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Abstract

This study develops a multi-agent evolutionary game model that incorporates both retailers
and heterogeneous logistics providers, extending beyond prior dyadic models that typically
isolate either channel choice or logistics competition. By comparing scenarios with and
without the BOPS channel, the framework captures the dynamic interactions between retail-
ers and logistics providers. The results show that introducing In-Store Pickup significantly
increases market demand and retailer revenue by reducing consumer waiting time, but it
also produces a revenue crowding effect for slow logistics providers. For fast providers,
the impact depends on their ability to adjust service quality: lowering service levels helps
retain market share, while efficiency improvement enhances profitability. Furthermore,
consumer product valuation plays a critical role in driving retailers toward dual-provider or
hybrid strategies. The methodological innovation lies in integrating heterogeneous logistics
service differentiation with channel strategy selection into a unified evolutionary game
framework. The study contributes by proposing a dynamic “efficiency threshold—channel
selection” mechanism, offering both theoretical advancement in omnichannel retailing
research and managerial insights for retailers and logistics providers seeking to optimize
logistics capabilities and channel collaboration.

Keywords: in-store pickup; online retailers; third-party logistics service provider; delivery
efficiency

1. Introduction

The rapid integration of the digital economy and physical commerce has fueled the
expansion of China’s online retail market, which reached CNY 15.42 trillion in 2023, up 11%
year-on-year. However, logistics costs remain high at 14.6% of total social logistics expenses,
well above the global average. This imbalance underscores a fundamental tension between
consumers’ rising expectations for delivery speed and the persistent efficiency bottlenecks
in last-mile logistics. A recent survey indicates that 68% of Gen Z consumers rank delivery
speed as the top factor influencing purchase decisions, highlighting the urgency of improv-
ing fulfillment efficiency. Prior studies similarly emphasize that fulfillment lead time plays
a critical role in shaping consumer demand allocation in omnichannel retailing [1,2].

To improve delivery performance, global retailers are increasingly integrating offline
resources into their logistics networks. Amazon, JD.com, and Uniglo, for example, have
partnered with local stores to shorten fulfillment times and reduce costs. These practices
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reflect the value of the online-merge—offline (OMO) model in balancing speed, cost, and
service coverage. Previous research has shown that OMO strategies such as Buy-Online-
and-Pick-up-in-Store (BOPS) can effectively reallocate demand across channels and enhance
consumer utility [3,4]. In particular, Gallino and Moreno [5] found that BOPS adoption
reduces stockouts and improves customer satisfaction, while Gao and Su [2] demonstrated
its profitability implications in online—offline channel integration.

Online-offline collaboration also generates several systemic effects. First, the spa-
tiotemporal compression effect reduces the delivery radius and per-order costs, thereby
improving operational efficiency. Second, the traffic multiplier effect increases offline store
visits, with a significant portion of consumers making additional purchases. Third, the
sustainability effect reduces repeated deliveries and per-order carbon emissions. How-
ever, challenges remain: the density of pickup points in China is far below international
benchmarks, leading to secondary deliveries, while data silos across firms reduce inventory
turnover efficiency [6]. More importantly, differences in logistics services create systemic
risks. Studies on heterogeneous logistics providers highlight that competition between
fast and slow carriers can distort demand allocation and create profit misalignments [7,8].
For example, SF Holding’s financial report shows declining revenue from pickup services,
reflecting potential “cannibalization effects”.

These challenges raise several critical questions for both retailers and third-party logis-
tics service providers (3PLs): How should 3PLs respond to retailers opening In-Store Pickup
channels? Can they sustain profitability through differentiated delivery efficiency? And
how might their strategies influence retailers” adoption or expansion of BOPS? While prior
research has examined BOPS adoption [2-4] and logistics competition [7,8], few studies
have jointly considered how differentiated logistics services—defined as variations in deliv-
ery speed, cost, and reliability among 3PLs—affect retailers’ channel strategies. Moreover,
existing models often analyze retailer or logistics decisions in isolation, overlooking their
dynamic interdependence.

To address this gap, this study develops a game-theoretic model that incorporates
both retailers and heterogeneous 3PLs under the option of In-Store Pickup. Four baseline
scenarios are compared—single fast 3PL (M), single slow 3PL (N), fast 3PL with BOPS (MB),
and slow 3PL with BOPS (NB)—as well as dual-provider extensions. The analysis derives
efficiency threshold conditions for channel adoption, identifies when retailers favor hybrid
or dual-provider models, and evaluates the profit and welfare implications of differentiated
logistics services.

This study makes three main contributions to the literature: (i) it integrates BOPS
adoption with differentiated logistics service competition in a unified analytical framework;
(ii) it introduces an efficiency threshold perspective that explains when fast or slow 3PLs
prevail under BOPS; and (iii) it provides managerial insights for retailers and logistics
providers on how to coordinate pricing, service levels, and channel collaboration.

The remainder of this paper is organized as follows: Section 2 reviews the related
literature, Section 3 introduces the model framework, Section 4 derives optimal pricing,
Section 5 analyzes equilibrium outcomes, Section 6 presents extensions, and Section 7
concludes the study:.

2. Literature Review

The literature related to omnichannel retailing and logistics can be broadly divided
into two interrelated streams: research on Buy-Online-and-Pick-up-in-Store (BOPS) services
and research on logistics delivery efficiency. The first stream explores how BOPS adoption
reshapes inventory management, pricing, and channel competition, while the second
focuses on how differentiated delivery times influence consumer behavior and supply chain
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performance. Recent studies have begun to integrate these two perspectives, yet important
gaps remain regarding the joint role of heterogeneous logistics providers and retailer
strategies. This section reviews existing work in four parts: (i) BOPS mechanisms and
operational effects, (ii) channel strategy and competition, (iii) logistics delivery efficiency,
and (iv) the integration of BOPS with logistics efficiency.

2.1. In-Store Pickup Services (BOPS)

Research on BOPS emphasizes both operational benefits and potential risks. Gao
and Su [2] analyze how online—offline information sharing mitigates channel conflicts in
omnichannel systems, while Jiang and Wu [3] highlight the role of power structures in
shaping pricing and service outcomes. Lu et al. [4] propose coordinated inventory policies
to balance online and offline demand, and Niu et al. [6] show that O20 penetration expands
total market size but reduces online demand share.

Internationally, Gallino and Moreno [5] provide empirical evidence that BOPS im-
proves satisfaction yet cannibalizes offline sales, and Bell et al. [9] outline managerial
strategies to succeed in omnichannel competition. These studies confirm the value creation
potential of BOPS, but they typically examine isolated mechanisms such as inventory
optimization or channel conflict. The interaction between these mechanisms, particularly
under differentiated logistics services, remains underexplored.

2.2. Channel Strategqy and Competition

The strategic implications of channel adoption have attracted significant attention. Ge
and Zhu [10] demonstrate that competition intensity and cost structures shape equilibrium
outcomes in BOPS adoption. Niu et al. [6] show that O20 expansion reflects a “market
creation—channel encroachment” paradox, consistent with Gao and Su’s [2] findings.

