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Abstract: As   an   effective   and   efficient   way   to   provide computing  resources  and  

services  to  customers  on  demand, cloud  computing  has  become  more  and  more  popular.  

From cloud service providers’ perspective, profit is one of the most important considerations, 

and  it  is  mainly  determined  by  the configuration of a cloud service platform under given 

market demand.   However,   a   single   long term   renting   scheme   is usually  adopted  to  

configure  a  cloud  platform,  which  cannot guarantee  the  service  quality  but  leads  to  

serious  resource waste.  In  this  paper,  a  double  resource  renting  scheme  is designed  firstly  

in  which  short term  renting  and  long term renting  are  combined  aiming  at  the  existing  

issues.  This double renting scheme can effectively guarantee the quality of service  of  all  

requests  and  reduce  the  resource  waste  greatly. Secondly, a  service  system  is  considered  

as  an  M/M/m+D queuing model  and the  performance indicators that  affect the profit  of  our  

double  renting  scheme  are  analyzed,  e.g.,  the average  charge,  the  ratio  of  requests  that  

need  temporary servers, and so  forth. Thirdly, a  profit  maximization problem is formulated for 

the double renting scheme and the optimized configuration  of  a  cloud  platform  is  obtained  

by  solving  the profit  maximization problem.  Finally, a series of calculations are  conducted  to  

compare  the  profit  of  our  proposed  scheme with  that  of  the  single  renting  scheme.  The  

results  show  that our  scheme  can  not  only  guarantee  the  service quality  of  all requests, but 

also obtain more profit than the latter 

Keywords: Cloud  Computing,  Guaranteed  Service  Quality, Multiserver System,  Profit  

Maximization,  Queuing  Model Service Level Agreement, Waiting Time 

I. INTRODUCTION AS an effective and efficient way to 

consolidate computing resources and  

computing services, clouding computing has  
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become more and more popular [1]. Cloud 

computing centralizes management of 

resources and services, and delivers hosted 

services over the Int ernet. The hardware,  

software, databases, information, and all 

resources are concentrated and provided to 

consumers on demand [2]. Cloud computing 

turns information technology into ordinary  

commodities and utilities by the the pay- 

per-use pricing model [3,4, 5]. In a cloud 

computing environment, there are always 

three tiers, i.e., infrastructure providers, 

services providers, and customers. An 

infrastructure provider maintains the basic 

hardware and software facilities. A service 

provider rents resources from the 

infrastructure providers and provides 

services to customers. A customer submits 

its request to a service provider and pays for 

it based on the amount and the quality of the 

provided service [6].In this paper, we aim at  

researching the multi server configuration of 

a service provider such that its profit is 

maximized. Like all business, the profit of a 

service provider in cloud computing is 

related to two parts, which are the cost and 

the revenue. For a service provider, the cost 

is the renting cost paid to the infrastructure  

providers plus the electricity cost caused by 

energy consumption, and the revenue is the 

service charge to customers. In general, a 

service provider rents a certain number of 

servers from the infrastructure providers and 

builds different multi server systems for dif- 

ferent application domains. Each multiserver 

system is to execute a special type of service 

requests and applications. Hence, the renting 

cost is proportional to the number of servers 

in a multiserver system [2]. Thepower 

consumption of a multiserver system is 

linearly proportional to the number of 

servers and the server utilization, and to the 

squareof execution speed [7, 8]. The revenue 

of a service provider is related to the amount 

of service and the quality of service. To 

summarize, the profit of a service provider is 

mainly determined by the configuration of 

its service platform To configure a cloud 

service platform, a service provider usually 

adopts a single renting scheme. That’s to 

say, the servers in the service system are all 

long-term rented. Because of the limited 

number of servers, some of the incoming 

service requests cannot be processed 

immediately. So they are first inserted into a 

queue until they can handled by any 

available server. However, the waiting time 

of the service requests cannot be too long. In 

order to satisfy quality- of-service 

requirements, the waiting time of each 
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incoming service request should be limited 

