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ABSTRACT: The ability to deliver Quality of Service is essential for the commercial success of cloud 
computing problems. This paper presents a model based on queuing theory to study the comparative 
study in cloud computing. We use queueing theory to reduce waiting time in cloud computing. The 
analysis can be performed according to different models like M/M/C and Erlang models. In these models 
we use triangular fuzzy numbers, trapezoidal fuzzy numbers and pentagonal fuzzy numbers as the arrival 
rate of customer services and the number and service rate of processing servers due to uncertainty. 
Defuzzification is done using graded mean integration method. Detailed results for the model are 
presented. The results obtained confirm the usefulness of the model presented for designing real cloud 
computing systems. 
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Queuing theory is a collection of mathematical models of various queuing systems. Queues or waiting 
lines arise when demand for a service facility i.e. the customers do not get service immediately upon 
request but must wait or the service facilities stand idle and waiting for customers.  
 
Cloud computing is the development of parallel computing, distributed computing and grid computing 
or it is the commercial implementation of these computer science concepts. Cloud computing describe 
all levels of service set from the hardware to the application and each level corresponds to a collection of 
service, which including infrastructure as a service (IaaS), Platform as a Service (PaaS), and Software as a 
service (SaaS). From the technical architecture perspective, cloud computing is a fundamental framework 
of methodology.  
 
 
1. Introduction 

1.1: Queueing Theory: A queuing system consists of one or more servers that provide service of some sort 
to arriving customers. Customers who arrive to find all servers busy generally join one or more queues in 
front of the servers, hence the name queuing systems. There are several everyday examples that can be 
described as queuing systems, such as bank teller service, computer systems, manufacturing systems, 
maintenance systems, communications systems and so on. 
 
1.2: The Arrival Process: 

· The Source Size: The source size denotes the total number of arriving populations. If the population 
is infinite, we can assume that the number of present population won’t affect the arrival process. And 
if the population is finite, the number of population will affect the arrival process. 

 

· Pattern of Arriving Populations: Cloud customers may arrive for getting service at a queuing system 
either in regular basis or randomly. 

 

· Behavior of Arrival: Arriving customers may behave in a different way when the all the servers are 
busy or waiting room is full due to limited waiting queue. 
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1.3: The Service Process: 

· Distribution Pattern of Service Time: Service time is the time period from the start of service to the 
end of service. Erlang and exponential distributions are the most appropriate one. 

 

· Capacity of The System: This refers to the system capacity that means the ability to accommodate 
the maximum number of users in the system. 

 

· The Number of Servers: If the number of server is one, then service is provided using batch 
processing and if the there are multiple servers, service is provided using either parallel system or 
sequential system. 

 
1.4:  Cloud Computing Models: Cloud Provides offer services that can be grouped into three categories. 
1. Software as a Service (SaaS): A complete application is offered to the customer, as a service on 
demand. A single instance of the service runs on the cloud & multiple end users are serviced. On the 
customers’ side, there is no need for upfront investment in servers or software licenses, while for the 
provider, the costs are lowered, since only a single application needs to be hosted & maintained. Today 
SaaS is offered by companies such as Google, Salesforce, Microsoft, Zoho, etc. 
 
2. Platform as a Service (PaaS): A layer of software or development environment is encapsulated & 
offered as a service, upon which other higher levels of service can be built. The customer has the freedom 
to build his own applications, which run on the provider’s infrastructure.  To meet manageability and 
scalability a requirement of the applications, PaaS provides offer a predefined combination of OS and 
application servers, such as LAMP platform (Linux, Apache, MySql and PHP), restricted J2EE, Ruby etc. 
Google’s App Engine, Force.com, etc are some of the popular PaaS examples. 
 
3. Infrastructure as a Service (IaaS): IaaS provides basic storage and computing capabilities as 
standardized services over the network. Servers, storage systems, networking equipment, data centre 
space etc. are pooled and made available to handle workloads. The customer worlds typically deploy his 
own software on the infrastructure. Some common examples are Amazon, GoGrid, 3 Tera, etc. 
 
1.5: Erlang’s Method in Context of Queueing Models: Erlang’s method consists in considering the 
service as consisting of C phases, each phase taking an average time  whereas the average service 
time is   . it is assumed that the actual time taken in each phase of the service is in accordance of 
exponential distribution. For different values of C we get different distribution but the mean service time 
remains the same.  