In the international context, Chiang et al. [11] analyze dual-channel supply chains,
showing how direct and indirect channels interact strategically. Huang and Swami-
nathan [12] further reveal that introducing a second channel reshapes pricing and prof-
itability. Together, these studies illustrate the dual role of BOPS in creating demand and
intensifying competition. However, both Chinese and international research largely over-
look cooperation conditions between retailers and offline stores when logistics resources
are asymmetrically distributed.

2.3. Logistics Delivery Efficiency

Another stream focuses on logistics delivery efficiency. Zhao et al. [13] demonstrate
that shorter delivery times increase willingness to pay, while Lim et al. [1] show that
consumers’ sensitivity to lead time varies by channel. Cao et al. [14] emphasize that
delivery speed differences affect consumer loyalty. On the supply side, Lu et al. [7] model
competition among carriers serving heterogeneous customers, and Niu et al. [6] analyze
logistics alliances, revealing trade-offs between efficiency and competition.

International contributions extend this understanding. Agatz et al. [15] review e-
fulfillment and multi-channel distribution globally, highlighting cost—service trade-offs.
Boyer and Hult [16] empirically link fulfillment methods to repeat purchase intentions,
while Xu et al. [17] develop algorithmic approaches to demand fulfillment in online retailing.
Despite these advances, most studies assume homogeneous logistics services, neglecting
the coexistence of fast and slow providers.

2.4. Integrating BOPS and Logistics Efficiency

Some recent work seeks to integrate BOPS with logistics performance. Qiu et al. [8]
examine store pickup cooperation considering endogenous delivery efficiency, while
Lu et al. [4] analyze joint inventory policies across channels. Cao et al. [18] show that
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online-to-store channels alter demand allocation and profitability, and Gao and Su [19]
highlight the strategic value of online—offline information integration.

From the international perspective, Allon and Bassamboo [20] show how availability
and service information affect consumer purchase behavior, and Cachon and Terwiesch [21]
emphasize the importance of aligning supply and demand in service systems. These
studies move toward a unified view of channel and logistics strategies, yet they still assume
uniform service standards and often restrict analysis to dyadic settings, leaving multi-
agent dynamics unexplored. As shown in Table 1, few studies simultaneously examine
BOPS adoption, heterogeneous logistics providers, dynamic adaptation, and consumer
heterogeneity, which underscores the research gap addressed in this paper.

Table 1. Comparison of representative studies on BOPS and logistics efficiency.

Relevant Work

Logistics Service Dynamic Consumer

BOPS Adoption Heterogeneity Adaptation Heterogeneity

Gao and Su [2]

Gallino and Moreno [5]
Lim et al. [1]

Jiang and Wu [3]

This study

v
Partial
v v v

L

Notes: y/ indicates that the study explicitly addresses the dimension.

In summary, existing studies have enriched our understanding of (i) BOPS mechanisms
and operational effects, (ii) the competitive dynamics of channel adoption, and (iii) the
influence of delivery efficiency on consumer behavior and firm performance. However,
two critical gaps persist. First, most research treats channel strategy and logistics efficiency
separately, failing to analyze their interactive mechanisms in omnichannel ecosystems.
Second, existing models are often dyadic (e.g., retailer vs. consumer), overlooking the
strategic interplay among retailers, heterogeneous logistics providers, offline stores, and
consumers. As shown in Table 1, very few studies jointly examine BOPS adoption and
heterogeneous logistics services, and even fewer incorporate dynamic adaptation and
consumer heterogeneity simultaneously. To address these gaps, this study develops a
multi-agent game-theoretic framework that integrates BOPS adoption with differentiated
logistics service providers. By deriving efficiency threshold conditions for channel adoption
and analyzing fast-slow logistics competition, the study offers new theoretical insights and
practical implications for pricing, service design, and omnichannel collaboration.

3. Model Description and Parameter Assumptions

Consider a pure e-commerce retailer collaborating with third-party logistics (3PL)
providers to fulfill online orders. We assume that there are two 3PL providers, 3PLm and
3PLn, offering different service levels. The transportation times with these providers are
tm and t;, respectively, where t,, < t;,, indicating that 3PLm has shorter transportation
times and provides higher logistics service levels. Since shorter transportation times lead
to higher product quality in the market, quality is modeled as a decreasing function of
transportation time, denoted by parameter q(t). For analytical simplicity, the quality
function is assumed to be linear, 4(t) = a — t, where a represents the maximum product
quality delivered to the market under the benchmark of instantaneous delivery (t = 0).
This does not imply that zero transportation time occurs in practice; rather, it serves as a
normalization baseline to anchor the quality decay function. This modeling approach is
consistent with previous studies [4,8,18], where similar assumptions are widely adopted in
the channel and logistics literature to represent the upper bound of service efficiency. In
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this context, shorter delivery times are naturally associated with higher perceived product
quality. The analysis primarily considers four scenarios of retailer-logistics collaboration:
(i) the online retailer does not operate an In-Store Pickup channel; (ii) all online orders are
fulfilled exclusively by 3PLm; (iii) all online orders are fulfilled exclusively by 3PLn; and
(iv) the retailer collaborates with physical stores to provide In-Store Pickup services for
online orders. These four scenarios form the basis for comparing logistics strategies under
heterogeneous service levels, as illustrated in Figure 1.

T 3PLm
K ird-
Pickup store [ ————+ E-commerce ngl‘iv’;i;t)
r 3PLn
?
|
Self-pickup D,
J
: Fast shipping
Y + Slow shipping
Consumer

Figure 1. E-commerce platform supply chain system.

Although the In-Store Pickup channel eliminates the cost of waiting for logistics deliv-
ery, it incurs additional inconvenience costs including travel and order verification. Using
subscript b denotes the In-Store Pickup channel, and ¢, represents the time consumers spend
picking up their orders at the store, without loss of generality t,, < t, < t,,. Furthermore,
when the online retailer collaborates with physical stores, assuming compensation x given
to the physical store per order. This can be understood as the unit cost borne by the retailer
for providing In-Store Pickup services. The consumer valuation of the product, denoted as
6, which assumed to follow a uniform distribution on [0, 8]. The utility u; = 6;(a — t;) — p;
obtained by consumers from purchasing the product. Let r;(i = m, n) denotes the service
price charged by third-party logistics providers for online orders, i.e., unit shipping cost.
We assume that the unit transportation cost for third-party logistics providers is c;, where
cm > cn. The parameters involved in this model and their explanations are shown in
Table 2.

Table 2. Explanation of basic symbols and model parameters.