within a certain range, which is determined 

by a service-level agreement (SLA). If the 

quality of service is guaranteed, the service  

is fully charged, otherwise, the service 

provider serves the request for free as a 

penalty of low quality. To obtain higher 

revenue, a service provider should rent more  

servers from the infrastructure poviders or 

scale up the server execution speed to ensure 

that more service requests are processed 

with high service quality. However,doing 

this would lead to sharp increase of the 

renting cost or the electricity cost. Such 

increased cost may counterweight the gain 

from penalty reduction. In conclusion, the 

single renting scheme is not a good scheme 

for service providers. In this paper, we 

propose a novel renting scheme for service 

providers, which not only can satisfy quality 

-of-service requirements, but also can obtain 

more profit. Our contributions in this paper 

can be summarized as follows. 

•A novel double renting scheme is proposed 

for service providers. It combines long- 

term renting with short-term renting, which 

can not only satisfy quality-of service 

requirements under the varying system 

workload, but also reduce the resource waste  

greatly. 

•A multiserver system adopted in our paper 

is modeled as an M/M/m+D queuing model 

the performance indicators are analyzed 

such as the average service charge, the ratio 

of requests that need short term servers,  

and so forth 

•The optimal configuration problem of  

service providers for profit maximization is 

formulated and two kinds of optimal 

solutions, i.e., the ideal solutions and the 

actual solutions, are obtained respectively. 

•Aseries of comparisons are given to verify 

the performance of our scheme. The results 

show that the proposed Double-Quality-

Guaranteed (DQG) rent-ing scheme can 

achieve more profit than the compared 

Single-Quality-Unguaranteed (SQU) renting 

scheme in the premise of guaranteeing the 

service quality completely. 

II. RELATEDWORK 

In this section, we review recent works 

relevant to the profit of cloud service 

providers. Profit of service providers is 

related with many factors such as the price, 

the market demand, the system 

configuration, the customer satisfaction and 

so forth. Service providers naturally wish to 

Set higher price to get a higher profit 

margin; but doing so would decrease the 

customer satisfaction, which leads to a risk 
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of discouraging demand in the future. 

Hence, selecting a reasonable pricing 

strategy is important for service providers. 

The pricing strategies are divided into two 

categories, i.e., static pricing and dynamic 

pricing. Static pricing means that the price 

of a service request is fixed and known in 

advance, and it does not change with the 

conditions. With dynamic pricing a service 

provider delays the pricing decision  until 

after the customer demand is revealed, so 

that the service  provider can adjust prices 

accordingly[9]. Static pricing is the  

dominant strategy which is widely used in 

real world and in research [2, 10, 11]. 

Ghamkhari et al. [11] adopted a flat rate  

pricing strategy and set a fixed price for all 

requests, but Odlyzko  in [12] argued that 

the predominant flat rate pricing encourages 

waste and is incompatible with service  

differentiation .Another kind of static 

pricing strategies are usage -based pricing. 

For example, the priceof a service request is  

Proportional to the service time and task 

execution requirement (measured by the 

number of instructions to be executed) in 

[10] and [2], respectively. Usage-based 

pricing reveals that one can use resources 

more efficiently [13,14].Dynamic pricing 

emerges as an attractive alternative to better 

cope with unpredictable customer demand 

[15]. Used a genetic algorithm to iteratively 

optimize the pricing policy.  

Amazon EC2 has introduced a ”spot 

pricing” feature, where the spot price for a 

virtual instance is dynamically updated to 

match supply and demand. However, 

consumers dislike prices to change, 

especially if they perceive the changes to 

be”unfair”. After comparison, we select the 

usage- based pricing strategy in this paper 

since it agrees with the concept of cloud 

computing mostly.  

THE MODELS 

In this section, we first describe the three 

-tier cloud computing structure. Then, we 

introduce the related models used in this 

paper, including a multiserver system 

model, a revenue model, and a cost model. 

