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Abstract

Against the background of omnichannel retailing, this paper tries to explore the
incentive conditions/regions of adopting integrated management service (IMS)
and the operational strategies/performance for the assembly system with direct
omnichannel (AS). Six different game-theoretical decision models, including a cen-
tralized, two decentralized and a coordination decision modelssss for the AS, and a
centralized and a coordination decision models for the assembly system with direct
omnichannel and IMS (ASI), are developed, analyzed and compared, respectively.
Based on an electronic product case, the corresponding numerical and sensitivity
analyses are conducted. On this basis, the analytical and numerical results are com-
pared and validated to derive managerial insights. It is found that only when the
dual incentive ratio indicators are in the quadrant {a > 1 and § > 1} of bidimen-
sional incentive region matrix would the AS and IMS provider have the incentive to
introduce and provide IMS. Introducing and providing IMS can effectively enhance
the ability of quick response, boost the collaborative operations, and improve the
operational performance of the AS. Furthermore, a revenue sharing contract-based
coordination strategy can effectively improve the operational performance of ASI.
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1 Introduction

In the era of rapid development of mobile commerce and payment, the quickly-
evolving omnichannel business mode has transformed the retailing landscape in
the last decade. Omnichannel mode refers to the seamless integration of online-
and offline- channels to improve customer experience and thus meet the custom-
ers’ demands, anytime and anywhere [10]. This mode emerged in recent years
with the intention to ensure the retailer marketing strategies are geared toward
tempting customers to convert on any channel [32].

According to an industry report from Shopify Plus, considering that an esti-
mated 81% of shoppers conduct online research before making big purchases,
the ability to channel even a small percentage of these customers straight from
their online research to offline stores would generate a massive potential for sales
[13, 24]. With the dual advantages of online information acquisition and offline
product experience, the omnichannel mode could bring online customers to brick-
and-mortar stores or vice versa, which provides a better shopping experience for
customers and more business opportunities for retailers and their supply chains.
Hence, many traditional brick-and-mortar/e-commerce retailers, manufacturers/
assemblers or their parts and components suppliers are working together to trans-
form their supply chains into an omnichannel mode.

Many industry leaders now believe that China leads the world in omnichan-
nel development due to frequent use of mobile devices and widespread accept-
ance of mobile payment among the general public. For example, SUNING, a
large appliances retail chain store enterprise in China committed to the integra-
tion of its online e-commerce platform and its own offline stores, actively imple-
ments the consumer-oriented omnichannel business mode and the supplier-ori-
ented omnichannel platform. Besides, SUNING has established many self-pickup
points in its offline stores while launching rebate activities of self-pickup for
online shopping at the same time.

With the development of the omnichannel retailing mode, consumers’ demand
for product shopping experience and face-to-face consultation about price dis-
count, product configuration and product applicability cannot be met in the tradi-
tional assembly system with direct online-channels. This calls for an omnichannel
solution that provides the customer with a consistent, engaging experience across
channels. As a typical assembler, DELL purchases PC components and modules
from upstream suppliers, assembles PC products, and then sells PC products to
end customers through its own online e-commerce platform and offline brick-and-
mortar store partners, such as Walmart, CompUSA [21]. “This is not an aban-
donment of our direct sales model—this is intended to be additive,” said Kent
Cook, senior manager of consumer communications at Dell. “This is a response
to customer demand. The direct model is great, but some consumers feel more
comfortable going into a store to purchase electronics. We want to respond to
our customers’ needs.” [8]. Obviously, the direct-sales channel strategy of the
assembler represented by Dell necessitates an omnichannel solution that provides
the customer with a consistent, engaging experience across channels. “Dell EMC
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believes in an omni channel strategy and leaves the choice to the customer in
terms of whom they wish to do business with.” Said by Anil Sethi, the vice presi-
dent of channels India at Dell EMC [9].

Due to the different parts quality, process technology, cost control and delivery
ability of different suppliers, the assembly system with direct omnichannel (will
be abbreviated as AS) often faces the risk of supply interruption and cannot gather
all the modules quickly from multiple suppliers, and quickly assemble and sell the
products to the market via omnichannel, and thus resulting in non-cooperative oper-
ation and slow response of the AS and forming a “neck stuck” phenomenon in the
AS. This is harmful to the healthy and sustainable operations of the AS. In order
to ensure that the assembler with direct omnichannel can quickly respond to cus-
tomer’s needs, bring better product experience to customers, and give full play to the
advantages of online information acquisition and offline product experience, the AS
urgently needs to improve the collaborative operational ability of the supply chain.
Against this background, the professional third-party, integrated management ser-
vice (IMS) providers, came into being. For example, there are many IMS providers
(IPs) in the electronics industry, such as Arrow Electronics, Avnet, WPG Holdings,
Future Electronics, etc. These IPs can provide various comprehensive IMS solutions
for the AS to enhance their ability of quick response, boost their collaborative opera-
tions, and improve their operational performance.

In the context of omnichannel retailing, should the AS introduce IMS? When will
the AS have the incentive to introduce IMS? When will the IMS provider (IP) have
the incentive to provide IMS? How to achieve the coordinative operations for the AS
and IP? These are some major issues calling for urgent consideration both in prac-
tice and in theoretical research of AS. In the theoretical research field, the available
literature rarely touches upon the following critical issues in the operations manage-
ment of AS: (1) the role and value of IMS in the AS; (2) the incentive conditions of
introducing and providing IMS for the AS; (3) the cooperation region between AS
and IP in the assembly system with direct omnichannel and IMS (will be abbrevi-
ated as ASI); (4) the operational strategies, decisions and performance for the ASI.
Obviously, in the era of omnichannel retailing, these important research gaps need
to be addressed urgently. However, it is a new challenge to explore the incentives of
introducing and providing IMS and cooperation region between AS and IP for the
ASI via game-theoretical modelling approach. Specifically, how to characterize the
new demand function with IMS effort in the context of omnichannel retailing, how
to formulate objective functions and design the decision structures for the game-the-
oretical models, and how to derive the incentive conditions and cooperation regions
through comparing the profit regions, are all new challenges for our research.

From the perspective of game-theoretical modeling and comparative analysis,
we try to explore the incentive conditions and cooperation regions under which the
AS would have the incentive to introduce IMS and the IP would have the incentive
to provide IMS. A novel and useful bidimensional incentive region matrix will be
developed to identify the incentive conditions of introducing and providing IMS for
the AS and determine the cooperation region between AS and IP in the ASI. This
study aims to investigate when the IMS would be introduced and provided in the AS
and how coordinative operations can be achieved across the AS, which will help AS
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and IP make appropriate operational decisions/strategies and improve their opera-
tional performance.

The paper consists of 7 sections. Section 2 gives an overall review of the corre-
sponding literature. In Sect. 3, the modeling notations and assumptions of a generic
ASI are defined. Then, game-theoretical decision models for a generic ASI are
developed and analyzed in Sect. 4. The comparisons and discussions of analytical
results are further summarized in this section. Section 5 offers numerical and sen-
sitive analyses of an electronic product case for all developed analytical models.
The comparisons and discussions of numerical results are also synthesized in this
section. The managerial insights, limitations of the research and scopes for future
research are discussed in Sect. 6. The final section is a summary of the research con-
tributions and foresights drawn from this study.

2 Literature review

The omnichannel retailing mode, as a rising new business model, is quickly replac-
ing the dual-channels. Under an omnichannel mode, the boundary between the
online channel and offline channel has been removed, creating a dual advantage
of online information search and offline product experience. Transition to the
omnichannel mode has become an important strategic direction for both brick-and-
mortar retailers and ecommerce ones as it helps to maintain a symbiotic, integrated
and mutually reinforcing retail supply chain. The omnichannel mode brings both
opportunities and challenges to the theoretical research as it reshapes the structure
and mechanism of the competition in the retail market. Prior research on the fol-
lowing three streams—the operations management of the assembly system, the
omnichannel retailing and that of the omnichannel supply chain—is related to our
current study: However, the available literature regarding the incentive conditions,
cooperation regions and operational strategies for the ASI is still very scarce, which
justifies further research.

2.1 Assembly system perspective

Previous research on the first stream—the operations management of the assembly
system, mainly touches upon the issues of competition, cooperation and coordi-
nation in the assembly system, such as the multi-echelon supply chains competi-
tion with an assembly network structure [4], information sharing and coordination
scheme in an assembly system [37], multilateral negotiations in an assembly supply
chain via Nash bargaining [22], alliance/coalition formation among multiple com-
plementary suppliers in a decentralized assembly system [23, 35], supplier compe-
tition in a decentralized assembly system [15], and sequential contracting for the
decentralized assembly systems under asymmetric demand information [17]. Nev-
ertheless, the existing research doesn’t touch upon the operational strategies/perfor-
mance of the assembly system in the context of omnichannel retailing, nor does it
involve the incentive regions of IMS adoption in the AS.
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2.2 Omnichannel retailing perspective

Regarding the second stream concerning the operations management of
omnichannel retailing, available literatures mainly focus on the impact of vari-
ous new business/logistic technology on the operational decisions/strategies/per-
formance of omnichannel retailing, such as the impact of buy online and pick
up in store (BOPS) on offline store operations and consumers’ channel selections
[11], the impact of self-order technologies adoption on operational decisions/
performances in an omnichannel restaurant [12], the route capacity sharing for
an omnichannel grocery retailer [25],the impact of ship-to-store (STS) and quick
response on the operational decisions/performances in the fast-fashion omnichan-
nel retailing [34]. However, the available research neither pays attention to the
operational strategies/performance of AS, nor takes into account the incentive
regions of IMS adoption for the operations management of AS.

2.3 Omnichannel supply chain perspective

Regarding the third stream, the available literature mainly centers around the
issues of operational strategies/decisions/performance of omnichannel (or O20)
supply chain and the impact of disruptions, market power, mutual promotion,
low carbon on the operational strategies/decisions/performance of omnichan-
nel (or O20) supply chain, such as, service competition in an O20 supply chain
[38], the impact of disruptions on the O20 supply chain coordination [39], the
impact of different power and decision structures on the operational decisions/
performance of O20 supply chain [5], initial carbon allowance allocation rules in
an O20 supply chain with the cap-and-trade regulation [14], mutual promotional
effects, operational strategies and subsidy policies for the O20 supply chain [6],
cooperation mechanism for the O20 consignment supply chain with complemen-
tary products [7], optimal pricing for an omnichannel supply chain with retail ser-
vice [16]. Nevertheless, the existing research neither touches upon the operational
strategies/performance of assembly supply chain in the omnichannel retailing
environment, nor considers the incentive regions of IMS adoption for the assem-
bly supply chain in the context of omnichannel retailing.

In brief, the available literature fails to cover the following critical issues in the
operations management of AS: (1) the role and value of IMS in the AS; (2) the
incentive conditions of introducing and providing IMS for the AS; (3) the coop-
eration region between AS and IP in the ASI; (4) the operational strategies, deci-
sions and performance for the ASI.