Parameter Symbols

Explanation

0; (j=m,b,n)
t; (i =3plm,3pln)
a

s, TBplms T3plns LT

The consumer’s valuation of products in channel j

The logistics transportation efficiency of third-party logistics provider i
Market size

Product quality

The price of products in channel j

The unit service pricing of third-party logistics provider i

The minimum unit service pricing of third-party logistics provider i
The unit transportation cost of the third-party logistics provider

The unit cost incurred by physical stores for handling In-Store Pickup orders
The unit compensation provided by the retailer to the physical store
The market demand of channel j

The revenue of the online retailer, 3PLm,

3PLn, and physical store

Note: General symbols (e.g., p;) denote channel-specific variables, while scenario-specific notations (e.g., My
represent particular instances of the general form under scenario M.

The sequence of events in this study is as follows. First, third-party logistics providers set
the service price for the online retailer. Second, the online retailer selects a logistics provider,
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decides whether to collaborate with physical stores for In-Store Pickup, and sets the retail price.
Third, consumers choose their purchasing channel based on utility. Finally, the equilibrium
for both the online retailer and logistics provider is determined through backward induction,
comparing equilibrium profits under different In-Store Pickup scenarios.

To make the modeling structure more intuitive, Figure 2 illustrates the decision se-
quence of the model, showing the order of moves by logistics providers, the online retailer,
and consumers.

3PLm & 3PLn set Consumers choose Equilibrium via
logistics service price channel based on utility  backward induction
3PL, Consumers T
S1 S2 S3 S4 S5
Online retailer l

Online retailer selects . .
. N Retailer sets retail
provider & decides on rice
BOPS adoption p

Figure 2. Decision sequence of the model.

4. Model and Solution

This section establishes the game models under different scenarios to explore the
optimal pricing and revenue of an online retailer. The superscripts M, MB, N, and NB
represents the cases where the online retailer adopts fast logistics, fast logistics with In-Store
Pickup services, slow logistics, and slow logistics with In-Store Pickup services, respectively.
The detailed derivation process is provided in the Appendix A.

4.1. Scenario M

When the retailer only entrusts 3PLm to fulfill online orders, and consumers
place orders online, they must wait for logistics delivery. In this case, consumers

M
will only choose to purchase when their valuation 6} > a%m Based on the re-

tailer’s revenue function M = (p% — r%) (é —oM ) and the 3PLm’s revenue function

A M A(q— M
”é\glm = (rM—+) [% - ﬁ} , the first-order derivatives lead to p}! = w and,

M _ Ola—tw)+ry,
m 2

and the function r . By substituting 1, < 8(a — t,,) into the revenue func-

tions of the retailer and third-party logistics service provider, the results can be simplified to

7.[M — é(a — tm) — 7911 QA _ 7’21 (1)
s 4 4 4(a—ty)
O(a—ty)—19 |0 Y
M _ m m |7 m
T3plm = 2 [4 4(a—ty) @

4.2. Scenario MB

The retailer chooses 3PLm to fulfill online orders and also collaborates with offline
physical stores to offer online ordering and In-Store Pickup services. In this scenario, con-
sumers have two ways to obtain the product: they can either place an online order and wait
for delivery by 3PLm or place an online order and pick up the product at the store. Based on
the retailer’s revenue function TMB = (pMB — ¢MB) (9 — 9MB) 4 (pMB — i) (9MB — gMB)

and the 3PLm’s revenue function ngffm = (rMB—+3), the pricing for the retailer

, and the 3PLm’s pricing

A(q— MB
through different channels is denoted as pMP = M

is B = %, where (277 — 1)x — 0AF < 19, < min{éAf—l— %,K + éAf}. The physical
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store earns a revenue of 7'(%/“3 = (k —w) (6%3 — 9543) from the collaboration, and as long
as ¥ > @ (i.e., the subsidy to the physical store exceeds its cost), the store has an incentive
to cooperate. By substituting M5 into the revenue functions of both the retailer and 3PLm,
the following results can be obtained:

mp _ 0(2a—2t, — AF) — 19 —« Q_r?n—i;c O(a—ty) —x €+r21—71c_ K 3)
4 4 4Nt 2 4 4Nt 2(a—tp)
7TMB 7@AE—1’21+K é_r%—K (4)
3plm — 2 4 4Af

4.3. N Scenario

Similar to the M model, if the retailer only chooses 3PLn to fulfill online orders, the
pricing for the retailer and 3PLn is denoted as p) = w and rly = w,

respectively, where 1) < §(a — t,). The revenue functions for the retailer and 3PLn are

as follows: A A
7.[N — e(a_t”> —7’91 Q _ ri(’)l (5)
s 4 4 4(a—ty)
0(a—ty)—10|0 Y
N n n|Y n
Topin = 2 [4 4(a—ty) ©

4.4. NB Scenario

In this scenario, the retailer chooses 3PLn to fulfill online orders and provides In-Store

. . .. . . . NB _ NBid(a—t,)
Pickup services. The pricing for the retailer through different channels is p,,® = “+——F—"~

O(a—t . . 0
w. According to the 3PLn’s revenue function, we have r,lf B — L;rr”,

TAR)
/7 1-1

and ph'8 =
where k(2 — ) — 2At0 < 1) < min{KT
3PLn are as follows:

}. The revenue functions for the retailer and

nNB_M 0« n Ola—tn) TRAN|[K=10 1 )
T2 2 Aemh) 2 T | vy
NB _ KT—ry[k—ry 1) ©
3pin 2 4NE Ala—ty)

5. Channel Strategies and Impact Analysis

Comparing the prices and profits of the retailer under the M model and MB model,
we obtain Proposition 1. Specifically, DM represents the demand for the retailer’s online
channel under the M model, DM represents the demand for the retailer’s online channel
under the MB model, and DM® represents the total market demand under the MN model.

Proposition 1:
(@) M > M8 p% > p%B; DM > pMB DM ~ DMB,

() 7MB > =M ifand only if x € (r(,)n — 0Af, r%;rflﬂ).

Proposition 1 yields ! > rMB, indicating that when the online retailer provides In-
Store Pickup, it causes 3PLm to reduce shipping costs, thereby lowering prices in the online
channel. The reason is that the introduction of In-Store Pickup services reduces demand for
3PLm, forcing it to lower shipping costs. The differences in demand between channels M
and MB are illustrated in Figure 3a, where a = 10, t;, = 4, r?n =9, 1’2 =4,0 =10,k = 6. As
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shown in Figure 3a, compared with the M scenario, adopting In-Store Pickup (MB scenario)
expands overall market demand. However, it also generates a cannibalization effect on
the existing fast logistics channel, as DMB < DM. The demand shift can be expressed as

DM _ DMB — r?rz_K _ r(T)'l
m mo = Aty Hat)
: ' 10
i \ o]
-
3 _D;EIE s
—— pME
i 74
64
i K
3.0+
MB
4
2 . ]
I---;‘--‘l-'-;""':'';'."k""---.;r-m..----.
e, Am iy 24
2.0+
N, 1 T T T
0 1 2 3 4 0 1 2 3 4
t
I m

(a) (b)

Figure 3. (a) Channel demand under M and MB scenarios. (b) Profits under M and MB scenarios.

