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externalities in shaping bundling decisions and profit outcomes, providing actionable insights for
firms operating in multi-channel retail environments.
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1. Introduction

Businesses are increasingly adopting integrated retail models that combine physical and online stores, commonly referred to
as the click-and-mortar business model, hybrid retail, or bricks-and-clicks model. Prominent examples include Apple,
Walmart, and Gap, which initially operated solely through traditional retail outlets but later embraced online channels to
expand their market share in response to the growth of the Internet. Although the adoption of the click-and-mortar business
model is a growing trend, it also presents significant complexities. However, by effectively implementing bundling strategies
that consider the network externalities of the involved products, firms can optimize pricing to attract more consumers, thereby
enhancing competitiveness and profitability. This dual-channel approach enables firms to cater to diverse consumer
preferences by offering both physical and virtual shopping options, allowing consumers to select their preferred channels
based on their needs and desired products or services. Bundling can enhance clustering effects, making bundled products seem
more valuable. However, when bundling items that have different network externalities and features, it is important to develop
customized pricing strategies. Despite its significance, research on bundling strategies within the click-and-mortar business
model remains limited, with channel conflicts often overlooked. Furthermore, existing studies frequently emphasize the
impact of product types on bundling profitability without fully addressing other influencing factors. To address this gap, our
study investigates a scenario in which a manufacturer initially distributes products through a retailer’s physical channel and
subsequently establishes an online channel to implement a click-and-mortar business model. This approach takes into account
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product characteristics and network externalities when employing bundling strategies across both channels. Our research
examines how network externalities affect firms’ decision to sell products individually or as a bundle, as well as consumers’
channel preferences. Additionally, it identifies the optimal pricing strategy to maximize the manufacturer’s profits.

In recent years, several companies have begun to reshape traditional business models, prompting firms to strategically
integrate both physical and online retail channels to enhance their competitiveness and profitability. The synergy between
physical (offline) and online stores, commonly referred to as “clicks-and-mortar” business models, has garnered increasing
attention due to its potential to leverage complementary advantages, thereby optimizing consumer experiences and improving
business efficiency (Steinfield et al., 2002; Yen et al., 2024). Lai et al. (2018) investigate the optimal pricing and production
strategies within a dual-channel supply chain characterized by asymmetric cost information. In this situation, a manufacturer
distributes products via both a direct online channel and a traditional retail outlet. Sun et al. (2019) investigate the dynamics
of duopolistic competition within dual-channel supply chains, revealing that suppliers frequently enhance their profitability
by elevating maximum retail prices or by reducing elements associated with self-price sensitivity. In particular, contemporary
consumer preferences have evolved, placing greater emphasis on convenience, immediacy, and accessibility—needs that are
effectively met through the integration of multi-channel retailing strategies (Colago & de Abreu e Silva, 2024; Siek &
Tadjoedin, 2024). Despite significant advancements in understanding multi-channel and omnichannel retail strategies
(Verhoef et al., 2015; Asmare & Zewdie, 2022; Thaichon et al., 2022), several gaps remain unexplored. Notably, existing
research primarily considers network externalities and bundling strategies separately or addresses them within limited channel
contexts. Furthermore, studies exploring integrative strategies across dual channels (physical and online stores) under varying
degrees of network externalities are sparse, indicating a clear research gap.

One crucial factor influencing consumer behavior and strategic decisions within multi-channel retail environments is network
externalities, which are defined as the effect where the value of a service or product rises as more consumers adopt it (Parker
& Van Alstyne, 2005). Previous literature has extensively documented how network externalities significantly influence
consumer loyalty, pricing, promotional strategies, and competition across various sectors (Yi & Yang, 2017; Cen & Li, 2020;
Lietal., 2020). In particular, Prasad et al. (2010) and Kornish (2006) demonstrate that network externalities critically influence
optimal bundling strategies for technological and informational products, indicating that consumer adoption rates and
valuations are profoundly dependent on perceived network value. Yi and Yang (2017) investigated the interplay between
retailers’ strategic marketing and manufacturers’ wholesale pricing in markets affected by network externalities. They found
that stronger network externalities do not always result in higher profits, particularly when retailers occupy weak market
positions; however, significant externalities can partially mitigate manufacturers’ profit losses due to the increased bargaining
power of retailers. Zhao and Ni (2021) analyze the relationship between corporate investment strategies and emission tax
policies in an oligopolistic market characterized by network externalities. Can-Zhong and Yi-Ma (2024) investigate the impact
of cross-platform externalities on pricing strategies by employing a two-stage discriminatory pricing model. Han et al. (2025)
investigate the strategic selection of advance selling modes within a supply chain influenced by network externalities. Their
study examines how firms can optimize pre-commitment sales strategies (e.g., deposit-based versus full prepayment) when
consumer demand is affected by the size of the user network. The authors demonstrate that network externalities modify
traditional supply chain dynamics by establishing interdependencies between early sales and future adoption. Due to the
significance of consumer behavior preferences and the effects of network externalities, this study investigates how these
factors influence the development of integrated bundling and pricing strategies across both physical and online retail channels.

Bundling is a popular marketing strategy where businesses combine two or more products or services into a single package,
typically offering a lower price than if the items were bought individually. This approach can create a clustering effect,
enhancing the perceived value of the bundle and encouraging customers who initially sought only one product to purchase
the entire package. However, bundling also carries the risk of alienating customers who are not interested in all the bundled
items. Moreover, bundling can leverage product complementarities and consumer heterogeneity so that it can be an effective
marketing and pricing strategy in various markets (Ibragimov and Walden, 2010; Hui et al., 2012; Alexandrov & Bedre-
Defolie, 2014; Rao et al., 2018). Recent studies specifically address bundling within hybrid channels, emphasizing the
strategic implications for bricks-and-clicks firms, especially under conditions of strong network externalities (Meyer &
Shankar, 2016; Huang et al., 2021). This research stream underscores the complexity of determining optimal bundling and
pricing strategies due to variations in consumer preference, cross-channel behavior, and dynamic market conditions
(Kopczewski et al., 2018; Eghbali - Zarch et al., 2019; Shan et al., 2020). The other issues regarding bundled products or
services can be referred to as follows: Taleizade et al. (2019) developed a model for bundling complementary fashion products
characterized by short selling seasons and price uncertainty, demonstrating that these conditions necessitate tailored bundling
strategies. Zhang and Zheng (2022) examine optimal pricing strategies for bundled green products by analyzing how consumer
environmental preferences influence firms’ bundling decisions. Escobari et al. (2024) analyze the pricing dynamics of bundled
advance sales in the airline industry, comparing round-trip tickets with two one-way tickets. Their theoretical model
demonstrates that bundling is optimal when demand for outbound and inbound flights is uncertain and positively correlated,
as risk-averse consumers’ value the price stability of a pre-purchased bundle. Xie et al. (2024) investigate the strategic
interplay between product-service bundling and influencer marketing, analyzing how manufacturers and influencers should
coordinate pricing and after-sales service decisions in live-streaming commerce.
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This study addresses these gaps by employing a game-theoretic approach to investigate the bundling and pricing strategies
within a dual-channel retail system that integrates physical stores and online channels, explicitly incorporating the effects of
network externalities. The research aims to provide a deeper understanding of optimal strategy choices and their implications
for firm profitability and market dynamics in multi-channel retail contexts. In summary, this research aims to achieve several
key objectives based on the literature review: (1) to assess the benefits of establishing an online sales channel for the
manufacturer; (2) to determine the best bundling and pricing strategies for both the manufacturer and the retailer; and (3) to
examine how network externalities impact pricing strategies, decisions regarding channel expansion, bundling methods, and
consumer preferences for shopping channels. The study is structured as follows: Section 2 presents the research problem,
conceptual framework, and foundational assumptions. Section 3 describes the model development process, focusing on the
derivation of optimal bundling and pricing strategies while taking network externalities into account. Section 4 presents a
comprehensive property analysis and numerical applications that provide an in-depth discussion of the findings. Finally,
Section 5 concludes with key insights and recommendations for future research directions.