Considering the critical issues aforementioned, this paper, different from pre-
vious research, intends to conduct a novel investigation into the role and eco-
nomic behaviors of integrated management service (IMS) in the assembly system
with direct omnichannel (AS), and explore the incentive conditions, cooperation
regions and operational strategies for the ASI. This study will fill up the gap in
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previous research and add managerial insights for the omnichannel practitioners
and their supply chain partners.

3 Modeling notations and assumptions

A generic assembly system with direct omnichannel and IMS (ASI), as shown in
Fig. 1, is conceptualized for this study. This system includes one IMS provider (IP),
n module or component suppliers and an assembler offering an assembled product
to the market through an omnichannel mode. In this system, IP provides IMS to the
assembler with direct omnichannel and gets relevant service fee as a result. Each
supplier produces a module for the assembler to assemble the components into the
final product for the retail market. Each supplier negotiates jointly (a centralized
strategy), independently (a decentralized strategy) or collaboratively (a coordination
strategy) with the assembler regarding the wholesale price that will affect the retail
pricing and demands. Through the omnichannel integration, the final product will be
sold at a regular retail price in the selling season, and the leftover stock will be sold
at a salvage price in the clearance season.

In Fig. 1, notation i is introduced to mark the variables and parameters, i € N,
N ={1,2,...,n}. For the ith supplier, the unit cost of the ith module is c; and the
wholesale price of the ith module is w;; for the assembler, the unit assembly cost of
the final product is c. The final product is sold via omnichannel mode, the opera-
tional cost of the online channel is ¢, and the operational cost of the offline channel
is ¢,. The retail price of the final product, through either the online channel or offline
channel, is p and the salvage price of the final product in the clearance season is #p,
where # is the salvage discount price factor,and 0 < n < 1.

The IP’s IMS effort for the AS is s. Generally, the cost of effort c(s) is positive
and strictly convex in s, and ¢(0) = 0 [18, 27, 28]. Thus, the cost of IMS effort

IMS Provider

Supplier 1 k. ¢ c w. g e ;
o s ““‘\-‘Qp\line Channel
Supplier 2 y Ces p,“de\
o| | F
Assembler ;&%
o, p, ds”
Supplier £ 1-2 s P/,s
_____.——Ofﬂfne Channel

Supplier n

Fig. 1 A Generic Assembly System with Direct Omnichannel and IMS (ASI)
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is assumed to be a quadric form: c(s) = %gsz, where g is the cost coefficient of
IMS effort. The assembler will pay an IMS fee ¢ per unit product for IP. Further-
more, this fee will be shared between the assembler and suppliers via contract
mechanism.

Following Chen et al. [6] and Chen and Su [7], let d,(p, s) and d(p, s) denote
the online demand function and the offline demand function respectively. They
can be defined as d,(p) = Av(p, s)x and d,(p) = (1 — A)v(p, s)x. Thus, the total mar-
ket demand function d(p, s) = d,(p, s) + d,(p,s) = v(p, s)x. In all the demand func-
tions, A is the market demand share of the online channel and (1 — A) is the market
demand share of the offline channel, 0 < A < 1. v(p, s) is a deterministic function
of price p and IMS effort s, decreasing of price p and increasing of IMS effort s.
v(p,s) = ap~’pPs® = ap~®9s*, where a is the positive constant number, b is the
price-elasticity index of the expected demand, 8 € (0, 1) is the mutual fusion coef-
ficient between channels, and k € (0, 1) is the IMS effort-elasticity index of the
expected demand, and b > n > 1. Let y(p) = ap~®=9, then v(p,s) = y(p)s¥.x is a
random factor defined in the range [A, B] with B > A > 0. The CDF (Cumulative
distribution function) and PDF (Probability density function) of x are F(-) and
f(+), and the mean value and standard deviation of x are 4 and ¢. Following Petru-

zzi and Dada [26], Wang et al. [33], and Wang [30], z = ﬁ is defined as the

‘stock factor’ where ¢ is the production quantity. In this study, the ‘stock factor’ is

used to model the equilibrium and coordination conditions of supply chain.
When the distribution of x in the demand function satisfies the Increasing Gen-

eralized Failure Rate (IGFR) condition, i.e., B _ h(x) + W) 0, where

g(x) = xh(x), and h(x) = [1i§vx()x>] is the classical failure rate [19, 26, 33], the first

order conditions of the expected profit function with respect to p and z provide a
unique solution to the problem of maximizing the expected profit function. The
decision variables are the retail price p and the stock factor z of the final product,
the wholesale price of the ith module w;.

On this basis, the profit functions of the suppliers, assembler, and assembly
system under omnichannel (OMO) mode can be formulated as follows:

I (w;) = (wi = ¢;)ap.2) = (w; = ¢;)y(p)z

HA(p7 Z) = py(p) . E[min{z,x}] + r]py(p) . E[(Z —X)+]
g (p,2) = py(p) - E[min{z,x}] + npy(p) - E[(z — x)*|
_[c + A, + (1= Ae,+ Y Ci]y(p)z
Furthermore, the profit functions of the suppliers, assembler, and assembly

system and IMS provider under omnichannel with IMS (OMI) mode can be for-
mulated as follows:
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H;(Wl) = (Wi - ci)q(pvzv §) = (W,‘ - Cl')V(p,S)Z

i

IT3(p.z,5) = pv(p,s) - E[min{z, x}] + npv(p,s) - E[(z — x)"|
—[c e+ (= D+ X i+ t] (P, $)z

IT3(p. 2,8) = pv(p, s) - Elmin{z,x}] + npv(p, s) - E[(z — x)"]
—[c +Ac, + (1 = e, + Zle ¢+ t] v(p, )2

s 1
IT3,(s) = tv(p, s)z — zgs2

Table 1 provides a framework of the game-theoretical decision models developed
and analyzed in Sect. 4.

Although the ideal centralized decision mode is difficult to realize in an AS in
practice, it can be used as an important benchmark for decentralized decision mode
in Sect. 4.1.2 and coordination decision mode in Sect. 4.1.3, which is worthy of
analysis and discussion. Therefore, Sect. 4.1.1 will develop and analyze a central-
ized decision model for the AS.

In the real-world scenario, the AS is generally operated under a decentralized
decision mode in the absence of contractual coordination. Under the decentralized
decision mode, multiple suppliers may make decisions simultaneously or sequen-
tially, i.e., there are two decentralized decision modes for the AS. Since the opera-
tional performance under decentralized decision mode is lower than that under the
centralized decision mode, it is necessary to analyze and discuss operational deci-
sions and performances under the decentralized decision mode, which can serve as
the lower boundary reference for coordination decision mode. Therefore, Sect. 4.1.2
will develop and analyze two decentralized decision models for the AS.

Table 1 Framework of game-theoretical decision models

Section Model scenarios Game-theoretical decision models Theories applied
4.1 Omnichannel mode 4.1.1 Centralized Decision Model OT & BC
(OMO mode)

4.1.2 Decentralized Decision Model SG & BC
4.1.2.1 Assembler’s Decision SG & BC
4.1.2.2 Suppliers’ Simultaneous Decision SG & BC
4.1.2.3 Suppliers” Sequential Decision SG & BC

4.1.3 Coordination Decision Model RSC & BC

4.2 Omnichannel mode Centralized/Coordination Decision Models OT+SG+RSC+BC
with IMS (OMI under OMI mode
mode)

OT optimization theory; BC bertrand competition; SG stackelberg game; RSC revenue sharing contract
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In the case of contractual mechanism introduction, taking the centralized deci-
sion mode as the benchmark and taking decentralized decision mode as the lower
boundary reference, the AS may achieve coordination decision and realize Pareto
improvement of the operational performance for all the stakeholders. Therefore,
Sect. 4.1.3 will develop and analyze a coordination decision model for the AS, based
on the centralized decision model in Sect. 4.1.1 and decentralized decision models
in Sect. 4.1.2.

Nevertheless, it is still quite challenging to guarantee effective implementation of
the contract. Due to the complicated structure and multiple participants in the AS,
the assembler has to deal with the complicated collaborative business relationships
with multiple suppliers, resulting in non-cooperative operations and slow-response
ability in the AS. Meanwhile, for lack of effective demand information sharing and
collaborative planning, forecasting and replenishment mechanism across the AS,
suppliers are often unable to guarantee the perfect matching supply of parts and
components for the assembly process of the assembler, which may lead to assem-
bly disruption. Therefore, it is necessary to introduce the IMS provider (IP) as it
provides a unified logistics and information flow management platform and cor-
responding comprehensive IMS solutions for the AS, which enhances the demand
information sharing between the assembler and multiple suppliers and helps mul-
tiple suppliers collaboratively carry out matching collection and distribution of the
corresponding parts and components to the assembler in accordance with the assem-
bly requirements of product. The corresponding goal is to enhance the ability of col-
laborative operation and quick response, strengthen the mutual fusion effect between
online- and offline- channels, raise the value added for customers and improve
operational performance in the AS. Therefore, Sect. 4.2 will develop and analyze
centralized and coordination decision models for the ASI, based on the centralized,
decentralized and coordination decision models for the AS in Sect. 4.1.

4 Model setup and discussion

Based on the modeling notations and assumptions discussed in Sect. 3, this section
conducts an extensive game-theoretical modeling of the equilibrium and coordina-
tion conditions for the ASI. In the models to follow, the superscript or subscript ¢
represents centralized decision and coordination decision under omnichannel mode
(i.e., OMO mode); the superscript or subscript d: decentralized decision with suppli-
ers’ simultaneous action under OMO mode; the superscript or subscript d’: decen-
tralized decision with suppliers’ sequential action under OMO mode; the superscript
or subscript sc: centralized decision and coordination decision under omnichannel
mode with IMS (i.e., OMI mode).

4.1 Game-theoretical decision models under OMO mode

Under OMO mode, the AS does not introduce IMS, i.e., t=0, g=0, s =1 and
k = 0. A centralized decision model, two decentralized decision models and a
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coordination decision model will be developed, analyzed and compared for the AS
in this section.

4.1.1 Centralized decision model

Under the centralized decision model, the detailed decision sequences are as fol-
lows: the assembly system will first decide the retail price p, and then the stock fac-
tor z. The optimal problem for the assembly system under the centralized decision
can be formulated as follows:

H;iX Hc(p,2) (1)

Solving this optimal problem, we can get the optimal retail price p,, the distri-
bution function of the centralized optimal stock factor F (Zc) and the optimal pro-
duction quantity g,.. Furthermore, the optimal profit of the assembly system can be
calculated as IT¢ .. (See Table 2 for the detailed analytical modeling results and their
derivations can be seen in “Appendix”).

