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ARTICLE INFO ABSTRACT

Keywords: One of the most significant fulfillment paradigms is the buy online and pick-up-in-store (BOPS) in omnichannel
BOPS, omnichannel retailing retailing. However, BOPS incurs many new operational challenges in the presence of competition, like
Competition

competitive intensity and decision-making timing. To mitigate these problems, a multi-stage, non-cooperative
duopoly game is constructed to investigate the competitive implications of introducing a BOPS strategy. First, we
consider the situation when competing retailers simultaneously make BOPS decisions. Our results examine how
heterogeneous customers choose optimal purchase decisions to maximize their utility and identify the mecha-
nisms of three major effects (i.e., channel migration effect, price self-compensation effect, and limited market
share effect). Meanwhile, we analyze when the intensity of competition is strong, intermediate, and weak
respectively, the equilibrium strategy of different-type retailers is determined by which configuration. After that,
with consideration of total consumer surplus, we shed light on how competing retailers obtain win-win con-
figurations, i.e., both competing retailers and customers are better off, after deploying the BOPS. Subsequently,
the investigation extends to broader cases with sequential decisions. Contrary to the common view that second-
mover superiority, there exists first-mover superiority in deploying the BOPS. Finally, numerical examples are
provided to analyze the impact of cross-selling benefits, fixed cost of BOPS, heterogeneous customer behavior,
BOPS convenience, operation cost and competitive intensity on the optimal profit. Our finding was compared
with previous studies to provide a novel way to design the BOPS for responding to competitors to maximize
customer-oriented profits.

Customers heterogeneity
Decision-making timing

1. Introduction

With the growing popularity of the online-merge-offline model,
many retailers blindly add new online or offline channels, resulting in
difficult-to-achieve complementarity of online and offline benefits (Ryu
et al.,, 2019). In today’s industry and academia, how to carry out in-
depth integration of channels to boost sales and customer satisfaction
is a popular issue (Cai & Lo, 2020; Caro et al., 2020). The prevalence of
omnichannel strategy has transformed the customer interactions model
and provided a seamless shopping experience across all accessible
channels (Bayram & Cesaret, 2021; Harsha et al., 2019; Jin et al., 2018;
Mou, 2022; Nageswaran et al., 2020). In such an omnichannel retailing
context, many retailers (e.g., Zara, Walmart, Suning, H&M, etc) have
quickly melted into the new retail paradigm of omnichannel to optimize
the customer’s shopping experience and maximize order fulfillment
flexibility (Gao et al., 2022; Hu et al., 2022).

* Corresponding author.

One of the most significant fulfillment paradigms is the BOPS strat-
egy which allows customers to purchase online but visit a nearby
physical store to pick them up within hours (Kim et al., 2022). The
benefit of this fulfillment paradigm for retailers includes faster delivery,
higher store traffic, and generated additional cross-selling profits (Gal-
lino & Moreno, 2014; Jin et al., 2018). And its benefit for customers
includes instant gratification, additional shopping assurance, and the
convenience of hassle-free shopping (Lin et al., 2021). In 2019, in order
to attract customers during the “ Double-11"” Shopping Festival in China,
UNIQLO deployed the BOPS and achieved the fastest sales volume of 1
billion in history. Hence, BOPS has become a powerful competitive
“weapon“ in the retail market.

Meanwhile, 80% of omnichannel retailers have implemented BOPS
(Total Retail & Orckestra, 2020)". Additionally, BOPS is also a way for
retailers to touch new customers, which can generate additional trans-
actions. According to UPS research, 45% of the customers who choose to
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1 Total Retail, & Orckestra (2020). 2020 Top 100 omnichannel retailers. https://mytotalretail.tradepub.com/free/w_defa618/?p=w_defa618.
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pick up at the store will add new orders when they pick up at the store
(UPS, 2015).

The sheer explosion of BOPS strategy has attracted widespread
attention from the industry and academia. However, most literatures
focus on the BOPS operation decision of retailers from the perspective of
oligopoly or single entity, ignoring the competitive factors prevalent in
retail practice (Akturk & Ketzenberg, 2022). In practice companies
seldom sell in a monopoly market, they often face competition from
rivals (Feng & Zhang, 2017). And competing retailers may adopt
consistent or inconsistent channel strategies and decision-making
sequence changes. For instance, Kohl’s and Walmart, competitors in
the same category, significantly increased their sales by implementing
BOPS (Li et al., 2022). Additionally, competition between an established
retailer and a new entrant is quite common. KFC took the lead in
adopting BOPS channel, McDonald’s also provided the BOPS channel
(Wang et al., 2020). Based on this retail practice, retailers are faced with
the issue of whether to deploy BOPS in the context of competition, and
the optimal strategy of old retailers and new entrants to deal with the
competition is a key issue that needs to be solved urgently in the BOPS
model.

Furthermore, the deployment of BOPS in a competitive environment
is affected by heterogeneous customer behavior, BOPS convenience, and
operating costs. Specifically, the BOPS has triggered consumers to
interact with all available channels, prompting consumers to show
heterogeneous preferences for channels. These results also coincide with
practice. Gao et al. (2022) proposed that some consumers may consider
the physical store too far away and choose online purchase, while some
may be more impatient to wait for online delivery and choose offline
purchase. However, it ignores that the degree of market competition
affects customers’ preference for brands. Therefore, it is necessary to
consider these characteristics of heterogeneous consumers in the oper-
ation decisions of BOPS. On the other hand, factors such as market
competition often force retailers to improve the convenience of BOPS,
but they also need consider the actual operating costs of BOPS. Thus,
convenience and operating costs of BOPS are important factors that
competing retailers must consider, both for the retailer’s decision and
the consumer’s purchasing decision. Motivated by these observations,
the emergence of several questions is worthy of exploration.

(i) Whether BOPS channel should be deployed in a duopoly setting?
Could competing retailers deploy consistent or inconsistent BOPS
strategy?

(ii) How do BOPS operating costs, consumer heterogeneity, and
market competition intensity affect retailers’ price decisions?
Whether there exists a win-win configuration that benefits both
consumers and competing retailers?

(iii) How the decision timing of retailers affects the equilibrium
results?

To mitigate the above problems, we construct a multi-stage, non-
cooperative game framework to investigate the competitive implications
of introducing a BOPS strategy in an omnichannel retailing context. The
competing retailers are likely to offer a BOPS strategy to sell differen-
tiated but substitutable products. First, we consider the situation that
competing retailers (Retailer A and Retailer B) simultaneously decide on
whether to adopt the BOPS strategy. Then, four possible scenarios are
given rise to discuss and derive the Nash equilibrium results in the
duopoly market (i.e., No-No strategy, BOPS-No BOPS strategy, No BOPS-
BOPS strategy, BOPS-BOPS strategy). After that, we explore the exis-
tence of a win-win situation between two competing retailers and
consumers under all possible scenarios. Subsequently, the analysis also
covers the scenario in which the competing retailers sequentially make
BOPS decisions. Finally, numerical examples are provided to analyze the
impact of various parameters on optimal profit, aiming to provide some
managerial insights.

To the best of our knowledge, this research is the first to study

Computers & Industrial Engineering 179 (2023) 109227

simultaneous vs. sequential omnichannel retail operations with BOPS
under duopoly competition, which broadens the research perspective of
omnichannel retail operations than previous studies. We explore
competition intensity and decision-making timing on equilibrium de-
cisions regarding the implementation of the BOPS. The equilibrium re-
sults presented in this research make us shed light on what conditions
and when omnichannel retailers should adopt the BOPS strategy across a
competitive setting, and help retailers implement the best response
policy to their opponents achieving maximum profits and customer
satisfaction. We obtain some managerial insights by examining the im-
pacts of various parameters on optimal profit across different decision-
making timings. Thus, our study will be worthy of the development of
the fulfillment paradigm in the era of omnichannel retailing.

The rest of this study is structured as follows. Section 2 reviews the
literature and identifies the research gap. Section 3 details the main
model, assumptions, and the sequence of events in the duopoly game.
Section 4 discusses a duopoly model with simultaneous decisions, and
derives the equilibrium and profitability results. Section 5 presents
extension models with the sequential decision. Section 6 describes nu-
merical examples and managerial insights. Section 7 concludes this
study and discuss future research prospects.

2. Literature review
2.1. Omnichannel retailing with BOPS

The development of omnichannel strategy in retail practice has
attracted extensive academic attention, mainly focusing on showroom-
ing (Bell et al. 2018, 2020; Gao & Su, 2017b; Li et al., 2020), buy online
and return in the physical store (He et al., 2020; Jin et al., 2020; Mandal
et al.,, 2021; Nageswaran et al., 2020), ship-from-store (Bayram &
Cesaret, 2021; He et al., 2021; Jiu, 2022) and BOPS (Gallino & Moreno,
2014; Gao & Su, 2017a; Gao et al., 2022; Hu et al., 2022; Jin et al., 2018;
Kong et al., 2020; Lin et al., 2021; MacCarthy et al., 2019; Shi et al.,
2018). Notably, as the most popular used omnichannel fulfillment
paradigm in practice, a great deal of scholars has focused on the issues of
BOPS in omnichannel operation management. Gallino and Moreno
(2014) empirically investigated the consumers’ shopping decisions
under the deployment of BOPS. The results show that BOPS has the
functions of cross-selling and channel-shift, and can stimulate con-
sumers’ impulse shopping behavior. Gao and Su (2017a) constructed the
rational expectation equilibrium model to explore the choice of pur-
chasing channels for heterogeneous consumers, which identifies the
information effect and convenience effect. Hu et al. (2022) further uti-
lize rational expectation equilibrium to analyze the impact of BOPS on
inventory decisions and customers’ purchasing behavior. The result
shows that the performance of BOPS depends on the online waiting cost
and store visiting cost. Jin et al. (2018) demonstrated that the ROPS
strategy has the advantages of unconditional cancellation of orders and
price premium over the BOPS strategy. Shi et al. (2018) examined the
ordering decision of retailers using BOPS strategy with pre-orders under
the return situation, which suggests the BOPS with pre-orders is not
necessarily beneficial to retailers. Kong et al. (2020) further find that the
retailers may not always benefit from BOPS strategies under different
pricing strategies, which depends on BOPS operation cost, customer
hassle cost, and cross-selling benefit. MacCarthy et al. (2019) explored
the best performance frontiers of BOPS strategy to solve the problem of
uncertain inventory, and achieved the minimum picking rate under a
target service level. Lin et al. (2021) find that the BOPS strategy can
achieve a win-win outcome between manufacturers and retailers in
terms of quality and price under certain conditions. Gao et al. (2022)
examined how the BOPS strategy affects the number and size of re-
tailers’ stores from a new perspective. The above-mentioned studies
focus on analyzing the impact of BOPS on price, inventory decision, and
channel preference in a monopoly context. Different from this angle, in
our study, we investigate the multi-factor competitive implications of
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Table 1
Review of related literature.
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Study Omnichannel decision-making timing BOPS operating cost Consumer heterogeneity Cross-selling effect competition
Gallino and Moreno (2014)  BOPS v

Gao and Su (2017a) BOPS v v

Shi et al. (2018) BOPS v

Jin et al. (2018) BOPS v

MacCarthy et al. (2019) BOPS

Li et al. (2020) showrooming \/

Jin et al. (2020) BORP Vv

Nageswaran et al. (2020) BORP \/

He et al. (2020) BORP v

Kong et al. (2020) BOPS \/ \/ \/

Wang et al. (2020) BOPS v v v v
Mandal et al. (2021) BORP/showrooming \/

Lin et al. (2021) BOPS \/

Hu et al. (2022) BOPS v

Gao et al. (2022) BOPS/BORP showrooming \/

Our research BOPS \/ \/ \/ \/ \/

Table 2
The definition of notations.

Notation Definition and comments

A.B Subscript index of retailer A and retailer B, respectively. g = A,B

s,0,b Subscript index of the offline channel, the online channel, and the
BOPS channel, respectively

nn,bb, bn, Superscript index of NN, BB, BN, and NB scenarios, respectively

nb

Uy The utility of consumers purchasing from the retailer’s offline channel,
g=AB

Ugo The utility of consumers purchasing from the retailer’s online channel,
g =AB

Ugp The utility of consumers purchasing from the retailer’s BOPS channel,
g=AB

v Each customer perceived value of the product

x Customer brand preference, random variable, x € U0, 1]

m Consumers’ sensitivity of product differentiation, m > 0

hy The customer hassle cost in offline channel (covers the inconvenience
of traveling to the store)

h, The customer hassle cost in online channel (covers inconvenience of
online searching, the wait for deliveries)

hy The customer hassle cost in BOPS channel (covers both the online and
offline hassle costs, hy, = Ashs + Aoho)

As The proportions of the offline hassle cost incurred in the BOPS channel,
4 €(0,1)

2o The proportions of the online hassle cost incurred in the BOPS channel,
A0 € (0,1)

a The fraction of customers with low store hassle cost, a € [0, 1]

2 The fraction of customers with low online hassle cost, 6 € [0,1]

c Unit production cost in the offline channel

r Unit cross-selling benefit from every customer who comes to the store
k Unit operating cost in the BOPS channel

H The online and offline hassle costs are sufficiently Large

pé The selling price of retailer g under j scenarios (g = A,B, j = nn,bb,bn,
nb)
Digs The demands of retailer g s offline channel under j scenarios (g = A,B,

j = nn,bb,bn,nb)

D;_b The demands of retailer g s online channel under j scenarios (g = A, B,
j = nn,bb,bn,nb)

Dg_b The demands of retailer g s BOPS channel under j scenarios (§ = A,B,
Jj = nn,bb,bn,nb)

H{; Profit of the retailer g under j scenarios (g = A,B, j = nn,bb,bn,nb)

F The fixed cost of BOPS channel

introducing a BOPS strategy in a duopoly setting. Moreover, we explore
the impact of decision-making timing on the deployment of BOPS to seek
the best decision point. This is the first paper studying simultaneous vs.
sequential omnichannel retail operations with BOPS under competition,
and aims to address common phenomenon in retail practice nowadays.

