
by the customers as long as they need them [4]. 

way [5].  

VMs, then there is a risk of cancellation of VMs [4]. 
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Abstract. The collaboration of multiple Cloud Providers (CPs) with the intent to share resources with each other and enhance 

resource availability to customers is termed as Cloud Federation. The collaboration of participating CPs is based on mutual 

agreements among them with all the terms and conditions of association mentioned in the form of a Federation Level 

Agreement (FLA). A proper approach for pricing of resources is a pre-requisite in such an environment. This is mainly because 

genuine bills for users and lucrative revenue for CPs can be generated only when a suitable approach to price the resources is 

available. Thus, literature review is performed in this paper to identify an appropriate mechanism for impartial pricing of 

resources contributed by various CPs in a Federation of Clouds. The review provides information about the existing 

mechanisms of resource pricing, revenue sharing and their limitations. It is observed from the review that none of the pricing 

mechanisms proposed in the literature ensures fair bills for users and genuine revenue share for all the collaborating CPs. This 

calls for the requirement to propose appropriate mechanisms to charge users that can address the problems associated with 

current mechanisms. 

Keywords: Cloud Federation, Federation Level Agreement, Pricing, Revenue Sharing. 

1. Introduction 

In a Cloud Federation, resources are offered by a CP to its end customers (termed as internal users) and other 

collaborating CPs (termed as peer CPs), in the form of VMs. The revenue earned by CPs and bills of customers 

are based on the pricing mechanism used to charge resources. Pricing, inter-site billing and revenue sharing are 

important issues in such an environment. These issues need to be addressed appropriately to perform accounting 

and billing of resources. Pricing mechanisms must be transparent. They must ensure fair bills for internal users 

and peer CPs i.e. inter-site bills. This would help to build the reputation of providers and thus, attract more 

customers.   The revenue generated from service requests of peer CPs must be fairly distributed among host CP 

and outsourcing CPs.  

1.1 Pricing in Cloud Computing 

Pricing is one of the key factors controlled by CPs to motivate customers to use their services. Prices set for the 

offered resources affect the behavior and loyalty of customers as well as the success of providers. Customers 

prefer to use the services of providers who offer the best QoS and charge at the lowest price [1]. Pricing 

mechanisms are in general categorized as: Fixed and Dynamic. In Fixed pricing mechanism, uniform prices are 

applied for the resources without consideration of customers’ attributes and real-world scenario [2]. The 

ondemand and reservation pricing plans of AWS are examples of fixed pricing. In Dynamic Pricing mechanism, 

varying prices are used to charge customers based on various aspects like workload, Cloud market fluctuations 

and CP’s resource capacity [1]. The spot pricing plan of AWS is an example of dynamic pricing [3]. These pricing 

plans are discussed below. 

• On-demand: The price charged for on-demand VMs is fixed based on the time period of their usage without 

any long-term commitments. VMs are provisioned only if the CP has sufficient resources otherwise 

customers’ requests are not considered by the provider. But once VMs are instantiated, they can be retained 

• Reserved: Customers can get discount on the price of VMs if they reserve them for future usage through 

advance payment. Reservation of VMs also assures more availability of service to customers in comparison 

to the on-demand VMs. Providers gain advantage too as they are able to manage resources in a more efficient 

• Spot: Request for a spot VM is submitted by customers along with the quantity of VMs and the price they 

are willing to pay per hour for each VM. This is termed as bid. If the amount of bid exceeds the current spot 

price, the requested VMs are instantiated. Otherwise, the request is moved to a queue to wait until the bid 

price is higher than the current spot price. Though spot VMs give an option of cost reduction to customers for 

VMs usage. But if some service requests arrive from customers who want to pay higher amount for those 
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users are calculated based on this pricing mechanism. These bills are the source of revenue for host CPs. 
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1.2 Pricing and Sharing of Revenue in Cloud Federation 

In a single CP environment, only end customers pay through the pricing mechanisms used; whereas in a Federated 

Cloud environment, two entities pay through the pricing mechanisms used: internal users/end customers as well 

as peer CPs. 

• Internal user pricing: It is the price charged by host CPs for the resources requested by internal users, which 

are either provided by them from their own resource capacity; or are outsourced to other CPs.   Bills of internal 

• Peer CP pricing: It is the price charged by outsourcing CPs from host CPs for the outsourced resources. 