2. The Click-and-Mortar Business Model

This study presents a two-stage, game-theoretic model from the manufacturer’s perspective. In the first phase, the
manufacturer provides two items (Product 1 and Product 2) to a retailer, who must choose to sell them individually or as a
package. In the subsequent phase, the manufacturer might incorporate an online sales channel (online shop) alongside its
current physical store, implementing a click-and-mortar business model to broaden its market presence and cater to various
consumer needs. Within this framework, both manufacturers and retailers possess the autonomy to formulate their own
bundling strategy and pricing decision aimed at augmenting consumer purchase intentions and, in turn, boosting sales volumes.
The selling configurations can be categorized into three distinct forms: (1) pure components, in which products 1 and 2 are
marketed independently; (2) bundling, in which the two items are combined and marketed as a discounted product bundle B;
and (3) mixed bundling, where products are offered both individually and as a bundled option. Fig. 1 presents the conceptual
framework of this study.

Manufacturer

Network Externality

Sale Strategy:
Pure Component, Pure Bundling

Stage 2 \

Stage 1 H

! Physical Channel : +: Online Channel

The Online Channel
Pure Pure
component Bundling
The Physical Pure Scenario 1 Scenario 3
Channel component
(Retailer) Purg Scenario 4 Scenario 2
Bundling

Channels Competition

e

¥

Customers

Cash Flow mlp- Product Flow ssunu o

Fig. 1. The concept of the research

In stage 1, the two products will be introduced to the market, each exhibiting distinct network externalities. Let ¢,,; represent

the marginal cost of product j, where j € {1,2, B}, corresponding to product 1, product 2, and their bundled combination B,
respectively. The producer assigns an individual wholesale cost @; for each item j. When the vendor chooses to purchase both

Product 1 and Product 2 as a bundled package, the producer may offer a discounted bulk-rate price @y, ensuring that v_bundle
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is no greater than the sum of the standalone prices (@; + @,). This bundled discount incentivizes the retailer to acquire and
sell both products together. In the physical retail channel, the retailer sells product j at a price Pg;. The market potential for
this channel is denoted by D,.;, which is influenced by the network externality 8; associated with that product. For bundled
product B to be an attractive offer, its retail price Pgp should be discounted compared to the sum of standalone product prices
(Pr1 + Pgy). This approach ensures that consumers recognize the bundle as a better value proposition.

In this market model, consumers are uniformly distributed along a linear preference spectrum that ranges from 0 to 1 (z €
[0,1]), often referred to as the Hotelling line. Their purchasing decisions are influenced by individual tastes and previous
interactions with the products. Each consumer assigns a unique valuation v; to product j, with these assessments being
mutually independent. When the two products are combined into a bundle B, the consumer’s total valuation for the bundle is
equal to the sum of the individual product valuations, v; + v,. Consumers who purchase product j through the physical
channel incur a transportation cost ¢, per unit distance z, resulting in their overall utility being expressed as v; + 6;Dg; —
Pgj — ¢;z. To ensure that a consumer’s utility remains positive (thereby encouraging a purchase), the following condition
must be satisfied: Dg;>(1/6;)(Pgj+cz — v;).

In stage 2, the manufacturer may establish an online distribution channel to sell products directly to consumers, incurring a
fixed setup cost, ¢c. By bypassing intermediaries, the manufacturer would offer a lower retail price, P, online. However,
the online environment introduces uncertainty, as customers cannot physically inspect the product and must wait for delivery.
These factors—perceived inconvenience, uncertainty, risk, and shipping costs—are collectively represented by c;,. The
potential online market for product j is denoted by D, ;, and the consumer’s utility for purchasing product j online is expressed
as v; + 0;D;j — Pyj — Cime. A positive consumer utility indicates a willingness to purchase product j online, which imposes
the condition D, ;>(1/6;)(Ppj+cCin — vj).

The foundational assumptions that support this study are articulated as follows:

(1) Channel Substitution: The physical and online channels both serve the same market, and thus compete with one another.
If consumers find that their needs are not fully met by one channel, they will consider purchasing from the other.

(2) Product Interactivity and Bundling: Products 1 and 2 are linked with bundled product B through network externalities
and consumers’ perceptions of value. Consequently, selling them as a bundle can enhance their collective visibility
while reducing consumers’ search costs.

(3) Valuation and Pricing of the Bundle: The economic valuation of product bundle B follows an additive model, where
consumers’ aggregate assessment equals the summation of each product’s perceived value. Furthermore, the bundle’s
retail price is strategically discounted relative to the cumulative standalone pricing of the individual items.

The symbols or notations employed in this research are delineated as follows.
v;: The perceived value of product j from the consumer’s perspective
6;: The effect of network externalities associated with product j
Dgj: Demand for product j in the physical (retail) channel
D, ;: Demand for product j in the online (direct) channel
Pgj: The price of product j within the physical distribution channel
Py j: The price of product j within the online distribution channel
Prg: The price of the bundled product B within the physical distribution channel
P;5: The price of the bundled product B within the online distribution channel
ug;: Consumer’s utility for product j in the physical distribution channel
uy,j: Consumer’s utility for product j in the online distribution channel
Cpj: Marginal cost of product j

@;: Wholesale price of product j

wg: Wholesale price of the bundled product B
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Cmc: Fixed setup cost for the online channel

cin: Inconvenience cost for consumers when shopping online

¢;: Unit transportation cost for consumers visiting the physical store
z: Consumer’s distance to the nearest physical store, where z~U[0,1]
7R The profit of Retailer employing the pure component strategy

¥ The profit of Manufacturer employing the pure component strategy

=]

ng: The profit of Retailer employing the pure bundling strategy

n}: The profit of Manufacturer employing the pure bundling strategy

m&: The profit of Retailer under Scenario i
el - The profit of Manufacturer under Scenario i
3. The Bundling and Pricing Strategy

This section explores the relationship between pricing strategies for two products and consumer demand in both physical and
online retail environments. By considering how shoppers navigate their preferences between in-store and online channels, as
well as the unique network externalities associated with each product, this study aims to identify optimal bundling and pricing
strategies. The goal is to utilize these insights into consumer behavior and product interdependencies to develop strategies
that improve market performance and profitability.

3.1 Stage 1 Decision Framework

At the initial decision point, the retailer evaluates two potential sales approaches: offering products 1 and 2 as standalone
items or combining them into a unified package. By analyzing the anticipated profitability outcomes for both the retailer and
the manufacturer under each scenario, an optimal pricing strategy can be established. We begin by analyzing the standalone
distribution model, in which the retailer markets products 1 and 2 independently. For a consumer located at position z within
the Hotelling spatial framework who chooses to purchase product j through traditional retail channels, the utility they
experience can be mathematically represented as:

uRj = Uj _PRj —CtZ"l'DRjgj,

where v; is the consumer’s base valuation for product j, Dg; is the product’s market potential in the physical channel, 6;
represents the product’s network externality, Pg; is the retail price in the physical store, and c, is the transportation cost per
unit distance z.

Assuming that the total market size is standardized to a value of one, consumers engage in purchasing decisions aimed at
maximizing their individual consumer surplus. The demand for each product can be determined by identifying the indifference

point where a consumer’s utility equals zero, which involves solving v; + Dg;0; — Pg; — ¢,z = 0 for z. The indifference point
. vj+DRj6—PRj . ) )
for product j is zj, = %. Because network externalities enhance the effective market potential, we express the
t

market demand as:

vy + D161 — Ppq

Ct

Dgs =Pr (z < ) (1+6y). (1)

With consumers uniformly distributed over the interval [0, 1], we can express this as:

_ (Vl + D161 — Ppq
R1 =
Ct

) (1+6,). ?)