2.2. Retail strategy in a duopoly

Another research stream of retail strategy in the duopoly market is
closely related to our study. Boyaci and Gallego (2004) explored the
equilibrium service strategies in uncoordinated, coordinated and hybrid
competition scenarios. Sinha and Sarmah (2010) investigated the co-
ordination and competition in the supply chain distribution system in
which two suppliers compete to sell differentiated products through a
common retailer. Kireyev et al. (2017) studied the implementation of a
self-matching pricing strategy in different competitive scenarios,
including monopoly, the duopoly of two competitive multi-channel re-
tailers, and the mixed duopoly of multi-channel retailers and e-retailers.
Feng and Zhang (2017) constructed a competitive newsvendor model to
study the impact of strategic behavior on inventory decisions. Chen et al.
(2020) developed a two-stage game model to explore how enterprises
and e-retailers strategically adopt the two business models of reselling
and agency selling business models in the competitive setting. Zhou
et al. (2020) developed a multi-stage game model to characterize the
bundling decision in a duopoly environment. Chen and Chen (2021)
examined a market network model in which two firms compete for a
market network customer through the sale of substitutable goods. The
abovementioned studies have paid little attention to competition be-
tween omnichannel strategies, which is inconsistent with real practice.
Harvard Business Review shows that the share of retailers offering BOPS
jumped to 44% when the Covid-19 pandemic hit. Moreover, nearly 75%
of people still want to using BOPS channel to purchase after the
pandemic ends?”’. With increasing consumers demanding a seamless
shopping experience, retailers aggressively adopted the BOPS strategy
include Walmart, Suning, Uniqlo, Gap, Zara, McDonald’s, and KFC, and
many more. Consequently, competition among omnichannel retailers is
common to observe. Nonetheless, there are two papers closely related to
our research. Wang et al. (2020) developed the Stackelberg model to
explored whether and when retailers should adopt the BOPS in a
duopoly. This duopoly model setting ignores the timing of retailers’
decisions. Decision timing is the choice of retailers between simulta-
neous decision and sequential decision (Wu et al., 2018). The simulta-
neous decision under which each retailer implement BOPS separately
without knowing the decision of rivals, or the sequential decision under
which established retailers make a decision first and the decision is
revealed to the new entrants. The distinction between these two
decision-making sequences reflects whether to being the first-mover
retailers in a competitive market. We consider this feature to be more

2 Ketzenberg, M., & Akturk, M. S. (2021). How “buy online, pick up in-store”
Gives Retailers an Edge. Harvard Business Review (May 25). https://hbr.or
g/2021/05/how-buy-online-pick-up-in-store-gives-retailers-an-edge.
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Fig. 2. Market segments for heterogenous customers.

in line with the retail practice. Gao and Su (2017a) examined the impact
of the BOPS on store operations in monopoly setting. Our paper differs
from these two studies in three folds. (i) In their model, the timing of
decisions among competitors was not considered. We propose the
duopoly model to explore the decision differences from simultaneous
decision and sequential decision, which summarize some novel insights
for operation management in practice. (ii) The operating cost incurred
by BOPS is not considered, which is inconsistent with real practice. As
retailers with BOPS have integrated information and transactions from
all available channels and package products, resulting in additional
costs. We integrate the BOPS operating cost to characterize equilibrium
results, and shed light on what conditions can benefit retailers. (iii) They
overlooked analyzing the win-win outcome after deploying the BOPS.
Considering this angle in an omnichannel retailing is significant as the
core goal of omnichannel is to provide customers with a seamless
customer experience (Kim et al., 2022). Instead, we explore equilibrium
configuration and identify the win-win and lose-lose intervals.

To highlight the differences between our study and the above-
mentioned literature, we summarize the related literature and
compare them in Table 1.

3. Model

The following notations are summarized to develop the mathemat-
ical models in Table 2.

3.1. Problem description

We construct the duopoly model in which competing omnichannel

retailers (Retailer A and Retailer B) are likely to offer a BOPS option to
purchase differentiated but substitutable products. For example, H&M
and ZARA sell the same categories, but each has a dedicated design and
brand, thereby highlighting channel competition. As a result, four
strategies combination models can be derived, namely NN, BB, NB, and
BN. The model NN represents neither retailer deploys the BOPS option,
the model BB indicates that both retailers offer the BOPS strategy, and
the model NB (BN) represents only one retailer offers the BOPS. Fig. 1
illustrates the omnichannel strategy combination model under duopoly
competition. In line with Shao (2021), retailers set the same price for
online and offline channel, which is consistent with industrial practice.
However, different retailers have different selling prices, i.e., retailers A
and B have selling prices of py and pg, respectively.

When shopping in physical store, each customer will incur an offline
hassle cost h;. Similarly, when shopping online, each customer will incur
store hassle cost h,. When customers buy online and pickup in store,
they incur the BOPS hassle cost h,, which includes both online and
offline hassle costs. Based on the difference between h; and h,, we as-
sume that the market contains four consumer segments: LL-type (i.e.,
Low store hassle cost, Low offline hassle cost), LH-type (i.e., Low store
hassle cost, High offline hassle cost), HL-type (i.e., High store hassle cost,
Low offline hassle cost), and HH-type (i.e., High store hassle cost, High
offline hassle cost). Besides, the parameter m indicates the degree of
market competition. The specific assumptions are as follows.

3.2. Consumer heterogeneity

To make the model more consistent with retail practice, we char-
acterize customer heterogeneity in terms of brand preference and con-
sumer shopping behavior.

Brand preference: we use the Hotelling model to portray customers’
brand preferences for retailers. It is assumed that competing retailers are
located at both ends of a linear market, and customers are uniformly
distributed between the linear markets. The misfit cost mx is incurred
when purchasing from the retailer A. While purchasing from retailer B,
they incur the misfit cost m(1 — x). Note that the parameter m measures
consumers’ sensitivity of product differentiation. While a higher value of
m suggests that consumers have strong brand preferences and that there
is less fierce competition, the lower of m shows a low degree of product
differentiation and fierce market competition. This assumption is widely
used in the operations management (e.g., Kireyev et al., 2017; Jin et al.,
2020).

Consumer shopping behavior: In practice, some consumers may
consider the physical store too far away and choose online purchase,
while some may be more impatient to wait for online delivery and
choose offline purchase (Gao & Su, 2017a). This phenomenon indicates
that consumer shopping behaviors are varied in the store hassle cost h;
(i.e., the distance between physical store and customers) and the online
hassle cost h, (i.e., online searching and wait for shipment). Therefore,
in line with Jin et al. (2020), we assume there are two types of con-
sumers: low store hassle cost and high store hassle cost. The fraction of
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4. A duopoly with simultaneous decisions
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Fig. 3. Sequence of events in omnichannel retailing.

the former is a and that of the latter is 1 —a where a € [0, 1]. Moreover,
in line with Wang et al. (2020), we additionally assume there are two
types of consumers: low online hassle cost and high online hassle cost.
The fraction of the former is # and that of the latter is 1 —6 where
0 < [0, 1]. For simplicity, the low store hassle cost and low online hassle
cost are normalized to zero. Whereas the high store hassle cost and high
online hassle cost are assumed to be sufficiently Large (denoted by H),
such that nonnegative demand exists in both channels (Gao & Su, 2017a;
Jin et al., 2020). Therefore, consumers are divided into four segments
(shown in Fig. 2), depending on their differences in store and online
hassle cost. And customers are unfirmly distributed within the following
“square”{(h,, hs) |h, € [0,H],hs € [0,H] }.

3.3. Customer utility

In our model, consumers may purchase by three options, namely,
buy online (denoted BO), buy from a physical store (denoted BP), and
buy from BOPS. Customers strategically choose one of three alternative
channels from competing retailers to maximize their utilities. Each
consumer has valuation value v of the product.

If customers choose purchase product from online channel of re-
tailers, they will incur a hassle cost h, > 0 associated with online
shopping, which covers the wait for deliveries and the annoyance of
online searching (Gao & Su, 2017a; Gao et al., 2022; Kong et al., 2020;
Mandal et al., 2021). When purchasing from retailer A, a consumer at
preference location x incurs the misfit cost mx, while purchasing from
retailer B, which incurs the misfit cost m(1 — x). Then, we derive the
customers’ expected utility from purchasing online of retailer A. Each
customer obtains a utility of v —ps —h, —mx.On the contrary, if cus-
tomers choose purchase product from online channel of retailer B, each
customer obtains a utility of v —pg —h, —m(1 — x).

Accordingly, if customers visit the store to purchase product, they
will incur an offline hassle cost hy > 0, which includes the inconvenience
of traveling to the store (Gao et al., 2022; Kong et al., 2020). Then, we
derive the customers’ expected utility from purchasing a physical store
of retailer A. Each customer obtains a utility of v —ps —h; —mx. On the
contrary, each customer obtains a utility of v —pg —h; —m(1 — x) from
retailer B.

When customers purchase from the BOPS channel, they will incur a
portion of both the online and offline hassle costs. Following Gao et al.
(2022), we denote the hassle cost of BOPS as hy, = Ashs + A,h,, where
and 1, represents the proportions of the offline and online hassle cost
incurred in the BOPS channel, respectively. Then, we derive the cus-
tomers’ expected utility from BOPS channel of retailer A. Each customer
obtains a utility of v—p4 —h, —mx. On the contrary, each customer ob-
tains a utility of v —pg —h, —m(1 — x) from retailer B.

Based on the above model descriptions, we summarize the consumer
utility functions of two retailers as follows:

_ UA.s:V*PA*hsfmx

Vs = {UBAS:‘}*prhsfm(lf_x) @
_ UA,O:V_pA_hg—mX

Uso = { Upo, =v—pg —hy —m(1 —x) @
_ Upp = v — pa — (8shs 4 8,hp) — mx

Ve = { Usp = v —pa — (8.hy + 8,h,) —m(1 —x) ®

We use U to denote consumers’ utility. The subscript g denotes
retailer A and retailer B, g = A, B, respectively.

And the subscript s, 0, b denote offline, online, and the BOPS channel,
respectively. Next, we discuss the utility functions of all channels under the
customer market segments. For LL-type customers, the utility of retailer
A’sBP/BO/BOPS channel arev —p, —mx. And the utility of retailer B’s BP/
BO/BOPS channel are v —pg —m(1 — x); For LH-type customers, the utility
functions of retailer A’s BO, BP and BOPS channels are v —py —mx —H,
v —pa —mx and v —py —mx —A,H respectively; And the utility functions of
retailer B’'s BO, BP and BOPS channels are v—pg-—m(1 —x)—H,
v—pg—m(1l —x) and v—pg —m(1 — x) —4,H respectively; For HL-type
customers, the utility functions of retailer A’s BO, BP and BOPS channels
are v —pa —mx, v —pa —mx —H and v —p, —mx —A;H respectively; And the
utility functions of retailer B’'s BO, BP and BOPS channels are
v—pg-m(l —x), v-pg—-m(l—-x)—H and v-—pg-m(l—x)—4iH
respectively; For HH-type customers, the utility functions of retailer A’s
BO, BP and BOPS channels are v—ps —mx—H, v—ps —mx—H and
v —pa —mx —(4s + 4o )H respectively; And the utility functions of retailer
B’s online, offline and BOPS channels are v—pg—m(1—x)—H,
v—pg —m(1 — x) —H and v —pg —m(1 — x) —(4s + 4o )H respectively.

4. A duopoly with simultaneous decisions

This section discusses the situation in which competing retailers
make BOPS decisions simultaneously. Considering a three-stage game in
which retailer A and retailer B decide on whether to adopt the BOPS
simultaneously in stage 1, determine their selling price in stage 2, and
customers make their purchase decision (i.e., from which retailer and
which channel to purchase) in stage 3. We then examine retailer prof-
itability under all possible scenarios and analyze the Nash equilibrium
results. Moreover, we extend the discussion to the scenario when re-
tailers sequentially choose the BOPS strategy. The decision sequence is
shown in Fig. 3.
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4.1. Equilibrium prices and payoffs

There are four possible scenarios discussed in the duopoly market:
(1) neither retailer deploy the BOPS (i.e., No-No strategy), (2) only one
retailer deploys the BOPS (i.e., BOPS-No BOPS strategy or No BOPS-
BOPS strategy), (3) both retailers deploy the BOPS (i.e., BOPS-BOPS
strategy). Because the equilibrium results of BOPS-No BOPS and No
BOPS-BOPS strategy are similar in the presence of simultaneous de-
cisions, this section only discusses the BOPS-No BOPS strategy.

4.1.1. No-No strategy

When neither retailer deploys the BOPS, each customer purchases
from the offline and online channel. This situation is equivalent to
traditional retail channel. The corresponding utilities are given in Ap-
pendix A. Customers will strategically choose purchasing channels from
competing retailers to maximize their utilities. For example, if Uss >
max (Up,,0) and Ugs > max(Ug,, 0), customers prefer offline channel to
purchase. In finalizing the purchase decision, the consumer also con-
siders brand preference between the two retailers. Then a comparison
between U, s and Up determines the purchase decision. We can deter-
mine the preferred location x4 by solving Uss = Up,. Customers with
0 < x < xsp prefer offline channel of retailer A, consumers with x4 <
x < 1 prefer offline channel of retailer B. We repeat the above analysis,
the optimal purchase decisions of heterogeneous consumers are illus-
trated in Lemma 1.

Lemma 1. For the case of No-No strategy, there exists the threshold
Xxap such that:

(a) For LL- and HH-type customers, regardless of any channels,
retailer A is optimal choice when 0 < x < x4p; if xap < x < 1, retailer B
is the optimal choice;

(b) For LH-type customers, offline channel of retailer A is optimal
choice when 0 < x < xu3; if Xx4ap < x < 1, offline channel of retailer B is
the optimal choice;

(c) For HL-type customers, online channel of retailer A is optimal
choice when 0 < x < xyp; if xap < x < 1, online channel of retailer B is
the optimal choice.

Lemma 1 shows how segmented customers choose optimal purchase
decisions to maximize their utility in the traditional channel. We observe
that consumers with LL and HH segments have no preference for pur-
chasing channels, but have a significant brand preference for retailers. In
contrast, consumers with LH and HL segments have an apparent pref-
erence for channels and retailers’ brands. Then, we discuss the total
demand of retailers through all possible channels by considering the
customer market segments.

