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Abstract 

    By expanding bank services and increment in access requests for information resources, web servers 

perform weak about response time. So it is necessary to use simulation and mathematical models in order to 

analyzing complicated systems, optimizing and managing web server systems. 

In this paper, services which are offered through internet are introduced and analyzed as a queue. Web 
servers are one of the main and effective parts in quality of internet services. Therefore, the operation of web 

servers is analyzed and optimized by concept of queue and simulation. One of the significant points in this 

paper is analyzing a problem taken from real world in internet field and also performing a new analysis from 
user’s requests in web servers. The main purpose in this paper is to persuade users and answering theme as 

soon as possible. In this paper, after introducing the problem’s structure, simulation and queue concept are 

used for analyzing, optimizing and managing web servers. Finally, a summery from results of simulation’s 

calculation is declared. 
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1. Introduction 
Today, with the development of information technology and offering Internet services, network 
management issues and providing optimal service quality are considered as important issues. In addition, 
the Internet is a global network that millions of people throughout the world exchange of information via it, 
and this in turn will impact on web traffic and demand. Therefore, one of the most important issues in this 
area is providing quality service required for users, and appropriate performance in this field. Criteria for 
performance evaluation in this regard include the response time (waiting time in system), the efficiency of 
Web servers, the percentage of failed login of users and so on. 
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On the other hand, one of the most important and effective factors in profitable business is using 
information and communication technology tools, which leads the organizations to make some competitive 
advantage by creating web pages and providing electronic services. Thus, for the benefits of electronic 
services, the provider companies are required to provide a good level of service. Accordingly, one of the 
important topics in the field of electronic services is electronic service quality that today many studies are 
being conducted around [1]. 
Quality concept has different meanings according to the field it will be applied. Therefore, from the 
manufacturer perspective, it means the ability of products in terms of function, and from the customer 
perspective, it means to satisfy the demands of the customer. Electronic service quality has different 
dimensions such as accountability, user satisfaction, efficiency, innovation, security and support, and 
achievement and content quality [3]. In this paper, we focus on the dimensions of accountability and user 
satisfaction. 
So to achieve this goal, we will seek solutions that improve the performance of server systems in order to 
reduce response time and increase user satisfaction. In general, these solutions are divided into software 
and hardware groups. The software solutions to improve the quality of Internet services include routing and 
scheduling algorithms in the allocation of the input stream to the web servers and load balancing in them, 
their expiration deadline, and so on, while the hardware solutions encompass adding a web server or its 
promotion, increased bandwidth, infrastructure design and network topology. 
The purpose of this paper is to use software solutions, simulations and mathematical models for 
performance analysis of web servers in the scope of network management and optimization. To do so, we 
will determine the average waiting time for users in the system through queue concepts, and identifying the 
involved factors in this regard. 
Then, after reviewing the literature, model structure and hypotheses of the web server will be discussed, 
then in Section 4, simulation model and verification of model by the existing queuing models will be 
explained, and finally, in Section 5, computational results will be presented. 

1. Literature Review 

In order to increase efficiency and improve system performance, there are many solutions in this respect 
which lead to reduced response time and increased user satisfaction. 
In summary, previous research studies discussed in this regard can be divided into system simulation and 
comparison of scheduling algorithms ([4]-[6]), the quality of electronic services [7], analyzing and optimizing 
server model with queuing models ([8], [9]) and cancellation of the entry and service [10].  
Kingman (1961), Koenigsberg (1966), Flatto (1977) and Halfin (1985) studied a model with implementation 
of queue models in two servers in parallel with unlimited capacity ([11]-[14]). Zheng and Zipkin (1990) 
analyzed timing model with two parallel queues with unlimited capacity in a web server [15]. 
On the other hand, on the Web servers, usually there is a limit in the capacity of queue. Considering these 
hypotheses, the results of the investigation can not be directly applied in this field. Down and Lewis (2006) 
have considered parallel queues, with the aim of minimizing the average cost and by delegation to users in 
transferring the users in the queues [16].  
Another important issue in this field is the phenomenon of cancellation of entry and service by users that 
has a variety of conditions. One of the first things in cancellation of service was introduced by Barrer (1957) 
[17]. He considered definite cancellation in the single service provider model by Markov entry and service 
rate while the customers were selected for offering service randomly. Other attempts in modeling of 
cancellation of service are conducted by Baccelli (1984), Artalejo (1995), El-Paoumy (2009) and Choudhury 
(2009) [18]. 
 Also, the first research on cancellation of entry was performed by Haight (1957). He introduced a logic on 
the behavior of the person cancellation of the cancellation of entry. This may result in understanding of the 
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importance of not joining to the certain queue length, or indifference to joining the queue with non-zero 
length. Furthermore, both cancellation of entry and service are discussed in the articles by people like 
Haghighe (1986), Zheng (2005), Paoumy (2008), Sherbiny (2008), has been presented [19]. 
 
