)Di(λi) − θiiciλiDi(λi)

−
N∑

j=1,j�=i

θjipjλjDj(λj)ci
pi

− wipiλiDi(λi) (1)

The first term in Equation (1) presents the gross profit
of retailer i that is related to the product operation. The
second and third terms show the point cost due to local
redemption and flow-in redemption, respectively. The
last term is the point purchasing cost of retailer i, i = 1,
2, . . . , N. Without loss of generality, we assume that the
unit cost of a point at the platform is zero, while an amor-
tised fixed cost of working with each retailer in a period
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wi Wholesale price of unit universal point for retailer i charged by
the platform (a decision variable)

f Platform’s amortised fixed cost of working with each retailer in
a period

λi Conversion ratio of the universal point at retailer i (a decision
variable)

ai A positive constant that represents the inherent demand at
retailer i in a period

bi A positive coefficient that represents the effect of λi on the
demand at retailer i in a period

Di(λi) Demand at retailer i in a period with Di(λi) = ai + biλi
�Di(λi) = �biλi , representing the additional demand at retailer i

resulting from the participation of the (N+1)th retailer
pi Retail price of products at retailer i
ci Unit procurement cost of retailer i related to the product or

material supplier
θ ij Percentage of points converted by retailer i that is redeemed

at retailer j, with 0 ≤ θ ij ≤ 1 and
N∑
j=1

θij = 1

β i Buyback price for retailer i charged by the platform (a decision
variable)

π i
d(λi) Profit of retailer i under the decentralised control

π0
d Profit of the platform under the decentralised control

π i
l(λi) Profit of retailer i under the lateral cost-sharing mode

π0
l Profit of the platform under the lateral cost-sharing mode

π ch
c Total profit of the channel under the centralised control

�π i Gap between the corresponding profits of retailer i after and
before a new retailer joins the UPS

π i
w (λi) Profit of retailer i under the wholesale price contract

π0
w Profit of the platform under the wholesale price contract

π i
b(λi) Profit of retailer i under the buyback contract

π0
b Profit of the platform under the buyback contract

is considered. Then, we have the profit function of the
platform, π0

d(w1, w2, . . . , wN), as follows.

πd
0 (w1,w2, . . . ,wN) =

N∑
i=1

wipiλiDi(λi) − f · N (2)

Let λid and wi
d be the equilibrium λi and wiunder the

decentralised control. Because the platform acts as the
leader, we first analyse λi, which is a function ofwi. Next,
we derived the platform’s optimal decision on wi, based
on the retailers’ decision. We can obtain the equilibrium
of the channel as Theorem 3.1 shows.

Theorem 3.1: Under the decentralised control, there
exists a unique pair of λi

d and wi
d (i = 1, 2, . . . , N) that

satisfies

wd
i =

3

√
sdi +

√
(sdi )

2 + (udi )
3

+ 3

√
sdi −

√
(sdi )

2 + (udi )
3 − ciθii

pi
(3)

λdi = (pi − ci)bi − (θiici + piwd
i )ai

2bi(θiici + piwd
i )

(4)

wherein sdi = θiici(pi − ci)2b2i /a
2
i and udi = (pi − ci)2b2i /

(3a2i ).

Because the UPS allows customers to redeem their
points at any retailer in the channel, the point redemp-
tion cost would be undertaken by all retailers. This cost
spillover depends on the percentage of switched redemp-

tion (i.e.
N∑

j=1,j�=i
θij). When

N∑
j=1,j�=i

θij is increased, retailer

i’s marginal cost of point conversion will be decreased
and the retailer will have more of an incentive to set
a higher λi. Even though other retailers’ points flow to
retailer i, this cost will not influence the retailer’s decision
on λi. This implies that under the decentralised control,
retailers might be willing to set higher point-conversion
ratios compared with the optimal one for overall profit
maximising of all retailers. This phenomenon is similar
with the finding in Moon et al. (2020) for a two-retailer
case, but can be more significant under a larger N when
customers can redeem their points at more retailers and
θ ii is smaller. In this case, the utility of customers can
be improved because of higher point-conversion ratios,
while retailers may lose profits.

As a part of the marginal cost of generating one point
of retailer i, wi has a negative impact on retailer i’s incen-
tive of raising λithat is similar to the double marginal-
isation under the newsvendor problem (e.g. Cachon
and Lariviere 2005). The impact of the cost spillover
could be neutralised and λi

d might be relatively close
to the channel-wide optimal decision than under the
pure point-sharing scheme without such a cost (Moon
et al. 2020). It means that the doublemarginalisation here
plays a different role from the role it plays in the tra-
ditional supply chain, in which it is the reason that the
channel’s total profit under the decentralised control is
lower than the centralised control (e.g. see Moon and
Feng 2017). A higher θ iici/pi leads to a higher unit cost of
point redemption at retailer i. In this case, a lowerwi may
not result in amuchhigher point demand of retailer i, and
vice versa. Then, both the cost spillover and the impact of
wi on λi would be less significant. Therefore, the platform
could be incentivised to set a higher wi

d when θ iici/pi is
increased. This may also explain the phenomenon found
from the proof of Theorem 3.1 that wi

d is limited within
the range of (0, θ iici/pi). Thismeans that the upper bound
of wi

d is also increased with θ iici/piwhich implies a pos-
sibility of a higher wi

d. Further, we may conjecture that
a lower level of cost spillover might result in a higher
wholesale price which enhances the double marginalisa-
tion. This joint impact also distinguishes the UPS with
a platform from the existing model discussed by Moon
et al. (2020).

It would stand to reason that retailers are interested
in addressing this challenge of cost spillover in order to
achieve higher profits. Next, we discuss the mode under
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which all retailers laterally share the total point redemp-
tion cost to see the performance of a partial coordina-
tion of the channel. This mode can be defined as lateral
cost-sharing.

Remark 3.1: wi
d is limited within the range of (0,

θ iici/pi).

Definition 1: Under the lateral cost-sharing (LCS)
mode, all retailers laterally share the total point redemp-
tion cost so that each retailer undertakes all of the cost
related to the redemption of the points generated by it.