4.1.2 Decentralized decision model

4.1.2.1 Stackelberg game model (suppliers’ simultaneous decisions) Under this
scenario, the detailed decision sequences are as follows: all the module suppliers
decide their wholesale price w; simultaneously, and then, the assembler with direct
omnichannel decides the retail price p and stock factor z. The two-stage Stackelberg
game model for the decentralized AS can be formulated as:

(
rrvlvellxﬂsl(w,,qd(wl,...,wi,...,wn))
4 mwaxﬂsl(wi,qd(wl,...,wi,...,wn))
: : @)
rrvlvaxHS"(wn,qd(wl,...,wi,...,wn))
\
pd(wl,...,wi,...,wn),F(zd),qd(wl,...,Wl-,...,wn)
s.t.d are derived from solving the following problem
max I1,(p, z)
254

\

Solving this two-stage Stackelberg game problem, we get the equilibrium whole-
sale price wf, the equilibrium retail price p,, the distribution function of the equilib-
rium stock factor F (zd) and the equilibrium production quantity g,. Furthermore,
the equilibrium profits of the supplier i, the assembler and the assembly system can

be calculated as I7 g H/f" and ch (see Table 2 for detailed analytical modeling

results).
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4.1.2.2 Stackelberg game model (suppliers’ sequential decisions) Under this sce-
nario, the detailed decision sequences are as follows: all the module suppliers
first make their wholesale price w; sequentially: module supplier 1 first decides
his wholesale price w;, and then, module supplier 2 decides his wholesale price
w, based on supplier 1’s decision..., and finally, module supplier n decides his
wholesale price w, based on decisions of suppliers 1, 2,..., n — 1; and then, the
assembler with direct omnichannel decides the retail price p and stock factor z.
The (n+ 1)-stage Stackelberg game model for the decentralized AS can be formu-
lated as:

n:ve}xﬂsl(wl,qd,(wl,...,Wl-,...,wn))
s.t.n}gx Hsz(WZIWI,qd,(wl,...,W,-,...,wn))
<
s.f. max HSi(wi|w1,w2,...,wi_l,qd,(wl,...,wi,...,wn))
1
11 ¢ 3)
s.t. rrvlvax HS"(wn|w1,w2,...,wn_l,qd,(wl,...,wi,...,wn))
n
pd,(wl,...,wi,...,wn),F(zd,),qd,(wl,...,wi,...,wn)
s.t. 4 are derived from solving the following problem
max I1,(p,z)
U Pz

Solving this (n+ 1)-stage Stackelberg game problem, we get the equilibrium
wholesale price wf’, the equilibrium retail price p,, the distribution function of the
equilibrium stock factor F (zd,) and the equilibrium production quantity g,. Further-
more, the equilibrium profits of the supplier i, the assembler and the assembly sys-
tem can be calculated as IT. g;, H/f/ and H;”C (See Table 2 for detailed analytical mod-

eling results).

4.1.3 Coordination decision model

Under this scenario, the detailed decision sequences are as follows: the suppliers
simultaneously offer the assembler a revenue sharing contract in which suppliers
charge a lower wholesale price w; from the assembler; if the assembler accepts the
contract, he will place an order of quantity g with the module suppliers, after the
final product is assembled by modules or components, he will sell the final product
through omnichannel at regular retail price p and decide the stock factor z when the
selling season starts, and sell the leftover stock through omnichannel at salvage price
np in the clearance season. Finally, the assembler will share a fraction 1 — ¢ of his

net revenue with the suppliers (supplier i will get a fraction Z"Ci - (1 — ¢) of the
i=1"i

assembler’s sharing revenue), where ¢ is the revenue keeping fraction of the
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assembler, and 0 < ¢ < 1. The revenue shared by the assembler with supplier i is as
follows:

T, = ——
—[e+ Ac, + (1 = De,|yp)z

l Z?:l G

Thus, the profit functions of the supplier i and assembler under revenue sharing
contract are as follows:

Sy {py(p) - Elmin{z,x}] + npy(p) - E[(z —x)+]}

I (w;) = g (w;) + T,

M5, = M,p.0 - ), | T,
The optimal problem for the AS under the revenue sharing contract is as follows:

Feasible domain of ¢* is derived from solving 1I3(¢) > max{H“, H:’} and ITg (¢) > max{Hg, Hg’ }

wi (), HEL (¢) and I13(¢) are derived from solving the following problem

pr(wis e awy, ,wn) =Pes F(zr) = F(Z(,)
St st p,.(wl, Wi ,wn), F(z,.) are derived from solving max IT}(p,z)
Pz

s.t.
pe-Fl(z.). q. and 1T are derived from solving max Is(p,2)
pz

“)

Solving this two-stage Stackelberg game problem, we get the feasible domain of
revenue keeping rate ¢*, the coordinated wholesale price w¢, the optimal retail price
P, the distribution function of the optimal stock factor F Zc) and the optimal pro-
duction quantity g,.. Furthermore, the coordinated profits of the supplier i, the
assembler and the assembly system can be calculated as IT, g{, IT§ and ITg.. (See

Table 2 for detailed analytical modeling results).

The analytical results of Sect. 4.1 are summarized in Table 2. The centralized
strategy neglects the roles of the suppliers in making crucial pricing and production
quantity decisions and therefore is inferior to the coordination strategy regarding the
derived solutions. Thus, the centralized decision results are not shown in Table 2
and will be ruled out in the coming discussions.

4.2 Game-theoretical decision models under OMI mode

Under OMI mode, the AS introduces IMS, i.e., >0, g>0, s> 1and ¥ € (0, 1).
With the help of integrated management services (IMS) provided by the IP, the
demand information sharing between the assembler and multiple suppliers will be
enhanced, on which basis, the matching collection and distribution of the corre-
sponding parts and components to the assembler in accordance with the assembly
requirements of product will be carried out collaboratively, and thus, the AS can
achieve effective coordinative management and improve operational performance.
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Therefore, the decentralized decision scenario does not exist under OMI mode and
will not be considered in this section. On this basis, a centralized decision model
and a coordination decision model will be developed, analyzed and compared for the
ASI in this section.

4.2.1 Centralized decision model

Under the centralized decision model, the detailed decision sequences are as fol-
lows: the IP will first decide the IMS effort s, the assembly system will first decide
the retail price p, and then decide the stock factor z. The two-stage Stackelberg game
model for the ASI under centralized decision can be formulated as:

max H ()
&)

s.f. max H§C(p, z,5)
Pz

Solving this two-stage Stackelberg game problem, we get the equilibrium IMS
effort s, the equilibrium retail price p’, the distribution function of the centralized
equ111br1um stock factor F ( ) and the equilibrium production quantity g’. Further-
more, the equilibrium proﬁts of the assembly system and IP can be calculated as
I and I1;; (see Table 2 for detailed analytical modeling results).

ObVlously, only when the condition ITg. > II¢. holds, i.e., only when the incen-

be SC = SC T e A= Me+
6-1 i= 1 Ci

= >

tive ratio indicator a = p sk > 1, (where p = P T ) would the

assembly system have the incentive to introduce integrated management service
(IMS). Furthermore, only when the condition I7;; > 0 holds, i.e., only when the
incentive ratio indicator f = 21g™! p*q 5572 > 1, would the IP have the incentive to

provide integrated management service (IMS).

4.2.2 Coordination decision model

Under this scenario, the detailed decision sequences are as follows: the IP first
decides IMS effort s, and then, the suppliers simultaneously offer the assembler
a revenue sharing contract in which suppliers charge a lower wholesale price w;
from the assembler; if the assembler accepts the contract, he will place an order
of quantity g with the module suppliers, after the final product is assembled by
modules or components, he will sell the final product through omnichannel at
regular retail price p and decide the stock factor z when the selling season starts,
and sell the leftover stock through omnichannel at salvage price #p in the clear-
ance season. Finally, the assembler will share a fraction 1 — 6 of his net revenue
with the suppliers (supplier i will get a fraction (1 — 8) of the assembler’s

/ll

sharing revenue), where ¢ is the revenue keeping fraction of the assembler, and
0 < 6 < 1. The revenue shared by the assembler with supplier i is as follows:
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re S (_g pv(p,s) - E[min{z,x}] + npv(p,s) - E[(z — x)*]
o 2?21 Ci —[c+ﬂce+(1 —A)cs+t]v(p,s)z

Thus, the profit functions of the supplier i and assembler under revenue shar-
ing contract are as follows:

H§f(wi) = I

s (Wi) +T;

« ) n o
M (p,2,s) = M (p,z8) = ), T

The two-stage Stackelberg game problem for the AS under the revenue shar-
ing contract is as follows:

Feasible domain of 6" is derived from solving IT\"(8) > IT; and H'S""(é) > ”§;
( wi‘(8), H;f(&) and IT,(8) are derived from solving the following problem
PE(wi, o wioow,) =p5, F(28) = F(2)
St PE(Wis oo Wiy oo ow, ), F(20) are derived from solving nll)ix I (p, 2, 5,.)

s.t.
P F(z‘z), q. and HS“C are derived from solving H/l:%x H;C (p, 2z, sc)

S.1.9

(6)

Solving this two-stage Stackelberg game problem, we get the feasible domain
of revenue keeping rate §*, the coordinated wholesale price w:‘, the equilibrium
retail price p?, the distribution function of the centralized equilibrium stock fac-
tor F (zi ) and the equilibrium production quantity ¢°. Furthermore, the coordi-
nated profits of the supplier i, the assembler and the assembly system can be
calculated as I'[gf, H/‘f and I'[;”C (See Table 2 for the detailed analytical mode-

ling results).

The analytical results of Sect. 4.2 are summarized in Table 2. The centralized
strategy neglects the roles of the suppliers in making crucial pricing and pro-
duction quantity decisions and therefore is inferior to the coordination strategy
regarding the derived solutions. Thus, the centralized decision results are not
shown in Table 2 and will be ruled out in coming discussions.

4.3 Comparisons and discussions of analytical results

Based on the analytical results derived above, the key findings are drawn and
summarized as follows:

4.3.1 Findings from OMO mode

(1) When the suppliers make simultaneous (SI) decisions under the OMO mode, (i)

the assembler’s equilibrium profit is (b(f;f)l) times of any supplier’s profit. That
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2

3

“

is. i b8
Hd b—6-1’

i=1,2,...,n. (ii) the supplier (i + 1)’s profit equals the supplier

md

i’s profit. That is, H’“ =1,i=1,2, ..., n. Thus, all suppliers gain the same profit
¢

even though their production costs may be different. (iii) the equilibrium profits

of the assembly system and its members decrease as the number of the suppliers

increases.

When the suppliers make sequential (SE) decisions under the OMO mode, (i)

n—i+1
the assembler’s equilibrium profit is [(b(f;f)”] times of the supplier i’s profit.
il bt n—i+1 _(b-0)_
1 —A = — [ =
That is, I (b—9—1 > ,i=1,2, ..., n (ii) the supplier i+ 1 gains —— 0D

4

m
times of the supplier i’s profit. That is, H‘d*,‘ = bbe o i=1,2, ..., n Thus, the

supplier who moves later, gains more proﬁts i.e., there exists a last-mover advan-
tage when the suppliers make sequential decisions. (iii) the equilibrium profits
of the assembly system and its members decrease as the number of the suppliers
increases.

