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Abstract— The current global economy is undergoing a trans-
formative phase, emphasizing collaboration among multiple
competing entities rather than monopolization. Economic global-
ization is accelerating the adoption of globalized cloud services,
and in line with this trend, cloud 2.0 introduces the concept of
“cloud cooperation”. JointCloud, as a novel computing model for
Cloud 2.0, advocates for the establishment of an evolving cloud
ecosystem. However, a critical challenge arises due to the lack
of direct incentives for a cloud to join the JointCloud ecosystem,
leading to uncertainty regarding the rationale for the existence
of the JointCloud ecosystem. To address this ambiguity, we draw
inspiration from supply chain competition and formulate the
market dynamics of resources within the JointCloud ecosystem.
Our focus is particularly on the analysis of data resource trade
within the JointCloud market. To comprehensively analyze the
JointCloud market, we propose a market game that examines
the competition among clouds within the ecosystem. We the-
oretically prove that a Nash Equilibrium always exists under
the JointCloud market. Subsequently, we conduct an in-depth
analysis of the profits of cloud resource manufacturers and
cloud resource retailers as the number of clouds varies within
the JointCloud ecosystem. Based on our analysis, we further
explore the incentives for a cloud to participate in the JointCloud
ecosystem. We then evaluate the performance of the proposed
market game through extensive experiments, illustrating how
process variables and profits change with the market size. The
experiments demonstrate that the trends of various variables
are aligned with our analysis obtained from the market game.
Compared with the Cournot model, our proposed model captures
the market power of both manufacturers and retailers, resulting
in a model that closely mirrors real market dynamics. Our
findings provide valuable insights into the cloud market within
Cloud 2.0, offering guidance for stakeholders navigating the
evolving landscape of cloud cooperation and competition.
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I. INTRODUCTION

ITH the deepening of economic globalization, the

globalization of cloud services is expedited [1]. Under
this trend, the cloud computing market is experiencing rapid
development, with the value estimated to reach $550 billion
by 2022 [2]. The increasing demand for cloud resources has
given rise to several grand challenges. First, businesses relying
on cloud services may require a burst of resources during
specific events, such as, “World Cup Online Streaming” and
“Apple Product Launch”, exceeding the capacity of a single
cloud provider. Second, under the trend of economic globaliza-
tion, the globalized economy is experiencing a new evolution
that advocates cooperation rather than monopolization. For
example, The North American Free Trade(NAFTA) and the
United States-Mexico-Canada Agreement(USMCA) facilitate
trade among three North American countries; Sony and Erics-
son formed a joint venture, Sony Ericsson, to develop and sell
mobile phones. In response to this challenge, both academics
and industry have embarked on the exploration of Cloud 2.0,
aiming to meet the demands for cloud resources during such
burst periods. Several concepts of Cloud 2.0 have been pro-
posed. Researchers from Cornell and Europe have introduced
“SuperCloud”, designed to facilitate cross-cloud migration [3].
The University of Chicago advocates for “Sky Computing”,
with the goal of enabling cross-platform cloud services [4].
Cisco has proposed “Intercloud Fabric” to facilitate seamless
communication across different cloud environments [5].

JointCloud [6], recognized as a pioneering cross-cloud
cooperation architecture for cloud 2.0, facilitates integrated
Internet service customization, advocating the concept of
the JointCloud ecosystem. Diverging from the earlier Cloud
2.0 framework, JointCloud not only emphasizes the verti-
cal integration of heterogeneous cloud resources but also
focuses on the horizontal cooperation among multiple cloud
resource providers. The primary goal of JointCloud is to
create an evolving cloud ecosystem, wherein all participating
cloud resource providers actively engage in deep collabora-
tion with one another. This innovative approach offers cloud
vendors an adaptable environment for flexible trading among
themselves.

Howeyver, there is a lack of direct incentive for a cloud ven-
dor to participate in the JointCloud environment. Firstly, from
the perspective of large cloud resource providers. In nowadays’
cloud market, the diverse buying habits of users make it chal-
lenging to establish customer relationships akin to Microsoft
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Azure’s successful guidance of Siemens Gamesa Renew-
able Energy through digital and cultural transformations.
Consequently, major cloud providers often find themselves
contending with a relatively fixed customer base. As the
market matures, profits tend to stabilize. Therefore, there is no
reason for large cloud resource providers to risk abandoning
existing customers to join the JointCloud environment. On the
other hand, small cloud resource providers encounter their
own set of challenges in the JointCloud market. Compared to
their larger counterparts, these players typically lack the brand
recognition and infrastructure capabilities necessary to com-
pete effectively. This compels them to compete aggressively
on price and service quality to gain market share. However,
this competitive landscape often leads to squeezed profit
margins for smaller providers, making it challenging for them
to achieve sustainable profitability. Thus, there is minimal
incentive for small cloud resource providers to participate in
the JointCloud environment.

To resolve this ambiguity, leveraging ideas from the concept
of supply chain competition, we formulate a market model
for resource markets within the JointCloud ecosystem. In the
real-world cloud market, private clouds often face a shortage
of cloud resources, leading them to procure cloud resources
from large cloud vendors. This cloud resource trade aligns with
the dynamics observed in the supply chain [9]. Accordingly,
we model the cloud that sells cloud resources to other clouds
as the manufacturer, the cloud that purchases cloud resources
as the retailer, and the competition among clouds as supply
chain competition [10].

For analyzing the JointCloud market, we expand upon
the market game [11] introduced by Shapley and Shubik to
examine the wholesale market dynamics within the Joint-
Cloud environment. In our game, each cloud is conceptualized
as a rational game player that observes and reacts to the
strategies of other clouds in a best-response manner [12].
We theoretically establish the existence of a Nash equilibrium,
ensuring that no individual user will change their strategy
unilaterally. Subsequently, we delve into a more detailed
analysis of market behaviors under the Nash equilibrium.
Our findings reveal that with an increase in the number
of cloud resource manufacturers, the manufacturer’s revenue
decreases, while the cloud resource retailer’s revenue sees
an increase. Conversely, in scenarios where there are more
cloud resource retailers in the JointCloud environment, the
profit of a manufacturer increases, and the profit of a retailer
increases when there are a sufficient number of manufacturers.
Based on these market behaviors, we demonstrate the incentive
for a cloud to join the JointCoud environment and system-
atically analyze the evolutionary process of the JointCloud
ecosystem.

To analyze the effectiveness of our proposed method and
the anticipated changes in the market, we conduct extensive
experiments. The results demonstrate that the JointCloud mar-
ket will converge to the Nash Equilibrium, and the trends
in process variables and the profits of cloud resource man-
ufacturers and retailers align with our analysis derived from
the market game. Furthermore, we choose the Cournot model
as a benchmark for our experiments. The results show that,
in contrast to the Cournot model, our proposed model deter-
mines the wholesale price based on the decisions of both
manufacturers and retailers and captures the influence wielded
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by both manufacturers and retailers. As a result, the wholesale
prices derived from our proposed game exhibit more complex
changing trends, with variations observed in response to
fluctuations in the number of retailers. The interplay between
manufacturers and retailers creates a dynamic pricing environ-
ment that is more reflective of real-world market conditions
compared to the Cournot model. In summary, the contributions
of this article are as follows.

e We construct a model that encapsulates the competi-
tion dynamics within the JointCloud ecosystem, drawing
inspiration from concepts in supply chain competition.
The proposed model is motivated by the dynamics of
the real-world cloud market, where we conceptualize
different clouds in the JointCloud environment as man-
ufacturers and retailers. Our approach aligns with the
intricacies of the actual world cloud market, wherein
the wholesale price is determined based on both manu-
facturers’ and retailers’ decisions. The model effectively
captures the competition inherent in the JointCloud mar-
ket, offering a comprehensive modeling of the JointCloud
ecosystem.

e We introduce a market game that encapsulates the deci-
sions made by both cloud resource manufacturers and
cloud resource retailers to analyze the JointCloud market.
In this context, we explicitly consider data generated
during the working process as a novel type of resource
and analyze the potential profit associated with this data
resource.

e We theoretically prove that a Nash Equilibrium consis-
tently exists within the JointCloud ecosystem based on
the proposed market game. We further analyze the mar-
ket behavior under the Nash Equilibrium. Our findings
indicate that an increase in the number of manufacturers
and retailers in the JointCloud market correlates with
an increase in the quality of resources. Specifically, the
wholesale price experiences a decrease with an increase
in the number of manufacturers and a decrease in the
number of retailers. These results align cohesively with
observed market trends.

e We analyze the motivation behind a cloud’s decision to
become part of the JointCloud environment based on the
equilibrium market behavior. Furthermore, we undertake
a comprehensive analysis of the evolutionary trajectory
of the JointCloud ecosystem. Our findings reveal incen-
tives for the cloud ecosystem, where all cloud providers
could attain higher profits. We believe that the proposed
market game and the model designed for the JointCloud
environment offer an effective approach to dissecting the
dynamics of the cloud market.