Under the LCS mode, the retailers need to monitor
the flow of points among them to determine the cost to
share. As discussed earlier, the platform can help retail-
ers to do so without difficulty by tagging the universal
points generated by each retailer. Otherwise, the retailers
may use θ ij with θ1j = θ2j, . . . , θNj for any j. We have the
profit function of retailer i under the LCS mode, π i

l(λi),
as follows.

π l
i (λi) = (pi − ci)Di(λi) − θiiciλiDi(λi)

−
N∑

j=1,j�=i

θijpiλiDi(λi)cj
pj

− wipiλiDi(λi) (5)

Under the LCS mode, the distortion of the decision
on λi resulting from the cost spillover can be eliminated,
because each retailer only needs to take care of all the
redemption cost retailed to the points generated by it.
Theorem 3.2 shows the equilibrium of the channel under
the LCS mode.

Theorem 3.2: Under the LCS mode, (i) there exists a
unique pair of λil and wi

l that satisfies

wl
i =

3

√
sli +

√
(sli)

2 + (uli)
3 + 3

√
sli −

√
(sli)

2 + (uli)
3

−pi
N∑
j=1

θijcj
pj

pi

(6)

λli =
(pi − ci)bi −

(
pi

N∑
j=1

θijcj
pj + piwl

i

)
ai

2bi

(
pi

N∑
j=1

θijcj
pj + piwl

i

) (7)

wherein sli = pi
N∑
j=1

θijcj
pj (pi − ci)2b2i /a

2
i and uli =

(pi − ci)2b2i /(3a
2
i ).

(ii) each retailer is incentivised to set a higher point con-
version ratio under the decentralised control thanunder the
LCS mode (i.e. λid > λi

l, i = 1, 2, . . . , N).
(iii) the platform obtains a lower profit than under the

decentralised control.

Under the LCS mode, one unit of a point gener-
ated by retailer i is associated with a unit cost of (wl

i +
N∑
j=1

θijcj/pj). Similar to the discussion about Theorem 3.1,

retailer i would be less sensitive with wi for a higher
marginal cost of point redemption. Under the LCSmode,

the platform may select a higher wi
l if

N∑
j=1

θijcj/pj is

increased. This may explain why
N∑
j=1

θijcj/pj is the upper

bound of wi
l as the proof of Theorem 3.2 shows. When

comparing the LCS mode and the decentralised control,
we can see that the unit point redemption cost under the

latter mode is θiici/pi with θiici/pi <
N∑
j=1

θijcj/pj. We may

conjecture that the platform is more likely to set a higher
wi under the LCS mode than under the decentralised

control which results in wl
i +

N∑
j=1

θijcj/pj > wd
i + θiici/pi

(see Example 3.1 as an experimental illustration). This
means that, because the cost spillover is addressed under
the LCSmode, the doublemarginalisationwould bemore
significant. As a consequence, the LCSmode is associated
with a lower λi and a lower demand at retailer i than the
decentralised control. In addition, the platform’s profit
is lower than under the decentralised control because
the amount of points purchased by retailer i is decreased
more significantly. Thismeans that the platformmay pre-
fer decentralised control to the LCS mode. However, it is
not certain if all retailers can always benefit from the LCS
mode compared to the decentralised control. In the lat-
ter mode, retailer i could undertake a small portion of
the point cost because of a high flow-out percentage (i.e.

N∑
j=1,j�=i

θij). That retailermayneed to undertakemore costs

under the LCS mode if
N∑

j=1,j�=i
θji is small.

Remark 3.2: wi
l is limited within the range of (0,

N∑
j=1

θijcj/pj).

To further investigate the performance of the UPS,
we compare the above two modes with the centralised
control, under which the profit function of the channel,
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π ch
c(λ1, λ2, . . . , λN), can be written as follows.

π c
ch(λ1, λ2, . . . , λN) =

N∑
i=1

(pi − ci)Di(λi)

−
N∑
i=1

N∑
j=1

θijpiλiDi(λi)cj
pj

− f · N

(8)

Let λi
c be the optimal λi that maximises π ch

c(λ1,
λ2, . . . , λN).

Theorem 3.3: (i) Retailer i is incentivised to set a higher
point conversion ratio under the centralised control than
under the LCS mode, i.e. λic > λi

l, i = 1, 2, . . . , N.
(ii) Retailer i is incentivised to set a higher point conver-

sion ratio under the decentralised control than under the

centralised control when θiici
pi ≤

N∑
j=1,j�=i

θijcj
pj .

When considering the centralised control as a bench-
mark, we can see that the cost spillover reduces the
marginal cost from λi, while the double marginalisation
has an opposite impact on the marginal cost. Hence, λicis
greater than λi

l when the cost spillover is not involved
under the LCS mode.

As Theorem 3.3 shows, a comparison between the
modes of the decentralised control and centralised con-
trol can be more complicated because of the joint impact
of the cost spillover and double marginalisation. Con-
sider λi

c as a benchmark value. It is negatively associated
with the unit redemption cost of points generated by

retailer i which is equal to (θiici/pi +
N∑

j=1,j�=i
θijcj/pj). We

can see that λi
d is influenced by (wi

d + θ iici/pi) under
the decentralised control. We discussed that a low θ iici/pi
means a low unit cost of local redemption at retailer i,
and it might result in a lower wi under the decentralised
control. If θ iici/pi is sufficiently small, then wi

d will also

be smaller than
N∑

j=1,j�=i
θijcj/pj. In this case, the impact

of the cost spillover is more influential than the double
marginalisation which may lead to λi

d < λi
c. Hence, the

relationship between θ iici/pi and
N∑

j=1,j�=i
θijcj/pj has a cru-

cial impact on λi
d. Note that the θiici/pi ≤

N∑
j=1,j�=i

θijcj/pj

is a sufficient but not necessary condition because θ iici/pi
is a rough upper bound on wi

d. On the other hand, how-

ever, when θ iici/pi is much larger than
N∑

j=1,j�=i
θijcj/pj, we

may find cases wherein λi
d < λi

c. Suppose a special case
wherein θ ii = 1, and we have

λci = (pi − ci)bi − aici
2bici

(9)

and

λdi =
(pi − ci)bi − (ci + piwd

i )ai
2bi(ci + piwd

i )
(10)

The proof of Theorem 3.1 shows that wi
d > 0 still

holds when θ ii = 1. Then, it can be found that λi
d <

λi
c. This means that the double marginalisation will be

dominant when the cost spillover phenomenon is not
significant.