The comparison of the retailer’s profit differences between the M and MB models is
shown in Figure 3b. From Figure 3b, it can be observed that the retailer’s profit is higher
when offering In-Store Pickup services in addition to fast logistics, compared to not offering
In-Store Pickup services. In other words, in this case, opening In-Store Pickup services is
always beneficial.

Comparing the prices and profits of the retailer under the N model and NB model,
we obtain Proposition 2. Specifically, DY represents the demand for the retailer’s online
channel under the N model, sz\’ B represents the demand for the retailer’s online channel
under the NB model, and DNB represents the total market demand under the NB model.

Proposition 2:
(@ N >rNB plN > pNB, DN >~ DNB DN < DNB,

~ 0 .0 v
() 7B > N, ifand only if At < “F», x € (7” r”;fﬁt(’).

T

Proposition 2 (a): After the retailer opens In-Store Pickup services, it will force 3PLn
to reduce delivery fees. The demand differences across channels in the N and NB models
are compared in Figure 4a. From Figure 4a, it can be seen that when the threshold is
not extreme, opening In-Store Pickup services cannibalizes the original online channel
demand, with some of the online channel demand shifting to the In-Store Pickup channel,

) _40
represented by DY — DNB= % — 4(’; I’Zb)

According to Proposition 2 (b), within the threshold, it is more advantageous for the retailer

. However, the total market demand increases.

to open In-Store Pickup services based on slow logistics.
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--a-- 2
- D}B o [ R
—— DB
NB
8-
K
MB
o e, ol o o === s - -
6-
0
4 T — \
6.0 6.5 7.0 4 S 6 7 8
A %
(@) (b)

Figure 4. (a) Channel demand under N and NB scenarios. (b) Profits under MB and NB scenarios.

Next, the difference in retailer profits between the MB and NB models is compared, as
shown in Figure 4b. From Figure 4b, it can be seen that when the unit operating cost of
In-Store Pickup services is low, the MB model is more advantageous. Specifically, when x
is small and the difference between the third-party logistics provider’s delivery time ¢,
and the consumer’s In-Store Pickup time #; is small, the advantage of 3PLm’s delivery is
not obvious. In this case, the retailer can save logistics costs by offering In-Store Pickup
services, thus adopting the MB model for higher profits. However, as the consumer’s
In-Store Pickup time f; increases and closer to 3PLn’s delivery time t,, the NB model
becomes more advantageous for the retailer. On the other hand, when the unit operating
cost of In-Store Pickup services « is high, the NB model is superior to the MB model. This is
because, for the retailer, 3PLn’s service prices are lower, and to avoid high operating costs,
adopting the NB model is more beneficial.

Comparing the total market demand for retailers in the NB and MB models drives

0 0
NB _ MB — K—1y _ n
D D 4(ty—tp) 4(a—ty)"

DNB > DMB it can be concluded that opening the In-Store Pickup services on the ba-

From Equation (8), we get ¥ > é Therefore,

sis of slow logistics increases the demand for online retailers more.
The following conclusions can be drawn from Proposition 1 and Proposition 2:

Theorem 1:

(1)  Regardless of whether the retailer chooses fast or slow logistics transportation, introducing the
In-Store Pickup channel will increase the total market demand and total revenue.

(b) Opening the In-Store Pickup channel will cannibalize the demand from the original online
channel, i.e., there will be a phenomenon of channel demand transfer. Specifically, when
the online retailer adopts the fast logistics model, the amount of demand transfer caused by
opening the In-Store Pickup channel is greater than the amount of demand transfer when the
slow logistics model is used.

(c)  Under the slow logistics transportation model, the new market demand generated by opening
the In-Store Pickup channel is greater than the new market demand generated by opening the
In-Store Pickup channel under the fast logistics transportation model.

Next, we will explore the impact of key parameters in different models on the retailer’s
revenue, leading to the following corollary.
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Corollary 1:

ané\/m

<0.

(a) In the MB scenario, we have

) If AT > %+§, o> 3”5 <0 if AT > 5+ 4,19, < min{f(}um/f?qzm}f" €

B — 0 40At\ oM 87r
(@,%), <0K€(,2q+1), >OzfAt>3,7,r > 1 o “>o.
Figure 5a visually demonstrates the conclusion of Corollary 1 (a).
140 ‘ ‘ - ‘ g 10T
—d— k=8 —4— k=8
120+ k=4 k=4
130}
100}
120f
80}
& 03
GHl; 110}
40+
100}
20¢
ol 90+
0.0 0.5 1.0 15 2.0 2.5 3.5 7.0
Im
@)

Figure 5. (a) MB scenario. (b) NB scenario.

Figure 5a shows that in the MB model, the retailer’s revenue M5 decreases as the
3PLm transportation time ¢,, increases. When the transportation time ¢,, of 3PLm is similar

to the consumer’s In-Store Pickup time t;, the retailer’s revenue w5 i

is relatively small.
Corollary 1 (b) indicates that in the MB model, the retailer’s revenue does not necessarily
increase with a lower operational cost for the In-Store Pickup service. It also depends on

the service price and service level of 3PLm.

Corollary 2:
(a) In the NB scenario, we have aat
b If AF > e, a”g <OzfAt<‘”",a7T > 0.

Figure 5b visually demonstrates the conclusion of Corollary 2 (a). As shown in
Figure 5b, in the NB model, the retailer’s revenue ng\] B decreases as the 3PLn transportation
time ¢, increases. When the transportation time t, of 3PLn is similar to the consumer’s

NB is relatively high. Conversely, when the

In-Store Pickup time ), the retailer’s revenue 7

difference between t,, and ¢, is large, the retailer’s revenue NBS is relatively low.
Corollary 2 (b) indicates that when At is large, meaning the difference between the

3PLn transportation time t,, and the consumer’s In-Store Pickup time ¢, is significant, the

NB in the NB model decreases as « (the operational cost) increases. This

retailer’s revenue 7t;
is likely because when At is large, the 3PLn’s delivery advantage is not significant, and
more consumers choose In-Store Pickup, increasing the demand and operational costs x
of the In-Store Pickup channel. However, the increase in the demand for In-Store Pickup
service is smaller than the increase in operational costs x, leading to a decrease in total
revenue. Conversely, when Af is small and channel competition increases, the retailer’s

NB ;

revenue 775 ° increases with the increase of «.
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By comparing the differences in 3PLn’s revenue in the NB model and N model, and
3PLm’s revenue in the MB model and M model, Proposition 3 can be derived.

Proposition 3:
NB N NB N
@ ry" <ry, Tpin < T3pin-

= ~0
MB _ .M. if 0 MB M .0 MB M
b)) P <rysifry, <t Tpim > Tpim if > ¥, Tpim < Tpim-

According to Proposition 3, the price and profit of the third-party logistics service
provider 3PLn are negatively impacted by the network retailer’s introduction of the In-
Store Pickup service. Conversely, although 3PLm’s price is also negatively affected by the
retailer’s introduction of the In-Store Pickup service, its revenue does not always suffer
a loss. The reason is that when the retailer introduces the In-Store Pickup channel, the
third-party logistics provider 3PLm lowers its price and reduces costs by lowering the
logistics service level, so its revenue is not necessarily harmed.