By solving this equation for Dg,, we obtain:

(Pri —v) (1 +69)
Dy, = .
k1 6, + 62 —c, )
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An analogous methodology can be employed to calculate consumer demand for Product 2. By utilizing the independent
product offering approach, the retailer’s total earnings are determined by summing the profits generated from the separate
sales of Product 1 and Product 2. This relationship can be mathematically represented as follows:

(Pr1—v1)(1+64) (Pr2—v2)(1+67)
m = (Pry — @) (CREBE) o (o, — ) (PRE0A0)) “)

91+9%—Ct 92+922_Ct

where @; is the wholesale price set by the manufacturer for product j. The manufacturer’s profit under the pure component
strategy is the total of its profits from wholesaling products 1 and 2, expressed as follows:

M = (ml _ Cpl) ((PR1—U1)(1+91)) + (wz _ sz) ((PRZ_UZ)(1+92))I (5)

91+9%—Ct 92+922_Ct
where ¢, ; denotes the manufacturer’s unit cost for product j.

Corollary 1: In scenarios where the retailer offers products 1 and 2 as separate items, the equilibrium retail pricing strategy
and the corresponding peak profitability levels are determined as follows:

N 1
Phy = (v + @), )

The retailer’s maximum profit is as follows:

re 1 (v —@)’ (1 +6,) (v, —@,)?(1 +6,)
e Ty * ()
4’ Ct - 01(1 + 61) Cf - 62(1 + 02)
The manufacturer’s profit under these conditions is expressed as follows:
7'[M* — l (vl - wl)(wl - Cpl)(l + 01) + (Vz - ZD'Z)(‘(D'Z - sz)(l + 02) (8)
€ 72 ¢ —6,(1+6,) ce —60,(1+6,) '

Proof of Corollary 1:

Consider the retailer’s profit function concerning the retail prices Pg; and Pr,. The second-order derivatives of the profit
function for the retailer exhibit negative values:

a2nR  2(1+6y)
aPE,  61+6%2—¢;

02m2  2(1+6,)
aP%, ~ 6,+62—c;

< 0and < 0.

If t > 6;(1 + 6;), the profit function is convex in P,;, ensuring a global maximum. Setting the first-order conditions to zero:

anR 2P p1—v1—-w1)(1+6 anR 2P py—vp—w5)(1+6:
(;=( R1I—V1—w1)( 1)_0and (;=(Rz 2—72)( 2)=0.

dPR1 01+6%—c¢ PR 0,+6%—c¢

Solving these equations simultaneously yields the optimal retail prices, as demonstrated in Eq. (6).

Once the retailer determines its optimal pricing policy, the manufacturer formulates its wholesale pricing to maximize its own
profitability. By incorporating the retailer’s optimal retail prices into the corresponding profit functions, it is possible to
analytically obtain explicit formulations for the maximum profits of both the retailer and the manufacturer, as illustrated in
Eq. (7) and Eq. (8).

Corollary 1 confirms that the retailer’s optimal retail price remains unaffected by network externalities. However, these
externalities positively impact both the manufacturer’s and the retailer’s profitability. By engaging in promotional efforts and
enhancing product visibility to strengthen the network externality of their offerings, the manufacturer and retailer can attract
greater demand and subsequently increase their profits.

When a retailer adopts a pure bundling approach by packaging products 1 and 2 into a unified offering (bundle B), the market
is restricted to a single product choice. This strategy has dual effects: while it may encourage consumers who are initially
interested in only one product to purchase the complete bundle at a premium price, it simultaneously risks alienating those
who prefer to buy individual items, potentially reducing overall demand. Under the specified assumptions, the perceived
utility of bundle B is calculated as the sum of the perceived utilities of the two products.

When purchasing Bundle B through the physical channel, a consumer’s utility is expressed as ugg = v; + v, — Prp — ¢,z +
(61 + 0,) Dy . Here, the indifference point, which distinguishes between consumers who will purchase the bundle and those



C.-C. Tang etal. /International Journal of Industrial Engineering Computations 16 (2025) 1225

. : -P Dga(61+6 . o .
who will not, is z = RBWIWZ: e (01+92) Taking network externalities into account, the market potential for bundle B
t

increases proportionally to (1 4+ 6; + 6,)Dgp. Thus, the demand for bundle B is:

v1+v2+DRrp(01+602)—PRB
Ct

) (1+6, +6,) = (Prg—v1—12)(1+601+6,) ©)

(01462)(1+0,+62)—ct

Drp = Pr(z <

The retailer's profit under pure bundling is determined using the specified demand expression as follows:

R _ _ (PRB—V1—U2)(1+91+92))
5 = (Prs — @p) ( (01+62)(1+6,+65)—c; /)’ (10)

while the manufacturer’s profit in this scenario is:

M _ _ (PRB—U1—V2)(1+91+92)>
Mg = (mB (Cpl + CPZ)) ( (01+62)(1+6,+0,)—c; /° (an

Corollary 2: When the retailer chooses to sell only the bundled product B, the optimal retail price and the corresponding
maximum profits are as _follows:

. 1
Prp =E(V1 + v, + @p), (12)

and he retailer’s maximum profit is as follows:

R+ _ (W1tv2—w@p)?(1+61+67)
T8 = (0140 (1+6,+02)) (13)

The manufacturer’s profit under these conditions is:

M« _ (Cp1tcpa—wg)(—v1—v2+wp)(1+61+63)
T = 2(ct—(01+0,) (140, +62)) : (14)

Proof of Corollary 2:
Given that 0 < 6; < 1, the second-order derivative of the retailer’s profit with respect to Pgp is:

a2k 2(1+61+65) 15)
aPEp ~ (01+0,)(1+61+62)—c¢

This value is negative if ¢, > (6, + 6,)(1 + 6, + 0,), implying that the profit function is convex and attains a maximum
R P —Dy—
solution. Setting the first-order derivative equal to zero: omp _ (2PRe—v1vp—wp) (1461 +05) _ 0, we obtain the optimal selling
0PRB (61+62)(1+601+63)—ct

price Pgg. Substituting Pgg back into the profit functions yields the maximum profits for both the retailer and the manufacturer.

Corollary 2 indicates that the retailer’s optimal pricing strategy for the bundled product is primarily influenced by two factors:
consumers’ perceived value of the products and the wholesale price established by the manufacturer. Network effects emerge
as a crucial element that significantly impacts the profitability of the both (manufacturer and retailer). Furthermore, the
manufacturer must carefully consider marginal production costs when determining the wholesale price, as these costs
indirectly influence the retailer’s pricing decisions and ultimately affect overall profitability.

3.2 Stage 2 Decision Framework

In the second phase, the manufacturer aims to expand its customer base and address diverse consumer needs by launching an
online platform in conjunction with its traditional physical store. This dual-channel approach allows the manufacturer to offer
a broader range of services tailored to various shopper preferences. Within this framework, both the online and physical outlets
provide the same product lineup—including Product 1, Product 2, and Bundle B—while independently developing their
bundling and pricing strategies. These decisions must consider consumer purchasing behaviors, the unique strengths of each
sales channel, and the enhancing effects of network dynamics. Table 1 outlines the four primary strategic combinations that
the manufacturer and retailer may implement.

Table 1
The Click-and-Mortar Business Model Operation
The Online Channel
Pure component Pure Bundling
The Physical Channel Pure component Scenario 1 Scenario 3

Pure Bundling Scenario 4 Scenario 2
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Scenario 1: Implementation of a Pure Component Strategy across Online and Physical Channels

When a manufacturer establishes an online sales platform alongside its physical stores, both channels may independently
adopt a pure component strategy, offering each product j for individual purchase at distinct prices. Consumers then evaluate
their options and choose the channel that best aligns with their personal preferences and shopping experiences. The satisfaction
a consumer gains from buying product j through the online channel is quantified as ug; = v; + 6;Dg; — Pg; — Cin, Where ¢j
reflects the perceived inconvenience of shopping online. In contrast, the utility derived from purchasing product j in the
physical store follows the framework outlined in Section 3.1. If the utility from the physical channel (u;,) exceeds that of the

online channel (ug,), consumers will choose to purchase product 1 from the brick-and-mortar location; otherwise, they will
. . . . ; —Pr;—Dps6 6
opt for the online channel. Solving the inequality for Product 1, we find that when: z < SntPit PRIC Dri%*Dui®t  consumers
t
who are located closer to the physical store are more likely to choose the in-store shopping experience, while those situated

farther away tend to prefer the online shopping channel.