Inter-site bills are generated based on this pricing mechanism. In the present work, the terms host CP and 

peer CP are used interchangeably in the context of billing as host CP of a user is a peer CP for the outsourcing 

CPs. These bills are the source of revenue for outsourcing CPs. The revenue of host CPs for the outsourced 

resources is calculated by subtracting inter-site bills from the revenue obtained from its internal users. As a 

whole, the revenue share of each CP received for outsourced resources is influenced by the mechanism used 

for CP pricing. 

A collaborating CP in a Cloud Federation earns revenue from the resources provided to internal users, which is 

called standalone revenue and; from the resources requested and contributed in Federation. CPs aim to maximize 

the revenue from the pricing mechanism used while the aim of customers is to obtain high QoS at a reasonable 

price. Host CP prefers to outsource resources if the amount charged by outsourcing CPs is genuine and ensures 

profit. Similarly, outsourcing CPs prefer to offer resources in a Federation if the revenue generated from leased 

resources ensures profit. Ideally, all the collaborating CPs must be able to get complete share of their standalone 

revenue. They must also obtain profitable revenue from the resources shared in Federation. 

This generates the need and motivation for the identification and application of suitable mechanisms of 

pricing to charge internal users as well as peer CPs for their resource consumption; and appropriate mechanism 

of revenue sharing to calculate the revenue of collaborating CPs. Therefore, the purpose of this paper is to perform 

literature review in this area to identify suitable mechanisms of pricing and revenue sharing. The paper is 

organized as follows: Pricing mechanisms in a single cloud provider environment are presented in Section 2. 

Mechanisms of pricing in a federated Cloud environment are compared and discussed in Section 3. In section 4, 

the mechanisms of revenue sharing and their associated problems are discussed. Section 5 concludes the paper. 

2. Pricing Mechanisms in a Single Cloud Provider Environment 

Xu and Li have presented a systematic study of pricing for Cloud resources. Analysis of pricing on various 

issues related to Cloud like guarantee of performance, throttling of resource and right-sizing of capacity has been 

conducted. A general model has been developed to capture the usage pricing of Cloud computing and resource 

required by different applications [18]. Li et al. have proposed a pricing update iterative algorithm based on 

historical usage of resources. It analyses the historical utilization ratio of the resources to obtain the availability 

of resources. Based on this, it constantly updates the current prices [19]. Huang and Ma have presented the 

likelihood to use different methods of pricing simultaneously for better utilization of resources. Benefits of using 

multiple methods for providers and users are also discussed [20]. 

Ibrahim et al. have presented the variations in the users’ actual costs of resource consumption due to 
interference among concurrently executing VMs. The interference leads to unreasonableness among users. 

Therefore, a new mechanism is proposed, pay-as-you-consume, for pricing. Using it, users are charged based on 

their effective resource consumption only without including the interference [21]. 

Narayan et al. have considered dynamic price calculation of Cloud service depending on the Cloud 

infrastructure’s load condition. Prediction of load condition of Cloud infrastructure is obtained through previous 

load history. Time period of Cloud service utilization is categorized into time slots. Then publishing of price for 

every time slot is done. Customers may continue to use service or suspend its usage for a time period, depending 

on the price of time slot [22]. Kantere et al. have designed a pricing mechanism for those applications of Cloud 

Currently, commercial public Clouds use pay-per-use fixed pricing mechanism for on-demand VMs where a 

uniform price is charged per unit time from users for each instance. For example, an amount of $0.085/hour is 

charged by Amazon EC2 for a small instance [6]. This pricing mechanism lets users to acquire resources at a very 

low cost from public Clouds as compared to the cost involved in establishing a dedicated private Cloud [7]. Most 

commercial CPs use different versions of this usage-based pricing model. A monthly subscription fee is charged 

from users to access its online Customer Relationship Management (CRM) software applications by 

Salesforce.com [8]. Amazon EC2 charges users on hourly basis. Cloud Sigma also charges its customers for their 

resource usage by hour, but length of its billing segment is small [9]. A large number of other mechanisms for 

resource pricing have also been proposed in various studies for a single CP environment [10-17] that vary in many 

aspects from the pricing mechanisms currently used by commercial CPs, as discussed below. 

https://Salesforce.com


•

account. 

•

SLA, transparency, fair billing, generation of genuine revenue and profit. 

•

Commercial CPs haven’t used them i.e. real scenario implementation is not done. 