In summary, the optimal strategy choice for the retailer and the response of the third-
party logistics providers are presented in Table 3.

Table 3. Equilibrium outcomes: retailer’s optimal channel choice and logistics providers’ responses.

ty K Optimal Choice for the Online Retailer 3PLm 3PLn
3 — MB Low shipping cost —
6 MB Low shipping cost —
4 10 M High shipping cost —
6 MB Low shipping cost —
6 10 NB — Low shipping cost
6 MB Low shipping cost —
7 10 NB — Low shipping cost
6 NB — Low shipping cost
79 10 N — High shipping cost

Table 3 illustrates the dynamic influence of consumer pick-up time (t,;) and retailer
compensation costs (x) on logistics strategy selection in omnichannel retailing, yielding the
following managerial insights:

(i) Critical efficiency—cost threshold of pick-up time: There exists a threshold where pick-
up time determines both efficiency and costs. When pick-up time is short, retailers
should adopt a dual logistics coordination model, leveraging the price advantage of
fast logistics providers (3PLm) while integrating In-Store Pickup to expand traffic.
Once pick-up time exceeds the coordination threshold, switching to a single-provider
defense model helps avoid excessive logistics costs.

(ii) Contract design with logistics providers: For short pick-up times, long-term contracts
can lock in low-cost services from 3PLm and suppress the expansion of 3PLn. When
pick-up time enters a monopolistic range, retailers should employ flexible pricing
frameworks (e.g., tiered pricing based on timeliness) with 3PLn to hedge risks from
its increasing channel power.

(iii) Optimization of pick-up networks: Establishing dense pick-up points (e.g., community
warehouses, convenience store partnerships) shortens pick-up time, thereby reducing
compensation costs through the principle of “time compression—cost optimization.”
When time reduction is infeasible, dynamic compensation schemes (e.g., differentiated
rewards) should replace fixed rates to enhance the cost elasticity of the In-Store
Pickup channel.
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(iv) Balancing supply chain power: When pick-up time exceeds efficiency thresholds,
3PLn may erode retailer profits via monopolistic pricing. In such cases, retailers
should implement redundancy strategies—such as backup logistics providers or
self-built logistics feasibility studies—to rebalance channel power and mitigate sys-
temic vulnerabilities.

The analysis in Section 5 highlights the distinct impacts of introducing In-Store Pickup
channels under different logistics models. Across both fast (M) and slow (N) logistics
settings, BOPS adoption consistently expands total market demand and retailer revenue,
while simultaneously causing demand cannibalization from existing online channels. The
relative advantage between MB and NB scenarios is contingent on consumer pick-up time
and operational costs: shorter pick-up times and lower costs favor MB, whereas longer
pick-up times or higher costs shift the advantage to NB. In addition, the profits of slow
logistics providers are significantly eroded by BOPS adoption, while fast providers can
partly offset revenue losses through adjustments in service quality and pricing. These
findings underscore that retailers’ optimal strategies and 3PL responses are shaped by
efficiency thresholds, cost structures, and demand allocation dynamics. Collectively, the
results provide not only theoretical insights but also actionable implications for retailers
and logistics providers, forming a practical foundation for the extended scenario analysis
in Chapter 6.

6. Model Extension

Building on the baseline results in Chapter 5, which highlighted the efficiency thresh-
olds and demand allocation dynamics under M, MB, N, and NB models, this section
extends the analysis to dual-provider settings. Specifically, we examine scenarios where the
retailer collaborates with both fast and slow logistics providers, with and without In-Store
Pickup (MN and MNB), to explore whether expanding channel options further enhances
profitability and service resilience.

6.1. Scenario MN

At this point, the retailer offers two transportation modes simultaneously. After plac-
ing an online order, the consumer chooses either 3PLm or 3PLn for logistics delivery based
on their preferences. According to the profit functions of the retailer and the third-party

- . . . . b(a—tu)+rMN MN 49 (a—t
logistics service providers, it can be derived that pMN = %, pMN — W,
MN_ 0 L GAF MN 0 ~

MN _ 1y~ 4ry+6At MN _ ry (@@=t | 7 MN MN | § MN
Ym = % and y = w + 7", where Y < "y + GAt, y <

PO +OAT ) AF+2KA T ]
( ) . Substituting rMN and r}N into the profit functions of the retailer and

281 +1
the third-party logistics service providers, we get

v _ 1 [0(a— ty) —rMN] [éAt — rMN +rQ/IN} +6[8(a — ty) — rMN] (PMN _ pMN) o= ty) — NN o
S 40 A? a—ty
e _ N A HOAT O AN 4 4 0AT | Nt | (10)
pm 2 2 Y ANt (a—ty) AAT
aMN (m _ @) N 0 0 AT N —t) AN (11)
3pln 2(11— tm) 2 4A\; 4A?(Fl—tm) 4(ﬂ—tm) 4(ﬂ—tn)

6.2. MNB Scenario

In this scenario, after placing an online order, consumers can choose either 3PLm or
3PLn for logistics delivery or opt to pick up the product at a physical store. The optimal
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Al MNB O(q—

prices for each channel of the retailer are py!N8 = %, pQAN B = M, and
MNB _ rMNBd(a—t,) s . .- . .

P = 2——>—". The shipping fees for the third-party logistics service providers

AT 0 0
are rMNB — 08HEKH ang pMNB — T The profits for the retailer, 3PLm, and 3PLn are
as follows:

MNB __ é(2a72tm7Af)779n7K 6 -« O(a—ty)—x[d | %—x
TTs - 4 17 T4AF + 2 |:Z + 4Nt Z(thb) (12)
+ 0a—ty) 407 [k—10 i)
2 T 1 ant  Aa—ty)
TEapim = 2 4 ant (13
MNB _ KT—ry[k=ry) (14)
Spln 2 4N A(a—ty)

6.3. Retailer Channel Strategy

Lu et al. [7] analyzed that the revenue of online retailer adopting the MN is always
higher than that of using a single logistics provider. Therefore, this paper focuses on
comparing the revenue differences of the online retailer under MN, MB, and NB scenarios,
as shown in Figure 6.
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Figure 6. (a) Profits under MN and MB. (b) Profits under MN and NB.

Figure 6a shows that the retailer’s profit in both the MN and MB models decreases as

the 3PLm transportation time t,, increases. Moreover, as t,; increases, the decline in 7'(5\/”\’

is
faster. This indicates that when ¢, is relatively small, the MN model is more advantageous
for the retailer. On the other hand, when t,, is large, i.e., when the difference between ¢,
and t; is small, the advantage of 3PLm’s delivery service becomes less significant, and the
retailer benefits more from the MB model because providing In-Store Pickup service helps
save some transportation costs compared to the MN model.