Considering network externalities, the effective market demand for each product j increases by a factor of D;;(1 + 0;).
Therefore, the demand functions for product j in both the physical and online channels can be derived as follows:

_ (1+9]')(PR]'+9]'+9]Z—Cin—PL]')
Rj — _Ct+29j(1+9j)

and D, ;= (1+9j)(Cin—Ct+PLj_PRj+91+9%)' (16)

_Ct+29j(1+9j)

A similar approach applies to Product 2, resulting in analogous demand functions. Accordingly, the retailer’s profit under the
pure component strategy in both channels is as follows:

(1+9j)(PRj_wj)(PRj+9j+ajz_Cin_PLj)

R — y2 17
Tisq 21:1 Zaj(1+9j)_ct 5 ( )
and the manufacturer’s profit is as follows
oM = 32 (@j=cp) (140 )(PRj+6 j+0F —cin—PLj) + (PLj=Cpj)(1+0)) (Cin—Ct+PLj—PR;j+0+67) e (18)

S17 4j=1 20;(1+6))—c¢ 20;(1+6)—c¢ me>

Corollary 3: If both the manufacturer and retailer implement a pure component strategy, the equilibrium pricing decisions
and the corresponding maximum achievable profits can be determined as follows:

Piy =126, - cin + 2, 36,1+ ), )

2

(1+9j)(cin+2ct—5(9j+9f))
- 21
g1 21:1 16(Ct—291’(1+91’)) ’ ()

2
(1+6))( 8cpj(2(0+67)-c¢ ) +8w)( ce—2(0;+67) ) +(cin—2ce+3(0;+67)

i — 5., oo )zl @

s(ct—2(9j+9]?)) = Cme-
Proof of Corollary 3:

In this framework, we posit that the manufacturer assumes a leadership role while the retailer operates as a follower. Utilizing
backward induction, we first determine the retailer’s optimal pricing response. The convexity of the retailer’s profit function
with respect to Pg, is confirmed by the second-order condition: 62”215?1 = 2146y < 0 under the condition ¢, > 26;(1 +
arg, ct—20,(1+6,)

6;). This convexity ensures a unique global maximum for the retailer’s profit function. To solve the first-order condition:
67r§1
9PR1
demand functions allows us to evaluate the manufacturer’s profit. Similarly, the manufacturer’s profit function demonstrates

M M
a;:Lzsll =— ct—zlaj(911+ o < 0. Setting the first-order condition ZZZ
price P;,. Similarly, by substituting P;; back into the retailer’s best response, we can determine the retailer’s optimal price.

The same procedure applies to product 2.

= 0, yields the optimal retail price: Pp; = %(cin + P, + @ — 6;(1 + 6;)). Substituting this optimal response into the

convexity in P;4, as evidenced by: = 0 provides the optimal

Corollary 3 indicates that both the manufacturer’s and retailer’s optimal pricing strategies are influenced by similar factors,
including network effects and consumer-related expenses. Notably, network externalities exhibit an inverse relationship with
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these optimal prices—greater network effects tend to drive prices downward. Additionally, transportation and convenience
costs emerge as critical determinants; since these costs disproportionately impact the retailer, rising transportation expenses
compel the retailer to set prices higher than those of the manufacturer.

Scenario 2: Implementation of a Pure Bundling Strategy across online and Physical Distribution Channels

In this scenario, both the manufacturer and retailer employ a pure bundling strategy, marketing products 1 and 2 as a
consolidated package (Bundle B). This approach is intended to capture consumer interest and enhance sales figures. The
online and physical channels each establish distinct prices for the bundle, referred to as P,z and Pgp, respectively. For
consumers purchasing Bundle B through the online channel, their utility is calculated as follows: u;3 = v; + v, — P,z —
Cin + (01 + 0,)D, . This reflects the utility function established for the physical channel during the initial phase of pure

bundling. Consumer channel selection is influenced by individual preferences. Specifically, if the condition z <
P1g—PRB+Cin—(01+62)(DL—DRB)
Ct

is met, consumers will prefer the physical channel; conversely, they will select the online

channel.

Considering network externalities, effective demand increases with (1 + 6, + 6,). Therefore, the demand for bundle B in
both physical and online channels can be expressed as:

_ (14614685)(PRE—PLB—Cin+(81162)(1+61162))

D
RB 2(62+6,+62)+26,(1+267)—ct (23)
and
D _ (146014602)(PLB—PRrB+Cin—Ct+(01+602)(1+601+62))
LB= 2 P = : (24)
2(02+6,+02)+20, (1+262)—c¢
The retailer’s profit is as follows:
R _ (PRp=wp)(1+61+62)(PRB—PLB—Cin+(01+62)(1+601+62))
sz = 2(02+6,+62)+26, (1+26,)—c : (25)
1 2 2 1 2 t
The manufacturer’s profit is as follows:
M _ (@B—(cp1+¢p2))(1401+602)(PRB—PLB—Cin+(01+02)(1+61+67))
sy = 2 2 _ +
2(0%+60,+02)+20,(1+265)—c¢ (26)
(PLB=(cp1+¢p2))(1+61+62)(PLB—PRB+Cin—Ct+(01+602)(1+61+65))
2(0%+60,+62)+2601(1+262)—ct me-

Corollary 4: When both the manufacturer and retailer adopt a pure bundling strategy, the optimal pricing levels for the
bundled product (Bundle B) can be established as detailed below:

Pip = 7 (2¢, + Cin + 4wy — 561 + 0,)(1 + 61 + 6,)), 27)
and

Py = %(2ct — Cin + 2w — 360, — 3(62 + 02 + 6,(1 + 202))). (28)
Proof of Corollary 4:

To determine the retailer’s optimal pricing strategy, we analyze the second-order derivative of the retailer’s profit function
a?nk, _ 2(1+61+67)
0PEp  2(07+61(1+262)+6,(1+62))~c;

concerning the bundle price P,z. The mathematical expression is as

This derivative is negative, provided that the following condition is met: ¢, > 2(82 + 6, (1 + 26,) + 6,(1 + 6,)). Under this
condition, the retailer’s profit function demonstrates convexity in Prp, which guarantees the existence of a maximum value.
By setting the first-order derivative to zero, we can derive the retailer’s optimal response to the manufacturer’s pricing strategy
as follows:

1
Pro = 2 (Cin + Pig + @5 — (67 + 03(1 + 26,) + 6,(1 + 6,))). (29)

By substituting this optimal response back into the demand functions for both the physical and online channels, we can derive
the manufacturer’s profit. Similarly, by analyzing the manufacturer’s profit function with respect to P, 5, we find that it is also
convex, which ensures a unique maximum. Setting the first-order derivative to zero allows us to determine the optimal P, .
Substituting this optimal P, into the retailer’s response price then provides us with the optimal Pgj.
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Corollary 4 indicates that the pricing dynamics under a pure bundling strategy exhibit significant similarities to those observed
in a pure component strategy, especially regarding how transportation and inconvenience costs influence optimal pricing
decisions. However, network externalities have a more substantial impact on price determination within the pure bundling
framework. Importantly, the interaction between the network effects associated with the two bundled products emerges as a
crucial factor in determining the final pricing outcomes.