4.1.1.1. Demand functions. Consumers are heterogeneous in brand
preference and consumer shopping behavior. On the consumer shopping
behavior side. We assume there are four types of consumers: LL-type
customers (i.e., low store hassle cost and low online hassle cost), LH-
type customers (i.e., low store hassle cost and high online hassle cost),
HL-type customers (i.e., high store hassle cost and low online hassle
cost), and HH-type customers (i.e., high store hassle cost and high online
hassle cost). The fractions of specific consumers are shown in Fig. 2. On
the brand preference side, consumers are uniformly distributed on a line
segment of length [0, 1],which reflects consumers’ sensitivity of product
differentiation. By comparing the utility functions of different channels
of two retailers, customers will strategically choose one of three alter-
native channels from competing retailers to maximize their utilities. To
characterize the total demand of retailers, we analyze customers’ utili-
ties for all possible channels by considering the customer market seg-
ments (shown in Appendix A). We can derive that half LL-, half HH- and
LH-type customers prefer purchasing retailer i s offline channels. half LL-
, half HH- and HL-type customers prefer purchasing retailer i's online
channels. Thus, the demands of offline and online channel for retailer i
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are as follows:

l1-60+a l—a+0
o = a7 = ).
i 2 2 )
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Dy :%(1 — Xa8), D,y :%(1 — Xaz)

In this situation, the expected profit functions of the No-No strategy
are:

nn

1 1
H:§(1—9+(1)XAB(PA—C+V)+ §(1+9—(1)XABI7A )
A

online store:half LL,HL, half HH

offline store:half LL,LH, half HH

nn

H =%(1 — 0+ a)(1 —xa5)(ps —c+r)+%(1 +60—a)(l —xas)ps 6)

B

offline store:half LL,LH, half HH online store:half LL,LH, half HH

As shown in Egs. (5) and (6), these terms correspond to the profits
from the offline and online channels, respectively. Since customers who
visit a store are more likely to buy additional products, resulting in cross-
selling benefits. According to UPS, 45% of customers who visited the
store made an additional purchase (UPS, 2015). Therefore, we define r
as unit cross-selling benefit from every customer who comes to the store.
Given that the operational cost ¢ of offline channel means that a retailer
incurs the cost of investing in physical store space and extra product
storage, which is higher than the online product cost (Wang et al., 2020).
Without loss of generality, let the unit online product cost be zero (Kong
et al., 2020). Consequently, P, —c +r represents the marginal profit of
offline channel, and P, represents the profit margin of online channel.
Implementation of BOPS incurs the operation cost k in the BOPS channel
(Kong et al., 2020). P, —k+r represents the marginal profit of BOPS
channel. The optimal pricing decision and optimal profit are given by
the following Proposition 1.

Proposition 1. If neither retailer adopts the BOPS under duopoly
setting, the optimal prices and profits are:

nnx

- c—r)(l-60+a
N . | )

5 ()

nnx

[-11-% ®
A B

Proposition 1 characterizes the optimal price and profits for the No-
No strategy. It can be easily shown that p™* is increasing in product
differentiation and fixed cost of production but is decreasing with cross-
selling benefit. This phenomenon reflects two facts. On the hand, when
the intensity of competition is strong (i.e., m is lower), retailers will
lower their selling prices to obtain the market share. And faced with
higher offline production costs, retailers raise the selling price to
maintain their margin profit. On the other hand, if cross-selling in-
creases additional profits to guarantee the profitability of retailers, re-
tailers have an incentive to reduce prices to attract more consumers. The
proposition 1 shows that competition is inevitable, but retailers can
utilize the cross-buying behavior of customers to adjust prices. Also, it is
worth highlighting that the outcomes of the symmetric game have
identical prices and profits in this situation.

4.1.2. BOPS-No BOPS strategy

To better understand the impact of the BOPS strategy on retailers’
operational decisions, we next analyze the BOPS-No BOPS strategy.
When retailer A deploys the BOPS, but retailer B does not. Hence, there
are three options (i.e., offline channel, online channel, and BOPS
channel) offered for each customer in retailer A, while only two options
(i.e., offline channel and online channel) are offered in retailer B. For
characterizing the impact of BOPS performance on consumer behavior,
we consider three distinct cases: (i) Case S;: where A; + 4, < 1, the strong
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Table 3
The demands of BOPS-No BOPS strategy.
Case Si Sii Siii
b 2 1 1 1
D#s (afgao)x,m §(1—9+20!*0!9)XAB 5(1—6+a7§m9)x,43
Db 1 1 / 1 1
Bs @7Ew>ufmw+éa7@ufaufhg 5a79+@ufmw 5079+®ﬂ7mw
phn 2 1 1 1
‘A0 (075(19)&5 5(17(1+297(19)x‘43 §<1+€7a7§m9)xm3
pin 1 1 / 1 1
Bo (H—Eae)(l—x,w) +§(1—a)(1—6’)(1—xAE) 5(1—a+0)(1—xA5) i(l—a+0)(1—x,m)
pbn 1 , 1 1
Ab gaﬁxAB + (1 -a)(1-0)x,p 3 (1—-60—a+2a0)xas gaoxAB
243 0 0 0

degree of convenience for BOPS, (ii) Case S;: where A; + 1, = 1, the
intermediate degree of convenience for BOPS, (iii) Case Si: where A; +
4o > 1, the weak degree of convenience for BOPS. The strategic de-
cisions of heterogeneous consumers are illustrated in Lemma 2.

Lemma 2. For the case of BOPS-No BOPS strategy, there exists the
threshold x4p and x,; such that, where x,; = (pg —pa)/2m + 1/2 +
(1 — 45 — 4o)H/2m.

(a) For LL-, HL- and LH-type customers in all cases: if 0 < x < xp,
purchasing from retailer A is optimal choice. if xap <x <1,
purchasing from retailer B is optimal choice; LL-type customers
with all available channels are optimal choice, LH-type (HL-type)
customers with offline (online) channel are optimal choice.

(b) For HH-type customers in Case S;: if 0 < x < xAB, BOPS option of
retailer A is optimal choice. if x,; <x <1, BOPS option of
retailer B is optimal choice.

(c) For HH-type customers in Case S;: if 0 <x < x4p, all three
channels of retailer A are optimal choice. if x4 < x < 1, tradi-
tional channel of retailer B is optimal choice.

(d) For HH-type customers in Case Sj: if 0 < x < xap, traditional
channel of retailer A is optimal choice; if x4p < x < 1, traditional
channel of retailer B is optimal choice.

Lemma 2 indicates that BOPS have transformed consumer shopping
behavior, especially affecting worst-case (i.e., HH-type) consumers.
When the value of i;+4, decreases, HH-type consumers gradually
switch traditional channel to BOPS channel. It shows that deployment of
the BOPS is not always an optimal strategy to attract store traffic, unless
the convenience of BOPS channel is better than traditional channels.
Moreover, it is noticeable that the threshold of preference points for HH-
type consumers is larger than other customers segments (X, > Xap)
when the value of s +4, is smaller. This suggests that the more signifi-
cant the BOPS advantage, the more demand the retailer will obtain.
Thus, retailers could explore some new methods or technologies to
improve shopping convenience and enhance channels’ interaction for
omnichannel retailing (Cai & Lo, 2020). For instance, Farfetch, a global
luxury brand seller, utilize VR to provide personalized virtual fitting
experience for consumers (Yang & Ji, 2022).

4.1.2.1. Demand functions. We analyze consumers’ purchase decisions
in different cases. (1) For the Case S;, one-third LL- and LH-type cus-
tomers prefer retailer A’s offline channels, and LH-, half LL-, and half
HH-type customers prefer retailer B’s offline channels; One-third LL- and
HL-type customers prefer retailer A’s online channels, and HL-, half LL-
and half HH-type customers prefer retailer B’s online channels; HH- and
one-third LL-type customers prefer retailer B’s BOPS channels. (2) For
the Case S;;, one-third LL-,LH-, and one-third HH- type customers prefer

retailer A’s offline channels, and LH-, half LL-, and half HH-type cus-
tomers prefer purchasing retailer B’s offline channels; One-third LL-, HL-
, and one-third HH-type customers prefer retailer A’s online channels,
and HL-, half LL-and half HH-type customers prefer retailer B’s online
channels; One-third LL- and One-third HH-customers prefer retailer B’s
BOPS channels. (3) For the Case S;;, one-third LL-, LH-, and half HH-type
customers prefer retailer A’s offline channels, and LH-, half LL-, and half
HH-type customers prefer retailer B’s offline channels; One-third LL-,
HL-, and half HH-type customers prefer retailer A’s online channels, and
HL-, half LL-and half HH-type customers prefer retailer B’s online
channels; One-third LL-type customers prefer retailer B’s BOPS chan-
nels. Consequently, the demands of offline, online and BOPS channel for
retailer A and B are shown in Table 3.

Next, we can derive the expected profit functions of the BOPS-No
BOPS strategy.

Case S;: BOPS with strong level of convenience

bn

2 2
H = (a — §a€)xAB(pA —c+r)+ (9—§aH)xABpA
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Case S;;:BOPS with weak level of convenience
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Proposition 2. If only one retailer adopts the BOPS under duopoly
setting, the optimal prices and profits are:

Case S;: BOPS with strong level of convenience

p kP —r(3a+ 15 — 156 + 8a6) + ¢(3 + 15a — 8ab — 30)

bnx __ F
pan =mt ezt 18
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(13)
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For notational convenience, we define the following parameters: ¢ =
1-a)(1—-6).8 =3-3a—30 +4a0, p = (1 — A — 4,)H. Proposition 2
characterizes the optimal prices and profits for the BOPS-No BOPS
strategy under different cases. The retailers’ optimal prices p®™* increase
with BOPS operating cost k in all scenarios. This is consistent with real
practice. The higher operating costs of BOPS may incur a significant
decline in operating profit, thus setting higher prices to compensate for
the loss. Different from the symmetric game, the outcomes of asym-
metric game have different prices and profits.

Proposition 3. Compared to the retailer B without deploying the
BOPS, the retailer A benefits from establishing a BOPS channel when.

; 648m
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Case S;;: BOPS with weak level of convenience
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For the convenience of analysis, we define parameter = (r + c)/2,
that is, the threshold of BOPS operating cost, which reflects the
maximum operating cost in the BOPS channel under moderate compe-
tition. Proposition 3 comes from comparing the profits of retailers
adopting and not adopting the BOPS channel. When the convenience of
BOPS is high, the threshold of operating cost to benefit from the
deployment of the BOPS channel is influenced by the intensity of
competition. But the result exists counterintuitive. Contrary to the
common view that the operating costs of deploying the BOPS should
increase to attract foot traffic in intensity competition. The findings
suggest that retailers deploying BOPS can achieve benefits without
investing much BOPS operating costs when competition is fierce.
Additionally, we observe the threshold of BOPS operating cost is inde-
pendent of competition when the convenience of BOPS is low. This is
because the inconvenience of BOPS makes it difficult to attract con-
sumers in the competitive setting.

Fig. 4 shows the BOPS operating cost k of retailer A as a function of
m. First and intuitively, the maximum threshold of BOPS operating cost
k in case S; is large than case S; and S;;, which suggests that the more
convenient the BOPS, the larger the profit area of retailer A.
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Fig. 4. The BOPS operating cost of retailer A as a function of m.

Furthermore, when competition is weak and BOPS convenience is high,
retailers deploying BOPS obtain more benefits. This shows that con-
sumers prefer the convenience of channel even though product substi-
tutability is low. Therefore, when competitive retailers sell products
with low differentiation, they can gain competitive advantages by
improving channel convenience.

Proposition 4. When the BOPS operating cost is high, the retailer A
with deploying the BOPS can effectively achieve a price premium.

Proposition 4 follows by comparing retailers’ optimal prices with
and without deploying the BOPS channel (see Fig. 5). When the BOPS
operating cost is high, the selling price of retailer A is constantly higher
than retailer B. This is because that retailer A’s price increases in it to
compensate for the negative impact of high BOPS operating costs on
profits. We refer to this as the price self-compensation effect of the BOPS
strategy. In practice, customers are willing to pay for extra instant
gratification avoiding long waits. As a result, retailers deploying BOPS
channels charges the premium price generating price discrimination for
achieving excess profit under a duopoly context. Furthermore, retailers
deploying BOPS channels with a strong level of BOPS convenience will
gain more premium advantages. Therefore, in the case of asymmetric
equilibrium, retailers can utilize BOPS to regulate prices and gain price
competitive advantages.

4.1.3. BOPS-BOPS strategy

In this scenario, both retailers deploy the BOPS channel. Similarly,
we discuss the total demand of retailers through all possible channels by
considering the customer market segments. The strategic decisions of
heterogeneous consumers are illustrated in Lemma 3.

Lemma 3. For the case of BOPS-BOPS strategy, there exists the
threshold x4z such that:

(a) For LL-, HL- and LH-type customers in all cases: if 0 < x < x3,
purchasing from retailer A is optimal choice. if xap <x <1,
purchasing from retailer B is optimal choice; LL-type customers
with all available channels are optimal choice, LH-type (HL-type)
customers with offline (online) channel are optimal choice.

(b) For HH-type customers in Case S;: if 0 < x < x45, BOPS option of
retailer A is optimal choice. if 0 < x < xs5, BOPS option of
retailer B is optimal choice.
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Fig. 5. The price difference of retailers as a function of k.

(c) For HH-type customers in Case S;: if 0 < x < xup, all three
channels of retailer A are optimal choice. if x45 < x < 1, all three
channels of retailer A are optimal choice.

(d) For HH-type customers in Case Sj: if 0 < x < x4p, traditional
channel of retailer A is optimal choice; if x4p < x < 1, traditional
channel of retailer B is optimal choice.

Lemma 3 suggests that customers with HH-type customers prefer the
BOPS channel, while consumers with LH and HL segments have a sig-
nificant preference for traditional channels. And customers with LL
segments hold the same preference for No-No and BOPS-No BOPS
strategies. After the implementation of the BOPS channel, HH-type
customers shift from the traditional channels to the BOPS channel (i.
e., channel migration effect). Furthermore, once BOPS is available and
provides more consumer experience value and convenience, customers
may prefer to buy online and pick up in-store. This shopping mode may
benefit omnichannel retailers to increase customer flow and alleviate
the risk of stockouts. Then, we discuss the total demands of retailers in
different cases.

4.1.3.1. Demand functions. We analyze consumers’ purchase decisions
in different cases. (1) For the Case S;, one-third LL- and LH-type cus-
tomers prefer retailer i's offline channels; One-third LL- and HL-type
customers prefer retailer i's online channels; HH- and one-third LL-
type customers prefer retailer i's BOPS channels. (2) For the Case Sg,
one-third LL-, one-third HH- and LH-type customers prefer retailer i's
offline channels; One-third LL-,one-third HH-, and HL-type customers
prefer retailer i s online channels; one-third HH- and one-third LL-type
customers prefer retailer i's BOPS channels. (3) For the Case Sy, one-
third LL-, half HH- and LH-type customers prefer retailer i's offline
channels; One-third LL-,half HH-, and HL-type customers prefer retailer
i's online channels; one-third LL-customers prefer retailer is BOPS
channels. Consequently, the demands of offline, online and BOPS
channel for retailer A and B are shown in Table 4.

Next, we can derive the expected profit functions of the BOPS-No
BOPS strategy.