•

users, for the resources outsourced to peer CPs in Federation, is also not discussed. 
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which offer services for support caching of data and management of data. For the queries that are executed in the 

cache of Cloud, a dynamic pricing mechanism is proposed. It approximates the correlations of the services of 

cache in a manner that is time-efficient [23]. Hadiji et al. have used Game Theory approach to address the problem 

of constrained pricing in Cloud computing. Modelling of user’s utility is done as a resource demand function with 

a given price. Based on demand, CPs suggest different prices and users may change their requests considering the 

proposed prices. The aim is to find out the optimal demand of user and optimal price among various prices given 

by CPs [24]. Macias and Guitart have focused on the issue of competitive prices offered in the market of Cloud 

computing. The approach is based on a genetic algorithm. The objective is to have a widespread population of 

pricing models named chromosomes and are generic in nature. Their parameters are referred and kept as genes. 

The best chromosomes are selected based on their proposed prices. The natural evolution process is simulated for 

their reproduction. The population of chromosomes is likely to provide prices after a few iterations, which 

maximizes the benefit to providers [25]. 

Dabbagh et al. have proposed a charging model for elastic tasks. Elastic tasks are those tasks in which the 

execution time is reduced by either increasing or decreasing the resources allocated. In the proposed model, the 

elastic task of a client is charged by CP at a lesser price in comparison to the inelastic task. For all the elastic 

requests, the price is considered to be uniform.   The reduced price creates a win-win scenario for both CPs as well 

as clients [26]. Cong et al. have proposed a pricing model which is dynamic and follows the law of demand and 

supply. It considers the interaction between users and CPs; and is based on the notion of perceived value of user, 

reward and penalty for CP. Modelling of user perceived value is performed using kernel density estimation method 

[27]. Further, a scheme for profit maximization is designed to optimize profit of CPs based on dynamic pricing 

model [28]. Zhan et al. have proposed a workload flexible pricing mechanism which keeps prices of resources 

remain same for a long duration of time. Users are charged with usage-based pricing but rewards them on the 

basis of time in a proportionate manner, which is set as a deadline to complete their tasks. This is termed as Usage-

based Pricing with Monetary Reward (UPMR). By using UPMR, if users wish to defer the workloads to get 

compensation financially, they are provided a chance to tell the scheduling flexibilities of their workload. 

Workloads can then be scheduled by Cloud data center operator to save cost of energy [29]. 

Along with these primary studies, the literature also includes secondary studies. Samimi and Patel have given 

a review of Cloud computing and Grid computing pricing models. In this study, four models for resource pricing 

in a Cloud environment are discussed. It is observed that these models have limitations like incomplete association 

with SLA and biased approach of favoring seller over buyer [30]. Al-Roomi et al. have provided review of a 

number of pricing models of Cloud computing. A detailed discussion of benefits and problems of each model is 

done. Those factors are highlighted that affect price of resources and satisfaction of users (e.g. delay, QoS, 

fairness) [1]. 

Although secondary studies provide an overview of some of the pricing mechanisms in a single CP 

environment, but complete information regarding pricing mechanisms available in the literature cannot be 

obtained to draw any conclusions as the number of pricing models discussed are very few. Comparison and 

assessments of a number of Cloud computing pricing models is given by Al-Roomi et al. [1]. But there are many 

other mechanisms in the literature, which have not been discussed. So, a detailed and complete review of Cloud 

computing pricing models is still required. 

The major primary studies are compared in Table 1 for the identification of a suitable mechanism for resource 

pricing. Comparison is done based on VM instances type considered, the approach followed, benefits of proposed 

mechanism and whether the mechanism has been evaluated/verified. 

From the comparison, it is observed that pricing mechanisms are proposed for on-demand VMs in most of 

the studies. Different approaches have been used for resource pricing.   Though benefits of each approach are given 

in Table 1 but some limitations are also associated with these pricing mechanisms. The limitations are discussed 

below. 

 Pricing mechanisms are mainly focused on the benefits of CPs only. Users’ interest has not been taken into 

 The existing mechanisms do not consider all the factors related to users’ and CPs’ benefits like fulfillment of 

 Either the pricing mechanisms are theoretical; or verification has been only done with simulations. 

 Pricing method for peer CPs is not discussed in any of the mechanisms. Pricing mechanism to charge end 

Due to these limitations, none of the mechanisms proposed for resource pricing in a single CP environment is 

considered to be suitable for the purpose of resource accounting as well as in Cloud Federation. 
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Table 1. Pricing Mechanisms in a Single CP Environment. 