The rest of this paper is organized as follows.
In section II, we discuss the related works of this article.
In section III, we present the model for the JointCloud
market. In section IV, we prove that a Nash equilibrium
always exists. In section V, we derive the best function of the
process variables and profit. In section VI, we analyze the
market behavior under the Nash equilibrium. In section VII,
we investigate market behavior when one market integrates
into another. In section VIII, we analyze the incentive for
the JointCloud ecosystem. Finally, in section IX, we conduct
simulations to evaluate the JointCloud market.
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II. RELATED WORKS
A. Architecture of JointCloud

JointCloud is an innovative cloud computing model based
on collaboration among diverse service entities and seamless
integration of services from multiple clouds. This collaboration
is facilitated through software definition, allowing users or
other clouds to remotely access various cloud resources and
service capacities [13]. In this way, clouds can collaborate
in providing cloud services, and developers can utilize these
services without the need to specify which cloud is providing
the service.

The JointCloud architecture is illustrated in Figure 1.
As depicted, JointCloud comprises two key components: the
JointCloud Collaboration Environment(JCCE) and the Peer
Collaboration Mechanism(PCM) [6]. Within JCCE, several
BlockChain-based services [14] are integrated to address
transaction-related issues, foster cloud cooperation, and eval-
uate cloud services. The implementation of PCM between
clouds is crucial for effective collaboration based on JCCE.
PCM includes all protocols during cloud collaboration [15].
Consequently, for a cloud seeking to join JointCloud, it is
imperative to implement PCM as part of the integration
process into the JointCloud environment [16].

When a consumer seeks the most cost-effective cloud
resources within the JointCloud ecosystem. Clouds will
initially transmit their quantities of cloud resources and cor-
responding prices to JCCE. It’s noteworthy that these clouds
may be virtual clouds, composed of multiple cloud vendors.
Subsequently, the buyer selects a cloud resource provider and
submits a request to rent cloud resources from the chosen
provider. When the buyer wishes to transfer the task to a
more cost-efficient cloud, the selected cloud sends a request
to the cloud responsible for the task transfer. Upon receiving
the request from the consumer, the clouds involved in the task
restart the task.

B. Supply Chain Competition

In the realm of supply chain competition, as depicted
in Figure 2, manufacturers compete by setting wholesale
prices and determining the quality of resources, while retailers
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compete through their purchase budgets and the quantity of
resources they acquire from manufacturers.

Existing literature mainly focused on several key areas.
Firstly, some literature has concentrated on analyzing price
competition between a single manufacturer and multiple retail-
ers. Liu et al. [16] concentrate on scenarios where a single
manufacturer competes with multiple retailers who adjust their
prices in competition. Netessine and Zhang [17] establishes a
non-linear price discount sharing contract, designed to coor-
dinate the supply chain. Secondly, some literature focuses on
the competition between multiple manufacturers and a single
retailer. In this context, Adida et al. [18] consider the scenario
with deterministic demand, where manufacturers competed
by changing their price and production. Results indicate
that horizontal competition among intermediaries encourages
manufacturers to produce goods with smaller production
capacities. Thirdly, some literature focuses on the scenario
involving multiple manufacturers and multiple retailers. Adida
and DeMigual [19] extend the work of Corbett and Karmarkar
[20] by introducing a competition model that incorporates
retailer risk aversion and price uncertainty. Their observa-
tion highlights that supply chain efficiency may significantly
decrease with asymmetry in either manufacturers or retailers.

Finally, some literature concentrates on analyzing service
and price competition within the supply chain. Recognizing
the increasing significance of after-sale customer services and
after-market support as pivotal sources of profit for man-
ufacturers, the competition has been extensively discussed
in academic literature. Sleptchenko et al. [21] concentrate
on the market of repairable parts and the management of
inventory system service. Feng et al. [22] investigate the
services contract design and pricing. Wu et al. [23] and
Bustinza et al. [24] explore the impact of the service capacity
on both manufacturers’ and retailers’ profits.

However, there are two inherent problems with current
supply chain competition models. Firstly, existing models fail
to capture the impact of retailers on the wholesale price.
Secondly, existing models overlook the significance of product
differentiation among various cloud providers, particularly in
the case of cloud resource retailers where this differentiation
might be their sole market competitiveness. To address these
limitations, we develop a competition model based on the mar-
ket game that considers the influence of both manufacturers
and retailers. Furthermore, our proposed model analyzes the
potential profit arising from product differentiation, specifi-
cally data resources.
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III. MODELING OF THE JOINT CLOUD ENVIRONMENT

In this section, we elucidate the rationale behind employing
ideas from supply chain competition to model the JointCloud
market. Furthermore, we introduce our model designed for the
JointCloud market and introduced our proposed market game.

A. The Incentive for Utilizing Supply Chain Competition to
Model the JointCloud Environment

In the real-world cloud market, It’s common for hetero-
geneous cloud resource providers to engage in cooperation.
For example, Weimeng Cloud collaborates with Wangyi Cloud
for intelligent customer service operation management, and
ByteDance integrates deeply with Amazon Cloud Technology
[25] to jointly build a new generation of cloud data warehouse
solutions.

Amidst this trend, some companies often opt to rent cloud
resources from other cloud providers and deploy cloud services
to the rented cloud resources. An illustrative example is
TikTok, the short video-sharing app that has recently gained
immense popularity. ByteDance, the parent company of Tik-
Tok, signed a three-year deal with Google in May 2019 to
leverage Google Cloud’s data storage services [26]. As part of
the deal, TikTok agreed to pay at least 800 million dollars for
the cloud services over this period. Similarly, Vodafone signed
a six-year strategic partnership with Google to leverage data
analytics to support the introduction of new products [27].

In the context of the cloud market, when a company lacks
cloud resources, it frequently seeks resources from another
company and benefits from the cloud services deployed on the
rented cloud. This dynamic can be likened to the traditional
supply chain where manufacturers sell products to retailers,
who, in turn, sell them to consumers for mutual benefit.
Drawing parallels between the product circulation process of
the traditional supply chain and the cloud market, it is evident
that the cloud market mirrors the dynamics of the traditional
supply chain. In both scenarios, sellers profit by selling
resources to buyers, while buyers benefit from utilizing the
acquired resources. Motivated by these observations, we model
the JointCloud market leveraging ideas from the concepts of
supply chain.

Similar to the traditional supply chain, our model charac-
terizes clouds selling cloud resources to other clouds as cloud
resource manufacturers and those purchasing cloud resources
as retailers. For instance, in the previously mentioned example,
Google can be modeled as the manufacturer and TikTok as
the retailer. However, there are some distinctions between the
traditional supply chain and our model. Firstly, the prices of
cloud resources exhibit significant fluctuations. For example,
Azure announced price reductions of up to 60% for its virtual
machines in 2019 [28]. Secondly, the number of manufacturers
and retailers in the JointCloud market is highly dynamic.
A cloud may act as a manufacturer when its cloud resources
are abundant, and conversely, act as a retailer when facing
shortages. This transformative relationship between manufac-
turer and retailer adds a unique dimension to the JointCloud
market.