Case S;: BOPS with strong level of convenience
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Table 4
The demands of BOPS-BOPS strategy.
Case Si Sii Siii
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Case S;;: BOPS with intermediate level of convenience Proposition 5. If both retailers adopt the BOPS under duopoly setting,
. the optimal prices and profits are:
1 1
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Proposition 5 characterizes the optimal prices and profits for the
BOPS-BOPS strategy. Under the BOPS-BOPS strategy, the optimal prices

Case S;;: BOPS with weak level of convenience

pY* are determined by the parameters m, r, ¢, k, and the proportion of
LS| 1 1 1 1
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offline store: LH, 1/3LL,half HH online store: HL, 1/3LL,half HH

(33)
Jr%()(@(l —xap)(pp —k+71)

BOPS: 1/3LL

10



C. Ge and J. Zhu

5
* ¥
—%— case S.:p”
45 g
o case S_pPP*
case Sii‘pg
4 . bb*

[ ——caseS..p
it g

Optimal price
w

3 4 5 6 7
Operating cost of BOPS(k)

Fig. 6. The optimal price of retailers as a function of k.

heterogeneous customers. Fig. 6 shows how the optimal prices are
affected by BOPS operating costs for three scenarios with different levels
of BOPS performance. When the BOPS operating cost k < 7, the optimal
prices of Case S; is the largest. However, when k > 7, the optimal prices
of Case S; is the largest. This difference can be explained as follows.
BOPS with low operating costs-a strong level of convenience can
generate more cross-channel benefits, resulting in a price self-
compensation effect and lower selling prices. Notably, when the in-
tensity of convenience for BOPS is strong, competing retailers will
charge the premium price to compensate for the loss of high operating
costs. Additionally, even if the level of BOPS performance is weak, there
are still consumers willing to purchase from the BOPS channel. We
define this phenomenon as a limited market share effect.

Proposition 6. The optimal prices under three strategies have the
following orders:

(a) For the Case S;, it holds that

Nk b bbx _nnx

P> phe > pp > pl > pit it k < —3pe/2p

b Nk bbx _nnx bbx

P
Case 54 PA > Py > pa s pET > Pyt > ps i —3pe/2f <k <y
)P s P s P Pl > P > pl it n <k <+ 3pe/p
PR > P > Pyt Py > pit > py if k> i+ 3pe/p
(38)
5
\ol T
: o
oL e
— " i
335 :
N
S R N i
T s !
£ :
S i
S 2.5*,//7/ |
B ]
i
1.5 ! 1
n-3pel2f3 n ;7]+3pe//3
o ‘ e
1 2 8 9 10

3 4 5 6 7
Operating cost of BOPS(k)

(a) Case S,
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(b) For the Case S; or Case Sj;, it holds that

bb b nnxbbx

Pa >Pa >DPa P

1 b bbx _nnx

Pa > Pa >Pa Pg

>pyt > Pyt ifk<n

>pirif k> g

(39

bnx

Case S;(Case Siii){
> Pg

Proposition 6 (a) indicates that the selling price difference of three
strategies (i.e., No-No, BOPS-BOPS, BOPS-No BOPS) rely largely on
BOPS operating cost when BOPS with a strong level of convenience. If
the BOPS operating cost is low (k <  —3pe/2), No-No strategy achieve
higher selling prices than other strategies. When BOPS operating cost is
relatively high (7 —3pe /2 < k < n+ 3pe/f), BOPS-No BOPS (or No-No)
strategy achieves higher selling prices than other strategies. Note that
k > n + 3pe/p, BOPS-BOPS strategy achieves higher selling prices than
other strategies. Proposition 6 (b) compares optimal selling prices of
three strategies in the case S; and S;;.Notably, when the BOPS operating
cost is low (k < 1), BOPS-BOPS strategy obtains higher selling prices.
Otherwise, when BOPS operating cost is relatively high (k > 7), No-No
strategy achieve higher prices. It is worth highlighting that higher the
performance of BOPS will bring about higher premium capacity. To
better compare the retail prices across different cases, Fig. 7 shows the
optimal price of retailers as a function of k.

In summary, we consider three strategies by a duopoly with two
competing retailers and identified three main effects of BOPS, i.e.,
channel migration effect, price self-compensation effect, and limited
market share effect. First, once BOPS is available with low pickup hassle
cost, The channels of customers in LL-type customers and HH-type
customers are migrated to retailers deploying BOPS channels. We refer
to this as the channel migration effect of BOPS. The channel migration
effect shows that if the hassle cost associated with BOPS decreases, more
and more customers prefer its channel. This finding indicates that if
retailers want to stand out in the fierce market competition, they need to
improve the convenience of BOPS channels to attract more consumers.
Second, facing more cross-selling benefits, a retailer who adopts the
BOPS strategy charges a lower selling price than a rival who does not.
We identify the price self-compensation effect, which optimizes retail
price to compensate for higher BOPS operating costs. Competing re-
tailers should regard cross-selling benefit as an important feature to
regulate pricing strategies when deploying the BOPS. Third, Particu-
larly, even if the level of BOPS performance is weak, there are still
consumers willing to purchase from the BOPS channel. We define this
phenomenon as a limited market share effect. The limited market share
effect highlights the fact that the adoption of BOPS is not always optimal
but still obtains some limited market share. Such an effect is dominated
by consumer heterogeneity and the BOPS functionality of information.
As a result, the equilibrium outcome depends on the interaction of the
three effects in the presence of competition. And higher the performance
of BOPS will bring about higher premium capacity.

)
——p"

——p" ")

0 1 2

3 4 5 6 7
Operating cost of BOPS(k)

(b) Case S,

Fig. 7. The optimal price of retailers as a function of k.
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4.2. Equilibrium analysis

This section analyzes the equilibrium decisions of competing re-
tailers under three scenarios with varying BOPS performance levels:(i)
BOPS with a strong level of convenience, (ii) BOPS with an intermediate
level of convenience, (iii) BOPS with a weak level of convenience.

When BOPS with a strong level of convenience, it reflects retailers
with a higher density of physical stores and delivery efficiency. Thus,
this situation is often targeted retailers with the fulfillment capabilities
or the scale-the retail giant (i.e., Amazon, JD, H&M, ZARA, UNIQLO,
etc). For example, Amazon invested heavily in logistics and distribution,
which offers fulfillment within one or two hours. Most retailers are now
struggling to match Amazon’s logistics without the ability and scale.

When BOPS with an intermediate level of convenience, it reflects the
retailers with an intermediate density of physical stores and delivery
efficiency. BOPS channel has the same performance level as a traditional
channel. Thus, this situation is often targeted retailers with intermediate
fulfillment capabilities or medium-sized retailers.

When BOPS with a weak level of convenience, it reflects a lower
density of physical stores and delivery efficiency. Thus, this situation is
often targeted retailers with small-sized or developing startups, which
have a fewer number and/or smaller size of the physical stores.

To address the challenges of omnichannel deployment for retail gi-
ants, medium-sized and startups in a competitive environment, we
discuss the retailer’s equilibrium decisions regarding the implementa-
tion of the BOPS in the duopoly setting. The equilibrium result of this
case is presented in Proposition 7.

Proposition 7. In a simultaneous duopoly game, when the level of
convenience of BOPS is strong, intermediate, and weak respectively, the
equilibrium strategy is determined by the following regions.

(i) Case S;: for (0,1;), [,75) and [#3, +o0), the optimal equilibrium is
the BOPS-No BOPS (or No BOPS-BOPS) strategy; for [1;,7), the
optimal equilibrium choice is the BOPS-BOPS strategy; for
[12,13), the optimal equilibrium choice is the No-No strategy;
Case Sj: for (0,74) or [n4,+o0), the optimal equilibrium is the
BOPS-No BOPS (or No BOPS-BOPS) strategy; for [i,,7), the
optimal equilibrium choice is the BOPS-BOPS strategy; for [, 75),
the optimal equilibrium choice is the No-No strategy;

Case Sj:for (0,7) or [1,, +0),the optimal equilibrium strategy is
the BOPS-No BOPS (or No BOPS-BOPS); for [i,#),the optimal
equilibrium choice is the BOPS-BOPS; for [n,7,), the No-No
strategy is the optimal equilibrium choice. For notational con-
venience, we define the following parameters:

n = {—18m+(r+c)ﬁ—6\/m]/zﬁqz

= [18m/i +(r4o)f +18p

(i)

(iii)

— 6/ —6mpp(3 + ) — (5~ 9)p* ] / 2

Ny = [ISmﬂ +(r4co)f +18p

+ 6\/ Im2B* — 6mpp(3 + B) — (B> — 9)p> } / 261,

=n—18m/(1 —a — 6+ 2a0)
ns =n+18m/(1 —a— 0+ 2a0)n, = n—18m/ady, = n+ 18m/ad

Proposition 7 presents the equilibrium results of retailers of different
sizes in a competitive environment. For providing an intuitive under-
standing of equilibrium, we regard retailer B as an opponent and analyze
the equilibrium results. The equilibrium results and profit comparison of
BOPS strategy implementation are shown in Table 5.
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Table 5
The equilibrium outcomes in simultaneous decision.
Case k Relationship Equilibrium
Si (0.m), [1,12) [n3, +o0) ATTY™ >0, ATIZ™ >0 BN or NB
[m1.m) ATTE™ >0, ATTS™ <0 BB
[12:13) ATE™ <0, AT[5™ >0 NN
Sii (0.714) or [, +o0) ATTE™ >0, ATTS™ > 0 BN or NB
[14,1) ATTY™ >0, ATT5™ <0 BB
[n.15) ATTE™ <0, ATTS™ >0 NN
Siii (0,16) or [n,,+0) AHZH* >0, AHZH* >0 BN or NB
[n6:1m) ATTE™ >0, ATTS™ <0 BB
[n.17) AITE™ <0, A5 >0 NN
Note: AH,{;"X _ Zn* _ Ir;n*( Zb*)’ AHZn* _ gm _ gn*( gb»«)

When the BOPS operation cost is lower than the certain threshold or
overtops a certain threshold (i.e., Case S;:0 < k <5, or k > 13, Case Sj:
0 <k <n4 or k > ns,case(iii) k < g or k >n,), profits of competing
retailers under BOPS-No BOPS (or No BOPS-BOPS) strategy are greater

than other strategies(AHﬁ"* >0, AH%"* > 0). This finding reveals a fact
that given retailer B’s decision of offering the BOPS option, the cross-
selling profit generated is not sufficient to compensate the operating
costs offering the BOPS. Meanwhile, if retailer A does not offer the BOPS
and provides lower retail prices, which will dominate price competition
and increase market share. In this case with the various types of re-
tailers, adopting the asymmetric equilibrium can be profitable.

When the BOPS operation cost k < 7, there exists a threshold interval
(i.e., Case S;:n; < k < 1, Case Sji: 4 < k < n,case(iii) 75 < k < 1), profits
of retailer A under BOPS-No BOPS strategy are greater than other stra-
tegies (AHZ"* > 0), while profits of retailer B under BOPS-No BOPS

strategy are lower than other strategies (AHZ”* < 0). This finding re-
veals that given retailer B’s decision of offering the BOPS option, its
cross-selling profit could neutralize the BOPS operating costs. Thus,
retailer A increases the attraction to customers and promotes an increase
in total demand and profits by offering the BOPS. If retailer A chooses
not to offer the BOPS, retailer B may set a lower price than retailer A, and
is to the detriment of retailer A loses market share. Consequently,
adopting the symmetric equilibrium can be profitable for competing
retailers.

When the BOPS operation cost k > #, there exists a threshold interval
(i.e., Case S;:np, < k < 15, Case Sii: 7 < k < ng,case(iii) n < k < 1), profits
of retailer A under BOPS-No BOPS strategy are lower than other stra-
tegies (AHZ * < 0), while profits of retailer B under BOPS-No BOPS

strategy are larger than other strategies (AHIZ;"* > 0). This finding re-
veals that the advantages of the BOPS are not conspicuous and the cross-
selling profit just compensates for the BOPS operating cost. Not offering
the BOPS synchronously could enable the retailers to maintain their
market share and margin profit in response to the rival’s decisions.
Therefore, the equilibrium result is that neither retailer adopts the BOPS
strategy.

In addition, if # <k <7, in Case S;, the Nash equilibrium is an
asymmetric equilibrium. This phenomenon occurs because large-sized
retailer A deploys omnichannel to improve customer service experi-
ence, which greatly increases fulfillment costs, leads to higher operating
costs, and is difficult to make profits in the short term. The best choice
for competitors is to forego omnichannel deployments to avoid channel
losses. This also reveals that when large enterprises deploy omnichan-
nel, they need to coordinate the shortest lead time, the lowest trans-
portation cost, and the inventory point to fulfill the order, which is
consistent with the practice.

Comparing competing retailers’ Nash equilibrium in different cases
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Fig. 8. The Nash equilibrium region of competing retailers with m.

is illustrated in Fig. 8. The insights revealed the difference are presented
as follows.

Corollary 1. When the intensity of competition is fierce, as the
increasing BOPS operating cost, the large and medium-sized competing
retailers can reach the asymmetrical equilibrium, while small-sized
competing retailers can achieve the No-No equilibrium.

From the left regions of Fig. 8 show that when the product differ-
entiation m is small, different retailers achieve different equilibrium
strategies. Specifically, as the increasing BOPS operating cost, the large
or medium-sized retailers reach an asymmetrical equilibrium. In
contrast, startups achieve the No-No equilibrium. The main reason is
that large and medium-sized retailers have more financial strength than
startups to gain the competitive advantage from BOPS strategy. For
start-ups, it is difficult to make omnichannel deployment due to finan-
cial constraints. This phenomenon is in line with reality, as we know of
large companies such as Walmart, Best Buy, Apple, Suning, and Home
Depot provide consumers with omnichannel shopping. But small-sized
retailers rarely deploy an omnichannel strategy. Therefore, the omni-
channel strategy is a lucrative opportunity for medium and large en-
terprises. Moreover, when the intensity of competition is moderate,
retailers favor symmetric strategies as their size gets smaller. The first
issue is that BOPS can only be profitable in a market with intense
competition. Second, the greater operating costs of BOPS are unafford-
able for small-scale enterprises to bear.

Corollary 2. When the intensity of competition is weak, all-sized
competing retailers can reach the asymmetrical Nash equilibrium.
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From the right regions of Fig. 8 shows that when the product dif-
ferentiation m is large, competing retailers achieve the BOPS-No BOPS
or No BOPS-BOPS strategy. That’s because in the market with weak
intensity of competition, the BOPS operating cost is relatively high,
BOPS strategy may good fits with for luxury products with conspicuous
consumers. Such consumers pay more attention to the personalized
service of omnichannel strategy rather than price. If neither retailer
offers the BOPS strategy, which hardly expands the market share and
reaches new customers. If both retailers offer the BOPS strategy, which
easily incurs vicious service competition. If a retailer adopts this strat-
egy, it will increase the retail price because of the self-compensation
effect. For this reason, the competitor who does not provide BOPS can
still benefit from the increase in market share. Consequently, customers
can benefit from the asymmetrical Nash equilibrium in this case.