Study 
Instance 

Type 
Approach Followed Benefits 

Evaluated/ 

Verified 

Ibrahim et 

al. [21] 

On-demand Users are charged based on their 

consumption of resources without 

including any interference. 

• As the real cost for performing 

the task is reflected, therefore, a 

fair price is provided to users. 

No 

Shang et 

al. [31] 

On-demand For the Cloud market, a pricing 

model based on double auction 

Bayesian game is given. Pricing 

strategy considered optimal for this 

model is presented. 

• Offers reasonable pricing. No 

Xu and Li 

[18] 

Spot Determination of the spot price is 

done by CP on the basis of instant 

supply and demand. 

• Implementation and 

maintenance is easy. 

• Bidding through collaboration 

avoidable. 

Verified 

through 

numerical 

studies 

Narayan et 

al. [22] 

On-demand Dynamic pricing mechanism is used 

and price is calculated based on load. 
• Prices are calculated in real 

time. 

• Decision of user to continue the 

service or quit can be taken 

when each time slot begins. 

No 

Sharma et 

al. [32] 

Pricing done 

irrespective 

of VM type 

Pricing function is modeled as an 

option pricing problem and prices 

are modeled using a continuous time 

approach. 

• From the perspective of user, 

satisfaction is guaranteed and 

can be measured as QoS. 

• Provides profitability from 

provider’s perspective. 

Simulation 

Kantere et 

al. [23] 

Not 

Applicable 

Pricing mechanism is targeted for a 

for use by a Cloud cache offering 

query services and objective is to 

maximize the profit of CP. 

• A time-efficient estimation of 

correlations in cache services is 

done. 

• Optimal pricing for the a Cloud 

cache is achieved. 

Simulation 

Hadiji et 

al. [24] 

On-demand Pricing is based on a theoretical 

model using game theory. 
• Revenues of CPs are 

maximized. 

• Users’ utilities are maximized. 

Evaluation 

through 

numerical 

results 

Macias 

and 

Guitart 

[25] 

On-demand Pricing is based on a genetic 

algorithm approach in which 

chromosomes are defined and 

evaluated. For reproduction, the best 

pairs of chromosomes are finally 

selected. 

• Easy to implement. 

• Genetic providers earn more 

revenue than utility-based 

dynamic pricing providers and 

fixed pricing providers. 

Simulation 

3. Pricing Mechanisms in a Federated Cloud Environment 

Different mechanisms have been proposed for resource pricing in a Federation of Clouds. Mihailescu and Teo 

have proposed a pricing mechanism that is strategy-proof and dynamic. It is appropriate for rational users requests 

with different types of resources. The rational users are comprised of buyers and sellers in a resource market for 

trading of resources. The proposed mechanism provides incentives and doesn’t disturb the budget. It increases the 

buyer welfare. It also enables allocation of higher number of resources. The measurement is done on the basis of 

percentage of buyer requests that were successful and resources of seller that were allocated [33]. Hassan et al. 

have presented a price function that is strategically set by a broker to encourage the CPs to cooperatively contribute 

their resources and thus, benefit from the Federation. The function confirms that CPs will obtain revenue based 

on number of VMs contributed in Federation. With respect to the price of broker, CPs cooperate and put efforts 

to maximize the welfare of Federation socially by taking the decision of number of VM resources to be contributed 

[34]. Li et al. have used double auction based pricing mechanism where CPs act as seller as well as buyer to 

present bids to sell and buy respectively. A broker in Federation of Clouds performs the task of auctioneer to 

collect the bids to buy and sell. A double auction is executed by it for the decision to set successful buy and sell 

bids [35]. Zant et al. have considered a number of feasible scenarios for the coalition of CPs belonging to the 

same Federation and pricing mechanisms are proposed based on these scenarios. On-demand, spot and reserved 



• For outsourced resources, 

mechanism of pricing for 

end customers is not 

discussed. 

• The CP with which factor α 
is to be used, is not 

mentioned. 

 

pricing strategies are presented. VMs prices remain fixed when they are provided by the host CP from local 

infrastructure. In case of outsourced VMs, an outsourcing factor α is used to reduce the price of VMs [36]. 

Jin and Tang have proposed a pricing mechanism based on prediction of resource requests in a market with 

CP having idle resources and multiple CPs having limited resources. They are called supplying CP and demanding 

CPs respectively. A price is published by the supplying CP based on usage functions of demanding CPs.   

