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Abstract 
The purpose of this study is to analyze and then model, using neural network 
models, the performance of the Web server in order to improve them. In our 
experiments, the parameters taken into account are the number of instances 
of clients simultaneously requesting the same Web page that contains the 
same SQL queries, the number of tables queried by the SQL, the number of 
records to be displayed on the requested Web pages, and the type of used da-
tabase server. This work demonstrates the influences of these parameters on 
the results of Web server performance analyzes. For the MySQL database 
server, it has been observed that the mean response time of the Web server 
tends to become increasingly slow as the number of client connection occur-
rences as well as the number of records to display increases. For the Post-
greSQL database server, the mean response time of the Web server does not 
change much, although there is an increase in the number of clients and/or 
size of information to be displayed on Web pages. Although it has been ob-
served that the mean response time of the Web server is generally a little fast-
er for the MySQL database server, it has been noted that this mean response 
time of the Web server is more stable for PostgreSQL database server. 
 

Keywords 
Web Server, Performances, Neural Network, Database Server, MySQL,  
PostgreSQL, Apache, Mean Response Time, Apache Benchmark, SNNS 

 

1. Introduction 

Different types of information are available on different websites around the 
world via the client-server system commonly known as the World Wide Web 
(www). Indeed, Web technology offers the ability to manipulate data stored on 
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database servers. Web server performance is important because users require the 
access speed to different information on the Internet. Alternatively, the number 
of clients, the type of database servers used, the quality of the network, the type 
and size of the information to be manipulated, affect the latency of the Web 
server. 

On each server, the two characteristics that mark the clients are: the wait time 
closely related to the response time of the server, i.e. the time required by the 
browser to display the information, and the time taken by the server to satisfy 
customer requests. Previous studies [1] [2] [3], have already been done for the 
Apache server performance analysis used with the OS Free Berkeley Software 
Distribution (Free BSD). The performance assessment tools “Webstone” and 
“bsdstar” were used to analyze the effects of three optimization settings on the 
metrics of Web server performance on the one hand, and the various system re-
sources, on the other hand. A simple queue model representing the behavior of a 
Web server saturated by using the mean value analysis algorithm has been also 
presented. 

Other authors [4], have used a performance model based on the theory of 
queues (or LQN: Layered Queueing Network) to study the performance of an 
Apache-PHP Web application with PostgreSQL as the database server. The per-
formance assessments were done by obtaining load test measures and resolving 
the LQN model. Model validation is realized by comparing the model results 
with those of load tests. This Apache performance analysis is carried out to de-
termine the configuration of the system facilitating the identification of sources 
of bottlenecks. 

Other studies [5], have proposed a method to conduct an analysis of Web ap-
plications. The behavior model is first built from log file after the user navigation 
and an expanded state diagram is extracted from this log file in order to obtain a 
Markov model. The five indexes that are used to measure performance are: ser-
vice response time, service path length, use of services, the implementation rate 
of the service and the access error rates. The results of this performance analysis 
would have provided a suggestion for improving the design of Web applications 
and optimize services. 

More recently, in the example of [6], Web server’s performance study remains 
a topic of interest. One solution is to optimize the database management system 
used by Web servers so that improve the performance of the latter in terms of 
response time. This is relatively a laborious task that the optimal values of these 
parameters depend on the behavior of Web users and the type and size of the 
requested information. 

This paper examines the database server’s influences on Web server perfor-
mances by using the neural network model. In fact, databases are particularly 
resource-intensive. In this work, we used MySQL and PostgreSQL as database 
servers because of their popularity and licensing [7] [8]. Section 2 concerns the 
analysis of the influences of the MySQL and PostgreSQL database servers on the 
performances of the Apache Web server in terms of mean response time. The 
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parameters taken into account are: the number of instances of concurrent client 
connections, the number of tables requested by the SQL queries of the web pages 
to be displayed, and the number of records to be displayed. The same database 
structure was used for both database server types and in total, we performed 
30,000 tests (15,000 tests for each of the two types of database server) [Section 3]. 
The results of these tests were subsequently used as inputs for the neural net-
work modeling phase using the SNNS (Stuttgart Neural Network Simulator) 
tool. Section 3 deals with the neural network modeling phase of Web server per-
formance. We used the multilayer perceptron model [9]. We used supervised 
learning by using the Back-Propagation algorithm, and to validate the learning 
outcomes [1] [10], we used the cross-validation method. 