4.3. Profitability analysis

Omnichannel retailing is a consumer-focused retail model. As a
result, consumer surplus is a key area to explore when we examine BOPS
strategy. Specifically, this section first analyzes equilibrium configura-
tion from the perspective of consumers to ensure the highest total con-
sumer surplus (TCS), and then explore the existence of a win-win
situation between competing retailers and consumers. Specifically, the
consumer surplus consists of LL, LH, HL and HH segments. The function
of TCS is shown as follows:
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"XAB YAB
/ (V—pxn—mx—hﬁ)dx / (v—pﬁ”—mx—H)dx
0 0
purchase from retailer A purchase from retailer A
TCS™ = (a+ 0 — af) . +(1—a)(1-0) ' (40)
+/ [v—py —m(l —x) — hy ]dx +/ [v—py —m(l—x) — H]dx
YAB XAB
purchase from retailer B purchase from retailer B
LL.LH HL HH
"XAB 5 X;\B
/ (vpr"fmxfhy)dx / (vfpznfmxf(lSJrﬂa)H)dx
0 JO
purchase from retailer A urchase from retailer
TCS" = (a + 6 — af) ! ’ F(1-a)(l-0) 1 purchase om revaer 4 (41)
+/ [V_pbkn_m(l—x)}dx +/ [v—pZ"—m(l—X)—(ﬂs‘f‘in)H}dx
YAB Xiw
purchase from retailer B purchase from retailer B
LL.LH HL HH
YAB "XAB
/ (v=p = mx— hy)dx / (v—pY — mx—H)dx
0 0
urchase from retailer A urchase from retailer A
TCS" = (a + 60 — af) 7 ! +(1—a)(1-6) 7 ' (42)
+/ [v—py —m(l —x) — hy]dx +/ [v—py —m(l—x)—H|dx
XAB XAB
purchase from retailer B purchase from retailer B
LL.LH HL HH
Lemma 4. The total customers surplus in different scenarios are as "
follows: Case S; : TCS
5
; . :v——m+k(—1+a+€
(i) The total customers surplus of No-No strategy is: 4
400\ ca(26 —3) + r(3 — 36 + 2a6)
5 —c)(1 -0 7 _
regn =y I 0o a0, “3) )+ { eH + ep @)
(ii) The total customers surplus of BOPS-No BOPS strategy is:
R+ (r — 2k)* B + 24Pep(r + 2k) + 36ep>( — 5 — 4a — 460 + 4af)
+2¢[54m( — 3 — 9a + 30 + 4ab) + B( — 2kB + rf — 12¢p) ]
5 1 - 4a0) — 2(kp —
Case S; : TCS"" =v—=m+ +108m{r(9 + 3a — 90 + 4af) (kp — Gep) | —e¢H (44)
4 1296m
(120 + (42 + ) (1 — a — 0+ 2a6)° + 108mr(7 — 70 + 5a + 2a6)
—4k(1 — a — 0 +2a0) [S4m + r(1 — a — 6 + 2a0) — r*(a — 1)(1 — 20 — a + 4ad) + 2c( — 2k +r)(1 — a — 6 + 2a6)* ]
5 —2(a—1)(1 —20 — a+4ab) +2¢[( =2k +r)(1 — a — 0+ 2a6)* + 54m( — 5 — Ta + 50 + 2a0
Case Sy : TCS™ = v—m + rla—1)( ) +2¢[( r)( )+ 54m( )] o
4 1296m
(45)
— _ _ _ _ 2 o
Case S,y : TCS™ = v 7§m+ 628m(c —r)(a + 1) + 108m0[6(c — r) + (c = 2k + r)a] + (r + ¢ — 2k)"a’6" el 46)
4 1296m
CaseS; : TCS"
. Sm af(r+c—2k)+(0—1)(k+c—2r)+a(r+k—2c
(iii) The total customers surplus of BOPS- BOPS strategy is: = v77m+ (rte hl I 3 c=2r)+alr 2 —eH
(48)

14



C. Ge and J. Zhu

90

BN or NB strategy
80
70
60 -

50 -

40+

BB strategy

Operating cost of BOPS (k)

. . . .
0.4 0.5 0.6 0.7
Differentiation(m)

(a) case S,

0.8 0.9 1

90

80

70

60

50

40

Operating cost of BOPS (k)

Computers & Industrial Engineering 179 (2023) 109227

90
= 80 -
; BN or NB stratrgy
Q 70
8
60 -
=
% sof
<
%ﬂ 40+
§ 30 -
2 BB stratrgy
Q 0l
10 F
0 . . . . . . .
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Differentiation(m)
(b) case S,

BB strategy

N or NB
strategy

0.3 0.4

. 0.5 0.7
Differentiation(m)

L
0.6 0.8 0.9 1

(c) case S,

Fig. 9. The equilibrium strategy of customers preference with m.

Case S, : TCS™ :v_STer?a(r—c)(l +a—8)+abc+r—2k)

3 eH
(49)

Lemma 4 indicates that customers surplus decrease with the product
differentiation and the upper limit of hassle cost. Since a fierce market
environment will inevitably bring about service and price competition,
customers could enjoy low prices and first-rate service from this situa-
tion. However, if time-sensitive consumers are far away from the nearest
physical store, no matter whether they choose online or offline pur-
chasing, they will incur excessive high hassle costs. Therefore, the ex-
pected utility of the product will decrease for customers. For improving
the total customers surplus, omnichannel retailers should rationally
allocate the number of the physical store and design the optimal service
areas about the BOPS adoption. Then, the equilibrium results from the
perspective of consumers are presented in Proposition 8.

Proposition 8. When the level of convenience of BOPS is strong, in-
termediate, and weak respectively, the consumer preference is deter-
mined by the following regions.

(i) Case S;i:for0 <k <pn —W andk >n + 547"‘, customers prefer
BOPS-No BOPS No BOPS-BOPS) strategy;
7% < k <5, customers prefer BOPS- BOPS strategy;

(or for

forn<k<n+ 547"“, customers prefer No-No strategy;

(ii) Case Sy: for 0 <k <n—;=2%.— and k> 7 + =>4, cus-
tomers prefer BOPS-No BOPS (or No BOPS-BOPS) strategy; for
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n _% < k <, customers prefer BOPS-BOPS strategy; for
n <k <n+2m ., customers prefer No-No strategy;
(iii) Case Sy: for 0 <k <7 -4 and k > + 2, customers prefer

BOPS-No BOPS (or No BOPS-BOPS) strategy; for § —2 < k <y,

customers prefer BOPS-BOPS strategy; for n < k <7 + 5™ cus-
tomers prefer No-No strategy;

Proposition 8 presents the strategy of customers preference in a
competitive environment. When the BOPS operating cost k is low (or
high) enough, the asymmetric strategy yields the highest surplus for
consumers. This situation can be explained in the following aspects.
First, retailer A with low BOPS operating costs provides information
convenience, and the competitor could set a lower price to derive market
share. Hence, in practice, consumers can obtain free-riding services from
this situation, that is, they get inventory and price-related information at
retailer A, and enjoy lower price from retailer B. Second, retailer A with
higher BOPS operating costs provides shopping convenience (i.e.,
expand the service area of the store, smart shopping mode, items can be
obtained in the shortest time). As a result, customers can enjoy more
convenience or lower prices from the asymmetric equilibrium. When the
BOPS operating cost k is intermediate, the symmetric strategy yields the
highest surplus for consumers. This situation caused by the fact that the
superiority of the BOPS is not conspicuous. Adopting the asymmetric
strategy may not incur better omnichannel service, but may cause
competitors to raise prices. Hence, customers are more willing to prefer
the symmetric strategy in this situation.

In deriving insights regarding the impacts of competitiveness on
equilibrium strategy from the perspective of consumers, we perform
numerical studies to describe the equilibrium strategy of customers’
preferences in different cases in Fig. 9. The difference reveals to us the
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Fig. 10. The optimal equilibrium selection for win-win situation with m.

following insight:

Corollary 3. In a highly competitive market, some customers prefer
the asymmetrical strategy of the large and medium-sized competing
retailers. And some customers prefer the No-No strategy from the small-
sized competing retailers; Otherwise, customers prefer the symmetrical
strategy from all-sized competing retailers.

If the competition intensity is strong, customers benefit from the
asymmetrical strategy of large and medium-sized competing retailers in
Fig. 9(a) and (b). The phenomenon is caused by freeriding behavior. In
practice, large and medium-sized retailers (i.e., Apple Inc.) will provide
the price and customer service to compete in an intensely competitive
market. After learning all the key information of products from the
omnichannel services, they may purchase at a lower price from JD.com.
We identify this phenomenon as freeriding. For the lack of competi-
tiveness of small-sized retailers, blindly adopting an omnichannel
strategy will increase the operational burden of retailers and need to
increase sales prices to offset the losses. Hence, some consumers can’t
obtain benefits from this situation. In contrast, when the intensity of
competition is intermediate and weak, the omnichannel strategy is
difficult to exert its channel and service advantages. Therefore, the
symmetric strategy can benefit more for consumers. Additionally, it is
worth highlighting that the weaker the market competition, the larger
the (N, N) region.

For the purpose of exploring win-win decision configurations that
benefit both competing retailers and customers, we make a comparative
analysis of the equilibrium conditions.

The light-grey region (Region I) represents the win-win situation
where both competing retailers and customers are beneficial of No-No
strategy.
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The dark-grey region (Regions II) represents the win-win situation
where both competing retailers and customers are beneficial of BOPS-
BOPS strategy.

The dark-pink region (Regions III) represents the win-win situation
where both competing retailers and customers are beneficial of asym-
metrical strategy.

As illustrated in Fig. 10, three types of win—-win regions are used in
response to equilibrium strategy. It is noticeable that an appropriate
equilibrium strategy based on a certain threshold of BOPS operating cost
can be a win-win situation. This threshold is concluded as follows.

Corollary 4. In a simultaneous decision, the win-win situation is
determined by the following regions.

(i) the deployment of No-No strategy enables the win-win situation,
if and only if CaseS;:ny <k <wns, CaseS;:n<k<rs,
Case Siji : 7 < k <153

(ii) the deployment of BOPS-BOPS strategy enables the win-win sit-
uation, if and only if Case S;:n; <k <1, Case Sj:n4 <k <,
Case Sjj : ng < k< 1,

(iii) the deployment of asymmetrical strategy enables the win-win
situation, if and only if Case S;: 0 < k <n—(24p + 108m)/2p,
k>n+ 54m/p, CaseS;i:0<k<n-54m/(1—a—0+ 2a0),
k>n+54m/(1 —a— 0+ 2a6), Case S;i : 0 < k < n—54m/ab,

Corollary 4 indicates that retailers should implement the best
response strategy to their opponents based on the BOPS operating costs
to achieve maximum profits and customer satisfaction. Specifically, for
large and medium-scale retailers, the stronger the intensity of market
competition, the implementation of BOPS will expand the win-win sit-
uation. When the competition intensity is weak, the lower the BOPS
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Table 6
The equilibrium outcomes in sequential decision.
Case k Relationship Equilibrium
Si (0721]’ (Z&,Z7], (ZIO: OO) Hgm > H:m«, l—[:b* > l—[ll;b*’ Zb* > Zb* :b* > l—[gb* BN or NB
(21’22]’ (297210] H‘Zm > H:;m«’ l—[:b* > Hgb*; gb* > Hgnkl—[l);m« < bbx NB
(22723]’ (”725] H‘lzm > H:;.n*’ l—[:b* < l—[;b*’ Hgb* > Hgﬂ*n)b;n* < bbx BB
(23, min(24,7) ], (27,2s] T > TI, TI2 < I8, 12 > Tl > 18 BN
(28, 20] I <TI0 T > T T <TI0 > T3 NN
Sii (0,7ng], (179, 00) HZM > T, l-[:b* > l-[;b*’ Hgb* > Hg}nl—[gﬂ* < TTPb* BN or NB
(1. 1a] Hlj\m > H;;\m’ l—[:b* > l—[:b*’ Hgb* > Hgml—lgn* < Hgb* NB
(14,11 0 > T3 T < T TI > T TG < 115 BB
(”7 ”5] l—[:n* < l—Lr;n*’ l—[:b* > l—[zb*’ gb* < Hgm; l;}n* > Hgb* NN
(1s.1o] T2 > T TI2 > 102 18 < T3 TI5™ > 113" BN
Sii (0,110, (111, 0) T8 > T, T > T80, TIm > T > T8 BN or NB
(-] I > T T > T T > T T < s NB
(16, 11) mm > T, l-[:b* < l-[zb*’ gb* > I;}n* < gb* BB
.7 HZm <™, l-[:b* N l_[fab*: gb* < I—H;n*l—[lgm N Hgb* NN
(17,11 HZm >, l-[:b* N Hfab*: gb* < lgm N Hgb* BN

operating cost, the more conducive to asymmetrical strategy. This is

because if both retailers provide a BOPS in this situation, they would

need to set higher retail prices to compensate for the increased operating
costs, which is not what consumers want. If neither retailer offers the
BOPS, consumers cannot enjoy convenient shopping services.

Operating cost of BOPS (k)
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5. A duopoly with sequential decisions

In practice, it is common to observe that competition between re-
tailers deploying BOPS and new entrants. For example, Amazon
launched the BOPS strategy in 2017, and Walmart sequentially deployed

BOPS in 2018. In this section, we discuss a duopoly game with
sequential decisions to capture the best decision-making timing for
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Fig. 11. The equilibrium region of competing retailers with m.
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Fig. 13. Impact of fixed cost of BOPS F on optimal profit. The following parameter values are used: a =

BOPS implementation. In this case, retailer A that the first to choose
whether to deploy the BOPS acts as a Stackelberg leader, then retailer B
acts as a Stackelberg follower. After both retailers make decisions, cus-
tomers make their purchase decision. Appendix B is presented the so-
lution procedure and equilibrium outcomes.

Proposition 9. In a sequential duopoly game, when the level of

-0.4

-0.6
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I I I
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Fixed cost of BOPS (F)
(b) sequential decision
05,0 = 05,m=1,c=4,k=6

convenience of BOPS is strong, intermediate, and weak respectively, the
equilibrium strategy is determined by the following regions.