Scenario 3: Implementing a Pure Component Strategy in the Physical Channel and a Pure Bundling Strategy in the Online
Channel

In this scenario, the manufacturer employs a distinct strategy across its sales channels. For the online channel, the company
utilizes a pure bundling approach, marketing products 1 and 2 as a consolidated package (bundle B) priced at P; 5. In contrast,
the physical retail channel operates under a pure component strategy, enabling customers to purchase products 1 and 2
separately at their individual prices. This dual-channel strategy creates a strategic differentiation between the two sales
environments, potentially influencing consumer behavior and pricing dynamics. To support and potentially enhance the sales
of bundle B, the retailer is restricted to selling only product 1 in the physical channel at a price Pg,. Consequently, consumers

must choose between purchasing bundle B online or buying product 1 in-store. If up; > u;p, consumers will prefer the
PLB—PR1+Cin—V2+Dr16;

. e -D1p(61+6
physical channel, indicating that when z < 18©1%) (ystomers demonstrate a strong preference for

Ct
purchasing Product 1 through physical retail channels. When this preference is not satisfied, they tend to acquire Bundle B
through online platforms. Considering the impact of network externalities, the demand patterns for Product 1 in physical
stores and Bundle B in the digital marketplace can be characterized as follows:

_ (1461)(PR1—PLB—Cin+V2+(01+62)(1+61+63))

by = 2601 (1+01+05)+60,(1+62)—c¢ (30)

and

Dyp = (PLB—PR1+cin—ct—v2+91+9f)(1+91+92). 31)

2601 (1+61+62)+602(1+62)—c¢

From these demands, the profits for the both (retailer and manufacturer) should be as follows:

s = (b — ) (e ) 62

and

i = (@1-cp1) (14+01) (PRra +72+(0:1+62)(14+01+602)~cin—P1B) (PLB=(cp1+Cp2))(Cin=Ct+PLB—PR1—V2+01+67) (1401 +6;) . (33)
2601 (1461 +62)+62 (1+62)—c¢ 261 (1+61+82)+62(1+62)—c;

Corollary 5: Under the strategic configuration in which the manufacturer employs an exclusive bundling model through an
online channel, while concurrently the retailer adopts a component pricing strategy in a traditional physical channel, the
equilibrium pricing solutions for standalone product 1 and composite package B are mathematically defined by the
following expressions:

. (@1 (1461)+cp162) 1
PRl = W + Z(Cln + 2Ct + sz - vz + 3ZD'1 - 362(1 + 261 + 62) - 561(1 - 01)), (34)
and

. (@ (1+61)+cp162) 1
Pl = W+ S(2ce = cin + ey H vy F @1 — 05(1+ 6,) — 6,(3 + 26, — 36,)). (35)
Proof of Corollary 5:

Given the parametric constraints 0 < 6; <1 and ¢, > 260,(1 + 6, + 0,) + 6,(1 + 08,), the retailer’s profit function
demonstrates strict convexity with respect to Py, ensuring the existence of a unique global maximum. This critical point is
61r§3
0PR1
the retailer’s optimal pricing response. Substituting this equilibrium pricing solution into the demand system enables complete
characterization of the manufacturer’s profit structure. By applying analogous convex optimization techniques to the
manufacturer’s objective function with respect to P, 5, the optimal online pricing strategy emerges as the solution to the
corresponding first-order equation. The intersection of these strategic responses defines the Nash equilibrium prices Py, and
P/s.

analytically determined by solving the first-order optimality condition = 0, which yields a closed-form expression for
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Corollary 5 establishes that the equilibrium pricing structure must align with consumer valuation frameworks and operational
cost parameters. Notably, the exclusive online availability of Product 2 creates channel migration dynamics, directing
consumers seeking this product variant systematically to the digital marketplace. This strategic segmentation enables the
manufacturer to implement value-based pricing for Bundle B while preserving margin integrity through cross-channel
demand reallocation. The analytical framework demonstrates that bundled product pricing functions as both a revenue lever
and a demand steering mechanism in dual-channel supply chains.

Scenario 4: Implementing a Pure Component Strategy in the Online Channel and Pure Bundling Strategy in the Online
Channel

In this scenario, the manufacturer adopts a standalone product distribution model in the online channel by exclusively offering
Product 1 at price P;;, while the retailer executes a composite product package approach through traditional physical stores
via Bundle B priced at Pgg. The consumer choice mechanism operates under a dichotomous decision paradigm: market

participants must select between acquiring Bundle B from physical stores and purchasing Product 1 through an online channel.
Cin+P11—Pra+v2 —CDL1 91+DRB(91+92). When this
t

inequality is satisfied, rational actors exhibit a preference for bundled offerings in physical stores due to the optimization of
perceived value. Conversely, when this threshold criterion is violated, it triggers channel migration behavior, leading
consumers to choose online acquisition of standalone products. This analytical framework is consistent with established
principles of consumer choice theory, particularly the substitution effect and utility maximization within budgetary constraints.

The consumer selection dynamics are governed by the threshold condition: z <

Accounting for network externalities, the demand for Bundle B and Product 1 is as follows:

Do = (cin=PL1+PRB—V2+61(1+61))(1+61+6>)
RB = ) (36)
Ct—az (1+92)—291(1+91+92)

_ (A+61)(cin—Cct+PL1—PRE+v2+(81162)(1+61162))

Dia Ct—07(1465)—201(1+6,+65) 37
From these demands, the retailer’s profit is calculated as follows:

s = (o —wp) (e ). 39)
The manufacturer’s profit is as follows:

= (WB—(Cp1+0pz))(PL1—PRB+Cin+vz—91(1+91))(1+91+92) + (PL1=cp1)(1+01) (PL1—PRB*Cin=Ct+v2 +(01+02) (1461 +67)) c (39)

Ce—02(1405)—20,(1+6,+65) 02(1462)+201 (1+6,+62)—ct me:

Corollary 6: If the manufacturer employs a pure component strategy in an online channel and the retailer implements a pure
bundling strategy in a physical channel, the optimal prices for Product 1 and Bundle B are as follows:

02(cp1+Cp2—wp+2+601+46F)

. 1

Pl =220 — Cin — Cpo — V3 + 2095 — 360, (1 + 6;) — 263) — e : (40)
0 - 0,1+46%

PEB = %(Cm + 2Cf - sz + vz + 4‘(1)'3 - 5(1 + 01)01 - 2622) - Z(Cp1+cp24(zf-f;—12)+6 1+4 1). (41)

Proof of Corollary 6

The analysis of the retailer’s profit function concerning Prz demonstrates convexity under the conditions 0 < 8; < 1 and
¢ > 60,(1+6,) + 26,(1 + 6, + 6,). This convexity ensures the existence of a unique maximum, as indicated by the second-

617:§4
0PRrB
price. Substituting this optimal price back into the demand equations enables the calculation of the manufacturer’s profit,

order derivative being negative. By setting the first-order derivative = 0, we can derive the retailer’s optimal response

L . . . ... onM .
which is also shown to be convex in P;; under the same conditions. Setting the first-order derivative a:ﬂ = 0 yields the
L1

manufacturer’s optimal price P;;. Finally, substituting P/, into the retailer’s best-response equation determines the final
optimal price Pgp.

In summary, the optimal pricing strategies in Scenario 4 must consider consumers’ valuation of Product 2 and the dynamic
interplay of network externalities. This strategic approach ensures that both the manufacturer and retailer can make informed
decisions to maximize their respective profits. Since Product 2 is exclusively available through the physical channel, its
perceived value—and its influence on demand—must be meticulously assessed during the pricing strategy formulation
process. This careful consideration enables both parties to effectively optimize their profitability.
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4. Property Analysis and Numerical Applications

Multiple factors influence the selection of strategies by manufacturers and retailers. Managers can modify these factors to
optimize their overall profits.

4.1 Property Analysis

The wholesale price serves as the primary cost driver for both the retailer and the manufacturer. By modifying their bundling
and pricing strategies in response to this wholesale price, both parties can potentially enhance their profits.

Corollary 7: Consider stage 1, in which only the retailer offers the two products in the market:

(1) In stage 1, where the network externalities associated with both products are equivalent (i.e., 8; = 0, = 0), the
implementation of a pure bundling strategy is considered more financially advantageous than a pure component
strategy, provided that the wholesale price of the bundle satisfies the following criterion:

| (140)(cr—20+46%)((v1 1)+ (V2 ~@3)?)
wp < (v +vy) J 1720)(c—0-6) . (42)

(2) If neither product exhibits network externalities (6; = 0, = 0), then pure bundling is more profitable when

@y < (V1 + 1) = (v — @)% + (v, — @,)2. (43)
Proof of Corollary 7:

By setting 78 = mR (equalizing the retailer’s profits from pure component and pure bundling strategies) and simplifying the
resulting expressions, we arrive at the conditions presented in (42) and (43).