Based on the above theorical analysis, we may dis-
cuss Theorem 3.3(ii) from a more intuitive and practi-
cal perspective as follows. Retailer i has a lower cost of
local redemption than the cost due to flow-out redemp-

tion when θiici/pi <
N∑

j=1,j�=i
θijcj/pj. It means that retailer

i bears a relatively small cost of the points generated by
itself, while other retailers have to undertake a large cost
for retailer i in the decentralised control. In this case,
the unit cost of point redemption of retailer I under
the decentralised control would be smaller than the one
under the centralised control. With a lower cost resulting
from the point redemption, retailer iwill be persuaded to
set a λi

d that is higher than λi
c, i = 1, 2, . . . , N.

3.3. Discussion of the cases with a dynamic channel

The above discussions show the decisions of the retail-
ers and the platform under a fixed group of retailers.
The cases with a dynamic channel would be more com-
plicated, wherein potential retailers would join the UPS
and existing retailers might quit. Let retailer i have an
additional demand, �Di(λi), with the participation of
the (N+1)th retailer. Then, π i

d(λi) and the profit of the
(N+1)th retailer under the decentralised control can be
written as follows, i = 1, 2, . . . , N+ 1.

πd
i (λi) = (pi − ci − ciθiiλi − wipiλi)(Di(λi) + �Di(λi))

−
N+1∑

j=1,j�=i

θjipjciλj(Dj(λj) + �Dj(λj))

pi
(11)

πd
N+1(λN+1)

= (pN+1 − cN+1 − cN+1θN+1,N+1λN+1

− wN+1pN+1λN+1)(DN+1(λN+1)

+ �DN+1(λN+1))
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−
N∑
j=1

θj,N+1pjcN+1λj(Dj(λj) + �Dj(λj))

pN+1

(123)

More retailers imply more options for the customers’
point redemption. If a new retailer is invited to join the
UPS, the demand of all the existing N retailers and the
new retailer would be increased. Hence, we can conjec-
ture that more retailers involved in the UPS would result
in a higher total profit of the channel under the cen-
tralised control, if the channel’s administration cost of a
new retailer is negligible.

In contrast, it may not be acceptable for the channel
to do likewise under the decentralised control and the
LCS mode. When the (N+ 1)th retailer joins the UPS,
existing Retailers 1 to N may benefit from two aspects.
The first benefit is the increased demand because of the
higher flexibility of point redemption. The second bene-

fit is that
N∑
j=1

θij is also lower because some customers can

redeem their points at the new retailer, (i.e.
N+1∑
j=1

θij = 1).

This means that a higher percentage of points flow from
retailer i to other retailers. Then, retailer i has a lower
unit cost of point redemption at retailer i in the channel
of (N+ 1) retailers than N retailers under the decen-
tralised control. However, the above two advantages do
not guarantee higher profits of existing retailers. Suppose
an extreme case, wherein most of the points generated
by the (N+ 1)th retailer are redeemed at retailer i, i = 1,
2, . . . , N. Then, retailer i’s profit could be lower than her
profit under the N-retailer case. If a new retailer joins
but one existing retailer quits, it is not certain if the plat-
form benefits from this invitation, which may further
lead to a penalty of the goodwill of the UPS. We illus-
trate the impact of the number and scales of retailers with
Example 1.

Example 3.1: This example shows the optimal decisions
and corresponding profits of retailers and the platform
under the decentralised control, LCS mode, and cen-
tralised control. Consider Retailer 6 as the potential
retailer with a fixed demand before joining the UPS (i.e.
a6). Tables 1 and 2 show the parameter settings con-
taining ai, bi, ci, pi, f and θ ij of each retailer. When
Retailer 6 participates in the UPS, the demands of Retail-
ers 1–6 could be increased, and this increment coefficient
is defined as �bi. Then, we have the increased demands
of retailer i as �Di(λi) �biλi in this case, i = 1, 2, 3, 4,
5, 6.

First, we investigated the cases with five existing
retailers (i.e. Retailers 1–5). The detailed results and

Table 1. Parameter setting of Retailers 1–6.

Retailer 1 2 3 4 5 6

ai 100 150 160 125 100 130
bi 2400 2000 1600 850 1200 0
�bi 200 50 150 80 100 1600
ci 80 100 90 150 120 130
pi 104 130 126 195 156 160
f 1200

comparison with five retailers under the decentralised
control and LCS mode are summarised in Table 3. When
retailers laterally share their point redemption costs, they
all selected lower λi, and the platform was incentivised
to set higher wholesale prices of the universal points in
this scenario than in the decentralised control scenario.
Hence, most of the retailers could obtain higher profits
under the LCS mode. However, Retailer 4 may find the
decentralised control more beneficial. As Table 2 shows,
Retailer 4 has relatively high flow-out and low flow-

in percentages of point redemption (i.e.
5∑

j=1,j�=4
θ4j = 0.6

and
5∑

i=1,i�=4
θi4 = 0.33). This means that under the decen-

tralised control, this retailer only needs to undertake a
small part of the point cost. Under the LCS mode, how-
ever, Retailer 4 needs to undertake all its point cost. This
difference is also associated with the largest gap between
λ4

d and λ4
l among all retailers. In addition, the profits

of the platform under the decentralised control and LCS
mode are decreased from $2274 to $–2054, respectively.
The negative profit under the LCS mode results from the
gap between low revenue and high fixed costs.

We extended the above case by considering Retailer
6, who has the potential to participate in the UPS. The
profits of Retailers 1–5 and the platform without Retailer
6 are used as the benchmark. The profit of Retailer 6
before it joins the UPS can be obtained from (p6–c6)a6.
Figure 1 shows the impact of cost efficiency with differ-
ent p6 on the profits of the channel members. When p6
is small, the cost efficiency of Retailer 6 is high. However,
the total amount of points generated by Retailer 6 is also
small because of the small p6 under the LCSmode and the
increased revenue of the platform.Given this, the channel
cannot meet the fixed cost of involving the new retailer,
for the respective reasons (see Figure 1(a,d)). This shows
that the platform should not only pay attention to the cost
efficiency of retailers, but should also investigate the scale
of points each retailer has.