The research presented in this work is divided into two main parts. The first 
part is about performance analysis of the Web server; and the second part is 
modeling the performance of the web server using Neural Networks models. 

2. Web Server Performances Analysis 
2.1. Experimental Environment  

We performed all our experiments in localhost and no formatting was done on 
the web pages; in order to avoid the possible influences of the network architec-
tures on the results and not to affect the loading time of the web pages. 

During experimentations, we used an ASUS K53SV laptop that has a 4 GB 
RAM and a Core i5-2410M processor (2.30 GHz × 4) on which we have installed 
Ubuntu 14.0432 bit Linux.  

For both types of database server (MySQL 5.5 and PostgreSQL 9.1), we used 
the “employees” database downloaded from the official MySQL site because it 
provides a combination of a large database of about 160 Mo spread over six sep-
arate tables with 4 million records in total. Specially designed for researchers, the 
“employees” database also includes a series of tests to ensure the integrity of the 
loaded data. In order to avoid affecting the data integrity of used databases, we 
only used the SELECT query that was designed to display the data.  

We used Apache 2.4 as HTTP server, PHP 5.5 as programming language for 
Web pages, Apache Benchmark 2.3 as assessment tool and SNNS 4.2 for the 
neural network modelization. 

We adopted the test plans that the details of which are in Table 1. 
Where β = M for MySQL and P for PostgreSQL. For each Test βij, (where i 

representing the number of simultaneous connection instances of clients varies 
from 1 to 5 occurrences, and j which represents the number of tables affected by 
SQL queries varies from 1 to 3 tables). We have developed pagex.php web pages 
(where x varies from 1 to 1000 according to the number of records to be dis-
played for each test). 

We have also developed Shell scripts to plan the execution of all these tests 
and collect all the 30,000 results, which in turn have served as inputs for the 
modeling phase using neural networks. 
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Table 1. Testing plan. 

 

Database server β 

Number of simultaneous connection occurrences of clients 

1 2 3 4 5 

Number  
of tables 
affected  
by SQL  
queries 

1 
Test β11 

Nb of record 
1 to 1000 

Test β12 
Nb of record 

1 to 1000 

Test β13 
Nb of record 

1 to 1000 

Test β14 
Nb of record 

1 to 1000 

Test β15 
Nb of record 

1 to 1000 

2 
Test β21 

Nb of record 
1 to 1000 

Test β22 
Nb of record 

1 to 1000 

Test β23 
Nb of record 

1 to 1000 

Test β24 
Nb of record 

1 to 1000 

Test β25 
Nb of record 

1 to 1000 

3 
Test β31 

Nb of record 
1 to 1000 

Test β32 
Nb of record 

1 to 1000 

Test β33 
Nb of record 

1 to 1000 

Test β34 
Nb of record 

1 to 1000 

Test β35 
Nb of record 

1 to 1000 

2.2. Experimental Results for MySQL Database Server 

Figure 1 shows the result during M1J tests, when the occurrences number in-
creases from 4 to 5 occurrences in M14 and M15 experiences, we realize that the 
Web server requires considerably more time to fulfill requests at querying the 
unique table “employees”. While the server means response time for M14 test is 
equal to 2.75 ms, it is 3.66 ms for M15. 

Figure 2 records the averages of server response time for tests M21, M22, M23, 
M24 and M25 which are respectively 1.40, 1.73, 2.01, 2.72 and 4.07 ms. 

We have summarized the results of experiments M3J in Figure 3. Note that the 
behavior of the Web server during these experiments is divided into three parts. 
Indeed, the mean response times for M33 and M34 is almost doubled than that of 
M31 and M32. This means response time for M35 tests stays still nearly double that 
of M33 and M34. 