Under the OMO mode, only when ¢* €

q), J)], would the members of assembly

system have the economic incentive to coordinate the supply chain and achieve
Pareto improvement of operational performance. Hereinto,

b—0-—n b—0—1 b—0-1 n(b—0-1)
Emax{< b—6 ) ( b—9 ) }
Gomind - ZE G h=0-1 (b 9—n> = >"<”—9>-’+‘
ieN c; b—-6-n\ b-06 '\ b-6

1

Under the OMO mode, (i) when the decentralized strategy is taken, the retail
price under SE decision is lower than that of SI decision, the ordering quantity
of SE decision is larger than that of SI decision, and the profits of SE decision
are higher than those of SI decision. In brief, the SE strategy can deliver better
results than the SI strategy. (ii) the retail price of the coordination strategy is
lower than that of SE strategy, the ordering quantity of the coordination strategy
is larger than that of SE strategy, and the profits of coordination strategy are
higher than those of SE strategy. In brief, the coordination strategy can deliver
better results than the decentralized strategies.

4.3.2 Findings from OMI mode

ey

Under OMI mode, as the IMS effort-elasticity index of the expected demand
increases, the IMS effort will increase, the ordering quantity of the final prod-
uct and the profit of the assembly system will first decrease and then increase.
Furthermore, as the IMS fee increases, the IMS effort will increase, the ordering
quantity of the final product and the profit of the assembly system will increase;
As the cost coefficient of IMS effort increases, the IMS effort will decrease, the
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ordering quantity of the final product and the profit of the assembly system will
decrease.

2)

Under OMI mode, a bidimensional incentive region matrix can be formulated

to identify the incentive conditions of introducing and providing IMS and deter-
mine the cooperation region between AS and IP (see Table 3). This bidimen-
sional incentive region matrix is composed of two key incentive ratio indicators
a and f. When a and g are in different intervals, different situations can be
derived and discussed:

©)

(i)

(iii)

@iv)

In quadrant I, « > 1and 0 < g < 1, the AS would have the incentive to
introduce IMS, while the IP would not have the incentive to provide IMS,
i.e., the cooperation between the AS and IP failed.
In quadrant I, 0 < @ < 1and 0 < g < 1, the AS would not have the incen-
tive to introduce IMS, and the IP would not have the incentive to provide
IMS, i.e., the cooperation between the AS and IP failed.
In quadrant III, 0 < @ < land f > 1, the AS would not have the incentive
to introduce IMS, while the IP would have the incentive to provide IMS,
i.e., the cooperation between the AS and IP failed.
In quadrant IV, « > 1 and f > 1, the AS would have the incentive to
introduce IMS, and the IP would have the incentive to provide IMS, i.e.,
the cooperation between the AS and IP can be achieved.

Apparently, only when key incentive ratio indicators @ > 1and g > 1,
would the AS and IP have the incentive to introduce and provide inte-
grated management service (IMS).

(3) Under OMI mode, only when 6* € [é s 5_], would the members of assembly system

have the economic incentive to coordinate the supply chain and achieve Pareto

=197 1T},

improvement of operational performance. Hereinto, 6 = Hj” , 6= G
sc Ne
Table 3 Bidimensional P
Incentive Region Matrix
0<p<l1 p>1
AS a>1 Quadrant 1. Quadrant IV.
AS introduces IMS, and AS introduces
IP does not provide IMS, and IP
IMS. provides IMS.
Cooperation failed. Cooperation
achieved.
O<axl Quadrant II. Quadrant III.
AS does not introduce  AS does not
IMS, and IP does not introduce
provide IMS. IMS, and IP
Cooperation failed. provides IMS.
Cooperation
failed.
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4.3.3 Findings from OMI mode versus OMO mode

(1) OMI mode versus OMO mode, (i) the optimal stock factor under OMI mode
equals that under OMO mode; (ii) the optimal retail price of the final product
under OMI mode is p~! times of that under OMO mode; (iii)the optimal ordering
quantity of the final product under OMI mode is pa times of that under OMO
mode; (iv) the optimal profit of the supply cham under OMI mode is a times of
that under OMO mode. That is, = =1, i = ; Z = pa, g— = a. Hereinto,

_etAe A= AT ¢ bt 1 ¢ ¢
T et A=A A Y ekt T T =/

(2) Under the OMO mode and OMI mode, as the price-elasticity index of the
expected demand decreases, the ordering quantity of the final product will
increase, and the profit of the assembly system will also increase. Furthermore,
as the mutual fusion coefficient between channels increases, the ordering quan-
tity of the final product and the profit of the assembly system will increase.
Besides, as the module costs, the assembly cost, the operational cost of the
online- or offline- channel decrease, the optimal retail price will decrease, and
the optimal ordering quantity and the optimal profits of the assembly system and
its members will increase.

(3) Beitunder OMO mode or OMI mode, the revenue sharing contract mechanism
can effectively coordinate the members of the AS to make the best pricing and
quantity decisions that create the best profits for all members. Besides, the sup-
plier who incurs more costs gains more coordinated profits in the coordination
decision of assembly system.

The numerical and sensitivity analyses conducted in the next section validate
and reveal the key analytical findings of this section with a real example, thus
providing a more powerful explanation for the theoretical findings and compari-
sons drawn in this section.

5 Numerical and sensitivity analyses

An electronic product is selected from the Chinese market for the purpose of
numerical and sensitivity analyses [36]. The setting of parameters and their val-
ues are listed in Table 4. They will serve as inputs to the analytical models devel-
oped in Sect. 4.1, 4.2 and 4.3.

The AS is composed of four key module suppliers and one assembler with
direct omnichannel, i.e., n =4, and i = 1,2, 3,4. The unit costs of the modules
are represented by ¢, ¢,, ¢3, and ¢, valued at 149, 53, 80 and 60 USD/unit respec-
tively. The unit assembly cost of the final product ¢ is 50 USD/unit. The opera-
tional cost of the online channel c, is 26 USD/unit and the operational cost of the
offline channel ¢, is 39 USD/unit. The IMS fee ¢ is 1 USD/unit. The cost coeffi-
cient of IMS effort g is 1E + 6. The salvage discount price factor # is set at 50%.
The market demand share of the online channel 4 is set at 0.6. The maximum
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Table 4 Parameters setting

Parameters Value

c Assembly cost (USD/unit) 50

¢ 1st module cost (USD/unit) 149

c, 2nd module cost (USD/unit) 53

c3 3rd module cost (USD/unit) 80

Cy 4th module cost (USD/unit) 60

Ce Operational cost of the online channel (USD/unit) 26

c Operational cost of offline channel (USD/unit) 39

t Integrated management service (IMS) fee (USD/unit) 1

g Cost coefficient of IMS effort 1E+6

a Maximum possible demand SE+17

b Price-elasticity index of the expected demand 5.0

[ Mutual fusion coefficient between channels 0.5

K IMS effort-elasticity index of the expected demand 0.5

n Salvage discount price factor 50%

A Market demand share of the online channel 0.6
Revenue keeping rate under OMO mode 0.5

S Revenue keeping rate under OMI mode 0.5
Mean value of random factor 100

o Standard deviation of random factor 10

possible demand a is set at SE+17. The price-elasticity index of expected
demand b is set at 5.0. The mutual fusion coefficient between channels @ is set
at 0.5. The IMS effort-elasticity index of the expected demand « is set at 0.5.
The revenue keeping rate under OMO mode ¢ is 0.5. The revenue keeping rate
under OMI mode 6 is 0.5. The random factor x obeys normal distribution, i.e.
x~N(u,0%),and p=100, 6=10. A is set at 0.1 and B is set at 1000.

5.1 Numerical analysis

The numerical analysis results of all models are shown in Table 5. The findings are
summarized and discussed below:

Simultaneous (SI) versus Sequential (SE) versus Coordination (CO) Decisions
under OMO Mode For all model types under OMO mode, it is found that: (1) the
stock factor: SI=SE=CO; (2) the retail price: CO < SE < SI; (3) the ordering quan-
tity: CO>SE>SI; and (4) the profits of the AS and its members: CO>SE> SI.
Obviously, coordination (CO) decision outperforms the other decisions regarding
key indicators of operational performance.

OMI Mode versus OMO Mode Since coordination decision performs best
under OMO mode, we will just compare coordination decision under OMI mode
with that under OMO mode. Comparing the coordination decision under OMI
mode with that under OMO mode in Table 5, it is found that: (1) based on the
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Table 5 Numerical Analysis Results under OMO Mode and OMI Mode

Scenarios OMO Mode OMI Mode
Outcomes Decentralized strategy Coordination strategy Coordination strategy
(CO) ((60))]
Simultaneous (SI)  Sequential (SE)
5, NA NA NA 2.33
Zy 99 99 99 99
Ds 6418 1949 713 714
q. 365 78,036 7192,731 10,899,326
wy 1238 305 75 75
w; 1142 253 27 27
w3 1169 337 40 40
Wy 1149 391 30 30
H§1 511,558 33,168,154 559,388,948 849,213,194
H;z 397,879 12,137,896 243,710,390 369,978,848
17273 397,879 15,605,867 86,688,931 131,603,214
H;: 397,879 20,064,686 130,851,216 198,646,361
Iy 397,879 25,797,453 98,138,412 148,984,771
I, 2,103,073 106,774,057 1,118,777,897 1,698,426,388
I, NA NA NA 8,174,494
¢*, 6" NA NA ¢* €10.03,0.87];setar0.5 6 € [0.33,0.67];setat0.5
a,p NA NA NA a=1.52>1,=4.00>1

bidimensional incentive region matrix derived above, the dual incentive ratio indi-
cators « = 1.52 > 1 and f = 4.00 > 1, i.e., the dual incentive ratio indicators are in
the quadrant {a > 1 and g > 1} of bidimensional incentive region matrix, thus, AS
and IP would have the incentive to introduce and provide IMS, and the cooperation
between AS and IP can be achieved under OMI mode; (2) the stock factor under
OMI mode equals that under OMO mode. (3) the retail price under OMI mode is
higher than that under OMO mode; (4) the ordering quantity under OMI mode is
larger than that under OMO mode; (5) the profits of the AS and its members under
OMI mode are higher than those under OMO mode.

Demand growth effect versus cost increasing effect Under OMI mode, the intro-
duction of IMS can enhance the value added for consumers, and lead to a growth in
demand. The profit growth effect brought about by this demand growth can be called
the demand growth effect. Meanwhile, this demand growth is at the expense of IMS
fee/cost payment. This IMS fee/cost payment effect caused by this demand growth
can be called the cost increasing effect. On this basis, we can calculate that the
demand growth effect is 590,547,817 and the cost increasing effect is 10,899,326.
The demand growth effect is stronger than the cost increasing effect. Therefore, it is
worth introducing IMS for the AS to improve the operational performance.
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Coordination mechanism based on revenue sharing contract Be it under OMO
mode or OMI mode, a revenue sharing contract can effectively coordinate the AS
and achieve better operational performances for its members.

Summary Across the game-theoretical decision models, we have noticed several
phenomena. First, the worst strategy is the SI strategy which causes an extremely
low demand for the assembled product due to its exceptionally high retail price.
Second, the SE strategy provides much better solutions and higher profits than the
SI strategy. Third, the coordinated strategy outperforms the decentralized strategy
regarding the profits of AS.

In sum, through the above pairwise model comparisons, the coordination strategy
with integrated management service (IMS) is identified as the best operational strat-
egy for the AS. This finding provides profound practical implications for IMS adopt-
ing decision and operational strategy selection for the AS, which helps enhance
quick response ability and improve operational performance.