We compared the profits of the retailer in the MN and NB models, with t,, = 3
and other parameters unchanged, and the results are shown in Figure 6b. As Figure 6b
illustrates, the retailer’s profit in the MN model increases as the 3PLn transportation time
t, increases. This is because as t, increases, operational efficiency decreases, but cost
advantages increase, with the reduction in transportation costs outweighing the loss in
operational efficiency, leading to an increase in total profit. This is consistent with the
conclusion of Lu et al. [4]. Specifically, when ¢, is not too large, the NB model is more
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advantageous for the retailer. However, when TN is large, i.e., when the difference between
ty and t;, is small, the MN model is more advantageous. The reason for this may be that the
cost advantages brought by the competition between third-party logistics providers in the
MN model outweigh the losses from reduced operational efficiency.

Figure 7ab visually present the retailer’s profits under the MB/NB, MN, and
MNB models.
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Figure 7. (a) Profits under the MB, MN, and MNB. (b) Profits under the NB, MN, and MNB.

From Figure 7a, it can be seen that under the scenario of three shopping channels
coexisting, when t,, is small, the retailer should adopt the MN model, as 3PLm’s logistics
service level is high and both carriers can cover the market well, making In-Store Pickup
unnecessary. When ¢, is at a medium level, the MNB model is more advantageous, as the
retailer provides consumers with multiple channel options, potentially increasing total
profit. When t,, is large, the delivery advantage of third-party logistics providers is not
obvious, so abandoning slow logistics services and opting for In-Store Pickup will save
more on transportation costs, making the MB model more optimal.

From Figure 7b, it can be seen that when t;, is not extreme, the retailer’s profit in
the MNB model is higher than in the MN and NB models. This is because that when the
transportation time of slow logistics (3PLn) is short will more consumers choose 3PLn,
making the MNB model more profitable for the retailer. However, when ¢, is large, 3PLn’s
delivery advantage is not obvious. In this case, compared to the MNB model, the retailer
should not provide In-Store Pickup services and should opt for the MN model because the
MN model does not require additional operational costs for the In-Store Pickup channel.

In conclusion, the optimal strategies for retailers under different models are shown in
Table 4.

Table 4. The optimal strategy selection for the online retailer.

. . N MN, MB, NB MN, MNB, MB, NB
The Delivery Efficiency of Logistics The Optimal Strategy The Optimal Strategy

1 MN MN
tm 2 MB MNB

3 MB MB
4 NB MNB
; 5 NB MNB
" 6 MN MNB

7 MN MN
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Table 4 highlights the differentiated impact of logistics delivery time on retailers’
omnichannel strategies and provides the following managerial insights:

(i) Timeliness-driven strategy prioritization: When the delivery efficiency of fast logis-
tics providers (3PLm) significantly exceeds industry benchmarks, retailers should
prioritize MN/MB models. Leveraging the timeliness advantage of 3PLm or the
cost advantage of slow providers (3PLn) enables a Pareto balance between service
coverage and efficiency. If the timeliness of 3PLn approaches or exceeds consumer
tolerance thresholds, retailers should introduce an In-Store Pickup channel to prevent
service deterioration.

(ii) Elastic switching in logistics combinations: Retailers should establish an efficiency—cost
elasticity matrix to dynamically evaluate provider performance. Within the fluctu-
ation range of 3PLm’s timeliness, switching between MB and MN allows demand
diversion via In-Store Pickup to balance logistics loads. If 3PLn’s timeliness continues
to decline, the NB—MNB defensive strategy should be activated to hedge risks from
over-reliance on a single provider.

(iii) Proactive supply chain coordination: As 3PLm’s timeliness advantage diminishes (e.g.,
due to technological lag or network bottlenecks), retailers should proactively build a
pool of alternative providers and reduce switching costs through multi-source pre-
screening. For 3PLn’s critical timeliness zone, introducing service level agreements
(SLAs) with penalty clauses can tie performance to freight discounts, incentivizing
service upgrades.

(iv) Dynamic calibration of service commitments: Channel commitments should align
with logistics performance. Under MN/MB, retailers can emphasize “timeliness-
first” (e.g., same-day delivery) to enhance 3PLm’s competitiveness, while in NB they
can adopt a “cost-first” positioning (e.g., three-day low-cost delivery), transforming
3PLn’s timeliness disadvantage into an appeal for price-sensitive consumers.

This research provides a practical framework for retailers to design channel strategies
under differentiated logistics timeliness. By identifying the critical thresholds where timeli-
ness advantages diminish, retailers can dynamically switch among logistics combinations
(e.g., MN, MB, or MNB) to balance cost efficiency and service quality. In practice, this
implies that firms should establish monitoring systems with key performance indicators
(KPIs) such as average delivery time, pick-up density, and logistics cost per order. They can
also leverage digital tools like real-time tracking and predictive analytics to support timely
adjustments in strategy. Furthermore, negotiation mechanisms with third-party logistics
providers (e.g., service-level agreements with penalty clauses or incentive-based contracts)
can help retailers align service performance with strategic goals. Such flexibility not only
optimizes omnichannel fulfillment structures but also reduces systemic risks caused by
over-reliance on a single logistics provider.

7. Conclusions

This study investigates the decision-making and value creation process of online
retailers opening offline channels in a competitive logistics market. By constructing both a
benchmark model and extended scenarios, it demonstrates the benefits of collaborating with
physical stores through the “Online Order/In-Store Pickup” (BOPS) service. The findings
show that introducing offline channels significantly increases overall market demand and
retailer revenue, confirming the structural value of O20 integration in overcoming last-mile
delivery challenges.

The analysis further highlights asymmetric responses from logistics providers. Slow
service providers (3PLn) experience revenue erosion under BOPS adoption, while fast
providers (3PLm) can partially offset this impact by adjusting service quality—either
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lowering service levels to retain market share when pickup costs are high or improving
efficiency to enhance profitability. These dynamics illustrate the evolving competition—
cooperation relationship between fast and slow logistics providers, extending traditional
logistics competition theory.

In terms of operational mode selection, threshold-driven patterns emerge. A dual-
provider model (MN) maximizes profits when 3PLm’s service level is below a critical
threshold, while a single fast-provider model (MB) becomes optimal as 3PLm’s service
improves. If 3PLn’s service quality surpasses benchmarks, the slow-provider model (NB)
is preferred. Consumer product valuation also plays a decisive role: higher valuations
justify dual-provider strategies (MNB) when 3PLm’s efficiency is weak, whereas fast
logistics with MN dominates when 3PLm performs strongly. These findings suggest that
consumption upgrading amplifies logistics differentiation, requiring retailers to adapt
strategies dynamically.

From a managerial perspective, this study provides actionable guidelines for building a
dynamic competition—cooperation framework. Retailers should establish real-time logistics
monitoring systems to support data-driven channel adjustments; fast logistics providers
should balance service excellence with anti-erosion pricing; and slow logistics providers
must redesign cost-adaptive service models to mitigate channel migration risks.