B. Modeling of JointCloud’s Wholesale Market

As illustrated above, we categorize clouds selling resources
to other clouds as manufacturers, and those vending resources
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to consumers as retailers [29]. [llustrated in Figure 2, We con-
sider a group of manufacturers. We assume a manufacturer
denoted by s € {1,2,...,S} offering cloud resources at a
wholesale price w. The cost incurred for provisioning the cloud
resources is ¢ [30]. Assuming that the manufacturer s sells o,
resources to a retailer, the profit for manufacturer s can be
expressed as follows,

P, = (w—c) X 0. (1)

We assume that each retailer r € {1,2,..., R} procurers ¢,
resources and sells them to consumers at a unit price p,.. The
demand function employed by retailers is assumed to have a
linear inverse, a commonly used assumption in the analysis of
the cloud market [20]. Specially,

¢ =A—dxp,. (2

where A > ¢ > 0 and d > 0. The parameters A and d are
related to the relationships between unit price and demand.
A larger A indicates a lower influence of the unit price on
demand, while a higher d indicates a greater influence of the
unit price on demand.

Data resources, such as trained big data models and
desensitized datasets, can be traded as valuable commodities.
To enhance the quality of a model, it can be retrained using
a consumer’s private dataset to form a model that better
meets the customized needs of consumers and improves the
prediction accuracy of the model. In this scenario, we intro-
duce the concept of the degree of data processing denoted as
M., and the cost associated with processing data resources
is represented as RC(M,). Based on [31], [32], and [33],
we model the cost of data processing as a quadratic function
of M,,

RC(M,)=ex M2+ f x My x Mj X ...4+gx M; x ...
3)

where e, f and g are constants determined by the resource
provider. M, and M represent the degree of data processing
for different clouds.

We assume that a retailer will reprocess data resources after
purchasing them from the manufacturer, and there is a linear
relationship between the selling price and the processing level.
Then each retailer’s profit is,

p’l‘:(AJ’_C’I‘XMT_dqu_w)qu_RC(MT)XqT'
“)

where (. is the profit factor of data processing, indicating how
much profit data processing brings to the provider.

It is worth noting that our analysis is robust when consid-
ering other widely employed demand and profit functions.

In our model, each manufacturer s determines the quantity
of resources o, to be sold to the retailer. The total quantity
sold to the retailer can be denoted as,

S
0= o, 5)

s=1

Conversely, each retailer r decides on his budget b, without
knowing the exact wholesale price. The total purchase budget
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is denoted as,

B:Zm. (6)

The wholesale price is typically defined as the cost per
unit of a product that is sold to retailers. It is determined by
dividing the total purchase budget by the total quantity of the
product sold to the retailer,

M=
&

\3
Il
_

w:g: . 7)

Os

M@

Il
-

S

To simplify the subsequent proof, we denote the total
purchase budget of all retailers, excluding retailer r» as B_,..
Correspondingly, let O_g represent the total quantity of
resources sold by all manufacturers except manufacturer s.
The quantity of resources a retailer can purchase is denoted

as,
_be by b
&= T B T b+ Br

According to the previous equation, g, is a function of b,..
Thus, we can also rewrite budget b, as a function of g,

®)

_ & X B,

br
O_QT

€))

C. Market Game in JointCloud’s Wholesale Market

To comprehensively analyze the JointCloud market,
we design a two-stage game to model the behavior of the
manufacturers and retailers.

Figure 3 illustrates the sequential process of the two-stage
game. During the first phase of the two-stage game, each
manufacturer determines the number of resources sold to the
retailer, taking into account the impact of their actions on the
wholesale price. In the second phase of the game, each retailer
r determines his purchase budget b, and the degree of data
processing by estimating the wholesale price w and the number
of resources he can purchase g,.

Starting from the second stage, each retailer aims at maxi-
mizing its profit,
b,,,,Tg?M,,{(A—FCT X M,.—d X ¢-—w) X ¢ —RC(M,) X ¢, }.

(10)

Note that only b, and M, are freely decided by retailers,
while the wholesale price w and the quantity of resources g,
are constrained. However, due to the functional relationship
between b, and g,., the retailer’s optimization problem can be
further translated into,

bTrn,?VIxr {(A-i—(r x M, — d%O—g)%O — RC(M,) x qr}.
(11)

In the first stage, the suppliers influence the wholesale price
by determining the quantity of resources they intend to sell to
the retailer. Each supplier endeavors to maximize its profit,

max {(w—c) x 05},
w,05
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12)

As shown in Equation (12), each manufacturer anticipates
in the JointCloud market by influencing the wholesale price
w endogenously.

Our proposed market game differs significantly from others
in that we account for the impact of both manufacturers
and retailers on the wholesale market. As analyzed above,
within the proposed market game, the wholesale price is a
result of decisions made by both manufacturers and retailers.
A manufacturer possesses the ability to alter the wholesale
price by adjusting the quantity sold to the retailer, while
a retailer can influence the market through his decision on
the purchase budget. In this way, the market game adeptly
encapsulates the influence wielded by both manufacturers and
retailers.

The primary reason for modeling the interactions among
different cloud resource providers in terms of pricing and the
quantity of resources is that these decisions most intuitively
reflect the “power” of a game player. Poter [34] identifies
buyer power, seller power, and new entrants as vital forces
of competition. The Organization for Economic Co-operation
and Development(OECD) [35] defines buyer power as how
downstream firms can affect the terms of trade with upstream
suppliers—in other words, a firm can cause the market price
to change by selling more or less. Similarly, OECD defines
seller power as the ability of a buyer to influence the terms
and conditions on which it purchases goods —meaning a firm
can influence the market by adjusting its purchase budget.

Our proposed market game captures the seller power and
buyer power in the JointCloud market. Regarding new entrants,
we analyze market behavior when new manufacturers or retail-
ers join the JointCloud market, as detailed in the following
sections.

Additionally, companies typically adopt one of three generic
competitive strategies: “cost leadership”, aiming to provide
products or services at the lowest possible price; “differentia-
tion”, focusing on developing a significant aspect of a product
to distinguish it from competitors; and “focus”, a variation on
the differentiation approach. Taking into that some small-scale
cloud resource providers may choose the “differentiation”
strategy, our proposed market game also considers the poten-
tial profit associated with data resources. We meticulously
consider the customizable nature of data resources for cus-
tomers and analyze the costs and profits linked to their
customization. Our analysis pioneers the exploration of data
resources and the associated profits, contributing to a more
comprehensive understanding of the market dynamics.

IV. NASH EQUILIBRIUM OF THE JOINTCLOUD MARKET

In this section, we embark on a theoretical proof showcasing
the existence of a Nash equilibrium within the JointCloud
market. We prove that a Nash equilibrium exists for both the
manufacturer and the retailer.

The Nash equilibrium stands as the pivotal solution for ana-
lyzing the outcomes of strategic interactions among multiple
decision-markers. At the Nash equilibrium, traders converge to
a point where they all maximize their profits. Consequently,
the wholesale prices align with the traders’ expectations,
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The First Stage

Each manufacturer chooses the
quantity of the resources O;by
anticipating the wholesale price,
which aims at maximizing his profit.

max(@ —c) x Os

‘ determine

The wholesale price @

»

St =—
O

Fig. 3. Sequence of Decisions and Events in The Market Game.

factoring in any external influences that could affect these
prices [36].

A. Nash Equilibrium of the Retailers

We first prove that there exists a Nash equilibrium for cloud
resource retailers in the JointCloud market.

Lemma 1: Fudenberg and Tirole [37] establish that a
pure-strategy Nash equilibrium is guaranteed to exist under
two conditions (i) each manufacturer’s action space forms
a nonempty, compact and convex subset of Euclidian space
[38], and (ii) the profit function of each manufacturer remains
continuous and quasi-concave in their action space.

