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Abstract
Cloud computing is a promising trend in the modern technology era, which provides 
a means of acquiring computing services. Cloud computing assure to cut operational 
and capital costs. More importantly, let IT departments focus on strategic projects 
instead of keeping a datacenter model. The cloud allows customers to use only the 
applications and hardware capacity they need, without paying for idle computing 
resources. Resource management is a core function required for any man-made 
system. It affects the three basic criteria for system evaluation: performance, 
functionality and cost. Inefficient resource management has a direct negative effect 
on performance and cost. The cloud providers, who provide the resources, are 
focused only on increasing their revenues. They do not care about the customer’s 
benefit. Hence task scheduling is a challenging task due to the selfishness of the 
cloud providers. To address this scheduling problem in commercial multi-cloud 
environment using reverse auctions, we introduce a new pricing model and 
truthful mechanism for executing single task.  To minimize the monetary cost and 
completion time, Bio-objective scheduling strategy is used to find the best resources 
for executing a task. The payment mode is made as a public. The monetary cost and 
execution time of the task is more concentrated in the proposed system. 

Keywords: Multi-Cloud computing, Reverse auction, Multi-objective  scheduling, VCG 
payment mode

Introduction 
 A cloud is a type of parallel and distributed system a collection 
of interconnected and virtualized computer that are dynamically 
provisioned and presented as one or more unified computing resources 
based on service level agreements established through negotiation 
between the service providers and consumers. In this information 
technology oriented growing market of businesses and organizations, 
cloud computing is an emerging and attractive alternative to satisfy 
their day by day increasing needs. It provides virtual resources that 
are dynamically scalable. It describes virtualized resources, software, 
platforms, applications, computations and storage to be scalable and 
provided to users instantly on payment for only what they use. Cloud 
ecosystem comprises of three main entities: Cloud consumers, cloud 
service providers, and cloud services. Cloud consumers consume 
cloud services provided by the cloud service provider. These services 
may be hosted on the service provider’s own infrastructure or on the 
third party cloud infrastructure providers
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Service Models
 Cloud computing services are deployed in terms of business models can differ depending on 
requirements. The primary service models being deployed are commonly known as:
A. Software as a Service (SaaS)- Consumers purchase the ability to access and use an application 
or service that is hosted in the cloud, where relevant information for the interaction between the 
consumer and the service is hosted as part of the service in the cloud.
B.Platform as a Service (PaaS)- Consumers purchase access to the platforms, enabling them to 
deploy their software and applications in the cloud. The operating systems and network access are 
not managed by the consumer.
C.Infrastructure as a Service (IaaS)- Consumers control and manage the systems in terms of the 
operating systems, applications, storage, and network connectivity, but they do not control the 
cloud infrastructure[1].

Deployment Models
 Deploying cloud computing can differ depending on requirements, and the four deployment 
models are of
A.Private Cloud - The cloud infrastructure has been deployed, and is maintained and operated for 
a specific organization. 
B.Community Cloud - The cloud infrastructure is shared among a number of organizations with 
similar interests and requirements. 
C.Public Cloud - The cloud infrastructure is available to the public on a commercial basis by a 
cloud service provider.
D.Hybrid Cloud - The cloud infrastructure consists of a number of clouds of any type, but the 
clouds have the ability through their interfaces to allow data and/or applications to be moved from 
one cloud to another. This can be a combination of private and public clouds [1].
  
Task Scheduling 
 Task scheduling becomes more complex because of the transparent and dynamic flexibility 
of cloud computing system, and the different needs for recourses of different applications. Task 
scheduling strategies only focus on equity or efficiency will increase the cost of time, space, 
throughput and improve the quality of service of the entire cloud computing at the same time. The 
status information is usually provided by the cloud providers on the cloud Information Service 
(CIS) which is accessible to the schedulers. Now a day the number of cloud providers is increasing 
rapidly. The providers focused only on increasing their  revenue and they do not care about the user 
utility and other providers. So we cannot rely on the information provided by the cloud providers. 
The commercial multi-cloud environment consisting of a set of selfish cloud providers with private 
information about their resources, application schedulers should act carefully and not trust the 
information submitted by providers about the status of their resources, as there is always the 
possibility of misrepresenting private information.
 Game theory is the study of decision-making where several players must make choices that 
potentially affect the interests of the other players. Reverse game theory or algorithmic mechanism 
design is a subfield of game theory dealing with multiple selfish agents. In an abstract view, 
algorithmic mechanism design is the intersection between game theory and computer science.
 All agents know the mechanism rules. Each agent has a privately known function called type 
which is unknown for the mechanism and to other agents.  Usually, all agents take part in the 
game using their private information. Each agent has a benefit or loss depending on the outcome 
of the mechanism called valuation. The mechanism designer targets the minimization of the social 
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cost of the game; the major challenge appears when the goals of agents are conflict with it. The 
mechanisms force the self-interested agents to tell the truth are called Truthful mechanisms. The 
payment mechanisms, motivates the agents to tell the truth about their private information.
 The workflow scheduling has been emerged as programming paradigm for the distributed 
computing infrastructures such as computational Grids and Clouds. The main issue addressed in 
this paper is scheduling of workflows in a commercial multi-Cloud environment. The problem of 
dynamic scheduling in commercial multi-Cloud environment using algorithmic design is being 
addressed. Each resource is imagined as a selfish agent having some private information’s within 
them and it can be misrepresented to earn more revenue.
 The challenge is to propose an efficient scheduling mechanism with low completion time 
(makespan) and monetary cost. The previous work addressed the scheduling problem [2] in a 
commercial multi-Cloud environment using reverse auction, a new truthful mechanism for 
scheduling a single task on the set of resources was proposed. The another proposed mechanism to 
dynamically schedule workflow applications is to develop an auction-based scheduling mechanism 
for the commercial multi-Cloud environment is of five types.
1. It deals with the non-cooperation nature of scheduling game in multi-Cloud environment. 
2. It harnesses the selfish behavior of Cloud providers. 
3. This mechanism needs a small amount of public knowledge while each Cloud provider has 