Retailer 6 would be incentivised to set a higher λ6 for a
higher demand when p6 is increased, because of a higher
cost efficiency. In this case, the total points generated by
Retailer 6 would also increase, and Retailers 1–5would
need to undertake a higher flow-in point redemption
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Table 2. The percentage of point flow-in and flow-out redemption between retailers.

j

θ ij 1 2 3 4 5 6

i 1 0.8 (0.7) 0.05 (0.05) 0.07 (0.07) 0.03 (0.03) 0.05 (0.05) 0 (0.1)
2 0.1 (0.1) 0.5 (0.45) 0.15 (0.15) 0.1 (0.1) 0.15 (0.15) 0 (0.05)
3 0.075 (0.075) 0.075 (0.075) 0.7 (0.55) 0.1 (0.1) 0.050 (0.050) 0 (0.15)
4 0.1 (0.1) 0.225 (0.125) 0.175 (0.175) 0.4 (0.4) 0.1 (0.1) 0 (0.1)
5 0.05 (0.05) 0.25 (0.2) 0.1 (0.1) 0.1 (0.1) 0.5 (0.5) 0 (0.05)
6 0 (0.275) 0 (0.125) 0 (0.05) 0 (0.1) 0 (0.05) 0 (0.4)

Note: The numbers in the brackets illustrate the percentages in the six-retailer case.

Figure 1. Impact of the cost efficiency of Retailer 6.

Table 3. Results under the decentralised control and LCS mode.

Retailer λi
d λi

l ωi
d ωi

l π i
d π i

l

1 0.077 0.060 0.562 0.669 2750 3672
2 0.121 0.052 0.344 0.532 4946 5399
3 0.107 0.064 0.408 0.507 5969 6840
4 0.137 0.036 0.241 0.290 6112 5856
5 0.118 0.050 0.336 0.500 4027 4182

cost under the decentralised control. Even though the
unit cost of point redemption at Retailer 6 that is under-
taken by Retailers 1–5 is decreased under the higher cost
efficiency, the total profits of these five existing retail-
ers are still decreased, because of the higher redemption
cost of points from Retailer 6 (see Figure 1(b)). However,
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Figure 2. Profit changes of the channel members under the decentralised control and LCS mode.

because those five retailers do not need to undertake such
costs under the LCS mode, the change of cost efficiency
has a less significant impact on Retailers 1–6 than it does
in the decentralised control. In addition, for a higher
cost efficiency at Retailer 6, the number of products cor-
responding to each unit of point redeemed at Retailer
6 is smaller. As a consequence, the unit point redemp-
tion costs of Retailers 1–5 are decreased, and Figure 1(b)
shows the increasing profits of those retailers with p6
under the LCS mode. From Figure 1(c), we can see that
�π6 is more significant under the decentralised control
than under the LCS mode, because of the cost spillover.
A linear relationship between the fixed p6/c6 and the
profit of the platform can be seen in Figure 2 under both
the decentralised control and the LCS mode. Generally
speaking, for a p6/c6, the simultaneous change of p6 and
c6 echoes similar impacts of dynamic p6/c6 with a change-
able p6. As can be seen from Figure 2(b), however, the
profits of Retailers 1–5 are not influenced by p6/c6 under
the LCSmode because of the fixed unit point redemption
cost at Retailer 6 (see Equation 5).

Note that the above phenomena shown in Figure
1 may not always hold under all parameter settings.
Under the decentralised control, the (N+1)th retailer
results in extra redemption cost of the points at existing

retailer i, equal to

(
DN+1(λN+1)pN+1λN+1θ(N+1)ici/pi

+
N+1∑
j=1

�Dj(λj)pjθjiλjci/pi

)
. Note that this cost depends

on DN+1(λN+1), �Dj(λj), and pj, which are inde-
pendent of retailer i, for j �= i. Under the LCS
mode, existing retailer i can also benefit from the
higher demand, but has an extra redemption cost as(
Di(λi)piλiθi(N+1)cN+1/pN+1 +

N+1∑
j=1

�Di(λi)piθijλicj/

pj
)
. This means that there also exists the possibility of a

profit decrease for retailer i when the (N+ 1)th retailer
joins if θ i(N+1)cN+1/pN+1 is sufficiently high. Therefore,
it is not easy to obtain general conclusions on the con-
ditions under which retailer i can benefit or lose from
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the participation of retailer N+1. In this example, we
studied the joint impacts of flow-in and flow-out redemp-
tion percentages on the profits to provide more man-
agerial insights into how parameters will influence the
performance of the UPS.

Figure 2(a,b) is respectively divided into different
regions on the basis of profit change when Retailer 6 joins
the UPS. For each region in Figure 2, ‘

√
’ represents that

the corresponding member(s) do not have smaller prof-
its when Retailer 6 joins than in the case when they are
compared against the benchmark, and ‘×’ represents the
opposite result. In particular, if any one of Retailers 1–5
has a smaller profit when Retailer 6 joins, then we mark
the corresponding case with ‘×’. From Figure 2(a), we

can see that for a
5∑

i=1
θi6, the profit of Retailer 6 is non-

decreasing with
5∑

i=1
θ6i. For example, when

5∑
i=1

θi6 = 1.3,

the region types are VI, IV, and VII if
5∑

i=1
θ6i is increased

from zero to 0.9, respectively. This means that the new
retailer can obtain a higher profit under the UPS if a
higher percentage of points generated by that retailer is
redeemed at existing retailers. Retailers 1–5 would be

positive about the involvement of Retailer 6 if
5∑

i=1
θi6 is

relatively high under the decentralised control. We can
conjecture that retailers prefer high flow-out and low
flow-in ratios for a low level of point cost. Figure 2(a) also
implies the preference of the platform. The regions in that
figure with ‘×’ for the platform are Regions II, III, and

V, and are associated with low
5∑

i=1
θi6 and

5∑
i=1

θ6i. When

customers would like to redeem more points across the
channel, the cost spillover would be more significant.
Then, retailers would be incentivised to generate more
points and the platformmight obtain a high revenue that
could exceed the fixed cost of inviting Retailer 6. There-
fore, the platform would benefit from inviting retailers
sharing common customers, for a high level of switched
redemption under the decentralised control (i.e. a high
θ ij, i, j = 1, 2, . . . , 6, i �= j).