Considering privacy issues, the usage functions are not made available to the supplying CP. Therefore, it is the 

task of supplying CP to predicts the usage functions. On the basis of predicted functions, a price to maximize the 

social welfare is determined by the supplying CP, which also increases its idle resources utilization [37]. Aazam 

and Huh have focused on the scenario where a service is given up by the before completely consuming it. A model 

has been proposed to determine the reservation prices of resources. Prices are determined based on the 

characteristics of customers. Refunding is also done based on the acquired QoS and different types of utilization 

levels [38]. Rebai et al. have proposed to charge peer CPs at a lesser price than the price set for end users. A 

dynamic pricing mechanism based on idle resource capacity is used for this purpose. The cost associated with the 

resource usage and the end user’s price is considered. The proposed price decreases with increase in the number 

of idle resources whereas it increases with the decrease in number of idle resources. This mechanism ensures load 

balancing among CPs based on their remaining capacity [39]. Goiri et al. have presented characterization of CPs’ 

Federation. It includes equations to lease resources, outsource resources, or halt idle nodes for power saving. In 

their work, VMs are offered to the users at a fixed price by collaborating CPs. In case of outsourcing, price of 

outsourced VMs is reduced based on a factor α, whose value is chosen in a random manner [40]. Toosi et al. have 

highlighted the importance of pricing and profit for CPs if they want their business to flourish. They have used 

fixed prices for VMs of all the CPs participating in Federation. These VMs are offered by CPs to their internal 

users at the same fixed price even when the requested VMs of a user are outsourced.   For host CPs, calculation of 

the price of outsourced VMs is based on the basis of outsourcing CPs’ unused capacity. It provides cheaper price 

for providers with large number of resources. The calculated price is lower than the price charged by host and 

outsourcing CPs from their respective users [4]. From the literature review, no secondary study has been identified 

that consolidates the work done till date for a Federation of Clouds. 

The pricing mechanisms are compared in Table 2 with respect to the Federation scenario where they have 

been applied, pricing mechanism used, type of VM instances considered, evaluation method and limitations. From 

the comparison, it is observed that both fixed (uniform) as well as dynamic (varying) pricing based mechanisms 

have been proposed in various studies. These mechanisms have been proposed for peer to peer as well as 

centralized Federation scenarios. None of the proposed mechanism has been implemented in a real Federation 

scenario. Each mechanism has one or more limitations associated with it. 

Table 2. Pricing Mechanisms in Cloud Federation. 

Study 
Federation 

Scenario 

Pricing 

Mechanism 

Static/ 

Dynamic 

Instance 

Type 

Evaluation 

Method 
Limitations 

Zant et al. 

[36] 

Peer to peer Outsourcing 

factor α based 

Variant of 

fixed 

On-

demand, 

Spot and 

Reserved 

Numerical 

analysis 

Goiri et al. 

[40] 

Peer to peer Outsourcing 

factor α based 

Fixed for 

user, 

Variant of 

fixed for 

CPs 

On-

demand 

Simulation • Same price considered for the

VMs of all CPs. 

• For different prices, the CP 

with which factor α is to be 

used, is not mentioned. 

Toosi et al. 

[4] 

Centralized Idling 

capacity 

based 

dynamic 

pricing 

Fixed for 

user, 

Dynamic 

for CP 

On-

demand 

and Spot 

Simulation • Participants may quote the 

idle resources deceitfully. 
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•

mechanisms of both entities have not been simultaneously addressed to analyze their effect on each other. 

• The proposed mechanisms are not impartial. They aim to maximize the profits of CPs only. 

•

•

like workload and available resources but it suffers from following limitations: 

internal users as well as CPs. 

CP may lead to unpredictable increase in the price of resources. 

will eventually discourage future demands from users. 
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Rebai et al. 

[39] 

Peer to peer Idling 

capacity 

based 

dynamic 

pricing 

Fixed for 

user, 

Dynamic 

for CP 

On-

demand 

Simulation • Pricing mechanism of 

internal users is not 

mentioned in case of 

outsourcing. 

Jin and 

Tang [37] 

A market 

with multiple 

demanding 

CPs & one 

supplying CP 

Based on 

estimating 

usage 

functions of 

demanding 

CPs. 

Dynamic On-

demand 

Numerical 

Analysis 
• The Federation scenario 

considered is not realistic as 

resources of all collaborating 

CP s must be shared. 

• Pricing mechanism of 

internal users is not specified. 