Theorem 1: Within the framework of the market game in the
JointCloud market, a unique pure-strategy Nash equilibrium
exists for retailers, and notably, this equilibrium is symmetric.

Proof:  First, within the sub-game of retailers, each
retailer’s action space comprises the purchase budget b, and
the degree of data processing M,. Evidently, the retailer’s
action space constitutes a nonempty and convex subset of the
2-dimensional positive real number space. Our task lies in
providing the compactness of the action space.

For the degree of data processing, considering the finite
data processing capacity inherent to cloud resource providers,
an indisputable upper bound M, exists. Consequently, the
action space for the degree of data processing lies within the
interval [0, M,.], forming a compact set.

For the purchase budget, to prove the compactness of the
purchase budget’s action space, we begin by taking the first
derivative of the profit function,

opr b0\ B_,O
b, (A“LC’" X My —2d=p ) B?
B_,0
—1- RO(M) =55

Intuitively, with an increase in the purchase budget,
a retailer’s profit should also rise; otherwise, raising the
purchase becomes meaningless. Hence, the first derivative
must be positive.

B_,0

52 —1>0.

(A+< x M, — 2dbr0)

B
After simplification, we obtain,
B x [(A+(x M,)B_,0 — B?]
s 240

Each retailer determines the purchase
budget b by target an resource quantity g-
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The Second Stage

Each retailer anticipates the
wholesale price @ through

purchase budget

b0 br+B-r

g =—" sto=———
b-+B-- o

'target target '

The retailer aims at maximizing its profit
max(A4A+<ExMy—d xqr—w)xgr— RC(Mr)x qr

As indicated in the above formula, there exists an upper
bound b, for the purchase budget. The action space of the
purchase budget lies within the interval [0,b], constituting a
compact set.

Based on the aforementioned proof, the retailer’s action
space constitutes a compact subset of 2-dimensional Euclidean
space. The concavity of the profit function is verified by deriv-
ing its second derivative, as further detailed in the Appendix.
Therefore, a pure-strategy Nash equilibrium exists within the
sub-game of retailers. The proof of symmetric is established
through the Kuhn-Tucker conditions for the retailers, which is
presented in the Appendix. |

B. Nash Equilibrium of the Manufacturers

We then prove that there exists a Nash equilibrium for cloud
resource manufacturers.

Theorem 2: Within the framework of the market game in the
JointCloud market, a unique pure-strategy Nash equilibrium
exists for manufacturers, and notably, this equilibrium is
symmetric.

Proof: In the sub-game of manufacturers, each manufac-
turer’s action space consists of the quantity of resources sold
to the market o,. The action space is a nonempty and convex
subset of the 1-dimensional positive real number space. Thus,
we only need to prove that the action space of manufacturers
is a compact set. To begin, we examine the revenue of the
manufacturer,

wos

B

Based on the previously stated formula, we derive that
wos < B. As elucidated earlier, b, and B are both bounded.
Therefore, an upper bound o, exists for the quantity of
resources sold to the market. The manufacturer’s action space
is confined within the interval [0, 0;], representing a compact
and convex subset of the one-dimensional Euclidean space.

As for the concavity of the profit function, we examine the
second derivative of the manufacturer’s profit with respect to
05, Which is,

C0s+ 0

%p,

B B
0205 (05 +0_4)?

The second derivative §%p;/do? < 0, indicates that the
manufacturer’s profit is concave with respect to o,. The
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proof of symmetry is established through the Kuhn-Tucker
conditions for the manufacturers, which are presented in the
Appendix.
O
In summary, within the JointCloud market, both manu-
facturers and retailers exhibit a unique Nash equilibrium.
Consequently, the JointCloud market as a whole possesses a
unique Nash equilibrium.

V. THE OPTIMAL DECISIONS UNDER
THE NASH EQUILIBRIUM

In this section, we elucidate the equilibrium under the mar-
ket game. We derive a closed-form expression for the optimal
solutions pertaining to both cloud resource manufacturers and
cloud resource retailers.

A. The Process Variables Under The Nash Equilibrium

We begin by characterizing the equilibrium wholesale price
and quantity of resources that manufacturers sell to the retail-
ers. To obtain the best response function for the degree of data
processing, we calculate the first derivative of the retailer’s
profit with respect to the degree of data processing,

op, b0
aMT:(CT—QCXMT—fXMjX"')Xm.
(13)
Under the Nash equilibrium,
Opr
=0. 14
O, (14)

Subsequently, the best response function for the degree
of data processing, M, is characterized by the following
condition,

2eM, + fMET = ¢, (15)

Similarly, under the Nash equilibrium, the optimal purchase

budget b, is determined by the following condition,

opr
= 0. (16)

Given the symmetry of the Nash equilibrium, the purchase
budget is subject to the following condition,

opr . O\ (R—-1)0
ob, (A + G My 2d§) R%D,
.0
1 RC(M,.)RTI)T = 0. (17)

Subsequently, we can derive the best response function for
the purchase budget,

. O\R—-1 . R—-1
by = (A+ G x M, — 2d§)?o ~ RC(M,) ==0.
(13)
The total budget is B = R x b,,
N @) - R-1
B= [<A+CT x M, — QdE) - RC(MT)} x ==0.
(19)
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The wholesale price can be represented as,
B

57
R 0] N R-1
= [(A+¢ x M, - 205 — RC(,))] —=

w =
(20)

Then, the manufacturer’s profit function can be reformulated
as,
R-1
R

ps=[A+¢ x Mr—2d%—RC(MT)] X

0s—C X 0.
(21)

To obtain the best response function for the number of
resources sold to the market, we take the derivative of the
retailer’s profit with respect to the quantity,

aps “ O ~ R - ].
= |A+¢ x M, —2d— — M| ——
0, = [A+ X My 2 = ROOL)| =
R—-1
— 2dTOS — C. (22)
Under the Nash equilibrium,
Ips
= . 2
Bo. 0 (23)

Then, we denote the number of resources sold to the market
as,

R{A 4 ¢ x M, — RO(M,) — %C}
2d(S + 1)

0s = (24)
The total quantity of resources, denoted as O = S X o, can
be represented as,

S R
- S+12d
Under the Nash equilibrium, all resources offered by
the manufacturers will be acquired simultaneously by the
retailers. Given the symmetry inherent in the Nash equi-

librium, each retailer will procure an identical quantity of
resources,

0 S A+ x M, — RO(M,) — ¢
TR S+1 2d

With all decision variables related to the wholesale price
have been denoted, we can denote the wholesale price as
follows,

{A + ¢ % M, — RO(M,) — %c}. (25)

ar (26)

b,
w—Ra,
R—1 . S
T A x M, — 2d—2—
AT 15T
A+ ¢ x M, — RC(M,) — L£-c .
L ATS Qd( )~ ~ RC(M,)]

27)

B. The Profits of Manufacturers and Retailers Under the
Nash Equilibrium

Building on the results of the previous section, we derive
a closed-form expression for the profits of manufacturers,

Authorized licensed use limited to: Northeastern University. Downloaded on December 22,2024 at 04:30:10 UTC from IEEE Xplore. Restrictions apply.



SHI et al.: JointCloud RESOURCE MARKET COMPETITION: A GAME-THEORETIC APPROACH

retailers, and the entire JointCloud market. The profit of
manufacturers is denoted as,

ps = (w—¢) X os,
R—-1 N R
_W{AJerMTfRC(Mr)f

R 2
719 -
(28)
The profit of retailers is represented as,

pT:(A+<rXMr_dXQT_W)XQTa

{;ﬁj;m+gxM~RaMM

_ Sce(R-2) }
28+ 1)(R—1)
S A+¢ x M, — RC(M,) —
ST 2d

Correspondingly, the profit of the entire JointCloud market
is,

R
——=C
Rl (29)

Pj:SXPs+RXPr7

s . . SR+2
= ST 1){[A+CT x M, —RC(MT)]R{72(S+ R

xm+gxM~RaMﬂ—%£fﬁ?U}
R-1

. . R
+ 57_’_1[14 + CT' X MT' — RC(MT) — 7C} }
(30)

VI. MARKET BEHAVIOR UNDER THE NASH EQUILIBRIUM

In this section, we analyze the market behavior under the
Nash equilibrium, exploring the implications of JointCloud
market expansion. Our analysis focuses on how the decisions
of manufacturers and retailers evolve in response to changes
in the number of clouds within the JointCloud market.