This study has several limitations that open avenues for further research. First, while
the multi-agent evolutionary game model provides valuable insights into the dynamic
interactions between retailers and heterogeneous logistics providers, its scalability to
other markets such as Europe and the United States remains to be tested. Cross-market
validation would not only enhance the external validity of the model but also uncover
regional variations in logistics—channel integration.

Second, the rapid adoption of artificial intelligence (Al) and the Internet of Things (IoT)
in logistics introduces new mechanisms such as smart routing, predictive demand analytics,
and real-time IoT monitoring. Future research could integrate these technologies into the
modeling framework to examine their influence on channel strategy, service thresholds,
and coordination efficiency.

Third, consumer diversity is not explicitly incorporated into the current analysis. Gen-
erational differences (e.g., Gen Z versus Millennials) or sustainability-oriented preferences
may significantly shape channel choice and service valuation. Extending the model to
reflect heterogeneous consumer segments would enrich demand-side insights and enhance
managerial decision-making.

Fourth, sustainability and digitalization are increasingly central to retail logistics
collaboration. Future studies should explore how low-carbon logistics practices, blockchain-
based transparency mechanisms, and digital twins support greener and more resilient
omnichannel strategies, especially under policy-driven sustainability requirements.

By addressing these areas, future research can deepen the theoretical integration of
supply chain digitalization and provide concrete, actionable guidance for retailers and
logistics providers navigating the complexity of modern omnichannel ecosystems.

Author Contributions: Conceptualization, M.T. and H.L.; methodology, M.T.; formal analysis,
M.T. and H.W.; investigation, M.T.; data curation, M.T.; writing—original draft preparation, M.T.;
writing—review and editing, H.L., HW. and PY.; visualization, M.T.; supervision, H.L.; project
administration, H.L.; funding acquisition, M.T. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Chongqing University of Finance and Economics Scientific
Research Project (grant number 20257004) and the Chongging Graduate Research and Innovation
Project (grant number CYB25290).



Systems 2025, 13, 838 17 of 22
Data Availability Statement: Data are contained within the article.
Conflicts of Interest: The authors declare no conflicts of interest.
Appendix A
Scenario M
oM A M 2 M 1 . a7l
From & = § — Pn_ > (0 and S o = — < 0, according to = = 0, we
8p,]\,f a—tpy a(p%I)z a—ty g apM
N M
: _ 0(a—tm)+r M _ rM Mt 1 2rM_40
drive pl = MOt where M = z+z<a py From —ir = 3(0 - =) > 0
and P _ —-L1 < 0, according to 3yt = 0, we drive M = Oazty) iy where
oy et T &0 5 = = R
1, < 0(a—ty). O
Scenario MB
MB MB
_ MB MB __ MB MB MB _ Pm_ —P
From un = wp—07(a—tw) — pm- = Oy (a—ty) — p " —0," = “p—,
R __MB
the retailer’s profit function in this model is M8 = (p}IB — r1B) (9 — w> +
MB _ ,,MB MB MB _»,,MB MB __ 2 _MB
MB _ Pm_—Py " _ gMB ot 5 2p) 2pw Atk PaME
(ph K) = 0;) , form pn 0+ - > 0, =
P A(pu®)
—2pMB anMB - k—2p)'B 2plIB_2pMB_rlIB 4k RaMBE 5, o
tp—tm < O, BPQAB o a—tp + ty—tm > O, a(pé\/IB)Z oAt tp—tm < 0’
MB MB A MB
according to 37;543 = 0 and gﬂ;,lg = 0. We drive pMB = % and pMB =
O(a—ty)+x 0 ) rMB _y . <
%, then 9{,\/[3 =5+ ﬁ and 0,,1\143 =5+ %Z,Tm)’ setting At = t, — t,, and
At =ty —ty < a—ty, we get OMB = % + r’”z A;K At this point, the profit function
MB
.« _MB _ (,MB_ ,0\[§ rMB_x 3ol 1 k—2rMB 40
of 3PLm is 73, = (rptB — i) [j — } from B%B’” = (=52 +6) > 0and
327T3p1m 1 é\Ap?m

MB _ QA9 4+«
=

. o7
a(rf‘,{fB)z =—5=m < 0, according to B = 0, we obtain ry;,

To ensure that the retailer is motivated to sell products through each channel and that
third-party logistics providers are incentivized to offer delivery services, the following

condition must be satisfied: 2% < § and 9243 < OMB setting n = % > 1, rearranging

oMB 0 MB OAT o o
yields { QTAB < gMB :>{ rTAB i :;;_ =79, — 0Nt <x < r%’;ﬁ?t. Avoiding an empty

set, 19, — OAF < r’{”fm gives 19, < OAT + eAt . Rearranging yields (217 — 1)x — 0AF < 79,

min{BAt + %, K +0AF ;. Substituting rMP into the profit functions of the retailer and
3PLm simplifies to Expressions (3) and (4).
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IMB (bt 282 —4(1 k) (a— )83 210, — (19,)
@ otm 16(ty—tm)> <0
) omMB (”*tb)[4tmé*79n*29(”+tb)]+K[3(”*tﬂ1)+(tb*tm)]
( ) oKk S(tbftm)(ﬂ*tb)

Let the numerator 7MB (%) = (a — t;) [4tm9 — 1% —20(a+ tb)] +x[3(a—tm)+ (tp — tm)]

A 2

K1

From f# = (a—ty)[4twd -1, —20(a+1t;)], % > 0. We obtain

(a tb)[ (a bty — th)‘H’m
3(a—tw)+(ty—tm)

, tMB(%) > 0,k <% 7MB(%) < 0.

K>K=

Recall the conditions required for the MB model x € ( — 0Af, r’g 191&) we discuss

this in three cases.
_ O 4AT O 40AF (a—ty) [20(a—tm+ty—tn)+7Y]
OK > g7 letrg = 255 — 3(@—tm)+(fp—Fm)
0[3(a—tw) (ty—tm)+2(a—ty)>+4(a—tn)* +4(ty—tw) (a—tw)]
3(a—tm) (Ep—Em) —(a—tp)—2(a—Em)

x1 > 0. Then

IEAE> 5+ 5,1, >r0Alm—

0 +0AF\ oM
KE( — 0AF, 50, 2 <0,

Bﬂs

@ 1Y, —OAF < % <r’§+flm, if At > 3 + %, 1 < min{r%lm,r%m}, x € (0,%),

7r+9At oM
KE(,'&WH ), g >O

<0,

é[s(a ) (b — t) 2 +2(a — 1) (@ — ty) + 2(tp — tw) (@ — tm)}

0 _
Haam = 30— tn) (b — br) — (1— )
. 9[3(a—tm)(tb —tw) +2(a—tb)2+4(a—tm)2+4(tb—tm)(a—tm)}
r = ,
A 3(a—tw) (b — tm) — (a— ty) — 2(a — tn)
X 0 1 +0At\ omxMB
@K <19 — AL, 1fAt>§,r >1’A2m,K€( — OAL, 2 ST ), =— > 0.