5.2 Sensitivity analysis

Since, from the analysis in Sect. 5.1, OMI mode is found to be the most attractive
business mode for omnichannel practitioners, the sensitivity analysis will focus on
how the changes of seven key parameters of the models under OMI mode impact
the profits of the members in the AS. Seven key parameters are: maximum possible
demand (a), online channel demand share (1), price-elasticity index of the expected
demand (b), mutual fusion coefficient between channels (0), IMS effort-elasticity
index of the expected demand (x), cost coefficient of IMS effort (g), and IMS fee (t).
The increment scale and range of change of each parameter in the sensitivity analy-
sis are listed in Table 6.

5.2.1 Maximum possible demand (a)
The sensitivity analysis results of the maximum possible demand (a) are shown in

Fig. 2. There is a positive relationship between profits and a. The profits of suppli-
ers, assembler, AS and IP increase as the maximum possible demand (a) increases.

Table 6 Ranges of key parameters for sensitivity analysis

Parameters Original value =+ Increment Range
a Maximum possible demand SE+17 1E+16 [1IE+17, 1IE+ 18]
A Online channel demand share 0.6 0.01 [0.1,0.9]
b Price-elasticity index of the expected demand 5.0 0.01 [5.0, 6.0]
9 Mutual fusion coefficient between channels 0.5 0.01 [0.1,0.9]
K IMS effort-elasticity index of the expected 0.5 0.01 [0.1,0.9]
demand
Cost coefficient of IMS effort 1E+6 1E+4 [IE+5, IE+6]
IMS fee 1.0 0.1 [1.0, 10.0]
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4 5 4 5 6 71 8
Maximum possible demand 107 Maximum possible demand 10

(a) Profits of AS (b) Profits of IP (c) Incentive Ratio Indicators

Fig. 2 Impact of maximum possible demand (a) Change on Profits and Incentive Ratio Indicators

01 02 03 04 05 06 07 08 09 041 03 04 05 06 07 08 0.9
Online Channel Demand Share Onlina Channel Demand Share

(a) Profits of AS (b) Profits of IP (c) Incentive Ratio Indicators

Fig. 3 Impact of online channel demand share (1) Change on Profits and Incentive Ratio Indicators

The AS’ s incentive ratio indicator of adopting IMS (@) increases as the maxi-
mum possible demand (@) increases. Especially, when the maximum possible
demand (a) is less than about 1.5E+ 17, a< 1, i.e., the AS does not have the incen-
tive to adopt IMS; on the contrary, when the maximum possible demand (a) is more
than about 1.5E+17, a> 1, i.e., the AS has the incentive to adopt IMS.

The IP’ s incentive ratio indicator of providing IMS (f) remains unchanged as
the maximum possible demand (a) increases. Furthermore, The IP’ s incentive ratio
indicator of providing IMS f>1, i.e., the IP always has the incentive to provide
IMS.

The finding may imply that, when the market scale reaches a certain degree, the
AS and IP would have the incentive to adopt and provide IMS.

5.2.2 Online channel demand share (A)

The sensitivity analysis results of the online channel demand share (4) are shown in
Fig. 3. It is clear there is a positive exponential relationship between profits and A.
The profits of suppliers, assembler, AS and IP exponentially increase as the online
channel demand share (1) increases.

The AS’ s incentive ratio indicator of adopting IMS () increases as the online
channel demand share (1) increases. Furthermore, the AS’ s incentive ratio indicator
of adopting IMS a > 1, i.e., the AS always has the incentive to adopt IMS.

The IP’ s incentive ratio indicator of providing IMS (f) remains unchanged as
the online channel demand share (1) increases. Furthermore, The IP’ s incentive
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ratio indicator of providing IMS > 1, i.e., the IP always has the incentive to provide
IMS.

The finding may imply that, regardless of how much online channel demand
share (1) is, the AS and IP always have the incentive to adopt and provide IMS.

5.2.3 Price-elasticity index of the expected demand (b)

The sensitivity analysis results of the price-elasticity index of the expected demand
(b) are shown in Fig. 4. It is clear there is a reverse exponential relationship between
profits and b. The profits of suppliers, assembler, AS and IP exponentially decrease
as the price-elasticity index of the expected demand (b) increases.

The AS’ s incentive ratio indicator of adopting IMS (a) decreases as the price-
elasticity index of the expected demand (b) increases. Especially, when the price-
elasticity index of the expected demand (b) is less than about 5.2, a> 1, i.e., the AS
has the incentive to adopt IMS; on the contrary, when the price-elasticity index of
the expected demand (b) is more than about 5.2, a< 1, i.e., the AS does not have the
incentive to adopt IMS.

The IP’s incentive ratio indicator of providing IMS () remains unchanged as the
price-elasticity index of the expected demand (b) increases. Furthermore, The IP’ s
incentive ratio indicator of providing IMS > 1, i.e., the IP always has the incentive
to provide IMS.

The finding may imply that, when the price-elasticity index of the expected
demand is lower than a certain value, the AS and IP would have the incentive to
adopt and provide IMS.

5.2.4 Mutual fusion coefficient between channels (0)

The sensitivity analysis results of the mutual fusion coefficient between channels (6)
are shown in Fig. 5. It is clear there is a positive exponential relationship between
profits and 6. The profits of suppliers, assembler, AS and IP exponentially increase
as the mutual fusion coefficient between channels () increases.

Price-elasticity index of the expected demand

(a) Profits of AS (b) Profits of IP (¢) Incentive Ratio Indicators

Fig.4 Impact of Price Elasticity Index of the Expected Demand (b) Change on Profits and Incentive
Ratio Indicators
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The AS’ s incentive ratio indicator of adopting IMS () increases as the mutual
fusion coefficient between channels (6) increases. Especially, when the mutual
fusion coefficient between channels () is less than about 0.3, a< 1, i.e., the AS does
not have the incentive to adopt IMS; on the contrary, when the mutual fusion coef-
ficient between channels (6) is more than about 0.3, a> 1, i.e., the AS has the incen-
tive to adopt IMS.

The IP’ s incentive ratio indicator of providing IMS (f) remains unchanged as
the mutual fusion coefficient between channels (0) increases. Furthermore, The IP’ s
incentive ratio indicator of providing IMS > 1, i.e., the IP always has the incentive
to provide IMS.

The finding may imply that, when the mutual fusion coefficient between channels
(0) is higher than a certain value, the AS and IP would have the incentive to adopt
and provide IMS.

5.2.5 IMS effort-elasticity index of the expected demand (k)

The sensitivity analysis results of the IMS effort-elasticity index of the expected
demand (x) are shown in Fig. 6. It is clear there is a positive exponential relationship
between profits and x. The profits of suppliers, assembler, AS and IP exponentially
increase as the IMS effort-elasticity index of the expected demand (x) increases.

The AS’s incentive ratio indicator of adopting IMS (@) increases as the IMS
effort-elasticity index of the expected demand (k) increases. Furthermore, the AS’ s
incentive ratio indicator of adopting IMS a> 1, i.e., the AS always has the incentive
to adopt IMS.

The IP’s incentive ratio indicator of providing IMS () decreases as the IMS
effort-elasticity index of the expected demand (x) increases. Furthermore, The IP’s
incentive ratio indicator of providing IMS > 1, i.e., the IP always has the incentive
to provide IMS.

The finding may imply that, regardless of how much IMS effort-elasticity index
of the expected demand (k) is, the AS and IP always have the incentive to adopt and
provide IMS.

o
01 02 03 04 05 06 O o 02 03 04 05
Mutual fusion coefficient between channels Mutual fusion coefficient botv

(a) Profits of AS (b) Profits of IP (¢) Incentive Ratio Indicators

Fig.5 Impact of Mutual fusion Coefficient (8) Change on Profits and Incentive Ratio Indicators
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(a) Profits of AS (b) Profits of IP (¢) Incentive Ratio Indicators

Fig.6 Impact of IMS effort-elasticity index of the expected demand (k) Change on Profits and Incentive
Ratio Indicators

5.2.6 Cost coefficient of IMS effort (g)

The sensitivity analysis results of the cost coefficient of IMS effort (g) are shown
in Fig. 4. It is clear there is a reverse exponential relationship between profits and
g- The profits of suppliers, assembler, AS and IP exponentially decrease as the cost
coefficient of IMS effort (g) increases.

The AS’ s incentive ratio indicator of adopting IMS (@) decreases as the cost
coefficient of IMS effort (g) increases. Furthermore, the AS’ s incentive ratio indica-
tor of adopting IMS a> 1, i.e., the AS always has the incentive to adopt IMS.

The IP’ s incentive ratio indicator of providing IMS (f) remains unchanged as
the cost coefficient of IMS effort (g) increases. Furthermore, The IP’ s incentive
ratio indicator of providing IMS > 1, i.e., the IP always has the incentive to provide
IMS.

The finding may imply that, regardless of how much cost coefficient of IMS effort
(g) is, the AS and IP would have the incentive to adopt and provide IMS (Fig. 7).

5.2.7 IMS fee (t)

The sensitivity analysis results of the IMS fee (¢) are shown in Fig. 8. It is clear that
there is a positive exponential relationship between profits and ¢. The profits of sup-
pliers, assembler, AS and IP exponentially increase as the IMS fee (¢) increases.

Ratio

T 2 3 4 5 & 1 8 9 10 12 4 5 8 1 8
Cost coefficient of IMS effort 108 Cost coefficiont of IMS effort 10

(a) Profits of AS (b) Profits of IP (¢) Incentive Ratio Indicators

Fig. 7 Impact of cost coefficient of IMS effort (g) Change on Profits and Incentive Ratio Indicators
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Fig. 8 Impact of IMS fee () Change on Profits and Incentive Ratio Indicators

The AS’ s incentive ratio indicator of adopting IMS () increases as the IMS fee
(¢) increases. Furthermore, the AS’ s incentive ratio indicator of adopting IMS a> 1,
i.e., the AS always has the incentive to adopt IMS.

The IP’ s incentive ratio indicator of providing IMS () remains unchanged as the
IMS fee () increases. Furthermore, The IP’ s incentive ratio indicator of providing
IMS p> 1, i.e., the IP always has the incentive to provide IMS.

The finding may imply that, regardless of how much the IMS fee (¢) is, the AS
and IP would have the incentive to adopt and provide IMS.

To summarize, the sensitivity analysis of seven key parameters on OMI mode
provides valuable implications for both theoretical and practical understanding of
the research questions.

6 Managerial insights

Despite its tremendous global growth over the last few years, ecommerce sales still
represent only 8.3% of total retail sales in the U.S. [29]. Even though more and more
consumers are used to buying things like books, shoes and electronics online, the
majority of spending still takes place in brick and mortar outlets. In fact, apart from
Amazon, all the top ten retailers in the U.S. are old-school, brick-and-mortar stores
(Thau 2017). Most shoppers conduct online research before making big purchases.
Being able to channel even a small percentage of these customers straight from their
online research to offline stores would represent a massive potential for brick-and-
mortar stores. This potential has driven major assemblers with direct retailing chan-
nel, either e-commerce or traditional retailing channel, to jump into an omnichannel
commerce wagon. This study and its key theoretical findings provide new and useful
theoretical and practical insights into the assembler with direct omnichannel.