2. Defining the problem 

In this paper, we have considered a queue system in which unlimited amount of the user’s resourse to a 
website with different requests, and give their requests in the form of a certain number of requests to the 
system. Then, each user as soon as login, sends his/her request to the Web server a random interval, and 
will remain in the system until receiving the response to all requests from the web server, and in this 
situation, between two consecutive requests from a single user, other requests from other users will be 
placed in the queue of the Web server. 
In this model, we define the system with a Web server (service provider) with system limited capacity for 
users. Thus, the user requests will be placed in the queue of web server requests in order, and will leave the 
queue with the FIFO order. 
 
3.1. Hypotheses of the Model 
 
In this model, the simulation model inputs (such as inter-arrival time, service providing time) are modeled as 
random variables with exponentially distribution. Also, by sending the user request we mean entering any 
request by the user which is confirmed by the Enter key. 
In this research, a user requests are assumed independently and with the same distribution function of 
service. 
 
3.2. Parameters of Model 
      
In order to determine the model, notation and decision variables are defined as below: 
λ: rate of users refers to the system; 

�̅�: rate of effective logins of the users to the system; 

�́� : rate of requests users entry in to the system; 
μ: rate of service requests; 
P (i = K): the percentage of failed login of user; 
P (B): percentage of being busy of the Web Server; 
K: system capacity restriction for the number of users; 
L: the average number of users in the system; 
W: the average user waiting time in the system; 
L_re: average number of requests in the system; 
W_re: average waiting time for requests in the system; 
LQ_re: average number of requests in the queue; 
WQ_re: average waiting time for requests in the queue;  
r: is a numerical constant and equal to the number of requests of a single user. 
 
Given the conditions and laws governing the Web pages, the question would have different modes, which 
we will discuss in the following. 
Mode 1: After the web server processes every request of the user, and gives the response, the next request 

of the given user with the rate of �́�  would be placed in the queue of web server. This mode is used in 
registration websites and so on in which the phases are designed step by step. 
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Mode 2: After the web server processes the first request of the user, and gives the response, the next 

request of the given user with the rate of �́�  would be placed in the queue of web server. This mode is used 
in entering the user name, and then sending other requests of the user. 
Mode 3: it is the same as the mode 2, except in that the user would not wait to receive response for his/her 
first request. 
 
3. Methodology and Analysis 
     
In the situation of market competition, the main effort of the manufacturing and service institutions is to 
provide users' satisfaction and reduce response time in the system; Hence for the economic survival, it is 
essential that the mathematical models and simulation be used in optimization and system analysis. Thus, 
we use queuing theory in order to mathematically study the queue of users request in a web server, and 
analyze parameters such as the average number of users in the system, the average user response time, 
users failing rate and so on. 
On the other hand, since the main purpose of the study of queuing systems is to review and understand the 
real environment and optimal management of the factors affect it, we optimize the desired system 
performance by determining the important involved factors affect the model. To do so, we determine the 
average waiting time for the user in the system through simulation models and identify factors that affect it. 
 
4.1. Simulation Model 
 
Due to the specific nature of the problem, none of the queuing models in queuing theory solved the 
problem; therefore, we use the simulation as one of the most useful tools for functional analysis of complex 
systems [2]. 
 
4.1.1. The parameters of simulation model 
 
In the simulation model that we have programmed by Matlab R2010a software, by changing the input 
parameters (λ, λ ̍, μ, r, K), Average system performance criteria (L, L_re, W, W_re, P (i = K), P (B)) can be 
calculated in a stable period.  
Also, the results of the simulation showed that little rules (Formula 1) is correct for requests and users. 

L = (RATE  OF ENTER) ∗ W   (1) 
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Figure 1. Little rule for requests 

 

 
Figure 2. Little rule for users 
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Figure 3. the relation between the effective rate of users and requests in the mode r=3. 

 

4.1.2. Verification of the Simulation Model  
 
 In order to check the validity of the simulation model, considering some hypotheses to be used in existing 
queuing model, we analyze the model. Some of the results are shown in tables (1 and 2). 
 