Average time an arrival spends in the system is  

 
2. Fuzzy Logic:  Fuzzy Logic is best definition as form of mathematical logic in which truth can assume a 
continuum of values between 0 and 1. The notation that every proposition must be either true or false is 
known as bivalent logic. The central idea of fuzzy logic is that every proposition, in addition of being true 
or false, can also be partially false. Furthermore, fuzzy logic allows a given proposition to be partially true 
and partially false at the same time. It is a system of expressing partial truth mathematically. 
 
2.1: Definition: (Fuzzy Set): If X is a collection of objects denoted generically by x then a fuzzy set A in 

X which is a set of ordered pairs;  is called the membership function or grade of 

membership of x in A which maps X to be membership space M. 
 
2.2: Definition: (Fuzzy Number): A fuzzy subset A of the real line R with membership function 

 is called a fuzzy number if 
(i) A normal, that is there exists an element a  such that  
(ii) A is fuzzy convex, that is  
(iii)  is upper semi continuous and 
(iv) Supp A is bounded where supp A = {x }  
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2.3: Types of Fuzzy Numbers: 

2.3.1: Triangular Fuzzy Number: A triangular fuzzy number  is denoted by 3-tuples  where 
 and  are real numbers and  with membership function defined as  

 

 

2.3.2: Trapezoidal Fuzzy Number: A trapezoidal fuzzy number is denoted by 4-tuples , 
where  are real numbers and  wit membership function defined as  

 

 

2.3.3: Pentagonal Fuzzy Number: A Pentagonal Fuzzy number of a fuzzy set  is defined as 
 and its membership is given by 

 

 
3. Defuzzification 

3.1: Defuzzification for Triangular Fuzzy Number: Suppose  is a given triangular fuzzy 
number. Then the defuzzification of the fuzzy number by graded mean integration method is  

 . 

 

3.2: Defuzzification of Trapezoidal Fuzzy Number: Suppose  is a given trapezoidal fuzzy 
number. Then the defuzzification of the fuzzy number by graded mean integration method is  

  

 
3.3: Defuzzification of Pentagonal Fuzzy Number: Suppose  is a given pentagonal 
fuzzy number. Then the defuzzification of the fuzzy number by graded mean integration method is  

 

 
4. Numerical Example:  In M/M/C model 
 n = number of server, = Arrival rate, = Service rate 
 
 
M/M/C –MODEL: 
(i) Average Queue Length 
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Where  

(ii) Average Waiting Time An Arrival Spends In The System 

 

Erlangian C Model: 
Average Time an Arrival Spends in the System: 

 

Considering the following set of   and for three types of fuzzy numbers  
 
Triangular Fuzzy Number: 
  ,  
 
Trapezoidal Fuzzy Number: 
 ,  
 
Pentagonal Fuzzy Number: 

,  
We have the following results shown in the tables 

 
(1) M/M/C Model: 

 VALUES OF C  E(m) E(v) 

TRIANGULAR 

FUZZY NUMBER 

 

 

C = 1 0.66 0.1721 0.0127 

C = 2 0.71 0.0099 0.0086 

C = 3 0.71 0.00065 0.0084 

TRAPEZOIDAL 

FUZZY NUMBER 

 

 

C = 1 0.6167 0.2375 0.0133 

C = 2 0.6784 0.0146 0.0085 

C = 3 0.6537 0.0010 0.0082 

PENTAGONAL 

FUZZY NUMBER 

 

 

C = 1 0.5829 0.298 0.0074 

C = 2 0.6549 0.0189 0.0045 

C = 3 0.6588 0.0015 0.0043 
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(2) Erlangian – C- Model 

 

 

 

 

 

 

 

 

Triangular Fuzzy 

Number 

 

 

0.0127 0.0116 0.0112 

Trapezoidal Fuzzy 

Number 

 

 

0.0133 0.0120 0.0116 

Pentagonal Fuzzy 

Number 

 

 

0.0074 0.0066 0.0063 

 
5. Conclusion: Different types of services are given to the customers as they enter the cloud computing 
environment. As the need of reducing the waiting time is essential in the cloud computing, to improve 
the quality of service we queueing theory. Since the arrival rate and service time are uncertain we use 
triangular, trapezoidal and pentagonal fuzzy numbers and evaluate the waiting time. After defuzzification 
we see that Erlang model gives better result when the numbers of servers are increased than the M/M/C 
model. 
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