6.1 Theoretical insights

Based on the foregoing discussions, the following theoretical insights can be derived
and summarized as follows:
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6.1.1 Operational strategies under the OMO mode

First, when the decentralized strategy is taken, sequential (SE) strategy outperforms
simultaneous (SI) strategy regarding the operational performance for the AS. This
is a typical ‘late-mover advantage’. Second, the coordination strategy based on the
revenue sharing contract (RSC) outperforms SE strategy regarding the operational
performance for the AS. Therefore, the RSC based coordination strategy is the best
operational strategy to increase operational performance for the AS, and the SE
strategy would be the second-best choice for the AS, if the coordination strategy is
ruled out due to non-economic reasons.

6.1.2 Incentives of IMS adoption and operational strategies under the OMI mode

First, only when the incentive ratio indicator « > 1 would the AS have the incen-
tive to introduce IMS, and only when the incentive ratio indicator § > 1 would the
IMS provider (IP) have the incentive to provide IMS. In other words, only when
the dual incentive ratio indicators are in the quadrant {a@ > 1 and f > 1} of bidi-
mensional incentive region matrix would AS have the incentive to introduce IMS
and IP have the incentive to provide IMS, and thus, the cooperation between AS
and IP can be achieved and the operational performance of AS and IP can be
improved. Second, with the help of IMS effort, the ability of collaborative opera-
tions and quick response for the AS can be effectively improved, the value added
for customers can be effectively strengthened, and thus the growth in demand can
be effectively reached. Besides, it should be noted that this demand growth is at
the expense of IMS fee/cost payment. When the demand growth effect is stronger
than the cost increasing effect (in the numerical analysis part, demand growth effect
590,547,817 > cost increasing effect 10,899,326), the operational performance of
the AS can be effectively improved. Third, a coordination strategy based on revenue
sharing contract (RSC) can effectively improve the operational performance of the
ASI. Finally, reducing the module costs, the assembly cost, the operational costs
of online- or offline- channel, and the cost of IMS effort can effectively improve
the operational performance of the ASI. Furthermore, a higher maximum possible
demand, a higher online channel demand share, a lower price-elasticity index of the
expected demand, a higher mutual fusion coefficient between channels, a higher IMS
effort-elasticity index of the expected demand, and a higher IMS fee, are conducive
to the improvement of the operational performance of the ASI. Therefore, reducing
operational costs and IMS costs, attracting more demand to the low-cost channel,
assembling and selling a lower price elasticity product, enhancing the communica-
tion and integration between the ecommerce and physical channels, strengthening
mutual fusion effects of omnichannel, introducing, adopting and providing IMS, and
setting a relatively higher IMS fee, would be good marketing and operational strate-
gies for assembly system with IMS in omnichannel business scenario.
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6.2 Practical insights

From the operational management practical perspective, the practical insights can be
derived and summarized as follows:

In management practice, the AS is generally operated under a decentralized deci-
sion mode with suppliers’ simultaneous or sequential decision. Based on the mod-
eling and numerical analyses and discussions, the operational performance of the
AS under the decentralized decision mode is not Pareto optimal, and still has space
for improvement. Due to the different parts quality, process technology, cost control
and delivery ability of different suppliers, the AS under decentralized decision often
faces the risk of supply interruption, and thus resulting in non-cooperative operation
and slow response of the AS and forming a “neck stuck” phenomenon in the AS.
This is harmful to the healthy and sustainable operations of the AS.

To address these issues, the assembler with direct omnichannel and multiple sup-
pliers usually try to implement collaborative operations through contractual mecha-
nism. From the theoretical perspective, the AS may achieve coordinative operations
and realize Pareto improvement of the operational performance for all the stakehold-
ers. Nevertheless, from the practical perspective, it is still quite challenging to guar-
antee effective implementation of the contract. Due to the complicated structure and
multiple participants in the AS, the assembler has to deal with the complicated col-
laborative business relationships with multiple suppliers, resulting in non-coopera-
tive operations and slow-response ability in the AS. Meanwhile, owing to the lack
of effective demand information sharing and collaborative planning, forecasting and
replenishment mechanism across the AS, suppliers are often unable to guarantee the
perfect matching supply of parts and components for the assembly process of the
assembler, which may lead to assembly disruption.

Against this background, the professional third-party, IMS providers (IPs), came
into being. For example, there are many IPs in the electronics industry, such as
Arrow Electronics, Avnet, WPG Holdings, Future Electronics, etc. These IMS pro-
viders (IPs) can provide various comprehensive IMS solutions for the AS to enhance
their ability of quick response, boost their collaborative operations, and improve
their operational performance. Specifically, they can provide a unified logistics and
information flow management platform for the AS, enhance the demand information
sharing between the assembler and multiple suppliers and help multiple suppliers
collaboratively carry out matching collection and distribution of the corresponding
parts and components to the assembler in accordance with the assembly require-
ments of product. With the help of IPs, the ability of collaborative operations and
quick response can be effectively enhanced, the mutual fusion effect between online-
and offline- channels can be effectively strengthened, the value added for customers
can be effectively raised, the demand can be effectively increased and the opera-
tional performance can be effectively improved in the AS.

Now, research questions aforementioned can be answered. First, it is worth intro-
ducing IMS for the AS to enhance their ability of quick response, boost their collab-
orative operations, and improve their operational performance. Second, a bidimen-
sional incentive region matrix can be applied to identify the incentive regions for
AS and IP. Only when the dual incentive ratio indicators are in the quadrant {a > 1
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and f > 1} of bidimensional incentive region matrix would AS have the incentive
to introduce IMS and IP have the incentive to provide IMS, and thus, the coopera-
tion between AS and IP can be achieved and the operational performance of AS and
IP can be improved. Third, coordination strategy based on revenue sharing contract
(RSC) can effectively improve the operational performance of the ASI. Therefore,
introducing and providing IMS will not only improve the operational performance
for the AS, but also contribute to the development of integrated management service
(IMS) industry and cultivation of new economic growth points from the perspective
of macro economy.

In order to boost the healthy and sustainable development of IMS industry, effec-
tive governance policies and scientific industry standards should be established and
improved, and corresponding fiscal and tax policy support should be established and
implemented according to the practical situation. Besides, advanced and applicable
IMS technologies and corresponding comprehensive solutions can be spread and
applied to assembly systems with direct omnichannel. Furthermore, IMS provid-
ers with professional technology and strong financing ability can be cultivated, sup-
ported and expanded, assembly systems with direct omnichannel can be encouraged
to introduce IMS, and the competition order of IMS market and development envi-
ronment of IMS industry should be regulated and optimized.

In brief, when certain conditions are met, introducing and providing IMS is not
only beneficial to improving the operational performance of AS, but also conducive
to developing integrated management service (IMS) industry and cultivating new
economic growth points. A coordination strategy based on revenue sharing contract
(RSC) can effectively improve the operational performance of AS and IP.

7 Conclusion

In the context of the development of the omnichannel retailing mode, introducing
and providing integrated management service (IMS) and corresponding compre-
hensive solutions have important theoretical value and practical significance for
the assembly system with direct omnichannel (AS) to optimize their operational
performance, further develop IMS industry, and realize new economic growth
points. The incentive conditions/regions of adopting IMS and the operational
strategies/performance for the AS are important issues calling for urgent solu-
tion. To tackle these issues, a centralized, two decentralized and a coordination
decision models for the AS are developed and analyzed, and a centralized and
a coordination decision models for the ASI are further developed, analyzed and
compared. Based on an electronic product case, the corresponding numerical and
sensitivity analyses are conducted. On this basis, the analytical and numerical
results are compared and validated to derive managerial insights. The research
results indicate that: (1) under OMO mode, the coordination strategy based on the
revenue sharing contract (RSC) is the best operational strategy to improve opera-
tional performance for the AS. (2) under OMI mode, only when the dual incen-
tive ratio indicators are in the quadrant {a > 1 and f > 1} of bidimensional incen-
tive region matrix would AS and IP have the incentive to introduce and provide

@ Springer



1336 Z.Chen, J. Peng

IMS. Introducing and providing IMS can effectively improve the operational
performance of the AS. Furthermore, the RSC-based coordination strategy can
effectively improve the operational performance of the ASI. (3) under OMI mode,
reducing operational costs and IMS costs, attracting more demand to the low-cost
channel, assembling and selling a lower price elasticity product, enhancing the
communication and integration between the ecommerce and physical channels,
strengthening mutual fusion effects of omnichannel, introducing, adopting and
providing IMS, and setting a relatively higher IMS fee, can effectively improve
the operational performance for the ASI.

In terms of theoretical contribution, the existing literatures seldom cover the
incentive conditions and cooperation regions regarding the introduction and adop-
tion of the integrated management service (IMS) in the AS and the corresponding
operational strategies/decisions/performance for the ASI. We address the literature
gaps by cross-fertilizing the areas of mechanism design, operational strategies and
management theory. This paper proposes a novel and useful approach toward incen-
tive conditions, cooperation regions and operational strategies for the ASI from the
perspective of game-theoretical modeling and comparative analysis. With regard to
practical contribution, we shed new light on studies of the incentives of IMS adop-
tion in AS. This paper provides a framework for understanding when the IMS would
be introduced and provided in the AS and how to achieve coordinative operations
across the AS. The modeling and numerical results can be effectively used to help
AS and IP make appropriate operational decisions/strategies and optimize their
operational performance.

Due to the shortage of relevant literature, limited research fund and difficulty in
collecting empirical data, this study focuses mainly on the theoretical exploration of
the value of IMS for the assembly system in an omnichannel business mode. Even
though insightful findings are discovered, there are still many important research
issues worthy of further exploration in the future. First, the assembly system may
be extended to a three-echelon supply chain composed of multiple complementary
module suppliers, an assembler and omnichannel retailer in future research. Second,
different market power and related decision structure may be taken into account in
the ASI. Third, other types of coordination contracts can also be considered in the
ASI. Finally, fairness concern or overconfidence of decision-makers in the assembly
system can also be included in future studies.
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Appendix: Proofs for analytical results of game-theoretical decision
models

Based on Sect. 3 modeling notations and assumptions, this section conducts an exten-
sive game-theoretical modeling of the equilibrium and coordination conditions for the
assembly system with direct omnichannel and IMS. In the models to follow, note that
the superscript or subscript ¢ represents centralized decision and coordination decision
under omnichannel mode (i.e., OMO mode); the superscript or subscript d: decentral-
ized decision with suppliers’ simultaneous action under OMO mode; the superscript
or subscript d’: decentralized decision with suppliers’ sequential action under OMO
mode; the superscript or subscript sc: centralized decision and coordination decision
under omnichannel mode with IMS (i.e., OMI mode).

Appendix 1: Proofs for analytical results of Sect. 4.1 game-theoretical decision
models under OMO mode

Under OMO mode, the assembly system with direct omnichannel does not introduce
IMS, ie.,t=0,g=0,s =1and k = 0. A centralized decision model, two decentral-
ized decision models and a coordination decision model will be developed, analyzed
and compared for the assembly system with direct omnichannel in this section.

