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This paper aims at testing the performance of some of the HTML-embedded server scripts
when querying some of the industry standard databases based on different situations derived
from a three-tier, web-based medical information system. Active Server Pages (ASP), Java
Server Pages (JSP), PHP Hypertext Processor (PHP) and ASP.NET were used in coding Web
pages to test their performance in connecting, retrieving and displaying information from Mi-
crosoft Access 2000, Microsoft SQL Server 2000, ORACLE 9i and MySQL. The tests record the
response time at the web server as a sign of performance. The study revealed that PHP was
the best performing script with Access while ASP.NET was the best with SQL Server. ASP.NET
was as good as JSP with ORACLE, better than others. ASP.NET, JSP and PHP were equally
good with MySQL under Windows while PHP was better than JSP under Linux.
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1. Introduction

The strategy of a thin Web client against a
thick Web server in building dynamic Web ap-
plications is dominant nowadays [1,2]. This
strategy depends mostly on the Web server,
rather than the client, to access information
sources and build customized Web pages on
the fly. Little work is left for the browser,
mainly formatting the page and responding to
user events.

Many technologies were invented to im-
plement Web page dynamism on the server
side [3,4]. The basic concept of these tech-
nologies is to accept client request, connect to
databases and other programs, build an HTML
page on the fly, and send it back to the client.
The page sent is server-code-free, pure HTML
including only client-side scripts. This is often
called three-tier architecture, as illustrated by
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fig. 1, consisting of the Web browser, the Web
server and the database [5].

HTML-embedded scripts are the most
popular server techniques. They are stateful,
work in-process, separate the page logic from
its layout, well integrated with the Web server
and most important, easy to learn although
they also still have disadvantages [6-9].

With Web server HTML-embedded scripts,
an HTML writer can script an external compo-
nent and format the output. The scripts is
written inside the HTML page and executed
when the page is requested. These technolo-
gies separate the layout and design from the
page logic. These technologies, therefore,
make server applications easier to create and
maintain and more powerful.
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Fig. 1. The three-tier architecture.

Some of the HTML-embedded scripting
technologies, such as ASP are proprietary,
working on Web servers of specific vendors. [9]
Others are not proprietary such as PHP and
JSP, which are not tight to a specific vendor
[7, 8].

When developing a Web-based information
system, it is needed to choose the best tech-
nologies to implement it. One of the most
important factors determining the best tech-
nologies is performance [10]. Here, the perf-
ormance of accessing the industry standard
database management systems through the
most commonly used Web server scripting
technologies, based on different situations de-
rived from this system, was tested.

2. Aim of the study

This study aims at determining and com-
paring the performance of accessing some of
the industry standard DBMS through some of
the most commonly used Web server tech-
nologies, based on different situations derived
from a real already-developed, medical infor-
mation system. This study focused only on
data querying, so other aspects of accessing
DBMS were not considered.

Table 1

The DBMSs used in this study are: Micro-
soft Access 2000, Microsoft SQL Server 2000,
ORACLE 9i and MySQL 3.25. The Web server
technologies used are: ASP, JSP, PHP and
ASP.NET.

3. Methodology

Eight different situations, numbered from
A to H, were defined to cover almost all the
situations in the system under study. The first
three situations, A, B and C, select a single
row from a single table. The next three situa-
tions, D, E and F, select multiple rows from a
single table. And finally, the last two situa-
tions, G and H, select multiple rows from two
joined tables. The details of these situations
are described in table 1.

A number of server-side dynamic Web
pages were written to test the different re-
sponse time in each of the different situations.
The code of these pages is similar although
each of them was adapted to match a specific
server technology and a specific database.

These Web pages were connected to the
DBMS using the technique of highest perform-
ance available. ASP pages were connected to
MS Access 2000 through an OLE DB and to
other DBMS through ODBC. JSP pages were
connected to MS Access 2000 through JDBC-
ODBC bridge and ODBC driver and to other
DBMSs through a JDBC driver type II. PHP
were connected to MS Access 2000 through an
ODBC driver and to other DBMSs through a
native API. Lastly, ASP.NET pages were con-
nected to MS SQL Server 2000 through a na-
tive APl and to MS Access 2000 through an
OLE DB and to the other two DBMSs through
ODBC drivers.

Criteria of different situations defined to test the performance

Situation Base table(s) Selected record(s) Selection criteria
A Single, 1000-row table one record Indexed field

B Single, 1000-row table one record Non-indexed field
C Single, 1000-row table one record Text matching

D Single, 1000-row table 100 records Indexed field

E Single, 1000-row table 100 records Non-indexed field
F Single, 1000-row table 100 records Text matching

G Two inner-joined tables 100 records One indexed field
H Two inner-joined tables 100 records Two indexed fields

An SQL 'SELECT’ statement was used to
access the database and retrieve the query re-
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sults. These results were stored in an array
and then a simple HTML page was created
and pumped out to the Web browser.

The server time was determined at the
beginning and at the end of page main script
using the suitable functions. An extra piece of
code was added to the page to calculate the
time difference in milliseconds, which is the
page response time, and save it to a text file.
The time of running this extra piece of code
was not calculated in the page response time.

The response time, which is the sum of
time needed by the Web server to access the
database and pump out the results, was re-
corded at the server side ,not the client side,
to eliminate the effect of network traffic and
the time consumed by the Web browser to
parse the HTML. All the databases were
loaded on the same PC on which the Web
server was installed so the traffic time delay
between the middle and third tiers were elimi-
nated.