From the above, we obtain Corollary 1.

Proof of Corollary 2.

87'(5]’\]3 B [(a—tn)—4(tn—tb)}(é(a—tb)—1{): [ (a—ty) 4AA} (é —ty) _K)
oK 8(a —ty)(tn — ty) 8(a — ty)AT
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Let the numerator nNB( ) = [(a—ty) —4At] (8(a —ty) — k)

K1 Kz
From equation (8) mentioned earlier, under the NB, 22 < x < r"+2At9, < TAtG.
Substituting maxx = quAte into ¥, we get Kz‘ 9ot = 0(a—t,) —x>0.

2-7
Using the method of proof by contradiction, to satisfy 8(a —t,) > «, then 8(a —t;,) >

maxx—0(a —t;) > rg%zi\?é—ﬂé(a —ty) —T0(a—ty) > 19+ 2AH0—20(a —t,) — 2A10 —

0(a—ty) >1r9—20[(a—t,) — At —0(a—t,) > 9—=20[(a —t;) — (tn — t)] — O(a — t,) >
r—0(a—t,) > 9. From (Al), we know that f(a—t,) = T2 therefore un-

der the constraint r < "ﬁ?f, which is to say, ¥ < 0(a—t,), 8(a—t,) > maxxk,

K2| —910am =0(a—t;) —x > 0.
K="7—2

From the above, we derive Corollary 2 (2). U

Proof of Proposition 3.
NB N _ kt—9 [x—79 i) O(a—ty)—10 0 79
) o™ = 7w = [ ant 4(61—tn)j| B 17 10

. (T%)z(aftb)+(2éA?7K) (ﬂ*tb)fK(aftb)TE)fF(ﬂ*tn)(KzfézAt(ﬂftb))
- 8At(a—ty)

Let the numerator
~ _(0\% ANT R N0 _ 2 AT
Amty = (ry) (a—ty) + (208t — k) (a — t,) — x(a — ty)ry + (a — ty) (k* — O°At(a — t,)

oy~ . 0 (At —2AT0(a—t,)— (a—t,)10+ (a—t,) )k ~

If 92At(”_tb) —i2 K > 0ty < By = ( KzfézAb?Olftb)erK : )’ Ay > 0.

From the conditions, we get t, > 0. While x> — 2Af(a—t,) — Y% < 0, Thus, for
~ ~a _ 1A 0

9 (At — 2080 (a — t) — (a — t)19 + (a — t,)x) < 0 to hold, it follows that x < %,
—tp

this contradicts the scope of Equation (8); therefore, the condition for A%n > 0 does not hold.

Thus, under the constraints, A/T;n <0, n,l,\] B < 7151\’ .

MB M _ OAE—19 4k [ 0 —x B(a—ty)—1% T4 79
(2) n—m — 7T m [ _ ( 31) m 1_4( m

m 2 ! 4T a—tm)
—(a—ty)?02AE+(a—ty,) [(Af)zé2+2(§A¥K+(K7r9,,)2} 7Af(78,)2
- 8AH(a—ty)

The numerator A7, = —(a — t,)202AF + (a — t,) [(At) 02 + 2000 + (x — 19, } AF(r9 )

~0 w(a—tm)+|k—(a—ty)0|r/ (tp—tm)(a—t . ~0
It <r, = (a—tm)+[x—( az tJ (o —tm) (@~ tm) aMB > 7M. Conversely, if 19 > 7,
aMB < 7M. O
Scenario MN
MN _ MN MN MN MN MN MN MN _
TTs = (Pm )(9 O ) + (Pn — 1y )(Qm -0, ), where 62 =
MN MN MN MN MN MN MN MN 2 -MN
Pm__—Pn MN _ Pu 97Ty _ A 2Py —2py T Ty 977t _
—:— and 6;7" = 4. From N = + — > 0, AT
_ 2 ar[é\/IN . 72pMN+rMN ZPMN+2pMN+7’MN MN aZné\/IN _ 2 _
tn—tm < O, apﬁAN - a—ty + tm—tn > O, a(pnMN)z - a—ty
» Etm < 0, we obtain the Hessian matrix, which can be expressed as
2 2
H=| fn ,in~tm 1. The Hessian matrix is negative definite, and the function
tn—tm _a_tn B tn—tm

MN MN
attains a local maximum at pMN and pMN. From % = 0 and % = 0, we derive

A(7_ MN MN | A(,_ MN MN
pMN — O(a t,n2)+rm and pMN = T +92(a tn) et by — by = At then OMN — 2 + .
MN _ 0 , N

and 6, §—|—2( -t
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From né\ﬁ‘r]n = (rMN —79) (8 — 6MN) and né\ﬁ\r’l = (rMN —40) ()N — oMN) 'we de-

MN rMN 40 +9A t

MN(,
rive ry " = “—2—— and VMN — Im (a=t) + 7

Sty 7'0’ The proof of this part is consis-

tent with Proposition B.1 in Lu et al. [7], so it will not be repeated. To ensure that

both third-party logistics providers are incentivized to offer delivery services, the con-

dition OMN < 4, gMN < gMN, GQAN > OMN must be satisfied. Rearranging, we get
PMN < pMN LGN

(r3,+éA7)A?+2KAT O

rMN vA
" 2041

Scenario MNB

n,éVINB (p%NB %INB) (@ . 9n1\1/1NB) + (pé\/INB . K) (9n1\1/1NB . eé\ANB) (pﬁ/INB nMNB) (Qé\/INB . 9711\/INB).

To calculate the first- and second-order partial derivatives of 7MNB with respect to
pMNB, prVIN B, and p}NB, the Hessian matrix is obtained as
2 2
= = 0
_ 2 2 2 2
H= 5, BTy Bp—Im -
0 _2 2 _ 2

tnftb tn*tb ﬂ*tn

The Hessian matrix is negative definite, and the function is concave, attaining a local

maximum at pMNB pMNB and p{]\ANB. From 37;;/‘”]3 =0, ZH;ANB = 0and 2 o) s = 0,

MNB
we drive pMNB = M, pMNB % and pMNB — M Further,

yMNB MNB MNB
MNB _ 'm - —K QMNB _ K—Th MNB
it can be obtained that 6, = 2 + by - 2 T AT On 2 - (u b))

2AF
oNINE, Gé\AN B 0MNB into the third-party logistics provider’s profit function,

and
and rMNB — TKH" . The conditions for the existence of the MNB

OpNE <8 K> max{r — OAT, %{}
MNB _ gMNB a—ty)—T
model are ¢ 6,""% <6,/ "° = OAFAT+r, AT+r9AT ' o

GMNB . gMNB K< G rATiAr

Substituting

AT
we get rMNB 6 t+2K+rm
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