Li et al.   

[35] 

Centralized A double 

auction based 

dynamic 

pricing 

Dynamic On-

demand 

Theoretical • Applicable in centralized 

Cloud Federation. 

• CPs may change the bid 

deliberately in a manner that 

increases their profit. 

Aazam and 

Huh [38] 

Centralized Determining 

cost of 

advanced 

reservation 

Dynamic On-

demand, 

Reserved 

Simulation • Determination of price of 

only reserved resources. 

• No consideration of prices for 

internal users and outsourced 

resources. 

Mihailescu 

and Teo 

[33] 

Centralized Strategy-

proof 

dynamic 

pricing 

Dynamic On-

demand 

Simulation • Pricing mechanism of 

internal users is not 

discussed. 

Hassan et 

al. [34] 

Centralized Tactically 

selected 

pricing of 

broker 

Dynamic On-

demand 

Simulation • Pricing mechanism of 

internal users is not 

discussed. 

The limitations of all the mechanisms are discussed below. 

 The price charged from internal users for their service requests depends upon the cost incurred by CPs for 

allocating resources to them, either from their local infrastructure or through outsourcing. Therefore, the 

pricing mechanisms used for these entities affect each other. The relationship and dependency between 

pricing mechanisms of internal users and CPs has not been considered in any of the studies. Moreover, pricing 

 Pricing mechanisms to charge CPs are discussed. But pricing mechanisms for resources allocated to users are 

not discussed. 

 A number of studies have proposed pricing mechanisms based on dynamic approach. Though market price 

of resources is reflected by dynamic pricing on the basis of value of some mutually agreed upon attributes 

i) Different attributes have some sort of uncertainty associated with their values. of at a particular time. 

This may result in usage of higher price to charge the outsourced resources causing problem for both 

ii) The unpredictable values of attributes make pricing in a multi-Cloud environment more difficult to 

handle due to the involvement of multiple CPs. For example, if workload is considered as an attribute 

for dynamic pricing, then dynamic price of a resource does not only depend on the workload of host CP 

but also on the workloads of other CPs of the Federation as the resources are borrowed from each other 

in case of shortage of resources. Therefore, in certain situations, high workload of even one outsourcing 

iii) The increased price may sometimes be so high that it may even cause financial loss to host CP as the 

cost of outsourced resources may be more than the revenue obtained from the internal users for them. To 

avoid this situation, the host CP may either reject the users request for resources or strategically transfer 

this cost to them i.e. the users may have to bear the extra cost in the form of some hidden charges. This 



iv) High cost may even force users to stop using services of a CP. 
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The limitations of dynamic pricing can be addressed through the establishment of complex SLA and FLA where 

rules regarding resource pricing can be defined in a flexible manner.   These rules must minimize the increase in 

price of resources due to the effect of different factors and must prevent overcharging beyond a certain limit. As 

Cloud Federation itself is a novel area for research, thus, establishing complex rules in SLA and FLA for pricing 

is difficult. Due to these issues, none of the mechanisms proposed in the literature is considered appropriate to 

charge collaborating CPs and internal users. 

4. Revenue Sharing Mechanisms in Cloud Federation 

As Cloud Federation is an emerging area of research, not much research work is performed yet in this area with 

respect to revenue sharing. In the literature, only few techniques are proposed for sharing of revenue.   Zant et al. 

have considered work performed as the basis for calculation of revenue. Discussion includes three methods for 

revenue sharing. Collaborating CPs in the Federation can freely access the resources of other CPs in the Federation 

without paying any amount. Revenue sharing mechanism is defined in FLA and the revenue generated is 

distributed based on it [36]. Toosi et al. have discussed that CPs participating in a Federation offer their resources 

at a price that is calculated dynamically based on the idling capacity of data center. For outsourced resources, 

revenue generated is shared based on this dynamic price [4]. Goiri et al. have proposed that the share of revenue 

of each participating CP is calculated based on a pricing factor α. Outsourcing CP offers its resources at a reduced 

price by applying factor α to its original price. It obtains revenue based on this reduced price [40].   Hassan et al. 

have modeled interaction among CPs using a coalition game theory. The revenue sharing mechanism proposed is 

energy-aware. A subset of CPs co-operate with each other to serve users’ request for VM instances, which results 

in profitable revenue.   The focus is to minimize energy consumption and maximize social welfare of CPs. Stability 

and fairness is ensured by the proposed mechanism. It aims to provide long term profit to CPs by generating fair 

and suitable revenue for them [34]. Li et al. have presented a double auction based mechanism where each CP 

bids for VMs for their effective acquisition and sale. Revenue is earned by CPs from two sources: service charges 

of its own users and amount obtained from sale of VMs. Equations to calculate revenue from both sources are 

given. The part of revenue obtained from users is fixed but income of CPs, generated from selling of VMs to other 

CPs, can be controlled by adjusting the sell-bids [35]. Sameera et al. have highlighted the requirement of 

appropriate mechanism of revenue sharing in the context of accounting and billing of resources in a Federation of 

Clouds [41]. 