(i) Case S;: for (0,21], (26,27] and (210, ), the optimal equilibrium
choice is the asymmetric strategy; for (21, 23] and (29,210 , the
optimal equilibrium is No BOPS-BOPS strategy; for (22, 23] and
(n, 2s), the optimal equilibrium choice is the BOPS-BOPS strategy;
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Fig. 14. Impact of heterogenous customers on optimal profit. The following parameter values are used:m = 1,c =4, k = 6.

for (23, min(z4,7)], (27,28, the optimal equilibrium choice is the
BOPS-No BOPS strategy; for (zs,2o], the optimal equilibrium is
the No-No strategy;

(ii) Case S;: for (0,#g] and (14, o0),the optimal equilibrium choice is

an asymmetric strategy; for (1g,7,], the optimal equilibrium
choice is the No BOSP-BOPS strategy; for (y,,#], the optimal
equilibrium choice is the BOPS-BOPS strategy; for (y,7s], the
optimal equilibrium choice is the No-No strategy; for (1s,7,], the
optimal equilibrium choice is the BOPS-No BOPS strategy;

19

(iii) Case S;;: for (0,71¢], (711, o),the optimal equilibrium choice is an

asymmetric strategy; for (17,9, ),the optimal equilibrium choice
is the No BOSP-BOPS strategy; for (74, 77], the optimal equilibrium
choice is the BOPS-BOPS strategy; for (1,7,], the optimal equi-
librium choice is the No-No strategy; for (y,,1;;], the optimal
equilibrium choice is the BOPS-No BOPS strategy;where 53 =
n=30m/(1—a—0+2a0), ng = n+ 30m/(1—a—0+2a0),
o =n—30m/ab,n;; =n + 30m/af. The threshold values 2, 2,
23, 24, 25, 26, 27, 28, 29 are defined in Appendix B. Proposition 9
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Table 7
Comparison results in simultaneous decision.
k phbe _pm o phne _pms P —pn e - e -
m=0.2 2 —1.38333 —1.38333 —0.255556 —-1.12778 20.8908 3.55193
As+40 =05 4 -0.83 —-0.83 0.113333 —0.943333 12.518 2.78136
6 —0.276667 —0.276667 0.482222 —0.758889 4.31534 2.18089
8 0.276667 0.276667 0.851111 —0.574444 —-3.71726 1.75052
10 0.83 0.83 1.22 -0.39 —11.5798 1.49025
m=0.5 2 —0.858333 —0.858333 —0.572222 —0.286111 0.367971 —0.204252
As+do=1 4 —0.515 —0.515 —0.343333 —-0.171667 0.201136 —0.142197
6 —0.171667 —0.171667 —0.114444 —0.0572222 0.0604966 —0.0539478
8 0.171667 0.171667 0.1144444 0.0572222 —0.0539478 0.0604966
10 0.515 0.515 0.343333 0.171667 —0.142197 0.201136
m=0.8 2 —0.595833 —0.595833 —0.397222 —0.198611 0.223265 —0.173957
As+42o =15 4 —0.3575 —0.3575 —0.238333 —0.119167 0.128042 —0.110291
6 —0.119167 —0.119167 —0.0794444 —0.0397222 0.0407084 —0.0387361
8 0.119167 0.119167 0.0794444 0.0397222 —0.0387361 0.0407084
10 0.3575 0.3575 0.238333 0.119167 —0.110291 0.128042

presents the sequential decision results of retailers of different
sizes in a duopoly environment. The equilibrium results and
profits comparison of BOPS strategy implementation are shown
in Table 6.

Proposition 9 reveals that the competing retailers prefer asymmetric
strategies regardless of the sequence of decisions. But the decision
sequence does affect the threshold scope for the optimal equilibrium.
Specifically, when BOPS convenience is high and k € {(21, 22], (29, 210] },
competing retailers prefer the NB equilibrium strategy. This shows that
new entrants have the “first mover advantage” to make pricing de-
cisions, and can quickly seize the retail market regardless of whether
they deploy BOPS channels. If established retailers give up the BOPS
strategy, and new entrants can only seize market share by deploying
BOPS channels, otherwise it will be difficult to attract consumers’
attention. Meanwhile, when k € {(z3, min(z4,7) ], (27,2s] }, new entrants
can benefit by deploying BOPS channels. If new entrants adopt a
consistent strategy, competing retailers will fall into vicious price
competition in order to seize market share, which will seriously damage
the total profits of retailers. As a result, established retailers tend to offer
BOPS for more profits, and the best option for their competitors is to
forgo the BOPS to benefit from additional market share (BN strategy).
The above research results show that first-mover have leader-mover
superiority deploying the BOPS, highlighting the importance of deci-
sion timing.

Fig. 11 illustrates equilibrium results in different cases with m in
sequential decisions. Similar to the simultaneous decisions, when the
competition intensity is strong, large and medium-sized retailers prefer
an asymmetric equilibrium, and small-sized retailers prefer the No-No
equilibrium.

Then, we compare the equilibrium strategies between Simultaneous
and Sequential decisions. We conclude this result as follows.

Corollary 5. In sequential decisions, large-scale retailers rarely adopt
the BOPS-BOPS strategy compared to simultaneous decisions, except for
strong intensity of competition and lower operating cost.

In the sequential decision, there is no BOPS-BOPS region in the
sequential decision of case S;. Corollary 5 indicates the difference occurs
because of the first mover superiority deploying the BOPS. Given the
leader retailers deploy the BOPS to attract customers traffic, if followers
implement the same strategy to gain the market share, they must reduce
the sales price and improve the degree of convenience for BOPS. How-
ever, in this case, the leaders have comprehensively promoted the
technology, logistics and staffing related to BOPS deployment, thus
enhancing customer loyalty. Hence one can see that followers’ imple-
mentation of BOPS strategy hardly obtain competitive advantage, which
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has intensified the burden of enterprise operation. Then, the followers
have less incentive to increase BOPS channel advantage to attract con-
sumers. As a result, large retailers rarely achieve BOPS-BOPS strategy
equilibrium.

Corollary 6. Compared to simultaneous decisions, there are fewer
equilibrium regions of BOPS-No BOPS (or No BOPS-BOPS) strategy
under sequential decisions.

Corollary 6 reveals the difference comes from two aspects. On the
one hand, this is because the equilibrium conditions for BOPS-No BOPS,
No BOPS-BOPS and BOPS-No BOPS (or No BOPS-BOPS) are very
different in the sequential decision. However, there is no difference in
making simultaneous decisions. For instance, for large-scale retailers,
the BOPS-No BOPS equilibrium strategy is optimal for the condition of
higher competition and lower BOPS operating costs, while the No BOPS-
BOPS equilibrium strategy is optimal for the condition of weaker
competition and higher BOPS operating costs. For small and medium-
sized enterprises, regardless of the competition intensity, the BOPS-No
BOPS equilibrium strategy is optimal for higher BOPS operating costs
and the NB equilibrium strategy is optimal for lower BOPS operating
costs. On the other hand, from an information perspective, the differ-
ence between these two decisions is that it is up to the first mover
retailer to decide whether to disclose information to competitors. Thus,
the sequential decision making provides an information advantage to
reduce uncertainty in retailer decisions.

Corollary 7. For large-scale retailers, when competition is intense and
BOPS operating cost is small, No-No equilibrium is optimal for
sequential decisions, while asymmetric equilibrium is optimal for
simultaneous decisions.

Corollary 7 uncovers that the omnichannel strategy is seldom
exploited as a crucial tool for competition, when large-scale retailers
face a competitive situation and BOPS operating costs are small. The
primary factor, in addition to providing effective logistics services or
other service conveniences, is that large-scale retailers truly enjoy an
indisputable economic superiority. In contrary, large-scale retailers are
willing to deploy BOPS when there is less competition in the market.
Additionally, we observe that the No-No equilibrium region is smaller in
the case of simultaneous games compared to sequential decisions. The
main reason is that sequential decisions also increase the confidence of
first movers by removing the uncertainty faced by second movers. under
the sequential decision, the second mover faces certainty as in the full-
information case. If established retailers do not adopt BOPS, second
movers with the advantage of information have even less incentive to
deploy BOPS. As a result, competing retailers reach the No-No
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Table Al
The demands of BOPS-No BOPS strategy.
Case Sii Siii
b 2 1 1 1
D#s (a §a0>xAE 3 (1 -0+ 2a— ad)xap 5 (1 —O0+a— §m9)x,43
Dy, 1 1 1
. a-5af (1 —xa8) (1—a)(1—0)(1 —xy) 5(1—9+a)(1—xAB) 5(179+a)(1—xAB)
phn 2 1 1 1
‘A0 (g gag)x/m 5(1 —a+ 20 — af)xap §<1+€7a7§m9)x/m
i 1 1 , 1 1
o 0500 (1 — xa8) +§(1—a)(1—6’)(1—xAE) 5(17a+0)(17x,w) i(l—a+0)(1—x,m)
Dy, 1 ] 1 1
. gaﬁxAB + (1 -a)(1-0)x,p 3 (1—-60—a+2a0)xas gaexAB
i, 0 0 0
Table A2
The demands of BOPS-BOPS strategy.
Case Si Sii Siii
Db 2 1 1 1
As (a gae)xAB 3 (1 -6+ 2a— ad)xas 3 (1 —0+a— §a9>xAB
bb 1
Dy a— gae (1 —xa8) (1 -6+ 2a—ab)(1 —xap) l 1- 6+a—la6' (1 — xaB)
3 3 2 3
bb 1
Dy, (9 % >XAB 3 (1 —a+20—ab)xap % (1 —a— %m@ XaB
bb 1
Dz, (9 % )(1_XAB) 5(1—a+207a0)(1—x,;3) %(1 +6—a—%a6’)(1—xm;)
b
Dy, (1 —0—a+ glIg)xAB %(1 — 60— a+ 2a0)xp %aﬂxAB
D, 4 1
: 1—«970+§a€ (1 —xaB) 5(1—6—a+2a0)(17x,45) —af(1 — xpp)
Table A3 Table A5
The optimal prices comparison of different cases. The comparison results of TCS in different subgames.
Case Condition Relationship Case k Relationship Equilibrium
Case S; k <n—3ep/2p P > phre > phbx | pans  phne , pbbs Case S; 0<k<y _24p +108m TCS?™ > TCSP > TCS™ BN
n—3ep/2p <k <p phue > pune s pbbe e pbbe 5, pbne - 2p
b b
n<k<n+3ep/p po > phb > pune, pbbe >, pane s phe 24 ;/:OSm <k<p TCS™ > TCS™ > TCS™ BB
bbb « pbbs < pbn "
k>n+ 3ep/p PR > PR > v, Py > P >y <k<nt 54m TCS™ > TCS™ > TCSP NN
p
Case S;; (Case S;ii) k<n pgb* > pﬁ”* > pi, pg”‘ > P}bgn* > pun- >+ 54m TCSP™ > TCS™ > TCShb BN
k>n PR > PR > PR pR > Py > /
CaseSi o p<py- 54m TCS™ > TCS™ > TCS™ BN
' 1—a—-0+2a0
Table A4 g o4m .,  TCS®>TCS™>TCS™ BB
- o 1-a—0+2a0 -
The equilibrium outcomes in simultaneous game. ks 54m TCS™ > TCS® = TS NN
Case k Relationship Equilibrium - 1-a—-0+2a0
k>n+ 54m TCS™ > TCS™ > TCS® BN
S; (0.m), [1,112), [ns, +o0) ATTE™ > 0, AT2™ >0 BN or NB "= a—0+2a0
[1:m) ATTY™ >0, A% <0 BB
[n2:13) AT <0, ATTY™ >0 NN Case Sii o _ g, 59m TCS™ > TCSY > TCS™ BN
af
S4m < TCS? > TCS™ > TCS™ BB
Si (0,174) or 4, +00) AT >0, AT2™ > 0 BN or NB T~ g <=1
bb b
[n4:m) A[TE™ >0, AT[Z™ <0 BB n<k<n+ —54;" TCs™ > TCS™ > 7Cs™ - NN
o
n.15) AIT <0, AT >0 NN ko 2 5 TCS™ > TCS™ > TCS® BN
af
Siii (0,76) or [17,+00) ATTE™ >0, AT[2™ >0 BN or NB
) b b BB .
.1 AILA" >0, AT <0 strategy are not affected by heterogeneous consumers. Hence, Fig. 14
[n.17) A[TY™ <0, ATTS™ >0 NN

and online hassle cost, e.g., different sensitivities to visiting the store or
waiting for products arrival. For characterizing this phenomenon, we
now examine the impact of heterogenous the impact of heterogenous
customers on optimal profit under different decision-making timings. It
highlights that the profits of competing retailers under symmetric

22

exhibits the impact of heterogenous customers under asymmetric

strategy.

As highlighted in Fig. 14, regardless of the timing of decision-
making, the optimal profit of retailer A under the BOPS-No BOPS (No
BOPS-BOPS) strategy decreases (increases) with a,but increases (de-
creases) first and then decreases (increases) with 6.This is intuitive, if the
store hassle cost is high, retailer deploying BOPS is difficult to attract
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Table A6
The equilibrium outcomes of BOPS strategy in a sequential Game.
Case k Relationship Equilibrium
s (0.21), (26,27), (210, 0) I > T3 > T TR > T T > T BN or NB
(21,22, (20, 210] s T T > T Ty > T T < I NB
bnx nnx nbx bbx nbx nns pybnx bbx
(22, 23], (1,2s] ST T <TLa5 IE > T T < 1l BB
(23, min(z4, 1)}, (27, 28] A I T < IR I > IV 1LY > 11 BN
(28, 0] I3 < I T > T T3 < T 10 > 115 NN
Sii (0,71], (19, 00) ™ > [, 11 > 112, 1% > [ T > 112 BN or NB
(15, 1] s T, T > T TR > T I < 115 NB
(14,71 I > I3 T < I T > T I < 105 BB
bnx 5 b+ bb+ nbx s+ pbnx bb+
(7,15 I <TI0 T > T T < T3 TT5 > T3 NN
(5 75] 0 > T, T > T8 T < T T > T BN
Sui (Ovﬂ10]> (”11 oo) HE\M > Hgnx’ sz* > Hibx’ Hgbx > Hgml—lgm > Hgb* BN or NB
(o] I > I I > 0 10 > T T < 1 NB
(16 1] 0 > T, T < T IO > T T < I8 BB
(1,15 I < I TR > T T < T T > 1 NN
bnx 5 b+ bbx b+ 5 ybnx bbx
(17,1 s T T > T T < T T > 11 BN

consumers to pick up offline. Then, customers will choose to purchase
from the competitor (retailer B) for lower prices. Surprisingly, we find
that if the online hassle cost is relatively moderate, it can promote the
profit of retailer A. However, if the online hassle cost is higher, retailer A
will lose its competitive strength in the market, resulting in the benefits
of its competitors. Therefore, for the BOPS-No BOPS strategy, retailer A
should open more physical stores to fulfill the hassle-free pickup process
under an intermediate online delivery efficiency. For the No BOPS-BOPS
strategy, retailer A should enhance the online delivery efficiency with
intermediate number of physical stores to attract online purchases.