Under the LCS mode, the layout of regions is quite
different from the layout of regions under the decen-
tralised control. Because the cost spillover is eliminated
by the LCS, the retailers’ motivation on generating points
is weaker than it is under the decentralised control. As a
consequence, generally speaking, the total area of regions
with ‘

√
’ for the platform in Figure 2(b) is smaller than it is

in Figure 2(a). Moreover, one region type might have dif-
ferent positions under these two modes. Under the LCS
mode, the profit of a retailer is influenced by the cost

efficiencies of all channel members. In our example, c6/p6
is equal to 0.8125, which is greater than ci/pi, i = 1, 2, . . . ,
5. Then, one unit point redeemed at Retailer 6 can result
in a higher cost than the redemption of one unit point at
Retailers 1–5. This means that, under the LCSmode with
a relatively small percentage of flow-out redemption and
low-cost efficiency, the new retailer is always worse off
by joining the UPS (see Regions I, II, and VI in Figure
2(b)). Under the same reasoning, existing retailers can
lose their profits under the LCS mode when more points
generated by them are redeemed at the new retailer with
low-cost efficiency. For example, Regions VIII→V→III
in Figure 2(b) show that the profits of Retailers 1–5 could

be decreased with a higher
5∑

i=1
θi6.

Those above results illustrate that different members
may have different preferences regarding the new retailer
under different modes. Under the decentralised control,
existing retailers may worry about the large number of
point redemption flowing from a new large-scale retailer.
Retail managers should look into the cost efficiency and
percentages of switched redemption in the channel under
both the decentralised control and the LCSmode, to avail
themselves of a higher profit by joining theUPS. The plat-
formmay have an opposing preference because including
a large-scale retailer implies high point sales. This differ-
ence could bemuch smaller under the LCSmodewithout
cost spillover. From the view of the platform, it is not
easy to tell whether a larger N can result in higher prof-
its to the platform. A platform in the real world needs
tailored analyses of its performance under the condition
of inviting more retailers, and such analyses would need
to consider many characteristics. For example, the retail
price and demand scale of a potential retailer influences
the number of points that can be purchased by it. This
increment in the point revenue of the platform should be
higher than the extra fixed cost incurred. The platform
also needs to investigate the profit thresholds existing
retailers need tomaintain to stay in theUPS to avoid their
quitting it. The effects of inviting a new retailer to join
the platform are different under the decentralised con-
trol and LCS modes, and these effects are also important
considerations for expanding the channel.

As can be seen from Figure 2, the LCS mode can
achieve the all-win scenario under a wider range of
parameter settings than is offered under the decentralised
control because of the elimination of cost spillover. How-
ever, we can see that the LCSmode still fails to achieve the
all-win scenario under Regions I to VII. This implies that
theUPSmay be difficult to implementwidely without full
coordination when the number of retailers is increased.
This may explain why this scheme is not ubiquitous in



INTERNATIONAL JOURNAL OF PRODUCTION RESEARCH 2955

the real world. In the next section, we propose a buyback
contract for point management that can coordinate the
whole channel with the highest flexibility of profit split.

4. The buyback contract for point management

Prior to introducing the buyback contract, we analysed
the parameter setting of the wholesale price contract,
which is analysed in Section 3, to coordinate the channel.

Theorem 4.1: Under the wholesale price contract, the

channel profit can be coordinated when wi =
N∑

j=1,j�=i
θijcj/

pj and the profit split is fixed.

Theorem 4.1 shows that the wholesale price contract
can coordinate the channel by setting wi as the unit cost
of per point under the flow-out redemption. In this case,
each retailer needs to undertake all of the redemption
cost due to the points generated by that retailer. Then, the
cost spillover and the doublemarginalisation can be elim-
inated simultaneously. However, the profit split is also
fixed under such a contract and the platform’s profit can
be obtained as

πw
0 (λ1, λ2, . . . , λN) =

N∑
i=1

N∑
j=1,j�=i

θijcj
pj

piλiDi(λi) − N · f

(13)
Considering that each member has an opportunity

cost of joining the UPS, the wholesale price contract may
fail to coordinate the channel if the fixed profit split can-
not meet all profit requirements of the channel members.
Figure 3 illustrates the profits of retailers, the platform,
and the whole channel under three different modes. We
can see that the channel’s profit has been increased by the
wholesale price contract comparedwith the decentralised
control and the LCS mode. Under the fixed profit split of
the contract, however, Retailers 1–3 obtain higher profits
than they do under the decentralised control, while the
profits of Retailers 4–5 and the platform are decreased.
When using the profits under the LCS as the benchmark,
we can find that Retailers 2, 3, and 5 obtain lower profits,
respectively. The above results imply that the wholesale
price contract cannot ensure an increment in the profit
for all of the channel members. When some members,
the platform in particular, fail to benefit from the whole-
sale price contract, such a contract may not be easy to
implement.

Under the buyback contract, each retailer pays the
platform a price for a unit point generated by that retailer.
In addition, the retailer can obtain a buyback price from
the platform for a unit point that the customers redeem
at this retailer. Note that these redeemed points could be

sent from several different retailers in the channel. Let the
buyback price for retailer i be β i and the optimal λi under
the buyback contract be λi

b. Retailer i and the platform’s
profit functions can be shown as follows.

πb
i (λi) = (pi − ci − ciθiiλi − wipiλi)Di(λi)

−
N∑

j=1,j�=i

θjipjciλjDj(λj)

pi
+ βi

⎛
⎝piθiiλiDi(λi)

+
N∑

j=1,j�=i

θjipjλjDj(λj)

⎞
⎠ (14)

πb
0 =

N∑
i=1

wipiλiDi(λi)

−
N∑
i=1

N∑
j=1

βiθjipjλjDj(λj) − N · f (15)

Theorem 4.2: The buyback contract can coordinate the
channel and arbitrarily split the total profit when the con-
tract parameters satisfy

wi − βiθii =
N∑

j=1,j�=i

θijcj
pj

(16)

From Equation (16), we can see that the coordinating
wi is positively associatedwith β i under the buyback con-
tract. Thatmeans that a high unit point purchasing cost of
one retailer also implies a high buyback price of the points
redeemed at that retailer. Therefore, the doublemarginal-
isation and cost spillover can be solved simultaneously if
the contract parameters have been set appropriately. As
Figure 4 shows, β1 and the profit of Retailer 1 are both
increasingwithw1, while the platformmay obtain a lower
profit. With any set of (w1, β1), (w2, β2), . . . , (wN , βN)
that satisfy Theorem 4.2 under the contract, retailer i is
willing to select λi

c, which may maximise the channel’s
profit, i = 1, 2, . . . ,N. Table 4 shows the contract param-
eters and the profits of Retailers 1–5. Moreover, because
π i

b(λi) is always increasing with β i, the total profit can
be arbitrarily split among the retailers and the platform,
so that the buyback contract can be workable for a wide
range of channels.