A comparative review of the work done in the area of revenue sharing is given in Table 3 on the basis of 

mechanism proposed in each study, the Federation scenario in which mechanism is used, the type of outsourced 

VM and the method used for evaluation of proposed mechanism. 

Table 3. Revenue Sharing Mechanisms in Cloud Federation. 

Study 
Proposed Mechanism of Revenue 

Sharing 

Federation 

Type 

Type of VMs 

Outsourced 

Evaluation 

Method 

Zant et al. [36] Based on Proportional and Shapley 

value; and Outsourcing factor α, 

Peer to peer On-demand Numerical 

analysis 

Toosi et al. [4] Based on dynamic pricing Centralized On-demand Simulation 

Goiri et al. [40] Based on α pricing factor Peer to peer On-demand Simulation 

Hassan et al. [34] Broker’s strategically decided price 
based 

Centralized On-demand Simulation 

Li et al. [35] Double auction bid pricing based Centralized On-demand Theoretical 

Tang and Chen [42] Double auction bid pricing based Centralized On-demand Numerical 

analysis 

From the comparison performed, it is observed that on-demand VMs are considered in all the mechanisms 

proposed for revenue sharing. Different mechanisms for revenue sharing have been proposed for both peer to peer 

as well as centralized Federation scenario. They are based on usage of an outsourcing factor with the price of CP; 

dynamic pricing; price decided strategically by broker and pricing of double auction bid. The proposed 

mechanisms have been evaluated either through simulation or based on numerical analysis. Further, a brief 

description of all these mechanisms along with the problems associated with them is given in Table 4. 



• Using value α, collaborating CPs divide total 

revenue among them without considering the 

VMs contribution of each CP. 

• Outsourcing CPs may suffer loss if revenue 

obtained is not proportionate to the number of 

VMs contributed. 

• Host CPs suffer loss as maximum VMs are 

contributed by them but revenue is not 

proportionate to VMs contributed. 

• Each CP’s individual revenue share is included. 

• The number of VMs contributed and the origin 

of request is not taken into account. CP may 

choose to deny the request if revenue to be 

earned is not lucrative. 

Uniform VM price is multiplied with the 

number of VMs to calculate revenue of own 

and outsourced resources. Pricing factor α 
based VM price is multiplied with the number 

of VMs to calculate revenue of leased 

resources. Time for which VMs execute is 

also considered. 

• All CPs are considered to have same price. This 

is not feasible in real Cloud scenario. So, it must 

be decided whether α is applied to the price of 

outsourcing CP or insourcing CP. 

• Though the value of α is significant, on what 

basis this value is calculated is not given. 

• It is not applicable in all Federation scenarios. 

• CPs may tactically manipulate the bid prices for 

their own interests. 
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Table 4. Mechanisms of Revenue Sharing and Associated Problems. 

Mechanism Overview Problems 

Revenue 

sharing based 

on outsourcing 

factor α 

For pricing, each CP is associated with a fixed 

value outsourcing factor α. Participating CPs 

revenue is obtained using this value. 

Proportional 

revenue 

sharing 

Based on the work done, CPs earn revenue. In 

the proposed mechanism, it is equal to 

number of working hours. 

Shapley value 

based revenue 

sharing 

In this mechanism, players cooperate with 

each other for extra profit. It is based on 

coalitional game theory. Shapley equation is 

used to calculate Shapley value of players. 

• Coalitional game pre requisite is that it must be 

super-additive. This guarantees the stability of 

solution. 

Dynamic 

pricing based 

revenue 

sharing 

Uniform VM price is multiplied with the 

number of VMs to calculate revenue from 

own and outsourced resources. Dynamic VM 

price is multiplied with the number of VMs to 

calculate revenue from insourcing. Time of 

VMs execution is not taken into account. 