Centralized decision model

When the assembly system under OMO mode takes a centralized strategy, the optimal
profit function of the system can be formulated as follows:

max Isc(p,2) = py(p) - Elmin{(z,x}] + npy(p) - E[(z—x)*]

_ [c +Ac, + (1 — A, + 2111 c,-]y(p)z @

When the distribution of random variable x satisfies the IGFR condition, the first
order conditions (pc, zc) determine a unique solution to the above optimization prob-
lem. Solving the first-order condition of the optimization profit function with respect
to (w.r.t.) the stock factor z and the retail price p, we can get the optimal retail price
and the distribution function of the centralized optimal stock factor as follows:

b—6 [C+}»Ce+(1 —/1)CS+Z:-L=1 Ci]zc

Pe= =01 ze—(1=mA(z.) ®)
~ 1 (b—-0-1A(z)
Fe)=ape=0 " o-ox ®

2

where A(z,) =/{ (z. — x)f(x)dx.

Then, we can have the centralized optimal production quantity as follows:
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9. =y(pe)z (10)

Substituting the optimal stock factor z,. and the optimal retail price p, into the profit
function of the assembly system under OMO mode, we can obtain the optimal profit
of the assembly system as follows:

C 1 "
HS =m[c+ﬂcg+(1—/lo)cs+zi=1 Ci]qc' (11)

Decentralized decision model

Stackelberg game model (suppliers’ simultaneous decisions) Under this scenario,
the detailed decision sequences are as follows: all the module suppliers decide their
wholesale price w; simultaneously, and then, the assembler with direct omnichannel
decides the retail price p and stock factor z. The two-stage Stackelberg game model
for the decentralized assembly system with direct omnichannel can be formulated as:

C

n}vax HS](wl,qd(wl,...,wi,...,wn))
1

D mﬁx HSi(Wi’qd(WI’""Wi""’Wn))
P

max HS,l(wn,qd(wl,...,wi,...,wn))

pd(wl, W, ,wn),F(zd),qd(wl, W, ,wn)
s.t. 4 are derived from solving the following problem

max [I1,(p,z)
y24

(1) Assembler’s Decision
When the assembler takes a decentralized strategy, the optimal profit function
can be formulated as follows:

max I1,(p,2) =py(p) - E[min{z,x}] + npy(p) - E[(z — x)*|
. (12)
— [c + Ac, + (1 — Dy + Zi:l Wi]y(p)z

Solving the first-order condition of the optimization problem with respect to the
stock factor z and the retail price p, we can get the reaction function of optimal retail
price w.r.t. the wholesale price and the distribution function of the optimal stock fac-
tor as follows:
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cHic,+ (1= Deg+ X0 w;
cHAc,+ (1= Deg+ Y, ¢

pd(wl,...,wi,...,wn) = P (13)

F(z) = F(z,) (14)

where A(z,) = Af (zg = x)f(X)dx.

Then, we have the reaction function of the decentralized optimal production quantity
w.r.t. the wholesale price as follows:

: ) ctic,+ (=D, + Y ¢ 1" )
Wis oo s Wiy oo, Wy ) = - .
i " cHac,+ (1= Ao+ Y w; 1

(2) Suppliers’ Simultaneous Decisions

For the case when the module suppliers make a simultaneous decision, substi-
tuting the reaction function of the optimal production quantity w.r.t. the wholesale
price qd(wl, U T ,wn) into the module supplier i’s profit function, we can
obtain the optimal profit function for the module supplier i as follows:

max HSi(Wi) = (wi—ci)qd(wl,...,w[,...,wn), i=1,2,....n (16)

Solving the first-order condition of the module supplier i’s profit function
with respect to the wholesale price w;, and deriving the reaction function of
the supplier i’s wholesale price w; w.r.t. the other suppliers’ wholesale price
{wl,...,wi_l,wm,...,wn}, when condition b — 60 > n holds, we can obtain the
unique Nash-equilibrium wholesale price wf . of the ith supplier as follows:

1 n ,

W;i= m[(’+ﬂ(’e+(l—ﬂ)cs+zizl Ci] +c¢, 1= 1,2,...,n a7
Plugging the supplier i’s equilibrium wholesale price wf into the reaction func-
tion of the optimal retail price w.r.t. the wholesale price pd(wl, e Wiy e ,wn), and
the reaction function of the optimal production quantity w.r.t. the wholesale price
qq(Wys ..., ws, ..., w,), then we can get the equilibrium retail price, the equilibrium

stock factor and the equilibrium ordering quantity as follows:

b—0
pd_b_e_npc (18)
Flzg) = F(z) (19)
b—0-n\""?

=(—— , 20
w=("5=5") a 0)
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Plugging the equilibrium stock factor, the equiliium retail price, and the equi-
librium ordering quantity into the profit functions, we can obtain the equilibrium
profits of the module supplier i, the assembler and the assembly system as follows:

d_b—0—1<b—9—n>b‘9" e
HS,-_ h—0 h—0 ., i=12,..,n 21
b—0-— b—0-1 .
m= (550 e @
b—0—n\"0"1 .
M=o+ v- 25| (3557) @3

Stackelberg game model (suppliers’ sequential decisions) Under this scenario, the
detailed decision sequences are as follows: all the module suppliers first make their
wholesale price w; sequentially: the module supplier 1 first decides his wholesale
price wy, and then, the module supplier 2 decides his wholesale price w, based on sup-
plier 1’s decision, ..., and finally, the module supplier n decides his wholesale price
w, based on decisions of suppliers 1, 2,...,n-1; and then, the assembler with direct
omnichannel decides the retail price p and stock factor z. The (rn+ 1)-stage Stackel-
berg game model for the decentralized assembly system with direct omnichannel can
be formulated as:

-

.
rr&va]lx Hsl(wl,qd/(wl,...,wi,...,wn))
s.t. max Hsz(wzlwl,qd,(wl,...,w[,...,wn))
2
P
s.t. max I (Wilwi, wa, e Wi G (W oo Wi, w,))
<
s.t. max I'[Sn(wnlwl,wz,...,wn_l,qd,(wl,...,wi,...,wn))
{ )
pd,(wl,...,wi,...,wn),F(zd,),qd/(wl,...,wi,...,wn)
s.t. 4 are derived from solving the following problem
max Il,(p,z)
Pz

(1) Assembler’s Decision
Likewise, when the assembler takes a decentralized strategy, the optimal profit
function can be formulated as follows:
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max I,,(p.2) = py(p) - Elmin{z,x}] + npy(p) - E[(z — x)*]
_ [c +Ac, + (1= e+ D W,-]y(p)z

Solving the first-order condition of the optimization problem with respect to the
stock factor z and the retail price p, we can get the reaction function of optimal retail
price w.r.t. the wholesale price and the distribution function of the optimal stock fac-
tor as follows:

c+ic,+ (1= Deg+ X0 w;
ct+ic,+(1=Deg+ Y, cipC

pd/(wl,...,wi,...,wn) =

F(zy) = F(z.)

where A(z,) = /{ (zg = x)f (X)dx

Then, we have the reaction function of the decentralized optimal production
quantity w.r.t. the wholesale price as follows:

b
ctac,+(1=Ae,+ X e 1"

ct+Ac,+ (1= Deg+ Y, w

qd/(Wl,...,Wi,...,Wn): ¢

(2) Suppliers’ Sequential Decisions

When the module suppliers make sequential decisions, substituting the reaction
function of the optimal production quantity w.r.t. the wholesale price g, (w,-) into the
module supplier i’s profit function, assuming the wholesale price of the 1%, 2™, ..,
(n-1)th module supplier wy, w,, ..., w,_, is given, then we can obtain the optimal profit
function for the module supplier n as follows:

max HS”(Wnlwl’WZ’ ,wn_l) = (wn - cn)qd,(wl,... TWis o ,wn) (24)

Solving the first-order condition of the module supplier n’s profit function with
respect to the wholesale price w,, deriving the reaction function of the supplier n’s
wholesale price w, w.r.t. the other suppliers’ wholesale price {w Lo oo s Wt }, plugging
w;” (wl, I 1) into the supplier (n-1)’s profit function, and solving the first-order
condition of the module supplier (n-1)’s profit function with respect to the wholesale
price w,_,;, we can get the reaction function of the supplier (n-1)’s wholesale price w,,_,
w.r.t. the other suppliers’ wholesale price {wl, ey Wn—Z} as WZ,—1 (wl, ,wn_z); like-
wise, we can get wi’_z(wl, cs W3 ),...,wg, (wl),w‘lj’, then we can obtain wg/, s wn/
via backward induction. Hence, for b — § > 1, the unique Nash-equilibrium wholesale

price wf/ of the ith supplier is as follows:

, b—6)!
=0

i —m[c+/lce+(1—/1)cs+2j=lci]+ci, i=1,2,..,n (25
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Plugging the supplier i’s equilibrium wholesale price wf/ into the reaction func-
tion of the optimal retail price w.r.t. the wholesale price p (wl, ces W ,wn), and
the reaction function of the optimal production quantity w.r.t. the wholesale price
qa (Wis .o, Wi, ..., w,), then we can get the equilibrium retail price, the equilibrium
stock factor and the equilibrium ordering quantity as follows:

b—0 \"
P = (5757 P (26)
Flag) = F(z) 27
b—0—1\""?
, = —— 28

Plugging the equilibrium stock factor, the equilibrium retail price, and the equilib-
rium ordering quantity into the profit functions, we can obtain the equilibrium profits of
the supplier 7, the assembler and the assembly system as follows:

, 1\ b=0)—i+1
ny = (éjg£15—1> g, i=12,...,n (29)
, b—0-1 n(b—6-1) .
m=(5) M 30

& b—0—1\""0-D bh—0—1\"b-0
HSC= [(b_9)< b—9_> _(b_e_l)(—b_g > H,SC:C

3D
Coordination decision model

Under this scenario, the detailed decision sequences are as follows: the suppliers simul-
taneously offer the assembler a revenue sharing contract in which suppliers charge a
lower wholesale price w; from the assembler; if the assembler accepts the contract, he
will place an order with quantity g to the module suppliers, after the final product is
assembled by modules or components, he will sell the final product through omnichan-
nel at regular retail price p and decide the stock factor z when the selling season starts,
and sell the leftover stock through omnichannel at salvage price #p in the clearance
season. Finally, the assembler will share a fraction (1 — ¢) of his net revenue to the sup-
pliers (supplier i will get a fraction Z"Ci - (1 — ¢) of the assembler’s sharing revenue),
where ¢ is the revenue keeping fracti(;ri of the assembler, and 0 < ¢ < 1. The revenue
shared by the assembler to supplier i is as follows:
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T =—S (1-¢) py(p) - E[min{z, x}] + npy(p) - E[(z — x)*]
l Z?:l Ci - [c +Ac,+(1 - /l)cs]y(p)z '

Thus, the profit functions of the supplier i and assembler under revenue sharing
contract are as follows:

Ig (wi) = HS,-(Wi) + T,

i

(.9 = Iy(p.) = Y T,

The optimal problem for the assembly system with direct omnichannel under the
revenue sharing contract is as follows:

Feasible domain of ¢* is derived from solving 13 (¢) > max{H/’:, H:’} and ITg (¢) > max{Hg, Hg’ }

wi(e), Hg’ (¢) and I13(¢) are derived from solving the following problem

Py (01 Wi 0) = s F(5) = ()

S.t.
St p,(w,, Wi ,Wn),F(Z,) are derived from solving max Hi(p, 2)
Pz

s.t.
pe.Fl(z.), q. and T are derived from solving max Igc(p,z)
o Pz

The optimal problem for the assembler with omnichannel under the revenue shar-
ing contract is as follows:

max IT(p,2) = ¢py(p) - Elmin{z,x}] + dnpy(p) - E[(z—x)"]
' . (32)
= [+ pic, + 91 = e+ Y wi|vpxe

Solving the first-order condition of the optimization profit function with respect
to the stock factor z and the retail price p, we can get the reaction function of opti-
mal retail price w.r.t. the wholesale price, the distribution function of the optimal
stock factor and the reaction function of optimal ordering quantity w.r.t. the whole-
sale price as follows:

_ de+dic, +d(1 = Deg+ X, w;
C e+ dac, + (1 — e, + P Y ¢

p,(wl,...,wi,...,wn) D¢ (33)

F(z,) =F(z) (34)

e+ dac, + d1 - e+ X0 ¢
| g+ dac, + ol — e+ X w; 1

q,(wl,...,wi,...,w,,) 35)

z

where A(z,) = /{ (z, — x)f(x)dx.
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To coordinate the supply chain, the following conditions need to be satisfied:
pr(Wi,....wi ... w,) =p,, and F(z,) = F(z,). Then we have the reaction function
of coordinated wholesale prices w.r.t. the revenue keeping rate: wi(¢) = ¢c;.

Plugging the optimal stock factor, the optimal retail price, the optimal order-
ing quantity and the coordinated wholesale prices into the profit functions, we can
obtain the reaction functions of coordinated profits of the module supplier i and the
assembler w.r.t. the revenue keeping rate as follows:

C:
= — (-, i=12...n

@) = <
i=1"i

ITi(¢) = 91T
Obviously, only when the followin two  conditions  hold:
() > max {19, 1T, 1T () > max{ md, mé i

tem under OMO mode would have the economic incentive to coordinate the
omnichannel and achieve Pareto improvement of operational performance. Thus, the

, the members of assembly sys-

reasonable interval of revenue keeping rate can be derived as follows: ¢* € |, @|.

Hereinto,

b—0-1 n(b—0-1)
_ b=6—n b—0-1
= () (52,
. Toic b=0-1 { b=0-n \P"0 ([ p-g—1\"E"O7iH]
¢ = I,ré%l { 1 ¢ Max\ 3o-n \ o "\ b-0 -

On this basis, the coordinated wholesale prices, the coordinated profits of the
module supplier i and the assembler can be obtained as follows:

wi=¢%c, i=12,..,n (36)

- Ci % c .
II¢ =—(1_¢)HSC’ l=1,2,...,n (37)

S Z?:] Ci

Iy = ¢™ 1T g (38)

The analytical results of Sect. 4.1 are summarized in Table 2. The centralized
strategy neglects the roles of the suppliers in making crucial pricing and production
quantity decisions and therefore is inferior to the coordination strategy regarding the
derived solutions. Thus, the centralized decision results are not shown in Table 2
and will be ruled out in the coming discussions.
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Appendix B: Proofs for analytical results of Sect. 4.2 game-theoretical decision
models under OMI mode

Under OMI mode, the assembly system with direct omnichannel introduces IMS,
ie.,t>0,g>0,s> land k € (0, 1). With the help of integrated management ser-
vices (IMS), the assembly system with direct omnichannel can achieve effective
coordinative management. Thus, the decentralized decision scenario does not exist
under OMI mode and will not be considered in this section. On this basis, a central-
ized decision model and a coordination decision model will be developed, analyzed
and compared for the assembly system with direct omnichannel and IMS in this
section.

Centralized decision model

Under the centralized decision model, the detailed decision sequences are as fol-
lows: the IP will first decide the IMS effort s, the assembly system will first decide
the retail price p, and then decide the stock factor z. The two-stage Stackelberg game
model for the assembly system with direct omnichannel and IMS under centralized
decision can be formulated as:

max II;,(s)

s.t. max 1T, (p,z, s)
254

When the assembly system under OMI mode takes a centralized strategy, the opti-
mal profit function of the system can be formulated as follows:

max 1T5(p.2) = pv(p:s) - Elmin{z,x}] +npv(p.s) - E[z-x"]

) (39)
e+ e+ =De,+ Y e+ t] VD, $)z

Likewise, solving the first-order condition of the optimization profit function
with respect to (w.r.t.) the stock factor z and the retail price p, we can get the
distribution function of the centralized optimal stock factor and the optimal retail
price as follows:

F(z) = F(z) (40)
s L
pP.= pl’c 41

c+AgcH(1=Ag)e,+ X0 ¢;
c+loce+(1—lo)cx+2?=l ot

where p =
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Then, we can obtain the reaction function of optimal production quantity w.r.t.
IMS effort as follows:

¢’(s) = p"s"q, (42)

Substituting g’(s), z. and p’ into the profit function of IP under OMI mode, we can
obtain the optimal problem for IP as follows:

1
s _ bh—0 k 2
m;ax ,,(s) =1p""s"q, — Egs (43)

When the condition x(k — 1)tp"~q.s*~> < g holds, we can obtain the equilib-

rium IMS effort as follows:
1
g k=2
= — 44
* <Ktpb‘9q(,-> @

Plugging s, into ¢’(s), we can obtain the equilibrium order quantity and profit of
assembly supply chain as follows:

g =p"s"q, (45)

Substituting s,.z..p; and g’ into the profit functions of assembly supply chain
and IP under OMI mode, we can obtain the equilibrium profit of the assembly
supply chain and IP as follows:

I = 9 s g (46)
ch_ts_lSZ 47
P =W, 2g ¢ ( )

Obviously, only when the condition H;‘C > H§c holds, i.e., only when the
incentive ratio indicator a = p”‘g‘ls’; > 1, the assembly supply chain would have
incentive to introduce integrated management service (IMS). Furthermore, only
when the condition IT ;1‘, > 0 holds, i.e., only when the incentive ratio indicator
p=2tg! p”‘gqcsg‘2 > 1, the IP would have incentive to provide integrated man-

agement service (IMS).
Coordination decision model

Under this scenario, the detailed decision sequences are as follows: the IP first
decides IMS effort s, and then, the suppliers simultaneously offer the assembler a
revenue sharing contract in which suppliers charge a lower wholesale price w; from
the assembler; if the assembler accepts the contract, he will place an order with
quantity g to the module suppliers, after the final product is assembled by modules
or components, he will sell the final product through omnichannel at regular retail
price p and decide the stock factor z when the selling season starts, and sell the left-
over stock through omnichannel at salvage price #p in the clearance season. Finally,
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the assembler will share a fraction 1 — ¢ of his net revenue to the suppliers (supplier
i will get a fraction ZC (1 — 6) of the assembler’s sharing revenue), where 6 is the

i=1 Ci
revenue keeping fraction of the assembler, and O < 6 < 1. The revenue shared by the
assembler to supplier i is as follows:

= —5 (1-¢) pv(p,s) - E[min{z,x}] + npv(p,s) - E[(z — x)*]
P Z:’:l ¢ —[c+ﬂce+(1 —A)cs+t]v(p,5)z

Thus, the profit functions of the supplier i and assembler under revenue sharing
contract are as follows:

H§f(“’i) = [Ty

i

(wi) +T;

. . n .
M, zs) = M(p,z9) - Y, T

The two-stage Stackelberg game problem for the assembly system with direct
omnichannel under the revenue sharing contract is as follows:

Feasible domain of 6" is derived from solving IT\°(6) > Il and Hgf(é) > H§,
wi (6), Hf{(&) and IT3°(8) are derived from solving the following problem
pf,(wl, e Wiy e ,wn) =pi, F(zi) = F(zi)

s p“r'(wl, e Wy e ,wn),F(z“r') are derived from solving n;ix Iy (p, Z, sc)

S.t.
8 F(zz), q, and Iy, are derived from solving rr;ix I, (p, z sC)

The optimal problem for the assembler under the revenue sharing contract is as
follows:

max T3 (p.2) = 6pv(p. s) - Elmin{z,x}] + énpv(p,s) - E[(z — x)*]

n (48)
- [5(' +64c, +6(1— A, + 81+ Y wi]v(p, )z

Likewise, solving the first-order condition of the optimization profit function with
respect to the stock factor z and the retail price p, we can get the reaction function of
optimal retail price w.r.t. the wholesale price, the distribution function of the optimal
stock factor and the reaction function of optimal ordering quantity w.r.t. the wholesale
price as follows:

Sc+8ic, +6(1— Ay + 6t + X w,

s W""’Wi""’wn = 5 49
At ) Sctoic, +0(—Ae +ot+oy e @

i=1

F(z) =F(2) (50)

@ Springer



1348 Z.Chen, J. Peng

5C+5/1C +6(1_/1)C +6t+521 1 Ci ’ s 51
Sc+ 6, +6(1 = ey + 61+ X1 w; % OV

Where A(z}) = /{r (28 = x)f(x)dx

To coordinate the omnichannel in the assembly system, the following conditions
need to be satisfied: pj(wl, cea Wiy e ,wn) =p’, and F(z:) = F(zi) Then we have
the reaction function of coordinated wholesale prices w.r.t. the revenue keeping rate:
wi‘(6) = oc;.

Plugging the optimal stock factor, the optimal retail price, the optimal ordering
quantity and the coordinated wholesale prices into the profit functions, we can obtain
the reaction functions of coordinated profits of the module supplier i and the assembler
w.r.t. the revenue keeping rate as follows:

C;
1T (6) = Z—( — 0) Iy,
i=1"1

i=1,2,...,n

1) = 5113,

Only when the following two conditions hold: IT3°(6) > IT}, II ;f(é) > 11 "[, the
members of assembly system under OMI mode would have the economic incentive to
coordinate the omnichannel and achieve Pareto improvement of operational perfor-
mance. Thus, the reasonable interval of revenue keeping rate can be derived as follows:

* _ ¢, 1T —(1=¢*)ITg.
0" € [6 5] Hereinto, 6 = TR 6= .

On this basis, the coordmated wholesale prices, the coordinated profits of the mod-
ule supplier i and the assembler can be obtained as follows:

wi=6%;, i=12,...n (52)

C:
¥ = ——0-=65I1%, i=1,2,...,n
s =3 C,»( Mg (53)
I = 8" Mg (54)

The analytical results of Sect. 4.2 are summarized in Table 2. The centralized
strategy neglects the roles of the suppliers in making crucial pricing and production
quantity decisions and therefore is inferior to the coordination strategy regarding the
derived solutions. Thus, the centralized decision results are not shown in Table 2
and will be ruled out in the coming discussions [1-3, 31].
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