A. A Cloud System Model 

The cloud structure  consists of three typical  

parties, i.e., infrastructure providers, service 

providers and customers. This three-tier 

structure is used commonly in existing 

literatures [2, 6, 10].In the three-tier 

structure, an infrastructure provider the basic 

hardware and software facilities.A service 

provider rents resources from infrastructure 

providers and prepares a set of services in 

the form of virtual machine (VM). 
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Infrastructure providers provide two kinds 

of resource renting schemes, e.g., long-term 

renting and short-term renting. In general, 

the rental price of long-term renting is much 

cheaper than that of short-term renting. A 

customer submits aservice request to a 

service provider which delivers services on 

demand. The customer receives the desired 

result from the service provider with certain 

service-level agreement, and pays for the 

service based on the amount of the service 

and the service quality.  

A Multiserver Model 

In this paper, we consider the cloud service 

platform as a multiserver system with a 

service request queue. The clouds provide 

resources for jobs in the form of virtual 

machine (VM). In addition, the users submit 

their jobs to the cloud in which a job 

queuing system such as SGE, PBS, or 

Condor is used. All jobs are scheduled by 

the job scheduler and assigned to different 

VMs in a centralized way. Hence, we can 

consider it as a service request queue. For  

example, Condor is a specialized workload 

management system for compute intensive 

jobs and it provides a job queuing 

mechanism, scheduling policy, priority 

scheme, resource monitoring, and resource 

management. Users submit their jobs to 

Condor, and Condor places them into a 

queue, chooses when and where to run them 

based upon a policy. Hence, it is reasonable 

to abstract a cloud service platform as a 

multiserver model with a service request 

queue, and the model is widely adopted in 

existing literature [2, 11]. 

Revenue Modeling 

The revenue model is determined by the 

pricing strategy and the server-level 

agreement (SLA). In this paper, the usage- 

based pricing strategy is adopted, since 

cloud computing provides services to 

customers and charges them on demand. T 

he SLA is a negotiation between service 

providers and customers on the service 

quality and the price. Because of the limited 

servers, the service requests that cannot be 

handled immediately after entering the 

system must wait in the queue until any 

server is available. However, to satisfy the 

quality of -service requirements, the waiting 

time of each service request should be 

limited within a certain range which is 

determined by the SLA. The SLA is widely  

used by many types of businesses, and it 

adopts a price compensation mechanism to 

guarantee service quality and customer 

satisfaction. For example, China Post gives a  
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service time commitment for domestic 

express mails. It promises that if a domestic 

express mail does not arrive within a 

deadline, the mailingcharge will be 

refunded. The SLA is also adopted by many 

real world cloud service providers such as 

Rackspace, Joyent, Microsoft Azure, and so  

on. Taking Joyent as an example, the 

customers order Smart Machines, Smart 

Appliances, and/or Virtual Machines from  

Joyent, and if the availability of a 

customer’s services is less than 100%, 

Joyent will credit the customer 5% of the 

monthly fee for each 30 minutes of 

downtime up to 100% of the customer’s 

monthly fee for the affected server. The only  

difference is that its performance metric is 

availability and ours is waiting time. 

CONCLUSIONS 

In order to guarantee the quality of service 

requests and maximize the profit of service 

providers, this paper has proposed a novel 

Double-Quality-Guaranteed (DQG) renting  

scheme for service providers. This scheme 

combines short-term renting with long- 

term renting, which can reduce the resource 

waste greatly and adapt to the dynamical 

demand of computing capacity. An 

M/M/m+D queueing model is build for our 

multiserver system with varying system size. 

And then, an optimal configuration problem 

of profit maximization is formulated in 

which many factors are taken into 

considerations, such as the market demand, 

the workload of requests, the server-level 

agreement, the rental cost of servers, the 

cost of energy consumption, and so forth. 

The optimal solutions are solved for two 

different situations, which are the ideal 

optimal solutions and the actual optimal  

solutions. In addition, a series of 

calculations are conducted to compare the 

profit obtained by the DQG renting scheme 

with theSingle-Quality-Unguaranteed (SQU) 

renting scheme. The results show that our 

scheme outperforms the SQU scheme in 

terms of both of service quality and profit. 
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