Confirmation Hypotheses in Simulation Model 
 
For this purpose, in order to use M/M/1/rK queuing model to analyze the performance criteria of user 
requests, we consider system capacity equal to rK. Also, in order to use M/M/1/K queuing model to analyze 

the performance criteria of users, we consider service providing rate for each user equal to 
𝜇

𝑟
 , and regard 

request entry rate of each user a huge number (�́� ⋙ λ), so that a given user's requests are placed in the 
queue of the Web server consecutively. 
 

Table 1. Simulation model verification with M/M/1/rK queuing model and analysis of the performance criteria of 
requests in the mode r=3. 

Data model  M/M/1/rK model simulation 

K λ λ́ µ L_re W_re L_re W_re 

50 2 5 
0.

5 
149.889 299.778 148.493 311.299 

50 2 5 20 0.333 0.067 0.569 0.095 

50 2 5 8 1.667 0.333 5.248 0.847 

90 2 5 1 269.750 269.750 268.128 265.704 

20 2 5 1 59.750 59.750 58.318 60.277 

40 2 5 1 119.750 119.750 118.272 116.531 

50 2 12 1 149.909 149.909 148.315 141.955 

50 2 5 1 149.750 149.750 148.123 144.493 

50 2 8 1 149.857 149.857 148.203 146.084 
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Table 2. Simulation model verification with M/M/1/K queuing model and analysis of the performance criteria of 
users in the mode r=3. 

Data model  M/M/1/K model simulation 

K λ  λ́ µ L W L W 

50 20 2000 1 49.983 149.949 48.437 152.927 

50 12 800 1 49.971 149.914 49.932 141.913 

50 8 800 1 49.957 149.870 49.907 143.873 

50 2 800 20 0.429 0.214 0.394 0.197 

50 2 700 8 3.000 1.500 2.494 1.223 

90 2 800 1 89.800 269.400 89.781 280.723 

20 2 500 1 19.800 59.400 19.820 61.968 

40 2 500 1 39.800 119.400 39.807 120.613 

50 2 500 1 49.8 149.4 49.7972 142.2621 

 
4. Computational results 

 
In comparison between the modes according to the diagrams (7 and 8), the mode 3 is the lowest in the 
system response time, and so in the parametric analysis, we will consider this type. 

 

 
Figure 7. Comparison between the modes and analyzing the average number of user. 
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Figure 8. Comparison between the modes and analyzing the average time of the user. 

 
Table (3), indicates that by lowering the systems restrictions, more users can access the system, which in 
turn will affect their expected waiting time on the system. Therefore, the network administrator makes a 
balance between the percentage of failed logins of the users and waiting time in the system. 
 

Table 3. Computational results obtained from the modified K 

λ = 2  λ́ = 5    μ = 7  r = 3 

K L W P(i = K) 

2 1.050 0.775 0.328 

5 2.273 1.236 0.096 

7 2.705 1.445 0.047 

10 3.356 1.731 0.016 

20 4.239 2.128 0.002 

100 4.381 2.179 0 

 
Also, the results of Table 4 suggest that by increasing the service providing rate and speed of service 
providing, the average number of users and the waiting time in the system will decrease, and subsequently, 
the percentage of failed logins of the users and the percentage for the web server to be busy will reduce. 
 

Table 4. Computational results obtained from the modified μ 

λ = 2  λ́ = 5   K = 10   r = 3 

μ L W P(i = K) P(B) 

5 7.121 4.366 0.184 0.980 

7 3.433 1.773 0.022 0.838 

10 1.718 0.851 0.001 0.600 

20 1.001 0.499 0 0.278 
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45 0.855 0.433 0 0.133 

 
5. Conclusion 

 
In this paper, the performance of Web servers as an effective component of quality of Web services have 
been analyzed by using queuing theory concepts and simulation principles. The results of simulation showed 
the effect of speed and capacity of the web server on the average waiting time of the users. As a result, 
Web site administrators can use the results of this research to make appropriate decisions to improve the 
quality of their service. 
In comparison between the values obtained in putting some hypotheses in the simulation model, and 
results of the analysis of existing queuing models, the amounts of numbers and waiting time of the request 
and user did not show significant differences. Therefore, he results of the simulation model will be 
approved. 
 
Further Suggestions 
 
 The following researches can be conducted in this respect: 

 Entering the costs in decision-making models; 

 Analyzing the effect of scheduling algorithms on how users enter their requests; 

 Generalizing the model for multiple web servers; 

 Using a service cancellation (Time Out) as a constant number; 
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