The buyback contract has several advantages from
the aspect of easy implementation. First, the information
flow can be ensured. The existing UPSs in the real world
are always equipped with information management sys-
tems for a smooth flow of information. Hence, it is easy
for the platform and retailers to monitor the point gener-
ation and redemption information. Second, the flow of
funds is simple and a lateral transfer of money among
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Figure 3. Profits under the three different modes.

Figure 4. Profits of Retailer 1 and the platform under different values of w1.

Table 4. Contract parameters and the profits of the retailers
under the buyback contract.

i wi β i Profit

1 0.2 0.0625 4499.9
2 0.4 0.0472 5298.0
3 0.3 0.0989 7562.4
4 0.5 0.1202 5202.2
5 0.4 0.4176 4021.8

retailers is not involved. Under the buyback contract,
each retailer only has a financial relationship with the
platform. Compared with the LCS mode, such a one-to-
all relationship can significantly simplify the operation of
the UPS. Third, the parameters for one retailer will not
influence other retailers. This means that some retailers
can cooperate with the platformunder a determined con-
dition for a long time, which may reduce their risk of
operation under the UPS.

In Table 4, we can see that the buyback price is higher
than the wholesale price for Retailer 5. Under the buy-
back contract, retailer i needs to pay for all points gener-
ated by it, while receiving buyback revenue for the points
redeemed at it. It is true that wi could be smaller than β i

under some parameter settings of θ ii and
N∑

j=1,j�=i
θijcj/pj.

From Equation (14), however, we can see that the gap
between the cost incurred by retailer i and the buy-
back revenue related to λi is equal to (wipi+ ciθ ii –
β ipiθ ii)λiDi(λi). Equation (16) ensures that this differ-
ence is greater than zero and increases with λi under

the buyback contract. Also note thatβi
N∑

j=1,j�=i
θjipjλjD(λj)

does not influence the decision by retailer i on λi. There-
fore, even though the wholesale price of the universal
point is lower than the buyback price in some cases, the
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retailer cannot benefit from this gap by purchasing and
generating an infinite number of points. Managers in the
real world may not follow exactly the contract parameter
setting established in our manuscript. Hence, it is essen-
tial to emphasise that the contract design should avoid
the parameter setting on wi and β i (such as β ipiθ ii >
wipi + ciθ ii) under which retailer i can benefit from the
strict application of universal points.

5. Conclusions, managerial insights, and future
research

5.1. Concluding remarks

To establish and maintain the equilibrium of a channel
with a fixed structure, we showed that the equilibrium
under the decentralised control could be complicated
with the influence of cost spillover and double marginali-
sationwhich have opposite impacts on retailers’ decision-
making. The wholesale prices of the universal points
charged by the platform not only represent the procure-
ment cost of retailers but also neutralises the impact of
the cost spillover, which is a novel characteristic of the
UPS. Our analysis determines that λi

d is larger than λi
l

and finds the necessary condition when λi
d > λi

c. This
means that the over-generation of points may not always
exist under the decentralised control. We also found that
λi

c > λi
l, which means that the double marginalisation

is dominant under the LCS mode. Moreover, the range
of optimal wholesale prices within the platform under
the two modes is influenced by unit procurement costs,
retail prices, and percentages of flow-in and flow-out
redemption of points.

For dynamic groups of retailers, the results showed
that the percentages of flow-in and flow-out redemp-
tion may affect the preference of channel members on
inviting new retailers. The profit improvements of the
retailers and the platform under the two modes can be
quite different. The LCS mode may lead to a wider range
of percentages of flow-in and flow-out redemption than
the decentralised control, which can result in an all-win
scenario in more cases in which a new retailer joins the
UPS.

For a coordinating contract, we found that the whole-
sale price contract can coordinate the channel whenwi =

N∑
j=1,j�=i

θijcj/pj. Cases exist when this profit allocation can-

not improve the profits of all the channel members with
the decentralised control and LCSmodes as benchmarks.
A buyback contract can coordinate the channel and arbi-
trarily split the total profit among retailers and the plat-
form. The profit of each retailer is positively associated
with the buyback price under the contract parameter

setting that can coordinate the channel. With this flex-
ibility, the platform can easily operate the UPS with a
dynamic group of retailers when existing retailers quit,
and new retailers join.

5.2. Managerial insights

In this section,we discuss the implications of theUPS and
managerial insights from the angles of the platform, the
retailers, and channel coordination.

In a static channel, the platform prefers the decentra
lised control to the LCSmode if it seeks a high profit with
existing retailers. This is because retailers address the cost
spillover and the phenomenon of over-generating points
under the latter mode (see Example 3.1). This means
that the platform needs to pay attention to the lateral
relationship and potential cooperation among retailers in
the channel. For a dynamic channel, when the platform
attempts to invite new retailers, it should carefully inves-
tigate the influence of the parameters and the current
point-operation modes. In this case, it might be benefi-
cial for the platform to invite retailers with a high level of
demand and retail price to sell more points to the chan-
nel if existing retailers always stay.Moreover, the platform
can usually obtain a higher profit under the decentralised
control than under the LCS mode by inviting new retail-
ers. However, it is not certain that the platform can always
benefit from this strategy if the profit thresholds of exist-
ing retailers should be met. Because acquiring a large
new retailer results in higher costs for existing retailers
because of cost spillover, existing retailers may lose or
even quit the channel when such a retailer joins the UPS.
Note that the quitting of the platform by retailers could
lead to the long-term penalty for the goodwill of the UPS.
Considering that most retailers may obtain higher profits
under the LCS mode than under the decentralised con-
trol, the platform would be better off embracing the LCS
mode under which a new retailer’s participation could
more easily lead to an all-win scenario. This strategy
could be helpful for the platform’s establishing a stable
channel with a wide range of retailers under the UPS in
the long run.