2.3. Experimental Results for PostgreSQL Database Server 

It is observed in Figure 4 that the connections occurrences are between 1 and 4 
occurrences, the Web server mean response time stays constant because they are 
between 5 and 10 ms. In contrary, when the number of occurrence is 5, the ob-
served mean response time of the server is becoming more and more slow to sa-
tisfy the requests, and we record response times between 11 and 17 ms. 

In Figure 5, the server behavior doesn’t change in terms of response time. In-
deed, these response times is generally comprising between 5 and 9 ms. In con-
trary, the server behavior tends to be considerably slow down during the P24 test, 
because when the number of recording passes of 900 to 1000 records, the server 
response time varies from 8 to 12 ms. These mean responses time have almost 
doubled during the P25 test because if the average response time is equal to 
7.44 ms for P24 tests, and it is 14.60 ms for P25 experiments. 

In Figure 6, it is noticed that the Web server behavior is divided into two 
parts. The first part corresponds to P31, P32, P33 and P34 tests, where the mean 
server response times are generally between 4 and 9 ms. The second part is P35 
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experiments where response times are between 12 and 22 ms with an average of 
16.07 ms. 

In this Section 1, we presented an analysis of Web server performance in 
terms of mean response time where MySQL and PostgreSQL here used as the  
 

 
Figure 1. Apache Web Server means response time during M1J experimentations. 

 

 
Figure 2. Apache Web Server means response time during M2J experimentations. 

 

 
Figure 3. Apache Web Server means response time during M3J experimentations. 
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Figure 4. Apache Web Server means response time during P1J experimentations. 

 

 
Figure 5. Apache Web Server means response time during P2J experimentations. 

 

 
Figure 6. Apache Web Server means response time during P3J experimentations. 
 
database server. The Apache Benchmark tool which is an HTTP server perfor-
mance testing tool has allowed us to the custom simulations during the various 
experiments carrying out the examination of the Web server behavior. It was 
equally possible to analyze the inpact of some SQL queries settings on the Web 
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server behavior. Indeed, changes in these parameters affect a non-linear web 
server mean response time. The modeling of these non-linear characteristics of 
the relationship between the parameters and server response time requires 
“smart” mechanisms; hence the concept of “smart system”. We’ll treat in the 
Section 2, the neural networks modeling for predicting the average response 
times from the Web server performances based on the number of clients, num-
ber of queried tables by SQL queries, and the number of records to display. 

3. Neural Network Modeling 

This second section addresses the phases of modeling Web server performance 
in terms of average response time using neural network models. We used SNNS 
version 4.2 [11] which is a neural network simulator originally developed at the 
University of Stuttgart previously designed for Unix workstations. The simulator 
core operates on the internal data structures of the neural network, and per-
forms all learning operations. SNNS can be expanded by the user to set the acti-
vation functions, input functions, learning functions that are written in C pro-
gram, and subsequently linked to the simulator core. SNNS can generate C code 
from the trained network. 

As a neural network architecture, we used a MLP (or MultiLayer Perceptron) 
model with 3 layers. An input layer with 3 neurons that correspond to the 3 pa-
rameters taken into account during the performance analyzes in Section 2. Then, 
a hidden layer with 2, 4, 8, 16 and 32 neurons. And an output layer of a neuron 
corresponding also to the average response times of the Web server obtained 
during the performance analyzes of the previous section. We used Supervised 
Learning [1], by using the Back-Propagation algorithm; and to validate the 
learning outcomes, we used the cross-validation method [12]. 

We performed much training with many possible combinations for the choices 

parts of the learning basis. In our case, so we calculated 48
10

5C =  independent  

learning for the evaluation of the generalization error. The MSE or “Mean 
Squared Error” was used to estimate the neural models performance. In this ex-
periment, each learning basis contains 12,000 examples for MySQL and Post-
greSQL database servers, and 3000 examples for each validations. 