a large amount of private information. 
4. The mechanism has Nash equilibrium. 
5. The approach is dynamic and easy to implement. 
 To analyze the truthfulness of the mechanism and the time and communication complexities, the 
proposed mechanism is evaluated by comparing it with two classical multi-objective evolutionary 
algorithms (MOEAs)[2].

Techniques
 The related work with its techniques is described in four main areas: Multi-Cloud computing, 
Auction-based truthful scheduling mechanisms in distributed systems, Multi-objective workflow 
scheduling, Bio-objective Scheduling Strategy.
A. Multi-Cloud computing
 In multi-cloud computing, the concept of sky computing been emerged for building a virtual site 
distributed on several Clouds. The multi-Cloud computing environment is analyzed based on its 
architectural elements and challenges. In this computing (see fig.1), the Cloud brokers are used for 
splitting the user requests to multiple service providers with the intension of decreasing the cost for 
users [3].

 Fig.1 Multi-Cloud Architecture
     The user request resources to the cloud service providers like Google, Amazon, and Go Grid 
etc..The Cloud Information Service (CIS) stores all the user details and their queries. The Brokers 
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can directly access the Cloud Information Service (CIS) to know the information about the 
resources.  The Broker layer is used to identify the selfish behavior of the cloud provider and they 
give preference to the providers who pays with low cost and their task is scheduled completed at 
demanded time.
B. Auction-based scheduling
 Market-based scheduling of resources in distributed systems is a well-studied research.S everal 
economical models like commodities market and auctions have been proposed for distributed 
systems. Also, several auction mechanisms for distributed resources in competing the selfish tasks 
been analyzed hierarchical non-cooperative game model for Grids is proposed, in which users are 
selfish agents. A well known Vickrey-Clarke-Groves (VCG) mechanism for distributed systems is 
proposed for static load balancing. The problem of load balancing in Grid systems is that it spreads 
the load on each computing node. Load balancing minimizes the average completion time of tasks. 
But this mechanism cares only about its outcome. And the payments are used to enforce agents tell 
the truth. The dynamic market-based model for resource allocation in Grids has been introduced 
[4].
     The bidding algorithm is proposed in which users look for required resources by updating their 
bids. The main impact of antisocial agents might lose on the other agents who participate in task 
scheduling mechanism on some related machines. The antisocial agents know the bid value of the 
winner which is against the assumption of presence of private information. A truthful mechanism 
is proposed for single dimension domain with (1 + ε)-factor for time is guaranteed as an optimum 
solution [5].
     The continuous double auction mechanism for scheduling tasks in Grids is proposed and the 
scheduling problem with respect to time and cost is analyzed [6].
     A market-based Continuous Double Auction model uses an instantiation protocol between the 
scheduler and resource manager. Also a market-based resource allocation model for batch jobs in 
Cloud computing clusters been proposed. The problem of this model focuses on mainly the social 
cost. It is the sum of the values gained by the allocated users [7].
C. Multi-objective workflow scheduling
 The multi-objective workflow scheduling is an NP-hard problem, and most of the scheduling 
workflows use heuristics to cover the complexity. The HEFT algorithm (Heterogeneous Earliest 
Finish Time) addresses a single objective called the makespan.
 The existing approaches of multi-objective workflow scheduling has only single objective 
optimization problem and effectively used such methods like bounded objective optimization, 
lexicographical method, scalarization, and goal programming.
 The proposed target to optimize makespan and cost is much concentrated. A budget constraint 
uses a two-phase optimization process by first optimizing makespan in LOSS and budget in GAIN 
and then rescheduling it to find a solution that satisfies the budget constraint [8].
 The implementation of each scheduling algorithm attempts to find a set of Pareto-optimal 
solutions. But in Genetic algorithms, it has high time complexity. So the problem here is that 
selection of most adequate solution from the Pareto set. For this, multi-objective list scheduling 
workflow approach been proposed and it is analyzed for four objectives: Makespan, Cost, Reliability 
and Energy [9].
 The market-oriented scheduling policies been proposed for scheduling a set of independent 
tasks in hybrid Clouds. Its main goal is to satisfy an application deadline by extending the 
local computational capacity with Cloud resources. The above-mentioned workflow scheduling 
algorithms are only static approaches. They are not concerned with the dynamic load of resources 
in a real environment.
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 All scheduling approaches assumes that the resource information are correctly provided by 
the cloud providers, but it is doubtful in commercial multi-cloud environment. The proposed 
algorithms which are designed for utility Grids are not straightly useable in Clouds. The main 
problem involved here is the multiple Clouds. Apart from the related work, the research in this 
paper[9]is to propose a truthful mechanism for dynamic workflow scheduling in a commercial 
multi-Cloud environment in presence of selfish providers. And the proposed mechanism produces 
a Pareto Optimal solution and its efficiency is proved theoretically and practically.
D. Calculating Payment
 The current cloud providers usually charge users based on a pay-as-you-go pricing model. This 
algorithm uses the multi-provider Cloud model and the two objectives: makespan and monetary 
cost. A new pricing model and truthful scheduling mechanism to find the “best” resource for 
executing a task, bi-objective scheduling strategy (BOSS) is implemented in the brokerage layer.  
The most famous result in this mechanism is the VCG, i.e., sum of the valuations of the agents[10].
 In BOSS, each task i start an auction to choose a proper resource for its execution. The task 
announces its workload to the resources, the dependencies with other tasks, and the required input 
and output. Each resource j bids by the strategy si,j = (ti,j, ci,j), which is a combination of its time 
ti,j and cost ci,j . The strategy si,j means that the resource j attempts to complete the task i until the 
time ti,j with the cost of ci, j. Each resource is allowed to bid by more than one strategy in every 
auction. 
 The issues arised in BOSS algorithm is to calculate the real completion time of a task, the 
resource must consider a number of internal details such as the virtual machine startup overhead, 
latency delay, current load, computing power, availability, ready time, communication bandwidth, 
task workload, and so on. Also, each provider externally performs these calculations. 