A. The Process Variables

We begin by analyzing how the process variables respond
to the market expansion.

Theorem 3: As an increasing number of clouds engage
in the JointCloud market as manufacturers, the equilibrium
wholesale price is expected to decrease, accompanied by an
increase in the quantity of resources sold to the retailers by
manufacturers. Conversely, with more clouds participating in
the JointCloud market as retailers, the equilibrium wholesale
price is anticipated to rise, along with an increase in the
quantity of resources sold to the market by manufacturers.
The impact of the degree of data processing is primarily
contingent on the profit and the cost functions associated with
data processing.

Proof: To assess the impact of the newly joined manufac-
turers, we assume that the number of retailers in the JointCloud
market remains constant. The first derivative of the quantity
of resources sold by manufacturers concerning the number of
the manufacturers is,

0qr 1

2S  (S+1)2 2d

A+ x M, — RC(M,) — ¢
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Intuitively, the quantity of resources sold to the retailers, g,

should always be positive,
A+ ¢ x M, — RC(M,) — ¢
2d

Clearly, the aforementioned derivative is consistently posi-
tive, indicating that the quantity of resources sold to retailers
will increase with the addition of more manufacturers to the
JointCloud market. To analyze the impact of newly joined
retailers, assuming the number of manufacturers remains con-
stant, the first derivative of quantity concerning the number of
retailers is,

> 0.

gy S 1 c

OR  S+1(R—-1)22d

The mentioned derivative consistently yields positive values,
indicating that the quantity of resources will always increase
with the addition of more retailers to the JointCloud market.

To analyze the market behavior of wholesale price, we adopt
a similar approach by assuming the number of retailers
remains constant and calculating the derivative of the whole-
sale price with respect to the number of manufacturers,

Oow 1 R R

95~ (Sr12” R

—1
A+ x M, —RC(M,)~

As depicted in the above derivative, When multiple retail-
ers(more than one) are involved in the JointCloud market,
the derivative maintains a negative value. Consequently, the
wholesale price experiences a decrease with the influx of
additional manufacturers joining the market. To analyze the
variation in the wholesale price concerning an increase in the
number of retailers, we assume the number of manufacturers
remains constant, the derivative of wholesale price with respect
to the number of retailers can be denoted as,

87w_( Sc 1 )R—l
OR  ‘S+1(R—-12 R

[A + Cr X M'r' - RO(M’!) -

+

R 1
L
R—1"-R?

In scenarios involving more than one retailer, the derivative
is consistently positive. Consequently, as the market accommo-
dates additional retailers, the wholesale price keeps increasing.

The unit profit that each retailer can acquire from process-
ing data resources equates to the unit income derived from
processing the data resources minus the unit cost. This can be
represented as,

f(M,) = ¢ x M, — RC(M,).

For streamlining the subsequent proof, we rewrite the quan-
tity of resourcesq, and wholesale price w as,
S A+ f(M,) - %c
R 2d ’
R—1 S A+ f(M,) - Le
=——|A M) —2d / .
e T e 2d J

The influence of the degree of data processing can be
encapsulated as follows,

0q, o g %
oM, ~ Bf (M)

Of (M)
oM,

Authorized licensed use limited to: Northeastern University. Downloaded on December 22,2024 at 04:30:10 UTC from IEEE Xplore. Restrictions apply.



5120

Ow  Ow o
oM, — 9f(M,)

After adjusting the parameters,

Of (M)
oM, -

dgr S 1 ,
o, = S iae o~ RO
Oow R—-1 1 ,
oM, - R o[ ROOL)]

Based on the aforementioned derivative, the quantity of
resources ¢, and the wholesale price w are contingent on the
derivative of the cost function. (]

Theorem 3 demonstrates that, under the Nash equilibrium,
the entry of additional manufacturers into the JointCloud leads
to a reduction in the wholesale price w. This is intuitive,
as heightened competition among manufacturers induces a
lower wholesale price, reflecting the competitiveness within
the JointCloud market. A lower wholesale price, in turn,
mitigates the cost of purchasing cloud resources for retailers.
Consequently, retailers may be more willing to increase their
order quantity g,.

In the scenario where more retailers enter the JointCloud
market, the level of competition among them heightened,
diminishing the bargaining power of each retailer. Conse-
quently, retailers are more willing to pay higher prices due
to the intensified competition. In response, each manufacturer
is incentivized to supply more resources to the market, aiming
to secure a larger share of the augmented budgets. The increase
in b, and O has two opposing effects on the wholesale price.
Firstly, an increase in the purchase budget b, leads to a higher
wholesale price. Secondly, the wholesale price decreases as
the quantity of resources supplied in the market increases.
Evidently, the impact of the increase in the purchase budget is
more significant than the effect of the increase in the quantity
of resources supplied. Therefore, an increase in R results in a
higher wholesale price w.

The impact of the degree of data processing is primarily
contingent on the derivative of the profit function associated
with data processing. Although the profit of data processing
may remain positive, the manufacturer may become unwilling
to further increase their budget, as the cost of data processing
rises faster than the profit derived from it. With an increase
in the degree of data processing, each retailer increases their
purchase budget to accommodate a higher degree of data
processing. When the derivative is positive, the rise in the
quantity of resources outweighs the increase in the wholesale
price. Conversely, when the derivative is negative, the decrease
in the wholesale price dominates the reduction in the quantity
of resources.

B. The Profits of Manufacturers and Retailers

We further analyze the market behavior of the profits of
manufacturers and retailers.

Theorem 4: As the JointCloud market expands to include
more clouds as manufacturers, the profit of manufacturers is
expected to decrease, while the profit of retailers is anticipated
to increase. Conversely, with the expansion of the JointCloud
market to involve more clouds as retailers, the profit of
manufacturers is predicted to increase. Regarding the profit of
retailers, for any given number of retailers, there always exists
a threshold S; when S > S, the profit of retailers consistently
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increases. Moreover, the profit of the entire JointCloud market
is projected to rise regardless of whether the market expands
to include more manufacturers or retailers. The impact of data
processing on profit primarily hinges on the profit and the cost
functions associated with data processing.

Proof: To analyze the market behavior of the manu-
facturer’s profit, assuming the number of retailers remains
constant, we calculate the derivative of the profit of manu-
facturers with respect to the number of manufacturers .S,

Ops R-1 R 2

% = —m X [A—i_C’I‘ XMT—RC(MT)— R—]_C} .

The aforementioned derivative is consistently negative.
Therefore, the profit of a manufacturer is expected to decrease
as the number of manufacturers in the market increases.
To assess the impact of the number of retailers, assuming
the number of manufacturers remains constant, we denote the
derivative of the profit of manufacturers with respect to the
number of retailers R as,

ap.  [A+¢ x M, — RO(M,) — 2]
oR 2d(5 + 1)
R-1 B
+ g (At G x My = BO(M,) = 1)
C
“wm-DT

The above derivative is consistently positive; thus, the
profit of manufacturers increases with the number of retail-
ers. To analyze the market behavior of the retailer’s profit,
assuming the number of retailers remains constant, we take the
derivative of the profit of retailers with respect to the number
of manufacturers,

ap?" 8%“ 3qr Oow
25 dar5g +A+G My = RO(My) =el 56—,
_ A_QquT+<T XM’I‘_RC(M’I‘) 8QT_ 670.) >0
- R s a5 7

The third inequality follows from simplifying the wholesale
price as w = [A+ (- x M, —2dq, — RC(M,)][(R—1)/R. It’s
important to note that the wholesale price is always positive.
Thus,

A+ ¢ x M, —2dg, — RC(M,) > w.
As illustrated above, d¢,./0S > 0, Ow/dS < 0. Therefore,

Ip;
> 0.
a8
To examine the impact of the newly joined retailers,
we rewrite the profit of retailers in the form of a quadratic
function of ¢,

pr=—dx g+ [A+ ¢ x M, — RC(M,) — w]q.