Corollary 7 suggests that if the manufacturer provides a sufficiently large discount on the bundle (i.e., a relatively low
wholesale price wj, the retailer can gain more by adopting a pure bundling strategy. This approach may entice consumers
who initially intended to purchase only one product to buy both, motivated by the perceived added value and the discounted
bundle price. Consequently, this strategy increases overall demand and profit. Conversely, if the wholesale price is excessively
high—surpassing the established thresholds—the retailer should adopt a pure component strategy. In such scenarios, the
retailer can still optimize prices for individual products to maximize profits.

When implementing a bundling strategy, it is essential to understand how channel members must adjust their actions in
response to various underlying cost factors. This understanding ensures that the decisions made by both the manufacturer and
the retailer lead to superior outcomes. To further elucidate these relationships, Corollary 8 and Corollary 9 will examine how
different cost conditions influence strategic choices, enabling us to identify the optimal strategies across a range of scenarios.

Corollary 8: In stage 1, when the retailer implements a pure bundling strategy for the two products, the resulting profit
ct(1461+65)

ct—(01+62)(1+61+63)

increases by a factor of due to the presence of network externalities 8; and 0,.

Proof of Corollary 8:

This analysis examines the retailer’s profitability under two distinct bundling strategies: first, when network externalities are
present, and second, in their absence of such effects (where 6; = 6, = 0). By contrasting these scenarios, we aim to quantify
the impact of network externalities on the retailer’s earnings from a pure bundling approach. Let n’g* represent the optimal

retailer profit under network externalities, and let n’g* |8, = 6, = 0 denote the optimal profit without network externalities.
We have:

(v1+v2-wR)%(1+01+62)
B T a(ci+0246,+03461(1426,)) ce(1461+63)

nB*10,=60,=0 (V1+Vz;wB)2 T = (01+0)(1+0,1+63)
4

The result of Corollary 8 demonstrates that incorporating network externalities into a pure bundling strategy significantly
enhances profits compared to a scenario without such externalities. As products gain value with an expanding user base,
consumers become increasingly responsive to both perceived value and the size of the user community. This heightened
sensitivity, driven by network externalities, increases demand for bundled offerings.

Consequently, the retailer can leverage the observed relationship between network size and externalities to assess consumer
valuation of both products. Utilizing this insight, the retailer can refine the optimal bundling and pricing strategy to maximize
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profits. When implementing a bundling strategy, both the manufacturer and retailer must also consider how various other
factors may impact their profitability.

Corollary 9: In stage 2, when both the manufacturer and retailer are active in the market without network externalities
. . ) . 1
(6, = 6, = 0), Scenario 1 emerges as the most advantageous Click-and-Mortar business model if ¢, > " (vy — 2¢ip, —

cpz).
Proof of Corollary 9:

This is accomplished by comparing the profits of the manufacturer and the retailer across various scenarios.

R R _ (cint2cp)? R R _ 2(cint2c)%—(Cin+2ct+cpr—v2)?

M§1 sy = g, > 0. 7S —ms3 = - llﬁnct >0,
R R (vz - cpz)(Zcin +4c; + cpp — vz) . 1

TGy — Moy = >0,ift>— (v, —2¢;,, — C
S2 S3 16t f 4( 2 in pz)
R R (vz - cpz)(Zcin +4c; + cpp — vz) . 1

TGy — Moy = >0,ift>—(v, —2¢4;, — C
S2 S3 16t f 4( 2 in pz)

—2)(2Cin+4ct—Cpo+ int2 -
T[évaly _ n_éwz _ (ep2—v2)2Cin+ace—Cpa+vz) >0, T[évaly _ 7Téw3 _ (eint2c)(cp2—12) >0

16ct 4ce

From these inequalities, we can deduce the optimal strategies.

Interpretation of Corollary 9: In the absence of network externalities, maintaining a physical store in proximity to high-demand
areas reduces transportation costs. Additionally, providing services such as free shipping or online coupons further mitigates
inconvenience costs. These strategies can increase profits for the both (manufacturer and retailer). However, the manufacturer
must diligently collect adequate market information before determining the most effective strategy.

Additionally, the results indicate that profit levels in Scenarios 1 and 4 are consistently higher than those in Scenarios 2 and
3. Therefore, when transportation costs are elevated, adopting a mixed Click-and-Mortar business strategy (Scenarios 3 and
4) is not advisable. In other words, concentrating on a pure component strategy in the physical channel (Scenario 1) or a pure
bundling strategy in the physical channel (Scenario 4) tends to generate better returns when network externalities are absent
and transportation costs are the primary concern.

Corollary 10: Consider stage 2 in which the two products exhibit identical network externalities (6, = 6, = 0).

(1) Pure Component Strategy: Under this strategy, introducing an online channel alongside the retailer channel is
more profitable for the manufacturer than relying exclusively on the retailer if:

(1+0)(cin—2ct+30+362%)2 8(1+6)
4c—86(1+6) 8c—0(1-6)

Cme < Zle((cpi +2@;) (¢, — 01 + 0)) + cpiv; + @i (@; — Cpi — 11)). (44)

When there are no network externalities (6, = 0, = 0), the condition simplifies to:

(cin—2cp)? _

Crme <
me ut

1 w2
o Zz:1((cpi + 2@;)C + Cpivi + @i (@ — Cpi — V1)). (45)

(2) Pure Bundling Strategy: A manufacturer employing a pure bundling approach will find that introducing an online
channel is more effective than selling exclusively through retailers if:

1426 2, 460+1202)°  4(cp1+cpr—wpg)(2ce—40-80% v, —vytw
Cmc<( )<(Cm Ct ) _ (Pl P2 B)( t 1~V2 B))’ (46)

8 ct—46+802 ct—260+462
With no network externalities (8, = 6, = 0), this reduces to:

(cin—2¢t)?—4(cp1+cpr—wp)2ct—v1 -V +wp) @7)
8ct >

Cme <

when the two products have no network externality.
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Proof of Corollary 10:

Let w¥ represent the manufacturer’s profit when utilizing only the retailer’s channel under a pure component strategy at stage
1, and let T¥ denote the manufacturer’s profit when incorporating an online channel under the same strategy. By equating
these profits and solving for ¢,,., we can determine the thresholds. A similar process applies to the pure bundling strategy.

Corollary 10 outlines the conditions that assist the manufacturer in determining whether the additional fixed cost (¢y,.)
associated with launching an online channel is warranted. If the ¢,,. is below the specified threshold, the introduction of an
online channel will enhance profits, considering the observed market parameters and the presence or absence of network
externalities.

Corollary 11: In stage 2, when both the manufacturer and the retailer are actively involved in selling the two products:

(1) Scenario 2 (Pure Bundling) vs. Mixed Bundling (Scenarios 3 and 4): If wg > 0,(1 + 20, + 0,), the optimal bundling
price in Scenario 2 will be lower than the bundling prices in Scenarios 3 and 4, where mixed bundling strategies are
employed.

(2) Price Comparison Between Retailer and Manufacturer (Scenarios 1 and 2): If ¢, > % the retailer’s optimal selling

prices in Scenarios 1 and 2 will exceed those set by the manufacturer.
(3) In Scenario 2, the retailer’s optimal bundle discount should be calculated as ¢, + @, + @, — wg + 36,0, — ci /2.
Proof of Corollary 11:

(1) By comparing the bundle prices in Scenario 2 with those in Scenarios 3 and 4, and examining the resulting differences, it
can be concluded that when wyz > 0,(1 + 26, + 6,), the bundling price in Scenario 2 is lower. Similarly, the differences
in bundle prices between Scenarios 2 and 4 confirm that P3p>Ps:  (  P§s— P =
(V2—Cp2)(A+01)+62(@p—(cp1+cpz)+3(1+61)(1+2601+67)) > 0)

4(1+61) ’

. . . . . 3cin—2cc+0;(1+6;
(2) By comparing the differences between retailer and manufacturer prices in Scenarios 1 and 2 (Pg} - szl = %’(’)

and PE} - szl = %(BCL-H —2¢; + (6, +6,)(1 + 6, + 6,))), it can be demonstrated that if ¢;, > é, the retailer’s prices

Pgj and P} exceed the manufacturer’s corresponding prices P} and P7.