Additionally, we can find that the optimal of retailer B is influenced
by the timing of the decision. In a simultaneous game, the optimal profit
of retailer B under BOPS-No BOPS (No BOPS-BOPS) strategy increases
(decreases) with a, but decreases (increases) first and then increases
(decreases) with 0. Whereas, in a sequential game, the optimal profit of
retailer B under BOPS-No BOPS (No BOPS-BOPS) strategy increases
(decreases) with §,but has no significant effect on . This finding reveals
that new entrants may lose favor with some heterogeneous consumers
(e.g., sensitive to visiting the store). Hence, for the No BOPS-BOPS
strategy, retailer B should enhance the online delivery efficiency and
increases the number of physical stores to take the competitive advan-
tage in the market.

6.4. The impact of BOPS convenience, operation cost and competitive
intensity

This section explicitly describes the effects of BOPS operating costs,
BOPS convenience, and decision timing on retailer strategies. There are
two main points: first, the differences between BB, BN, NB and NN
strategies are explored; second, the impact of BOPS on retailers’ de-
cisions at different decision timings is discussed. The comparison results
are shown in Tables 7 and 8.

As shown in Tables 7 and 8, although the introduction of BOPS can
reduce the selling price in most cases, it can increase the profitability of
retailers. Especially, deploying BOPS in a highly competitive environ-
ment can capture a favorable market share. However, when the BOPS
operating costs k > 8, offering BOPS could damage the profits of re-
tailers. And, the lower convenience of the BOPS channel will lead to
lower profits for retailers. This result is consistent with practice. For
example, physical stores where pickup is available are too far away,
making travel costs too high and causing most consumers to prefer to
buy online. Moreover, the asymmetric equilibrium strategy is the
optimal choice for win-win situation, when the convenience of BOPS
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and competitive intensity is high. This is beneficial for both retailers and
customers. Then, in terms of decision timing, if the intensity of
competition and BOPS convenience decreases, first-mover retailers with
BOPS are more profitable than second-mover retailers with BOPS. As a
result, there exists first-mover superiority deploying the BOPS exists in
duopoly setting.

7. Conclusion

This paper constructs a multi-stage, non-cooperative game to
investigate the impact of the BOPS operating costs, consumer hetero-
geneity, and market competition intensity on retailers’ price decisions
from a competitive perspective. We first consider the situation when
competing retailers simultaneously decide on whether to adopt the
BOPS. There are four possible scenarios for deriving an equilibrium
conclusion in a duopoly market, namely No-No, BOPS-No BOPS or No
BOPS-BOPS, and BOPS-BOPS strategy. Then, we make a comparative
analysis of the equilibrium conditions from the perspective of consumers
and retailers, thus justifying the existence of a win-win situation. After
that, we extend the investigation to the case with the sequential deci-
sion. Finally, numerical examples are provided to analyze the impact of
cross-selling benefits and heterogeneous customer behavior on optimal
profit. The results show that different intensities of competition, size of
retailers, decision sequence, as well as the BOPS operating costs will
affect the equilibrium results. Thus, competing retailers should fully
consider these factors before deploying BOPS. Our finding was
compared with previous studies to provide a novel way to design the
BOPS for responding to competitors to maximize customer-oriented
profits. We summarize the main managerial insights for decision-
makers as follows.

(i) The interaction of three effects. Our results highlight that omni-
channel retailers should utilize the interaction of three effects to
dominate strategy superiority and optimize strategic decisions.
Specifically, the channel migration effect shows that if the hassle
cost associated with BOPS decreases, more customers shift to this
channel. Retailers can use online coupons as a means of price
regulation to lock in the advantages of the BOPS channel, guide
channel shift, and promote interactive integration and effective
connection of channels. The price self-compensation effect reveals
that setting a higher price is to compensate for the negative
impact of high BOPS operating costs on profits. In practice, cus-
tomers are willing to pay for extra instant gratification avoiding
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long waits. Retailers could charge the premium price generating
price discrimination for achieving excess profit under a duopoly
context. It is noticeable that the limited market share effect high-
lights the fact that the adoption of BOPS is not always optimal,
but still obtains some limited market share. Therefore, start-ups
can occupy a certain market share by deploying BOPS. Howev-
er, if retailers want to continue to benefit, they should improve
the convenience of BOPS. For example, utilize new technologies
to match the picking distance and marketing services.

Utilize the results of competitive equilibrium. To mitigate omni-
channel problems for retail giant, medium-sized and startups, we
discuss the equilibrium results regarding the BOPS in the duopoly
setting. As a result of our study, when the competition intensity is
high, the large and medium-sized retailers should seriously
consider the asymmetric equilibrium strategy. Meanwhile, small-
sized competing retailers should consider abandoning the
deployment of BOPS to avoid more economic loss. In contrast, all-
sized competing retailers can benefit from the asymmetrical
equilibrium when competition intensity is low. In such situation,
BOPS strategy may good fits with for luxury products with con-
spicuous consumers.

Win-win situation. To explore win-win decision configurations
that benefit both competing retailers and customers, we make a
comparative analysis of the equilibrium conditions from the
perspective of consumers and retailers. Our main findings are
twofold. On the one hand, it is noticeable that an appropriate
equilibrium strategy can be achieved a win-win situation based
on a certain threshold of BOPS operating cost. This result can
guide retail managers implement the best response policy to their
opponents achieving maximum profits and customer satisfaction.
On the other hand, contrary to the common view that strong in-
tensity of competition will reduce win-win region. Our results
show that the stronger the intensity of market competition, the
implementation of BOPS will expand the win-win situation for
large and medium-scale retailers. Therefore, retail managers
should carefully consider the impact of competition intensity
before deploying BOPS.

Decision-making timing. The investigation extends to broader cases
with the sequential decision for investigating the impact of
decision-making timing of retailers on equilibrium results. Con-
trary to the common view that second-mover superiority, we find
that leader-mover superiority deploying the BOPS. Therefore, the
new entrants should keep cautious optimism about a solution to

(i)

(iii)

@iv)

Appendix A

Lemma 1.
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deploy BOPS. Especially when the intensity of competition is
strong, the new entrants comprehensively optimize BOPS service
level and upgrade consumers’ shopping experience. Besides, the
competing retailers may get higher profits in the sequential de-
cision. This is because the retailer’s pricing in the sequential
game is higher. Therefore, it is very important for competitors to
grasp the decision-making timing for pricing and profitability.
Moreover, the cross-selling benefit is more significant for
competing retailers in the sequential decision. Thus, retail man-
agers could put large face-value coupons or provide a free prod-
uct experience to attract consumers to make second purchases.
Additionally, new entrants may lose favor with heterogeneous
consumers. Hence, for the No BOPS-BOPS strategy, new entrants
should enhance the online delivery efficiency and increase the
number of physical stores, thus dominating the market compe-
tition advantage.

Future research can be expanded to explore return strategy in
omnichannel retail operations. Aside from the BOPS strategy, we can
explore other omnichannel strategies (i.e., SFS, BORP, and showrooms)
across a variety of competing contexts, including a mixed duopoly and
monopoly.
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(1) For LL-type customers (ad), we have Uss = Upo, =V —pa —mx, Ugs = U, = v—pp —m(1 — x). We can determine the preferred

location of LL-type customers xag = (pPg — pa)/2m+1/2 by solving Uas = Ugs or Uy, = Ug,. Consumers with 0 < x < x4p prefer
offline (or online) channel of retailer A, consumers with x5 < x < 1 prefer offline (or online) channel of retailer B.
(2) For LH-type customers (a(1 — 6)), wehave Uss =V —pa —mx, Upo =V —pa —mx —H;Ugs; =v —pg —m(1 — x), Ug, =v —pg—m(1 — x) —H. It can
be seen that Us s > Ua,, Uss > Ugp,. We can determine the preferred location of LH-type customers xag = (pg — pa)/2m+1/2 by solving Uy s =
Ups.Thus consumers with 0 < x < x4p prefer offline channel of retailer A, consumers with x4 < x < 1 prefer offline channel of retailer B.
(3) For HL-type customers ((1 — a)d), wehave Uss =V —pa —mx —H, Up, =V —pa —mx;Ups =v —pg —m(1l —x) —H, Ug, =v—pg —m(1 — x). It can
be seen that Ua, > Uaj, Up, > Ups.We can determine the preferred location of LL-type customers x5 by solving Ua, = Up,.Thus consumers
with 0 < x < x4p prefer online channel of retailer A, consumers with x45 < x < 1 prefer online channel of retailer B.
(4) For HH-type customers ((1 — a)(1 — 6)), we have Uas = Uao = V—pa —mx—H, Ugs = Ug, = v—pg —m(1l — x) —H. We can determine the
preferred location of HH-type customers xsp by solving U s = Ugs or Us, = Up,.Thus consumers with 0 < x < xxp prefer offline (or online)
channel of retailer A, consumers with xsp < x < 1 prefer offline (or online) channel of retailer B.

As a result, the demands of offline and online channel for retailer A and B are as follows:
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1-6 1— [
Dy = ( 2+ a—)xAme(,'u -4 (2){+ s
(1-6+a) (1 0) A1
n —0+a L —a+
Dy, =————=(1 —xap), D, = ———(1 — xa)
’ 2 2
Proof of proposition 1
In the scenario of No-No strategy, the demands of offline and online channel for retailer A and B are as follows:
1-0+a l—a+6
oy, = U0y, = L0,
(1-0+a) (1 0) *-2)
nn —0+a i —a+
Dy = ~———=(1 = xap), Dy, = ———F—=(1 — xap)
2 2
The expected profit functions of No-No strategy are:
< 1 1
H:§(1—9+a)xAB(pA—c+r)+ 5 (140 = @)xasps (A.3)
A
offline store:half LL,LH, half HH online store:half LL,HL, half HH
< 1 1
1= 5(1 —0+a)(1 —xa5)(pp —Cc+71) +5(1+0- a)(1 = x45)ps (A.4)
B
offline store:half LL,LH, half HH online store:half LL,LH, half HH
where x5 = (pg —pa)/2m + 1/2. The optimal profit function is concave in p;, as 02H?"/6pi2 = —-1/m<0, i = A, B.Given 01;[: =

n
2m+(c—r)(1+a—60)—4p1+2py __ 0 dHB __ 2m+(c—r)(1+a—0)—4pa+2p;
=0, =

i in = 0. From the first order conditions (FOC), we derive the optimal price p}* = pf* = m +

(c —7r)(1 4+ 0 — a)/2. Then substituting prices in profit functions, the profits of retailers are []}' = [[;" = m/2.

Lemma 2. (1) For LL-type customers (af), we have Ups = Upo = Upp = v—pa —mx, Ugs = Ug, = v—pg —m(1 — x). We can determine the
preferred location of LL-type customers xap = (pg — pa)/2m+1/2 by solving Us s = Ug or Us, = Up,. Thus, consumers with 0 <
x < xap prefer any channel of retailer A, consumers with x4 < x < 1 prefer any channel of retailer B.

(2) For LH-type customers (a(1 — 0)), we have Uy =V —pa —mx, Usp =V —pa —mx—H, Upp =V —pa —mx —A,H;Ugs =v—pg—m(1 —x), Upp, =
v—pp —m(1 — x) —H. It can be seen that Uss > Uap > Ua,, Ups > Up,.We can determine the preferred location of LH-type customers xap =
(pB —Ppa)/2m+1/2 by solving Us s = Ug,. Thus, consumers with 0 < x < x4p prefer offline channel of retailer A, consumers with x4p < x <1
prefer offline channel of retailer B.

(3) For HL-type customers ((1 — a)d), we have Uas = v—pa —mx—H, Usp = V—pa—mx, Upp = V—pa —mx —AH;Ugs = v—pp—m(1l —x) —H,
Upo =v—pp—m(1 —x). It can be seen that Up, > Upp > Uas, U, > Ups.We can determine the preferred location of LL-type customers x4 =
(pB —Ppa)/2m+1/2 by solving Ua, = Up,. Thus, consumers with 0 < x < x,p prefer online channel of retailer A, consumers with x4p < x <1
prefer online channel of retailer B.

(4) or HH-type customers ((1—a)(1—0)), we have Ups = Upro = V—pa-mx—H, Usp = V—pa-—-mx—(is+ A)H;Ups = Up, =
v—pp—m(l —x)—H. Case Sii Upp >Ups = Uno, Ups = Up,. We can determine the preferred location of HH-type customers
x:qB = (pg —pa)/2m+1/2+(1 — As — 4o)H/2m by solving U,p = Ups(or Up,). Thus, consumers with 0 < x < xAB prefer BOPS channel of
retailer A, consumers with xAB < x < 1 prefer offline (or online) channel of retailer B; Case Sii: Uy, = Uas = Ua 0, Ups = Up,o. And the preferred
location of HH-type customers is Xag = (pg — pa)/2m+1/2 by solving Us s = U or Us, = Ug,. Thus, consumers with 0 < x < xap prefer any
channel of retailer A, consumers with x,g < x < 1 prefer offline (or online) channel of retailer B; Case Sji: Uas = Uao > Uap, Ups = Up,o.And
the preferred location is xag = (pg — pa)/2m+1/2 by solving Us s = Ug;. Thus, consumers with 0 < x < xap prefer offline (or online) channel of
retailer A, consumers with x5 < x < 1 prefer offline (or online) channel of retailer B.

As a result, the demands of offline, online and BOPS channel for retailer A and B are as follows:
Proof of proposition 2

(i) Case S;: The optimal profit function is concave in p;, as GZH?" / apf = —1/m < 0. Applying the first order conditions in (9) and (10).

Iy _ 3k(1 —a) +03r — 2a(r +c) + k(4a —3)] +3(m —r+ca+p) —6p; +3p,

0
Opa 6m

ol 2m+(c—r)(1+a—0)—2p+2p —4ps

0
dps 4m

It is straightforward to derive the optimal price:

4kp — 15— 1560 (7 15a — 8af — 36
pj”*:m+se+ B —r(3a+ 15 — 150 + 8ad) + ¢(3 + 15a — 8al — 30)
3 18
kp —r(6 4+ 3a — 60 4 200 34 6a — 206 — 30
pl;n*:m_gg+/ r(6+ + 9)+C( + )

Then substituting prices in profit functions, the profits of retailers are
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—3(c — 2k +r+ 6m+ 8ca — Tka — ra)
+0[3(c + Tk — 8r) + l4a(c + r — 2k) ]
648m

o [18m+plc—2k+r)] — 12€p[

} +36€%p?

A

) 3 6(c — 2k +r —6m) + 3a( — 1lc + 4k + 7r)
b [18m = (r+c = 26)] *65/’{ 021 + 12k — 33r + 8a(r + ¢ — 2K)

1= 648m

} +36&%p?

2
(ii) Case S;: The optimal profit function is concave in p;, as 0 f’" /dpi = —1/m < 0. Applying the first order conditions in (11) and (12).