According to the properties of a quadratic function, when
A+ x M, — RC(M,) —w
2d '

As the quadratic function is a downward-opening quadratic
function, When ¢, satisfies the aforementioned equation, the
profit of retailers will increase. However, when ¢, exceeds the
threshold, the profit of retailers will decreases.

qr <
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Interestingly, when the market is sufficiently large, meaning
both the number of manufacturers and retailers is sufficiently
large, the profit exhibits a different trend. We start by analyzing
the profit of retailers when the number of manufacturers
approaches infinite, the profit of retailers can be simplified
as,

, _ (A+ (G x M, —RC(M,) c(R-2)
fin pr‘( 2 2(R—1))
A+ x M, — RC(M,) — £5c
X .
2d

The derivative of the profit of retailers concerning the
number of retailers is,

S—+o0

Olims 400 pr 2 2
OR 4d(R—-1)2R-1"

The derivative is consistently positive; thus, when the num-
ber of manufacturers is sufficiently large, the profit of retailers
will always increase.

To analyze the impact of the degree of data processing,
we examine the profit of manufacturers concerning the degree
of data processing,

R—-1 R

dps

oM, — d(S+ 1)2[
x (¢, — RC(M,)").

According to the above derivative, the impact of data
processing primarily depends on the derivative of the profit
function and cost function. Similarly, we analyze the profit of
retailers concerning the degree of data processing,

aqy Ow

= (A + f(Mr) —w—= 2d(h)m - (]rm7
S

T [(R—2)[4+ 7(M,)]

(8 + R 1) x ¢~ OO,
When R > 1, whether the derivative is negative or positive
mainly depends on the derivative of the profit function and
cost function.
Finally, we analyze the profit of the entire JointCloud
market. We rewrite the profit of the entire JointCloud market
in the following form,

Opy
oM,

+

P = RXp,+ 5 xps
=R[A+(x M, —dxq— RC(M,) —clq
= R x {—d¢* +[A+( x M, — RC(M,) — cJq}

According to the properties of the quadratic function, when
q <A+ {x M, — RC(M,)— c/2d, the profit of the entire
market keeps increasing. Considering the expression of g,
it consistently satisfies the threshold, and ¢, is increasing with
the number of manufacturers. Consequently, the profit of the
JointCloud market will invariably increase with the number of
manufacturers. As for the impact of newly joined retailers,
we calculate the derivative of the profit of the JointCloud
market concerning the number of retailers,

Opy
OR’

Ops
OR

i _ g

on = +pr+ R
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As indicated in the aforementioned derivative, when the
market is sufficiently large, Ops;/OR > 0, dp,/OR > 0, and
obviously, p, > 0. Thus, the profit of the entire JointCloud
will increase as the number of retailers increases.

As for the impact of data processing, we calculate the
derivative of the profit of the JointCloud market with respect
to the degree of data processing.

op; Ips Op,-
aMJT =9 x GMT+RX oA
R-1 R S
= {Sd(5+ E A+ FO8) ~ a5 1)e
x [(R —2)(A+ F(M,)) + %(S +R— 1)0]}

x [¢- — RC(M,)'].

It is evident that the impact of the data processing depends
on the profit function and the cost function of data processing.
]

The escalating involvement of clouds acting as manufactur-
ers unfolds in a sequence that impacts the profit dynamics,
showcasing a trend where manufacturers experience dimin-
ishing profitability while retailers witness an enhancement
in profits. This outcome is inherently logical, given that
heightened competition among manufacturers tends to dilute
individual profit margins, as a larger pool of players divides the
overall benefits among themselves. Simultaneously, this inten-
sified competition drives down wholesale prices, contributing
to an increase in retailers’ profits. From a market perspective,
the escalation in retailers’ profits outweighs the dip in manu-
facturers’ profits. Consequently, the overall profitability within
the JointCloud market demonstrates an upward trajectory as
the number of manufacturers increases.

Having more clouds in the market as retailers have been
identified as a catalyst for bolstering manufacturers’ profitabil-
ity. This surge is attributed to heightened resource demand
stemming from an increasing retailer count, thus fostering
greater potential profits for each manufacturer At first glance,
one might assume that the profit of a retailer would dwindle
with more clouds entering the JointCloud market as retailers.
However, this dynamic shifts as the number of manufacturers
grows substantially. In scenarios with a limited number of
manufacturers, the profit of a retailer could indeed decline due
to the diminished bargaining power. However, as the number
of manufacturers increases, retailers may opt to escalate their
purchase budgets, bolstering their influence as buyers. This
strategic maneuver results in an upsurge in the wholesale price.
The rising wholesale price, in turn, motivates manufacturers
to increase their quantities of resources sold to the retailers,
thereby positively influencing the profit of retailers. Notably,
when the number of manufacturers hits a critical threshold,
the positive impact derived from the increased availability
of resources outweighs the negative repercussions of the
rising wholesale prices. Consequently, retailers experience an
upswing in profits as the number of retailers expands.

VII. MARKET BEHAVIOR UNDER MARKET INTEGRATION

In this section, we analyze the market behavior under mar-
ket integration [39]. Currently, the cloud market in different
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regions operates independently, particularly within various
cloud alliances. The progress in standard electronic business
interfaces has significantly reduced transaction costs associated
with utilizing resources from other cloud markets and has
enabled cross-cloud market transactions. Under this situation,
suppliers from each market engage in transactions with retail-
ers from other markets, paving the way for the emergence
of an integrated cloud market. For example, Google Cloud
utilizes extensible markup language(XML) [40] to facilitate
cloud storage management in a programmatic way.

We analyze the integration of two JointCloud markets,
denoted as JC—A and JC—B. JC—A comprises R 4 retailers
(R4 > 2) and S4 manufacturers. Similarly, JC — B comprises
Rp retailers (Rp > 2) and Sp manufacturers. The integration
of JC — A and JC — B results in an aggregate JointCloud
market consisting of R retailers (R = R4 + Rp) and S
manufacturers (S = S4 + Sp). We formally articulate the
relationship between the pre-integration and post-integration
profits in the ensuing theorem.

Theorem 5: As JC — A and JC — B consolidate into one
JointCloud market, the total profit of firms in JC—s(s € A, B)
experiences an increase if and only if,

Ry % glq(R, $,Mp) + { (R = 1) x (A+ f(M,)

Rx{Sx[A+ f(M,)] —c} Ss  Rs
- Sl ot 5.0 (5 - )
> Rs X g(Q(RS7SSaM(r,s)))a

where

g(q) = (A+ ¢ x M, —dqg — RC(M,) — ¢)q,
g A+ ¢ x M, — RO(M,) —
541" 2 % d

Our theorem establishes a necessary and sufficient condition
for each local supply chain to benefit from integration. On the
right-hand side of the equation is the total profit of firms in
JC —s(S € {A, B}) before integration, where g(q) represents
each retailer’s contribution to the market’s profit. On the left-
hand side is the total profit of firms in JC — s after integration.
The second part of the left-hand expression corresponds to the
transfer of profits after integration. If the magnitude of this
transfer of profits is sufficiently small, both markets benefit
from integration.

We elucidate the rationale from the standpoint of
JC — A, and a parallel explanation holds for JC — B. When
Ss/S > Rs/R, signifying the dominant effect of integration
is an expansion of markets for suppliers, the dynamics are
characterized by an increased number of retailers from JC'— B
becoming customers of suppliers in JC — A. In contrast, only
a limited number of manufacturers from JC — B enter as
competitors. In this situation, the positive impact of newly
integrated retailers outweighs the negative impact of manufac-
turers joining, resulting in an overall increase in the total profit
of firms post-integration. Conversely, When S;/S < R;/R,
indicating the dominant effect of integration as the expansion
of markets for retailers. In this situation, the market share of
each supplier sees a substantial decline. This occurs due to a
significant influx of suppliers as competitors, with a relatively
small number of retailers joining as customers. In this case,
despite the newly integrated retailers increasing their order

_R_
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Fig. 4. The supply chain competition topology.

quantities, the positive effect is insufficient to counterbalance
the negative effect of the decrease in market share for sup-
pliers. Consequently, the total profit of firms experiences a
decline after integration. However, when considering the entire
market perspective, the profit reveals a different trajectory.