(3) Evaluating the difference between the bundled retail price in Scenario 2 and the sum of individual product prices in

Scenario 1 reveals that the bundle discount in Scenario 2 should be expressed as Pgg — (P81 + PRi) =

2(cttrwitwy—wp+360163)—cCin
5 .

Corollary 11 suggests that it is essential for manufacturers and retailers to establish optimal selling prices and determine
appropriate discount levels across diverse market conditions. By strategically setting prices and implementing effective
promotional tactics, both manufacturers and retailers can stimulate consumer demand and enhance their profitability.
Collectively, these findings provide valuable insights for pricing strategy decisions for both manufacturers and retailers across
various Click-and-Mortar channel configurations.

4.2 Numerical Application and Sensitivity Analysis

In this subsection, we present a numerical scenario that incorporates consumer perceived values, network externalities, and
various cost factors. In this example, the perceived value of product 1 is set at v;=32, while the perceived value of product 2
is v,=21. The network externalities for products 1 and 2 are 6,=0.6 and 8,=0.4, respectively. This indicates that an increase
in the user base enhances the perceived value of product 1 more significantly than that of product 2.

Under Stage 1, the manufacturer establishes the wholesale prices for individual products as follows: Product 1 is priced at
w,=18, and Product 2 is priced at w,=10. However, if the retailer chooses to procure both products as a bundled offering
(Bundle B), the manufacturer provides a reduced wholesale price of wz=26. The production costs associated with Product 1
and Product 2 are ¢,,=5.6 and ¢,,=3.5, respectively. Additionally, the manufacturer incurs a fixed setup cost of ¢;,.=16,000
to establish and operate an online sales channel. The inconvenience cost associated with online shopping is set at ¢;,=14,000,
while the transportation cost per unit distance for purchasing from a physical store is ¢,=22.

These parameter values are summarized in Table 2 and serve as the basis for our subsequent analyses and strategic evaluations.
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Table 2
Configuration of Parameters
Parameters Values Parameters Values

6, 0.6 6, 0.4
2 $32 v, $21
Cpl $56 sz $35
w, $18 w, $10
g $26 Cin $14,000
[ $22 Cme $16,000

By inputting these parameter values into the previously derived equilibrium solutions, we can determine the best selling prices
and profits for both the manufacturer and the retailer. The results are presented in Table 3.

Table 3
Optimal Pricing and Profit Outcomes for Manufacturer and Retailer
Strategy Selling Price Profit Total Profit
— R—
Stage 1: Pure Component PPRl__$$12555 Z%=$$58'792§g $14,636.7
The Physical Channel Model Rz = ’ TrCR*$1’8 22'5
: _ =513,
Pure Bundling Prg = $39.5 TM=820.815 $41,040
Pr, = $31.6
s iz Vo R =$26,863.8
Scenario 1 PRZ _ $31'3 $53,851.4
PLl ; $23.8 ¥ =$26,987.6
Stage 2: Ié‘z _ $3é R _
i i ; RB = n&,=$16,000
Click-and-Mortar Business Model Scenario 2 P = $38 }=$25,800 $41,800
. P, =$26.4 T5=$5,455
Scenario 3 Py = $43.1 ) =$32,546.6 $38,001.6
. Prp = $44.2 n8,=$18,725.4
Scenario 4 P, = $28.4 M =$17.915 4 $36,640.8

Table 3 illustrates that under different scenarios, the manufacturer’s profits remain relatively stable. However, when the
retailer acts as the sole channel and implements a pure components strategy, profits experience a significant decline. Notably,
only in Scenario 4 do the distributor’s profits surpass those of the manufacturer. In terms of total supply chain profits,
Scenarios 1 and 2 exhibit exceptional performance, exceeding that of Scenarios 3 and 4. This suggests that through
collaborative strategies such as channel integration and strategic complementarity, manufacturers and distributors can
optimize profitability.

In the Click-and-Mortar business model, the most effective approach for manufacturers is for distributors to implement a pure
bundling strategy. Conversely, retailers benefit most from adopting a pure components strategy. Furthermore, because Product
1 has a higher consumer-perceived value and stronger network externalities than Product 2, the optimal price for Product 1
under the pure components strategy should be set higher than that of Product 2.

Moreover, the manufacturer’s decision to introduce an online channel is influenced by setup and inconvenience costs. To
investigate this, we analyzed the profit differences under pure component and bundling strategies, both with and without
Click-and-Mortar channel operations. The analytical results are presented in Fig. 2. This figure illustrates the decision zones
for the Pure Component Strategy and the Pure Bundling Strategy under varying levels of setup cost (c,,,.) and inconvenience
cost (¢, ), measured in thousands of dollars. For both strategies, an iso-profit curve divides the cost space into two regions:
the Click-and-Mortar business model (integrating physical and digital operations) dominates in the lower-left region below
the curve, where c,,. and c;;, are relatively low, while the physical channel model (traditional offline-only operations)
becomes advantageous above the curve, where costs exceed critical thresholds.

Under the Pure Component Strategy (left chart), the Click-and-Mortar model remains viable across broader cost ranges (¢!
0-60k; c;,: 0-40k), suggesting greater flexibility to absorb higher setup and operational inefficiencies. In contrast, the Pure
Bundling Strategy (right chart) operates within narrower cost limits (¢, 0-30k; ¢;;,: 0-20k), demanding stricter cost control
to maintain profitability. This contrast highlights that bundling, while potentially efficient in integrated sales, is less tolerant
of cost escalation compared to the component-based approach.

The visualization underscores a critical trade-off: adopting Click-and-Mortar operations is optimal when costs are contained
below the iso-profit threshold, whereas retaining traditional physical channels becomes preferable when setup and
inconvenience costs outweigh the benefits of digital integration. Manufacturers must therefore evaluate their specific cost
structures—balancing c,,. and c;, to align their channel strategy with profitability goals.
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Fig. 2. The Decision Zones for the Pure Component Strategy & the Pure Bundling Strategy under the Inconvenience Cost
vs. the Setup Cost

Furthermore, Fig. 3 presents a comparative analysis of the two strategies—the Pure Component Strategy and the Pure
Bundling Strategy—evaluated under the influence of network externalities (6, 8,) or wholesale prices (w;, @,) of two
products. In this figure, we present the decision zones in which either the traditional physical channel model or the integrated
Click-and-Mortar business model holds a competitive advantage. In the Pure Component Strategy (left graph), the physical
channel model dominates a significantly larger area, particularly when the network externalities or wholesale prices of the
two products exhibit substantial disparity. This suggests that selling products individually is more advantageous in markets
with heterogeneous product characteristics or cost structures. Conversely, the Pure Bundling Strategy (right graph) favors the
Click-and-Mortar business model across a broader region, especially when the network externalities or wholesale prices of
the two products are closely aligned. The flatter Iso-Profit Curve in this scenario implies that bundling products creates
synergies in markets with complementary network effects or balanced pricing, enabling firms to leverage digital integration
for enhanced profitability.
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Fig. 3. The Decision Zones for the Pure Component Strategy and the Pure Bundling Strategy under the Network
Externalities of Two Products (6;, 8,) or the Wholesale Prices of Two Products (@, @;)

In order to understand the effects of network externalities on two products in different scenarios, we present a sensitivity
analysis. Fig. 4 presents a comparative analysis of profit dynamics in Click-and-Mortar business models across four
operational scenarios, determined by the interplay of channel strategies (physical vs. online) and product distribution methods
(pure component vs. pure bundling). The eight grayscale contour subplots quantify profit sensitivity to product-specific
network externalities (64, 8,), with darker regions indicating lower profitability. In Scenarios 1 and 4, balanced network
externalities between the two products enhance profitability for both manufacturers and retailers, as evidenced by the
expansion of high-profit zones. In contrast, Scenario 2 reveals a critical threshold effect: when network externalities exceed
0:> 0.6, the retailer’s profit declines due to market cannibalization by the manufacturer’s dominant online channel. Similarly,
in Scenario 3, an increased network externality of Product 2 (6, > 0.5) reduces retailer margins, as the manufacturer leverages
online bundling to capture sales from the physical channel. These patterns are further illustrated through directional arrows,
which highlight profit deterioration trajectories under asymmetric network effects (e.g., 6,=0.8 vs. 8,=0.2 in Scenario 2). The
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findings underscore a strategic paradox: while network externalities amplify system-wide value creation in hybrid channels,
their imbalanced growth triggers channel conflict that disproportionately disadvantages retailers.
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Fig. 4. The Manufacturer’s and Retailer’s Profits in Scenarios 1-4 Considering the Network Externalities of Two Products
(61, 62)