Training Results 

Both simulation results obtained with the SNNS tool are presented in this sec-
tion. The first simulation corresponds to the response time of the MySQL data-
base server, while the second when using PostgreSQL. The three parameters of 
the input vector are: number of occurrence of simultaneous client connections 
(nb_occ); the number of tables queried by SQL (nb_tbl); and the number of 
records to display on Web pages (nb_rec). We have only one output, the Web 
server mean response time: θm for MySQL and θp, for PostgreSQL. It is therefore 
to learn the relationships: (nb_occ, nb_tbl, nb_rec) mθ→  for MySQL and 
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(nb_occ, nb_tbl, nb_enreg) pθ→  for PostgreSQL.  
The learning outcomes of the Web server mean response time using the 

MySQL and PostgreSQL servers database for MLP with 2, 4, 8, 16 and 32 hidden 
neurons are summarized in Table 2. The “Architecture” columns show the 
number of parameters of the architecture of the MLP. The MSE columns pro-
vide the MSE estimation measured on the 45 independent learning of 
cross-validation. 

When learning networks using the foundations of examples from the perfor-
mance test results of the server using MySQL and PostgreSQL, it is found that 
the network whose architecture is 3/16/1 turns out the most efficient. Indeed, 
3/16/1 architecture yields sufficiently small MSE: 0.0015108 for MySQL and 
0.44738 for PostgreSQL. 

4. Discussion 

The various research works related to Web server performance are in different 
aspects. If [1] focused on studying the effects of various parameters of a Web 
server on its performance metrics, [13] analyzed the effect of the use of a dy-
namic workload on Web performance indicators. To do this, they have evaluated 
an e-commerce site with typical scenarios using different workload levels. [14] 
conducted the modeling and control of a server studying the influence of the 
configuration of a server on the contradictory aspects of performance and ser-
vice availability. They have developed two admission control laws designed to 
optimize server configuration while ensuring a stress on performance. [4] has 
modeled the web application performance using the queue theory. For this, they 
have used a Web application using Apache and PHP and PostgreSQL as its da-
tabase. The performance evaluation is done by comparing the model results with 
the results of the load test. 

In our case, we examined the influence of the MySQL and PostgreSQL data-
base servers on Apache Web server performance using neural network model-
ing. To do this, we started by analyzing the mean response time of the Web 
server based on: the number of simultaneous connection instances of clients, the 
number of tables requested by SQL queries, and the number of records to dis-
play. Then, we used the results obtained for the neural modeling phase with the 
“Stuttgart Neural Network Simulator” tool. 

 
Table 2. MSE of different models. 

MySQL PostgreSQL 

Architecture MSE Architecture MSE 

03/02/2001 0.012828 03/02/2001 0.014817 

03/04/2001 0.003253 03/04/2001 0.005559 

03/08/2001 0.001689 03/08/2001 0.004564 

3/16/1 0.001511 3/16/1 0.004474 

3/32/1 0.012828 3/32/1 0.014817 
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5. Conclusions and Perspective 

This research work has been specially oriented to the evaluation problem and 
neural network modeling of the Web server performance using MySQL and 
PostgreSQL. It was possible to study the influence of some parameters of the da-
tabase management system used by the Web server; in particular, according the 
number of customers, the size of the information requested and the number of 
records to display. We created a learning base from obtained data during the 
Web server performance analysis. The SNNS (Stuttgart Neural Network Simu-
lator) as neural network simulation tool was used for the construction of two 
neural networks for the prediction of the Web server response time. The first 
network is for predicting the web server mean response time using MySQL, 
while the second, for a Web server using PostgreSQL. 

The interpretations of the results obtained allowed us to state that for the two 
types of database server used, the average response times observed are much 
faster for MySQL than for PostgreSQL to a few tens of milliseconds. At the same 
time, we observed significant variations in these average response times for 
MySQL. While for PostgreSQL, the variation of these average response times of 
the Web server is more stable. 

It would be interesting to increase the values of the parameters that we have 
taken into account in a very significant way in order to broaden our scope of 
analysis. The Apache Web server and the two database servers we used, were 
used with the default configuration values. Indeed, the proposal of a model tak-
ing into account the different configurations of the Web server, the database 
servers, etc. remains a challenge. 
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