                                    

System Architecture
 A new pricing model and truthful scheduling mechanism to find the “best” resource for executing 
a task, Bio-objective Scheduling Strategy (BOSS) is introduced. In the proposed system, task re-
scheduling is done when the task is not completed within the time. Execution time of the task 
and cost is more concentrated in the proposed system. Then adapt the proposed mechanism to 
dynamically schedule multiple tasks on a set of resources using multiple servers in a commercial 
muti-cloud environment. The advantage is that each provider performs calculations such as real 
completion time of a task. Task workload internally and the real cost of executing a task on a 
resource is again internally calculated by the provider. In proposed system, assume that the payment 
details of all the cloud providers are private. Using VCG payment method, the premium cost of the 
cloud provider is calculated.

  Fig 2 system architecture
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Proposed Modules
 This system is done for cloud service processing to provide secure scheduling to the user issued 
tasks. The number of tasks which is given by user to the service provider. To provide the tasks to 
service provider, broker layers are used. The tasks are ranked and scheduled and assign the task to 
each resource and compute the tasks and the payment will be paid based on the time and cost of the 
resource. Later tasks are computed and rescheduling is done when more tasks are assigned to one 
particular resource.
A. Users & resources module
 The user is sending the multiple tasks to service provider through any web application. Task 
will be of any job computation, download or upload the files, etc. The cloud server resource’s 
information is stored in the cloud service information layer. 

       Fig 3. Users and resources information

B. Task Rank Module
 The users send the multiple tasks to cloud service provider. Before completing the tasks, first, 
they are ranked based on their cost. Then, these tasks are sorted in descending order based on their 
ranking.

 Fig 4. Task Rank
C. Winner allocation module
 The tasks are assigned to winner, i.e., cloud resource from the tasks list. Then, these tasks are 
loaded into particular resource. Next, the resources are used to compute the tasks.
 

Fig 5.  Winner allocation
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D. Payment module
 In this module, user will measure the payment of each resource and pay the amount to the 
resources. The payment will be calculated using difference between time and cost of the allocated 
resource. Next, calculate the utility of each resource using difference between the payment of the 
resources and real cost of the resources. If resource is assigned to one task, at same time if arrives 
another task, it is assigned to another resource without disturbing the previous one.

Fig 6 Payment module

Conclusion
 In this paper, a new pricing model and truthful mechanism for dynamic scheduling of multiple 
tasks using multiple servers in commercial multi-Cloud environment is proposed. The mechanism 
for scheduling of scientific workflows with respect to optimization of two objectives, makespan 
and monetary cost, and to prove the truthfulness of the mechanism efficiently. And also provide 
the payment details of cloud providers as public knowledge, but the existing mechanism does 
deal only as private. I n proposed system when the task is not completed within the time; the 
existing mechanism does not deal with workflow rescheduling. Later the rescheduling process will 
be assigned.
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