To understand how network externality affects manufacturers’ and retailers’ pricing decisions for products, we conduct
sensitivity analyses under different scenarios here. Fig. 5 illustrates the relationship between product-specific network
externalities and optimal pricing decisions for two products across four hybrid business strategies (Scenarios 1-4). Each
subplot highlights distinct pricing curves and thresholds, demonstrating how network effects influence price differentiation in
Click-and-Mortar models. Key findings are structured as follows:

(1) In Scenario 1, as network externalities increase, both manufacturer and retailer profits can rise. However, to maximize
gains, the manufacturer’s product pricing in the online channel (Pg,, Pg,) and the retailer’s product pricing in the physical
channel (P/;, P;;) must decrease alongside the growth in network externalities. This is because heightened network
externalities alter product demand dynamics, rendering the originally set prices suboptimal. Furthermore, in the absence of a
product bundling strategy, Products 1 and 2 require separate pricing optimizations by both the manufacturer and retailer.
While the manufacturer’s prices consistently remain lower than those of the retailer, the gap between their respective prices
progressively narrows as network externalities intensify, eventually converging to parity.

(2) In Scenario 2, both the manufacturer and retailer implement a pure bundling strategy for their products within their
respective sales channels, establishing their own optimal bundled prices (P;z, Pgg)- In contrast to Scenario 1, while product
prices in both scenarios decrease as network externalities intensify, the manufacturer’s pricing in Scenario 2 does not
consistently remain lower than the retailer’s—a significant distinction from Scenario 1. As illustrated in the upper-right section
of Fig. 5, the two optimal bundled prices (P;5, Pgg) demonstrate a crossover phenomenon as network externalities increase.
Specifically, beyond a critical threshold of network externalities, the manufacturer’s bundled price (P;z) becomes lower than
the retailer’s bundled price (Pgp), reversing the initial relationship observed at lower levels of externalities.

(3) In Scenario 3, the manufacturer adopts a pure bundling strategy for products in its sales channel, setting an optimal bundled
price (P;p). However, the retailer does not implement bundling and instead follows a pure component strategy, independently
pricing each product (Pgq, Pry). Here, we focus on Product 1 to conduct a sensitivity analysis of pricing decisions as its
network externality increases. As shown in the lower-left section of Fig. 5, both the manufacturer’s and retailer’s optimal
prices for the product initially decrease before rising with higher network externalities. This indicates that, unlike the fixed
downward pricing trend observed in Scenarios 1 and 2, optimal pricing in Scenario 3 follows a non-monotonic relationship
with network externalities. Consequently, manufacturers and retailers must carefully adjust product prices rather than
uniformly reducing them as network externalities increase, thereby avoiding indiscriminate price reductions that could
undermine profitability.

(4) In Scenario 4, the retailer implements a pure bundling strategy for products in its physical channel, setting an optimal
bundled price (Pgg). Conversely, the manufacturer does not adopt bundling and instead follows a pure component strategy,
independently pricing each product (P/y, P;,). Here, we use Product 1 as an example to conduct a sensitivity analysis of
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pricing decisions under increasing network externalities. As illustrated in the lower-right section of Fig.ure 5, both the
manufacturer’s and retailer’s optimal prices for the product decrease steadily as network externalities intensify—a trend
consistent with Scenarios 1 and 2. While this analysis focuses solely on the network externality of Product 1, it demonstrates
that the retailer’s bundled pricing for the two products still exerts a measurable influence on overall profitability, even when
only one product’s externality is varied.
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Fig. 5. Decision-Making for Pricing in Scenarios 1-4, Considering the Network Externalities of Two Products (64, 6,)

Additionally, we examine how various associated costs impact the manufacturer’s profits in Scenario I. The results of this
analysis are illustrated in Fig. 6.
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Fig. 7. The Impact of Inconvenience Costs on Manufacturer
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Fig. 6 illustrates that establishing an online sales platform necessitates the manufacturer to incur additional operational
expenses. Consequently, the manufacturer will proceed only if the anticipated profit gains exceed these initial costs. Although
the inconvenience cost has a relatively smaller impact on profitability compared to setup expenditures, its marginal effect
gradually diminishes as both cost factors increase. Eventually, the influence of the inconvenience cost levels off and closely
aligns with that of the setup cost. This dynamic arises from consumer decision-making: when the inconvenience associated
with online shopping surpasses the effort required to visit a physical store, consumers tend to prefer physical channels. Such
a shift in preference reduces online product demand while simultaneously increasing in-store sales for retailers—an outcome
that indirectly impacts the manufacturer’s revenue streams. Fig. 7 further analyzes how disruption costs influence profitability
outcomes for both the manufacturer and retailer under Scenario 1. The inconvenience cost emerges as the most influential and
responsive factor among the various cost elements analyzed, making it a critical area for in-depth examination. This study
investigates how fluctuations in inconvenience costs affect profitability differently for both the manufacturer and the retailer
across multiple scenarios. As depicted in Fig. 7, the findings reveal clear patterns that stress on the strategic importance of
managing inconvenience costs. When inconvenience costs remain low, the online channel effectively attracts more consumers,
boosting overall demand and generating higher profits for both stakeholders. Conversely, as inconvenience costs increase,
consumer behavior shifts toward the retailer’s physical stores, diminishing the viability of the online channel and reshaping
the profit-sharing dynamics between manufacturers and retailers. By analyzing these dynamics, managers can more effectively
identify the thresholds at which inconvenience costs begin to significantly impact demand and profitability. This
understanding is crucial for developing strategies to mitigate inconvenience, such as enhancing the user experience in online
channels, providing incentives to offset perceived inconvenience, or optimizing logistics to minimize associated costs.



C.-C. Tang etal. /International Journal of Industrial Engineering Computations 16 (2025) 1237

5. Conclusion

Leveraging multiple sales channels can undoubtedly expand a company’s market reach; however, it also introduces potential
conflicts stemming from inter-channel competition. Before entering online markets, businesses must assess several key factors,
including market demand, consumer demographics, and preferences. This study investigates whether manufacturers should
establish an online channel and adopt a “Click-and-Mortar” business model—a hybrid of physical and digital approaches—
to maximize profits. A crucial element of this strategy is channel coordination, which is essential for mitigating conflicts
between the newly introduced online channel and existing physical channels.

To analyze this scenario, this research develops a model in which a manufacturer considers launching an online sales channel
in addition to a traditional physical channel managed by a retailer. This dual-channel approach allows for the offering of two
products characterized by network externalities. The study identifies the optimal sales strategies for both the manufacturer
and the retailer, emphasizing how bundling strategies can enhance synergies and increase profitability. Conversely, the
research also examines the feasibility of selling individual products as standalone items to cater to consumers who perceive
the greatest value in single offerings.

The study explores how product attributes, particularly network externalities, influence bundling and pricing strategies for
both manufacturers and retailers. Additionally, it assesses how various factors affect profitability across different channel
scenarios. The findings offer actionable insights and practical guidelines for business managers aiming to optimize their multi-
channel strategies in an evolving market landscape.

Potential extensions for future research include exploring the bundling of a wider variety of products, which would allow
consumers the flexibility to customize bundles according to their preferences. Another avenue for investigation could involve
analyzing stochastic (random) demand patterns to understand their impact on channel performance. Additionally, the model
could be expanded to encompass a two-stage, multi-channel supply chain, enabling deeper insights into the dynamics of
competition and collaboration among various sales channels. Finally, integrating inventory management considerations, such
as addressing product shortages, could provide a more comprehensive framework for optimizing multi-channel operations.
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