Theorem 6: The profit of the integrated market is greater
than the sum of the total profits of local markets.

Our theorem demonstrates that even if integration induces a
profit loss for one market, the profit gain in the other market
always surpasses this loss. Consequently, the profit of the
integrated market is always greater than the sum of the total
profits of the local markets.

VIII. THE INCENTIVE FOR THE JOINTCLOUD ECOSYSTEM

In this section, we scrutinize the incentives within the Joint-
Cloud ecosystem and delve into an analysis of the evolutionary
trajectory that the JointCloud ecosystem is likely to follow.

Although JointCloud offers a streamlined cross-cloud coop-
eration architecture for cloud resource providers, there exist
several reasons why existing cloud vendors may hesitate
to join the JointCloud market. Firstly, from the aspects of
large-scale cloud resource providers, they often possess a
well-established and relatively stable customer base. Joining
JointCloud might not directly augment their revenue, lead-
ing them to prioritize the retention and stability of existing
clientele. Secondly, from the aspects of small-scale cloud
resource providers, they typically struggle to attract customers
due to their limited resource offerings compared to larger
counterparts. Consequently, joining the JointCloud market
might not significantly benefit them. Thirdly, from the aspects
of the cloud market, within the current cloud market landscape,
stability prevails, with resource prices being reasonably estab-
lished. There seems to be no compelling reason for JointCloud
to redefine or readjust resource pricing, given the equilibrium
and stability observed in the existing market.

Nevertheless, considering the market dynamics of the Joint-
Cloud market, our analysis focuses on the incentives that
derive a cloud to become part of the JointCloud environment.
In addressing the preceding three questions, we further investi-
gate these incentives, examining them from three perspectives.

Firstly, considering the perspective of large-scale cloud
resource providers, it is noteworthy that the current cloud
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market is predominantly dominated by a select few large-scale
vendors who monopolize the industry, primarily deriving their
profits from selling resources to consumers. Their revenue
streams are characterized by a high degree of singularity.
The introduction of the JointCloud environment provides these
large-scale cloud vendors with a novel revenue stream. In this
scenario, large-scale cloud vendors have the opportunity to
function as manufacturers, selling their cloud resources to
smaller cloud vendors. As elucidated in the above section, the
profitability of manufacturers exhibits an upward trend with
the entry of retailers into the market and, conversely, tends
to decline with the entry of more manufacturers. Although
the profit of an individual manufacturer might experience
a decline with the entry of more manufacturers into the
JointCloud environment, the overall number of manufacturers
remains limited. With the number of manufacturers stable, the
profits of these manufacturers will benefit from an increasing
influx of retailers. In essence, for large-scale cloud vendors,
the JointCloud environment offers a fresh source of income,
diversifying their revenue streams and contributing to an
overall increase in profitability.

Secondly, from the perspective of small-scale cloud resource
providers, the current cloud market is characterized by the
dominance of large-scale cloud vendors, leaving a relatively
small space for participation by small cloud vendors. The
introduction of the JointCloud environment emerges as a
facilitator for cooperation among small cloud vendors, offering
a convenient platform for resource trading. Within the Joint-
Cloud market, multiple small cloud vendors can collaborate
to collectively compete against major cloud vendors, thereby
expanding their share of the cloud market. Additionally, the
JointCloud framework furnishes small-scale cloud resource
providers with a secure environment environment for resource
trading. In this situation, small-scale vendors have the option
to function as retailers, avoiding direct competition with larger
counterparts. A small-scale cloud resource provider can opt to
procure cloud resources from large-scale cloud vendors, sub-
sequently refining and offering highly customized resources to
end-users. As we illustrated above, the profitability of retailers
tends to increase with the entry of more manufacturers into the
JointCloud environment. Furthermore, in a sufficiently large
JointCloud market, the profits of retailers continue to grow
with the influx of more retailers. This implies that the profits of
small cloud vendors have the potential to increase even in the
presence of heightened competition in the market. In summary,
the JointCloud environment serves as an empowering platform
for small-scale cloud resource providers, offering collaborative
opportunities and a secure trading environment, ultimately
leading to a consistent increase in profitability.

Thirdly, from the perspective of the JointCloud market.
Under the trend of economic globalization, potentially com-
peting entities are encouraged to collaborate to maximize
profits and address the burgeoning demand for resources.
However, the existing cloud market is presently monopolized
by a limited number of large-scale cloud resource providers.
The advent of JointCloud offers a solution to alleviate the
monopolistic tendencies within the cloud market. Large-scale
cloud resource providers can function as manufacturers, reap-
ing benefits from selling large amounts of resources to small
cloud resource providers. Concurrently, small cloud resource
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provider can engage in collaborative efforts, enhancing their
market competitiveness. As illustrated above, the profitability
of the entire JointCloud environment consistently increases
with the integration of more clouds into the JointCloud. This
dynamic fosters a robust and progressive cloud ecosystem,
allowing cloud vendors of varying sizes to benefit from
collaboration. In summary, JointCloud promotes a healthy
and evolving cloud ecosystem where cloud vendors of differ-
ent scales can derive increased profits through collaborative
endeavors compared to operating independently.

In this manner, we speculate on the evolution process of
the JointCloud environment. In the initial stages of the Joint-
Cloud environment, large-scale cloud resource providers, who
initially monopolized the market, enter the JointCloud market
to explore a new income source. During this phase, their
profits may not experience a significant increase, especially
as the number of retailers grows at a relatively slow pace.
Subsequently, the JointCloud environment attracts small cloud
resource providers to participate, enticed by the availability
of more affordable cloud resources offered by an increasing
number of manufacturers. The growing presence of small
cloud resource providers, in turn, serves as an impetus for
larger cloud vendors to join the JointCloud, seeking access
to a broader market. In this manner, the JointCloud progres-
sively expands its reach to include a more extensive array of
cloud resource providers, creating a dynamic ecosystem where
collaboration among large and small vendors becomes pivotal
to the evolution of the JointCloud environment. This cyclical
process of attraction, participation, and expansion contributes
to the ongoing development and enrichment of the JointCloud
framework.

IX. SIMULATION RESULTS

In this section, we conduct a series of numerical experi-
ments to gain a comprehensive understanding of the market
behavior within the JointCloud market. We aim to provide
valuable insights into the dynamics of the JointCloud market
and analyze market behaviors under the Nash equilibrium.
The competition model [41] encompasses 2 manufacturers
and 2 retailers, depicted in Figure 4. For the parameters,
we specifically set A = 900, d = 3, { = 60, e = 1.5,
f =1, and g = 1. These parameters are primarily inspired
by [19], [20], [42], [43]. For the cost, we utilize the cost
of providing a 4 cores, 16GB virtual machine, which we
believe is a commonly used configuration, and set ¢ = 5.
The maximum number of manufacturers is set to 25 and the
maximum number of retailers is set to 50. This setting is based
on a 2023 Google survey, which identified 14 of the most used
cloud resource providers. However, we believe this number
may be an underestimation, as many local providers might
have been overlooked. Therefore, we extend the number of
manufacturers to 25. For the number of retailers, we set the
count to be twice the number of manufacturers, as this ratio
is sufficient to demonstrate the trend of different variables.
Additionally, we introduce the Cournot model [44] as a
benchmark and then present our proposed market game.

A. The Process Variables Under The Nash Equilibrium

To analyze the market behavior under the Nash equilibrium,
we make the assumption that the number of manufacturers or
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retailers remains constant. We analyze the market behavior
when a new cloud resource provider enters the JointCloud
environment, either as a manufacturer or a retailer.