• If idle capacity is low, then CPs may incur loss 

due to dynamic pricing of resources. 

Pricing factor α 
based revenue 

sharing 

Broker’s 

tactically 

decided price 

based revenue 

sharing 

Based on theory of cooperative game, it is a 

resource and revenue sharing mechanism 

which is energy-aware. 

• The mechanism proposed is not suitable for 

applicability in in centralized or peer to peer 

Federation. 

• CPs consent is not involved in pricing of 

resources. 

Double auction 

bid pricing 

based revenue 

sharing 

Bid to buy and sell are presented by CP. Role 

of auctioneer is played by broker who collects 

all bids. Decision regarding successful buy 

and sell bids is based on execution of double 

auction. 

It is observed from Table 4 that various problems are associated with existing mechanisms of revenue sharing. 

The revenue share of collaborating CPs includes own resources revenue too. Contributed VMs are not considered. 

Dynamic pricing mechanism based on idle resource capacity of outsourcing CPs causes host CPs to pay higher 

price for outsourced resources and thus, obtain a smaller amount as revenue when lesser number of idle resources 

are available with outsourcing CPs. Prices of all the CPs are considered to be same while applying a reduction 

factor to them. All these factors result in financial loss to both host and outsourcing CPs. Keeping these problems 

in view, it may be concluded that none of the mechanisms proposed in the literature ensures genuine revenue 

share for all the collaborating CPs. The non-suitability of pricing and revenue sharing mechanisms available in 

the literature calls for the requirement to propose appropriate mechanisms that can address the problems of 

available mechanisms. 

5. Key Findings 

From the review of literature, it is observed that existing studies on pricing mechanisms emphasize mainly on the 

benefits of CPs. The proposed mechanisms are biased and aim to maximize the profits of CPs only. Users’ interest 
is not given due consideration. Moreover, the pricing mechanisms proposed are either theoretical or the 

verification is done through simulations only. Real scenario implementation is not done and therefore, they are 
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not yet used by commercial CPs. Pricing mechanism to charge end users, for the outsourced resources, is not 

discussed. Pricing method to charge peer CPs is also not discussed in any of the mechanisms. All the factors 

related to users’ and CPs’ benefits like fulfillment of SLA, transparency, fair billing, generation of genuine 
revenue and profit are not taken into account. 

Dynamic approach based pricing mechanisms are proposed in a number of studies. But this approach has 

limitations like uncertainty is associated with values of different attributes. Due to the unpredictable values of 

attributes, pricing in a multi-Cloud environment is more difficult to handle as multiple CPs are involved. In some 

situations, high workload of even one outsourcing CP may lead to unpredictable increase in the price of resources. 

The increased price sometimes causes monetary loss to host CP if the cost of outsourced resources is greater than 

the revenue obtained from the internal users for them. 

A number of problems are associated with mechanisms of revenue sharing too that are proposed in existing 

studies. The VMs contributed by individual CPs in Federation are not considered. Dynamic pricing mechanisms 

are proposed based on the idle resource capacity of outsourcing CPs. This causes host CPs to pay more price for 

outsourced resources and thus, revenue is reduced when lesser number of idle resources are available with 

outsourcing CPs. Price of VMs for all the CPs is assumed to be same for the application of reduction factor. All 

these aspects cause financial loss to both host and outsourcing CPs. Considering these problems, it may be deduced 

that the mechanisms proposed in the literature do not generate genuine share of revenue for all the collaborating 

CPs. The unavailability of suitable pricing and revenue sharing mechanisms in the literature generates the need to 

propose appropriate mechanisms for pricing that can address the problems of available mechanisms. 

6. Conclusion 

Apposite mechanisms of resource pricing persuade customers to use services of Cloud. Similarly, apposite 

mechanisms of revenue sharing encourage CPs to collaborate and contribute resources in Federation. Literature 

review has been performed in these areas to identify suitable mechanisms for pricing and revenue sharing. From 

a thorough study of the existing mechanisms, a number of limitations have been identified like high cost, 

establishment of complex SLAs, unpredictability of factors such as workload and capacity, due to which they are 

considered to be inapt for use. Keeping this in view, there is a need to propose pricing and revenue sharing 

mechanisms which can be satisfactorily used for billing of internal users and peer CPs; and for sharing of revenue 

among collaborating CPs generated from resources contributed in Federation. Such mechanisms must maximize 

revenues of CPs and provide Cloud services to customers at a reasonable price. 
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