O[Ty k+c+3m—2r+2ca—ka—ra—6k+c—2r+a(r+c—2k)] —6p +3p;

Opa 6m 0

oIy 2m+(c—r)(1+a—6)+2p —4p,

0
dpp 4m

It is straightforward to derive the optimal price:

(7 + 1la —4af — 70) — r(11 + Ta — 110 + 4ad) + k(4 — 4a — 40 + 8af)

v _
Py =m+ 18

bk c(4+5a—-40—ab) —r(5+4a+abd —50) + k(1 —a— 0+ 2a0)
pp =m+ 9

Then substituting prices in profit functions, the profits of retailers are

ﬁ* [18m + (c — 2k + r)(1 —a — 0 + 2a0) | i_[* [18m — (¢ — 2k + r)(1 —a — 0+ 2a6) |
648m L 648m

A

(iii) Case Sy: The optimal profit function is concave in p;, as 0 f" / 6pi2 = —1/m < 0. Applying the first order conditions in (13) and (14).

ALY 6m+3c(l+a) +2kad — c0(3 +a) — r(3 — 30+ 3a + ad) — 12p, + 6p,

=0
Opa 12m

Al 2m+(c—r)(l+a—6)+2p —4p, —0
ops 4m B
It is straightforward to derive the optimal price:

9+ 9a — 90)(c — r) — 2ab(c + r — 2k)
18

+9c(ot+ 1) +2a0k — cO(9 + a) — r(9 — 90 + 9a + ab)

bnx __ (
+ 18

bk _
Py =m Pg =

Then substituting prices in profit functions, the profits of retailers are

e [18m+ (¢ — 2k + r)ad]’ i-[ ~ [18m — (¢ — 2k + r)ad]’
N 648m B 648m

A B

Proof of proposition 3
For notational convenience, we define the following parameters:p = (1 —4; — 4,)H, f =3 -32—30 + 4a0, ¢ = (1 —a)(1 —0),n = (r+c)/2.

Case 5, i—[ B i—[ _ 24mep +4m(r +c — 2k)p — 3ep[3a(r + 21;6—m3c) +30(c + 2k — 3r) + 4af(c + r — 2k) ]
A B

) I o e 4m(r-+¢)p+3ep[Bm-+9ca—3ra—(3c—r-+4ca-+4ra)0
The benefit of establishing the BOPS channel is given by ][4 —[>" > 0 for k < 4t *‘gm';%;;'(s“’f%&:aa)r catdra)f]

b b b b

— 2k 1—a—0+2a6 — 2k 0
CaseSii:”—”:(C +r)(9a +()()CaseS,ﬁ:”—||:w
A B A B

The benefit of establishing the BOPS channel is given by ]_[Z"* —Hl,;"* > 0 for Case S; and Case S;;,we can obtain k < 5.
Proof of proposition 4
We compare the optimal prices of different retailers and find that:Case S; : pi™ —pi* = *w + 2%,
(c=2k+r)(1—a—0+2a0)

18

bnx bnx

Case S : pi"" —py = —
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- - (¢ —2k+r)ad
Case S;ii :pf‘ 7pg i T a—

--Case Si :erpf _pgn* — (C—legrr)/i + % > 12/)—3(1cg2k+r).
~if k > n—2ep, we have Case S; : pi** > p&v.
~if k > 1, we have pi™ > pb™ for Case S; and Case Sj.

-regardless of any cases, if k >, we have pi* > pbr.

Lemma 3. (1) For LL-type customers (af), we have Uss = Upo = Upp, Ups = Up, = Upp. We can determine the preferred location of LL-type
customers xag = (pg —pa)/2m+1/2 by solving Uss = Ugg, or Ua, = Up,, Or Uap = Ugp. Thus, consumers with 0 < x < xap
prefer any channel of retailer A, consumers with x4 < x <1 prefer purchasing any channel of retailer B.

(2) For LH-type customers (a(1 — 60)), we have Ups =V —pa —mx, Usp, =V —pa —mx—H, Upp =V —pa —mx —A,H;Ups =v—pg—m(1 —x), Up, =
v—pg—m(1 —x) —H, Ugp =v—pg—m(1 — x) —4,H. It can be seen that Uy > Uap > Ua,, Ups > Ugp > Up,. We can determine the preferred
location of LH-type customers xag = (Pg —Pa)/2m+1/2 by solving Ua s = Up,. Thus, consumers with 0 < x < xsp prefer offline channel of
retailer A, consumers with x5 < x < 1 prefer offline channel of retailer B.

For HL-type customers ((1 — a)9), we have Uxs = v—pa —mx—H, Upo = V—pa —mx, Upp = V—pa —mx —AH;Ups = v—pp—m(1 — x) —H,

Ugo = v—pg—m(1 —x), Ugp = v—pg—m(1 —x) —AH. It can be seen that Usp, > Usp > Uas, Upo > Upp > Ups. We can determine the

preferred location of LL-type customers xap = (pg —pa)/2m+1/2 by solving Ua, = Up,. Thus, consumers with 0 < x < xap prefer online

channel of retailer A, consumers with x4p < x < 1 prefer online channel of retailer B.

(4) For HH-type customers ((1—a)(1—6)), we have Ups = Upo = V—pa—mx—H, Uasp = Vv—pa—mx—(s+)HUps = Up, =
v—pp—m(1 —x) —H, Ugp =V —pa—m(1 —x) —(As + 40)H. For Case S;:Usp, > Uas = Un,, Upp > Ups = Up,, we can determine the preferred
location of HH-type customers xag = (pg —Ppa)/2m+1/2 by solving Uasp, = Upp. Thus, consumers with 0 < x < x4p prefer BOPS channel of
retailer A, consumers with x4z < x < 1 prefer BOPS channel of retailer B; For case Sii: Usp, = Uas = Uao, Ugp = Ups = Up,. Consumers with
0 < x < x4p prefer any channel of retailer A, consumers with x4p < x < 1 prefer offline (or online) channel of retailer B; For Case S;;: Ups =
Uao > Uap, Ups = U, > Upp. Consumers with 0 < x < x4p prefer offline (or online) channel of retailer A, consumers with x4 < x < 1 prefer
offline (or online) channel of retailer B.

3

-

As a result, the demands of offline, online and BOPS channel for retailer A and B are as follows:
Proof of proposition 5
Similar to the process of solving Proposition 1 and Proposition 2. We can obtain the optimal prices and profits are as follows:

_ —r(3 =
Case 5, p =l — m 4 €32 =20) = 1( 3 36 + 2a0) + kp

Case Sy : pi* — pl* :m+c(1 +2a— 60— ab) 7r(2+a7329+a9) + k(1 —a—0+2a0)

Case Sy : pi =l =m +C(3 +3a—30—afd) — r(Z +3a — 30 + af) + 2kad

bbx bbx

II-11-3

A

Proof of proposition 6

By comparing the optimal prices of different cases, we obtain the following the results:
Proof of proposition 7

Lemma 4. For the scenario of No-No strategy, half LL-, half HH- and LH-type customers choose offline channel, whereas Half LL-, half HH- and HL-
type customers choose online channel. Therefore, the function of TCS is shown as follows:
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XAB XAB XAB
/0 (v—py — mx)dx /0 (v—py — mx)dx /0 (v—py —mx—H)dx
1 purchase from retailer A purchase from retailer A 1 purchase from retailer A
TC. ””:Eaé) ' +a(1-0) . +§(17(1)(179) .
+/ [v—py —m(1—x)]dx +/ [v—rpy —m(1 —x)]dx +/ [v—py —m(l —x) — H]dx
XAB XAB XAB
purchase from retailer B purchase from retailer B purchase from retailer B

BP: half LL.LHhalf HH

/OAB(V—pZ"—mx)dx /O'Aﬂ(v—px”—mx)cbc /OM(V—[)Z"—mx—H)dx

1 purchase from retailer A purchase from retailer A 1 purchase from retailer A
+§a€ . +(1-a)o . +§(l—a)(1—0) '
+[| [v—pp—m1—x)]dx +[| [v—pp—ml—x)]dx +[ [v—py—m(l—x)—H]dx
XAB XAB XAB
purchase from retailer B purchase from retailer B purchase from retailer B

BO:halfLL,HL,halfHH

XAB XAB
/ (v—pit — mx)dx / (v—py —mx—H)dx
0 0

purchase from retailer A purchase from retailer A
=(a+0—ab) ' +(1—-a)(1-9) X
+ | [v=py—m( —x)]dx + [ [v—py—m(l —x)—H]dx
XAB YAB
purchase from retailer B purchase from retailer B
LL,LH,HL HH
Sm (r—c¢)(1+a—0)
=y T eH
't 2

Similarly, we analyze the scenarios of BOPS-No BOPS and BOPS-BOPS strategy. We directly state the results:

R+ (r—2k)* + 24Pep(r + 2k) + 36ep>( — 5 — 4a — 40 + 4ad)
+2c[54m( — 3 — 9a + 30 + 4a0) + f( — 2kB + 1 — 12¢p) |
+108m[r(9 + 3a — 96 + 4ad) — 2(kp — 6ep) |

—eH
1296m ¢

5
Case S; : TCS" = v—1m+

(120 + (42 + ) (1 — a — 0+ 2a6)” + 108mr(7 — 70 + 5a + 2a6)
—4k(1 — a — 0 +2a0) [S4m + r(1 — a — 6 + 2a0) — r*(a — 1)(1 — 20 — a + 4a) + 2c( — 2k +r)(1 — a — 6 + 2a6)* ]
—*(a—1)(1 =20 — a+4a0) +2c[( — 2k +r)(1 — a — 0+ 2a0)> + S4m( — 5 — Ta + 50 + 2a6) |

1296m —el

5
Case Sy : TCS" = v — i

— — _ . _ 2 2792
Case S, - TCS™ = v 7451m+ 628m(c — r)(a+ 1) + 108mo[6(c 122)6+ (¢ =2k+r)a]+ (r+c—2k) a0 el
m

Case Si . TCSbb _ vaT'" + k( —1+a+6— %) + ca(2()—3)+r3(3—3r)+2a(}) —eH + epCaseS,-i . Tcsbb _ V*STm + al)(r+c—2k)+(()—1)(§+c—2r)+(1(r+k—2::) _eH

Case Sy : TCS”™ = v eH

5m  3(r—c)(1+a—0)+ab(c+r—2k)
- + —
4 6
Proof of proposition 8

Appendix B

For notational convenience, we define the following parameters:
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_ =30m+ B(r + ¢) — 61/25m* — 10mep — &°p’

21

2p

—18m + B(r + ¢) — 64/9m* 4 6mep — £ p*
2= Zﬁ

—30m + B(r + ¢) + 6+/25m* — 10mep — *p*

3 = 2/7,

—18m+ B(r + ¢) + 61/9m* + 6mep — *p*
4 = Zﬂ

—18mp + A (r+c¢) — 9 + 3\/36m2ﬂ2 + 4Bp(9m + 4cf — 4rp + 6mPe) + p* (9 — 45°€%)
5 = 2/}2
—30mp + f*(r+c) + 18p + 3\/100m2ﬂ2 —20mpp(6 + pe) + p* (36 — f°€)

6 = )
20

30mp + 2 (r + ¢) + 180 — 6(/25m*" — 10mpp( — 3+ fe) + p*(9 — %)
7= 5
2

18 + (r+€) +27p — 9\/4m’* — dmfip( ~3 + ) + (9~ )
8 =

27
30mp 4 (1 + ¢) + 180 + 64/25m % — 10mpp( —3 + i) + (9 — J€?)
29 = Zﬂz
18mp 4+ (1 -+ ¢) + 27p + 9\/4n 7 — dmpp( — 3+ pe) + 7 (9 — <)
210 = 2
2p

(5) No-No strategy:

W73m+(cfr)(l+a70)_7ml*75m+2(cfr)(l+a70) ﬁ79mﬁ725m
A 16 %

A T 2 vp 4

(6) BOPS-No BOPS strategy:

_ 9m+c(3+3a—2ab)+r(30—2a0—6)+kp

Case sizp‘l/’qn* 3 + 3ep(14+2a—26)

6(1+a—0)

b _ 15m + ¢(9 + 3a — 2a0) + r(30 — 2a0 — 12) +kﬂ+3€/}(2(l —-20-1)
B 12 12(1+a—0)

[18m + (r + ¢ — 2k)B) + 81&2p* + 324mep
™ —6ep[ — 9(r + ¢ — 2k) — 39ca + 30ka + 9ra + 0[9¢ + 30k — 397 + 20a(r + ¢ — 2k)]]
B 576m

A

[(r+ ¢ = 2k)B + 15m]* + 9€*p* + 180mep
ﬁ _ —6ep[3( = Tr — 2k + 2ka — 9ra 4 9c + Tac) + 0( — 27c + 6k + 21r + 4a(r +c — 2k) ) ]
B 1152m

B

Case Sii:pz‘n* — 18m+c(3+7a—2a€—5€)—r(7+15;—7€+2a6')+k(2—2a—2(¥+4a€)
e 30+ (11 + 13a — 2a6 — 116) — r(13 + 11a — 136 + 2a6) + k(2 — 2a — 26 + 4af)
B 24

576m 1152m

A B

ﬁ: [18m 4 (r+c — 2k)(1 —a — 0+ 2a0) |’ i-[ [(r+c—2k)(1 —a— 0+ 2a0) — 30m]*

Case Siii:pgm _ 18m+c(6+6a7(16769)172r(6+611769+11€)+2ka6
e 30m+ (12 + 12a — 120 — af) — r(12 + 12a — 120 + af) + 2kad
B 24
" [18m+ (r+c — 2k)ad] i-[ _ [(r+ ¢ —2k)ad — 30m]*
L1 576m L 1152m

(7) BOPS-BOPS strategy:

29

Computers & Industrial Engineering 179 (2023) 109227



T—r—t—(c—k)a-‘r

Computers & Industrial Engineering 179 (2023) 109227

0[3r — 2a(r + ¢) + k(4a — 3)]
3

C. Ge and J. Zhu
Case S;:
o 9 — 6r + 6k(1 — ) 4 6ca + 20[3r — 2a(r + ¢) + k(4a — 3)] ,,. 5
Py = 6 Ps = k+—-
Case Supzb* _ 9m—20(—1—2a+a€+€)—2r(2-;a—26’+a0)+k(2—2a—29+4a9)
box 15m —4e(—1—-2a+a0+60) —4r(2+ a—20 + af) + k(4 — 4a — 40 + 8a0)
P = 12
Case Sﬁiip,b;b* _ 9m+c(3+3a—39—ae)—g(3—39+3a+a9)+2ka0
b 15m + ¢(6 + 6a — 60 — 2a0) — 2r(3 — 30 + 3a + ab) + 4kad
Ps = 12
bbx bbx

9m 25m
II=%11=-%
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