Figure 5(a) illustrates the quantity of resources a manufac-
turer aims to sell to retailers q,. As shown, when the number of
retailers is O, regardless of the number of manufacturers in the
JointCloud market, the quantity of resources is 0, as there is no
demand for resources, and manufacturers cannot generate any
profit from selling cloud resources. However, as more small-
scale cloud resource providers join the JointCloud environment
as retailers, the demand for cloud resources increases, enabling
manufacturers to profit from selling resources to retailers.

Figure 5(b) depicts the purchase budget of a retailer. The
purchase budget of a retailer increases with the entry of
more retailers into the JointCloud market and decreases with
the entry of more manufacturers. The heightened competition
among retailers leads to an increase in the budget, as each
retailer elevates its budget to secure a larger share of resources.
Conversely, the competition among manufacturers has a dimin-
ishing effect on the budget, as each manufacturer reduces its
wholesale price to attract more retailers. The results show
the dual impact of market forces, where retailer competition
amplifies budgetary allocations, while manufacturer competi-
tion exerts a downward pressure on budgets.

Figure 5(c) presents the wholesale price w, which is deter-
mined by both the purchase budget and the quantity of
resources that manufacturers sell to retailers. As illustrated
in Figure 5(a) and Figure 5(b), both the purchase budget and
the quantity of resources increase with a greater number of
retailers and decrease with a greater number of manufacturers.
Apparently, Figure 5(c) indicates that changes in the purchase
budget have a more dominant effect than changes in the quan-
tity of resources. Upon comparing Figure 5(b) and Figure 5(c),
it is apparent that the trend of the wholesale price closely
mirrors the trend of the purchase budget. This alignment in

trends can be attributed to the fact that changes in the budget
exert a more significant impact on the wholesale price.

Comparing our proposed market game with the Cournot
game, as illustrated in Figure 5(a), 5(b), and 5(c), notable
distinctions emerge. Specifically, the quantity of resources sold
to retailers in the Cournot model is observed to be smaller than
that in the market game. This discrepancy arises because the
Cournot game overlooks the impact of increasing retailers and
fails to account for the growing demand in the market. As for
the purchase budget and the wholesale price, the Cournot
game neglects the buyer power. Consequently, both the budget
and wholesale price remain unaltered with changes in the
number of retailers. In contrast, our proposed market game
reflects retailers’ buyer power, resulting in a more nuanced
and dynamic set of changing trends.

B. The Profits of Manufacturers and Retailers

Figure 6(a) depicts the profit of a manufacturer, the profit
of a manufacturer experiences a rapid ascent with the growing
number of retailers, particularly noticeable when the number
of manufacturers is limited. This surge can be attributed to
the escalating demand for cloud resources stemming from
newly onboarded retailers. Especially in scenarios with a small
number of manufacturers, a larger proportion of the heightened
demand is allocated to each manufacturer.

The trend observed in the profit of a manufacturer closely
mirrors that of the quantity of resources a manufacturer sells
to retailers. As previously analyzed, a manufacturer’s profit
hinges on both the quantity of resources sold and the wholesale
price. The former holds a more significant influence over the
latter. Consequently, the uptrend of the profit of a manufacturer
aligns closely with the quantity of resources sold to the market.

In Figure 6(b), the retailer’s profit showcases an increase
with a rising count for manufacturers, yet experiences a decline
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when the number of retailers falls below 44. As previously
heightened, a retailer’s profit primarily hinges on the quantity
of resources purchased from manufacturers and the wholesale
price. The surge in the retailer’s profit with a greater number of
manufacturers can be attributed to the effect of lower whole-
sale prices. As for the impact of newly onboarded retailers,
in scenarios with a limited number of manufacturers, the
adverse effect of wholesale price might be more pronounced.
However, with a sufficiently large count of manufacturers, the
amplified resource quantity holds more weight, consequently
bolstering the retailer’s profit with the increasing retailer count.

To pinpoint the juncture at which the retailer’s profit initiates
an increase, we examine the derivative of the retailer’s profit
concerning varying numbers of manufacturers. A Comparison
among Figure 7(a), Figure 7(b), and Figure 7(c) reveals that
with an increase in the number of manufacturers, the turning
point becomes smaller. For example, When S = 50, the
derivative is always negative. In contrast, with S = 500, the
derivative reaches 0 at R = 41, and notably, the derivative
consistently maintains positivity with .S = 5000.

Figure 6(c) shows the profit of the entire JointCloud
market consistently rises with the increasing number of

manufacturers and retailers. There is a notable acceleration
in the market’s profit when the number of manufacturers
elevates from O to 1, underscoring the significant influence
and importance attributed to manufacturers within this market
framework.

As depicted in Figure 6(a), the profit of a manufacturer
under the Cournot game follows a similar trend to the quantity
of resources, resulting in smaller profits due to a lower quantity
of resources. Regarding the profit of a retailer, illustrated in
Figure 6(b), the Cournot game overlooks the buyer power
of a retailer, leading to a scenario where the profit of a
retailer remains unchanged with the number of retailers.
In contrast, our proposed market game aligns more closely
with the actual market. In terms of the profit of the entire
market, depicted in Figure 6(c), the Cournot game exhibits
significant changes as the number of manufacturers increases
but changes slowly with the increase in retailers. Neglecting
the buyer power of retailers in the Cournot game gives
manufacturers greater influence. In comparison, our proposed
market game considers the impact of retailers’ buyer power,
resulting in a more stable trend that better aligns with the real
market.
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C. The Impact of Data Processing

The impact of data processing primarily hinges on the unit
profit derived from this process. To illustrate the impact of
data processing, we’ve assigned values of 1, 5, 10, 500, and
1000 to represent the unit profit garnered from data processing,
expressed as (f(r;) = 1,5, 10,500, 1000).

We first depict the process variables under varying unit
profits derived from data processing. The pivotal impact of
data processing is notably contingent on the incremental rise
in the unit profit yielded from this process. As depicted in
Figure 8(a), Figure 8(b), and Figure 8(c), with an escalation
in the unit profit from data processing, significant changes
are observed: the highest quantity of resources ascends
from 1548 to 2257. Correspondingly, the peak wholesale price
climbs from 2327 to 9123, and the highest purchase budget
escalates from 5.6 x 10° to 1.6 x 107. This phenomenon
is attributed to the increased profitability of data processing.
Retailers, incentivized by this profit, demonstrate a willingness
to augment their purchase budgets, aiming to acquire more
resources from manufacturers. Consequently, the quantity of
resources manufacturers experience an upsurge. Simultane-
ously, the escalation in purchase budgets triggers an increase
in the wholesale price.

As illustrated in Figure 9(a) and Figure 9(b), the impact
of f(r;) rising from 5 to 10 is evident across the profit of
a manufacturer, a retailer, and the entire JointCloud mar-
ket. The manufacturer’s profit climbs from 5.1 x 107 to
1.4 x 108, while the retailer’s profit rises from 5.5 x 10° to
6.2 x 10°. By witnessing an upswing in both the quan-
tity of resources and wholesale prices, manufacturers derive
benefits from data processing. Concurrently, retailers benefit
from increasing requests for high-quality resources. Overall,
the JointCloud market reaps substantial gains from increased
resource requests and elevated wholesale prices.

X. CONCLUSION

In this paper, considering the interactions among different
cloud resource providers, we model the JointCloud market
drawing inspiration from supply chain competition. To analyze
the JointCloud market, we develop a comprehensive market
game that encompasses the decisions undertaken by both cloud
resource manufacturers and retailers. Through theoretical anal-
ysis, We establish that a Nash equilibrium always exists within
the JointCloud market. Subsequently, we analyze the market
behavior under the Nash equilibrium. Based on the market
behavior, we explore the rationale behind a cloud’s inclination
to join the JointCloud, shedding light on the incentives and
underlying reasons that drive cloud entities towards participa-
tion in this innovative ecosystem.
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