Retailers need to understand the benefits and chal-
lenge of the UPS under different point-operation modes.
Even though the UPS can result in higher demands for
retailers in the channel, their profits are negatively influ-
enced by the over-generation of points. In addition to
the price and cost, retailers need to pay attention to
the flows of point redemption in the channel. Under
the decentralised control, retailer i hopes to see a high

N∑
j=1,j�=i

θij and a small
N∑

j=1,j�=i
θji, which are influenced by

the customers’ preferences for products in the channel.
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Under the LCS mode, however, retailer i’s total cost
might be decreased when more points generated by it
are redeemed at the retailer with a high cost efficiency.
This means that retailers need to investigate different
characteristics of other retailers in the channel under
different modes. By using the LCS mode, retailers can
eliminate the scale of over-generating points. However,
this mode cannot guarantee increments in profits to all
retailers with the decentralised control as the benchmark.
Retailer imay prefer the decentralised control when that
retailer has a high flow-out and low flow-in percentage of
points (Table 3 provides an example of this). As a conse-
quence, a retailer needs to evaluate the channel param-
eters with different approaches under different business
modes when it makes decisions on whether to join
a UPS.

Because the decentralised control and LCS modes
may limit the possibility of establishing a wider range
of the channel, the implementation of coordinating con-
tracts would be helpful in obtaining a higher overall
profit with the participation ofmore retailers. The whole-
sale price contract addresses the cost spillover and dou-
ble marginalisation simultaneously, by associating the
wholesale price with the cost of point flow-out redemp-
tion. The other advantage of this contract is the extreme
ease of its implementation. The weak point in this setup
is that the profit split is fixed. Implementing this con-
tract would be challenging when this profit split cannot
improve the profits of all members. The platform may
obtain a lower profit under this contract than under the
decentralised control, which limits the implementation
of the contract. The buyback contract, however, pro-
vides the channel with the option for setting contract
parameters (i.e. wholesale price and buyback price) to
arbitrarily split the total profit. By setting buyback prices
and corresponding wholesale prices for some retailers,
the platform can allocate the channel profit among itself
and other retailers to achieve an all-win scenario. In addi-
tion, the platform can invite more retailers if the overall
profit can be increased, and the channel can be expanded
more easily. The platform should select the appropriate
contract according to the expected profit and condition
of the channel.

5.3. Limitations and future research

As a new marketing strategy, there must be many
novel characteristics of the UPS that remain unexplored.
First, this paper considers the point redemption pol-
icy in the real world, wherein customers redeem their
points by obtaining a product without payment. This
means that the point redemption does not lead to new
profitable demand. However, there exist several other

point redemption policies wherein customers can buy
products with the points standing in as money. In such
cases, the flow-in redemption to one retailer would not
only boost costs but also bring additional sales for this
retailer. Hence, it would be interesting to study the UPS
under such point redemption policies and multiple peri-
ods that result in new demand functions and decision-
making frameworks of retailers implementing the UPS.
Second, this paper considers retail prices as parame-
ters based on some real examples. However, retailers in
some industries may find pricing and point generation
as simultaneous decision variables. Even though a higher
retail price might have a negative impact on demand, it
is also associated with a higher point generation level,
which could mitigate that impact. This joint influence is
more complicated because of the cost spillover under the
UPS with strategic customers. Hence, it would be inter-
esting to study the UPS when retail prices are decision
variables, taking into account strategic customers. Third,
retailers’ decision-making under theUPS is influenced by
their unit procurement cost. This means that the product
or material suppliers’ pricing strategies have new impacts
under theUPS.Given this, it would be interesting to anal-
yse the UPS from the view of suppliers and discuss how
suppliers can benefit from theUPSwith new supply chain
strategies.

Notes

1. http://www.cjone.com.
2. Note that π i(λi) can also be written as (pi − ci)Di(λi) −

N∑
j=1

θjipjλjDj(λj)ci/pi − wipiλiDi(λi). We use Equation (1)

which can show the sources of point cost more clearly.
3. �DN+1(λN+1) includes the demand raised by the UPS.
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wi,

dπd
i (λi)

dλi
= (pi − ci − (ciθii + piwi)λi)

dDi(λi)

dλi
− (ciθii + piwi)Di(λi) (A1)

and

dπd2
i (λi)

d(λi)2
= −2(ciθii + piwi)bi < 0 (A2)

Therefore, λid, which satisfies Equation (4) can maximise the
profit of retailer i and it is a function of wi. By substituting λi

d

under Equation (4) into the platform’s profit function, we can
rewrite π0

d (w1, w2, . . . , wN) as

πd
0 (w1,w2, . . . ,wN)

=
N∑
i=1

wi
(pi − ci)2bi2 − ai2(ciθii + piwi)

2

4bi(ciθii + piwi)
2 pi − f · N (A3)

Let ∂πd
0 (w1,w2,...,wN )

∂wi
= 0 and we have

−ai2(ciθii + piwi)
3 − (pi − ci)2bi2(ciθii + piwi)

+2ciθii(pi − ci)2bi2

4b(ciθii + piwi)
3 = 0 (A4)

In addition, we have

∂πd2
0 (w1,w2, . . . ,wN)

∂(wi)
2 = (pi − ci)2bi2(piwi − 2ciθii)

4b(ciθii + piwi)
4 (A5)

When wi = 0, we have ∂πd
0 (w1,w2,...,wN )

∂wi

= ciθii[(pi−ci)bi + aiciθii][(pi−ci)bi−aiciθii]
4b(ciθii)3

> 0. When wi = θ iici/pi,

we have ∂πd
0 (w1,w2,...,wN )

∂wi
= −a2i

4b < 0. There exists a wi
d within

the range of (0, θ iici/pi), which satisfies Equation (A4) because
∂πd2

0 (wd
1 ,w

d
2 ,...,w

d
N )

∂(wd
i )

2 < 0. According to the characteristic of the

simple cubic equation, we can obtain the wi
d is the single real

root of Equation (A4) and it satisfies

ciθii + piwi

= 3

√√√√√√√
ciθii(pi − ci)2bi2

ai2

+
√(

ciθii(pi−ci)2bi2

ai2

)2
+
(

(pi−ci)2bi2

3ai2

)3

+ 3

√√√√√√√
ciθii(pi − ci)2bi2

ai2

−
√(

ciθii(pi−ci)2bi2

ai2

)2
+
(

(pi−ci)2bi2

3ai2

)3 (A6)

In addition, we have the Hessian Matrix of π0
d(w1

d, w2
d, . . . ,

wN
d) as

H(w1
d ,w2

d, . . . ,wN
d)

=

⎛
⎜⎜⎜⎜⎜⎜⎜⎝

∂πd2
0 (wd

1 ,w
d
2 ,...,w

d
N )

∂(wd
1)

2

∂πd2
0 (wd

1 ,w
d
2 ,...,w

d
N )

∂(wd
2 )

2

. . .

∂πd2
0 (wd

1 ,w
d
2 ,...,w

d
N )

∂(wd
N )

2

⎞
⎟⎟⎟⎟⎟⎟⎟⎠

(A7)

By calculating the kth order principal minor of H, we can find
that the principalminor is negative when k is odd, and it is posi-
tivewhen k is even. Then, we can obtain that theHessianMatrix
is a negative definite matrix. Hence, this w1

d, w2
d, . . . , wN

d is
the optimal solution of π0

d(w1, w2, . . . , wN). �

Proof of Theorem 3.2: The proof of (i) is similar with the one
of Theorem 3.1, and we omit it here;

(ii) as the proof of Theorem 3.1 shows, wi
d should sat-

isfy Equation (3), and wi
l should satisfy Equation (6). Let

tid = piwi
d + θ iici and thi = piwh

i +
N∑
j=1

piθijcj
pj . Then, Equations

(3) and (6) can be rewritten as

a2i (t
d
i )

3 + (pi − ci)2b2i t
d
i − 2θiici(pi − ci)2b2i = 0 (A8)

a2i (t
l
i)
3 + (pi − ci)2b2i t

l
i − 2pi

N∑
j=1

θijcj
pj

(pi − ci)2b2i = 0 (A9)

Considering that pi
N∑
j=1

θijcj
pj > θiici, we can obtain tid < til and

piwi
d + θ iici < piwl

i +
N∑
j=1

piθijcj
pj . According to Equations (4)

and (7), it can be found that λid > λi
l, i = 1, 2, . . . , N.

(iii) According to the proof of Theorem 3.1, for λi
l, we can

rewrite π0
l(w1, w2, . . . , wN) as

π l
0(w1,w2, . . . ,wN)

=
N∑
i=1

wi

(pi − ci)2bi2 − ai2(pi
N∑
j=1

θijcj/pj + piwi)

2

4bi(pi
N∑
j=1

θijcj/pj + piwi)

2 pi − f · N

(A10)

By comparing Equations (A3) and (A10), we can find that for
any (w1, w2, . . . , wN), π0

d(w1, w2, . . . , wN) is always greater

than π0
l(w1, w2, . . . , wN) because pi

N∑
j=1

θijcj/pj > θiici for all

i = 1, 2, . . . , N. Therefore, the maximum value of π0
d(w1,

w2, . . . ,wN) is greater than the one ofπ0
l(w1,w2, . . . ,wN). This

means that the platform can obtain a lower profit under the LCS
mode than under the decentralised control. �

Proof of Theorem 3.3: (i) It is easy to prove that λi
c should

satisfy

λci =

(pi − ci)bi − aipi
N∑
j=1

θijcj
pj

2bipi
N∑
j=1

θijcj
pj

(A11)
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Considering that wi
l is within the range of (0,

N∑
j=1

piθijcj/pj), we

have λi
c > λi

l with Equation (7).
(ii) By comparing Equations (4) and (A10), we can see that

λci − λdi =
(pi − ci)

2pi
N∑
j=1

θijcj
pj

− (pi − ci)
2(θiici + piwd

i )
(A12)

Then, it can be obtained that pi
N∑
j=1

θijcj
pj − θiici − piwd

i =

pi
N∑

j=1,j �=i

θijcj
pj − piwd

i > pi
N∑

j=1,j �=i

θijcj
pj − θiici, because wi

d <

θ iici/pi. As a consequence, λid > λi
c when

N∑
j=1,j �=i

θijcj
pj > θiici

pi ,

i = 1, 2, . . . , N. �

Proof of Theorem 4.1: By using wi =
N∑

j=1,j �=i

θijcj
pj , we can

obtain the profit of retailer i under the wholesale price contract
from Equation (1) as

πw
i (λi) = (pi − ci)Di(λi) − ciθiiλiDi(λi)

−
N∑

j=1,j �=i

θjipjciλjDj(λj)

pi
−

N∑
j=1,j �=i

θijcj
pj

piλiDi(λi)

(A13)

It is easy to show that the optimal λi that maximises πw
i (λi) is

the same with λi
c and the maximum πw

i (λi) is fixed. �

Proof of Theorem 4.2: According to the proof of Theorem 3.3,
we can see that λic should satisfy⎛

⎝pi − ci − pi
N∑
j=1

θijcjλi
pj

⎞
⎠ dDi(λi)

dλi
= piDi(λi)

N∑
j=1

θijcj
pj
(A14)

From Equation (13) we have

dπb
i (λi)

dλi
= (pi − ci − ciθiiλi − wipiλi + βipiθiiλi)

dDi(λi)

dλi
− (ciθii + wipi − βipiθii)Di(λi) (A15)

dπb2
i (λi)

d(λi)2
= (pi − ci − ciθiiλi − wipiλi + βipiθiiλi)

d2Di(λi)

d(λi)2

− 2(ciθii + wipi − βipiθii)
dDi(λi)

dλi
< 0 (A16)

Therefore, λi
b = λi

c when wi − βiθii =
N∑

j=1,j �=1

θijcj
pj . Then,

Equation (14) can be written as

πb
i (λi) =

⎛
⎝pi − ci − ciθiiλi − piλi

N∑
j=1,j �=i

θijcj
pj

⎞
⎠Di(λi)

−
(
ci
pi

− βi

) N∑
j=1,j �=i

θjipjλjDj(λj) (A17)

Given the overall profit of the channel, the profit can be arbi-
trarily allocated among the members because π i

b(λi) is always
increasing with β i under the buyback contract when the con-
tract parameters satisfy Equation (16). �
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