Each of these pages has been run 41
times. The response time of the first run was
ignored to stabilize the system. The other 40
response times of the other 40 runs were
calculated in milliseconds and numbered from
1 to 40.

Two operating systems were used:
Microsoft Windows 2000 Server and Red Hat
Linux 7.2. Under Windows, four DBMSs,
Microsoft Access 2000, Microsoft SQL Server
2000, ORACLE 9i and MySQL 3.25, were in-
stalled and loaded with the same tables. ASP,
ASP.NET, JSP and PHP similar pages were
used to access the DBMS and to calculate the
response time. ASP and ASP.NET were run-
ning within IIS 5.0 where JSP and PHP were
running within Apache Web server.

Under Linux, only two DBMS out of the
previously mentioned four were installed:
ORACLE 9i and MySQL 3.25 because there
are no Linux versions of the other two until
the time of writing this paper. For the same
reason, Only JSP and PHP pages were used
and were running within Apache Web server.

The hardware configuration of the server
machine used in this study was Intel PIII 600
MHz processor with 512 KB cache memory,
256 MB RAM and a free 20 GB of hard disk

space.
Table 2
Statistical results for microsoft access 2000

4. Statistical methodology

The recorded data were fed into an IBM
compatible PC loaded with Statistical Package
for Social Science version 10 (SPSS 10) by im-
porting the text files carrying the results to
SPSS. The data were statistically described
using the mean, standard deviation, and the
corresponding 95% confidence interval.

For each DBMS, a t-test and/or one-way
Analysis Of Variance ANOVA were performed
to compare the mean response time of the
pages that use different server technologies.
The latter was followed by post-hoc compari-
son between each pair of means based on the
least significant difference (LSD) [10]. For each
Web server script, a t-test and/or one-way
Analysis Of Variance ANOVA were performed
to compare the mean response time of the
pages connected to different DBMS. The latter
was followed by post-hoc comparison between
each pair of means based on the least Signifi-
cant Difference (LSD).

5. Results

5.1. Effect of the web server scripting technology on
the mean response time for each DBMS

5.1.1. Microsoft Access 2000

The recorded results, given by table 2 and
illustrated by fig. 2, revealed that PHP had the
lowest mean response time in all the prede-
fined situations. This was followed by
ASP.NET then ASP. JSP had the highest mean
response time.

A one-way Analysis Of Variance ANOVA
proved significant difference of means between
the four scripting technologies. Post-hoc com-
parisons between each pair of means based on
the Least Significant Difference (LSD) proved
significant difference between means of all the
individual pairs of scripting technologies for
all the predefined situations.

5.1.2. Microsoft SQL Server 2000

The recorded results, as abstracted by fig.
3, revealed that ASP.NET had the lowest mean
response time in all the predefined situations.
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Situation N

Mean for ASP, JSP,

Standard deviation 95% Confidence int. 95% Confidence int. (up-

PHP, ASP.NET (lower bound) per bound)
A 40 50.93, 55.95, 44.10, 1.56, 3.54, 3.32, 5043, 54.82, 43.04, 51.42, 57.08, 45.16,
47.95 3.27 46.91 48.99
B 40 55.25, 57.83, 46.28, 2.44, 2.11, 2.21, 54.47, 57.15, 45.57, 56.03, 58.50, 46.98,
50.85 2.21 50.14 51.56
C 40 69.88, 72.93, 61.18, 1.18, 3.52, 3.12, 69.50, 71.80, 60.18, 70.25, 74.05, 62.17,
65.18 3.00 64.21 66.14
D 40 88.15, 89.25, 76.88, 4.35, 1.90, 4.14, 86.76, 88.64, 75.55, 89.54, 89.86, 78.20,
80.97 4.30 79.60 82.35
E 40 84.68, 87.20, 72.97, 5.62, 2.14, 5.55, 82.88, 86.52, 71.20, 86.47, 87.88, 74.75,
77.00 5.57 75.22 78.78
F 40 99.23, 101.80, 87.65, 2.63, 1.73, 2.63, 98.39, 101.25, 86.81, 100.06, 102.35, 88.49,
91.90 2.55 91.08 92.72
G 40 88.90, 95.23, 77.88, 3.03, 3.34, 2.54, 8793, 94.16, 77.06, 98.87, 96.29, 78.69,
82.03 2.55 81.21 82.84
H 40 83.40, 89.43, 71.90, 3.18, 1.97, 3.50, 82.38, 88.79, 70.78, 84.42, 90.06, 73.02,
76.00 3.57 74.86 77.14
A one-way Analysis Of Variance (ANOVA)
120 proved significant difference of means between
100 the four scripting technologies. Post-hoc com-
_ parisons between each pair of means based on
] | the Least Significant Difference (LSD) proved
80 m — |mASP L :
significant difference means between ASP.NET
mJSP : . . .
60 M H and other scripts in all situations. Post-hoc
O PHP :
comparisons also proved that the means
40 7 CUM T [ DASP.NET difference between JSP and PHP was insignifi-
cant in all situations except situation A. The
20 1 CTW T mean difference between ASP and other
0 L L] Il scripts was significant for all the predefined
A B D E F situations except situation A for ASP-PHP pair
of means.

Fig. 2. The mean response time for Microsoft Access 2000.
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Fig. 3. The mean response time for Microsoft SQL server

2000.

This was followed by JSP then PHP. ASP had
the highest mean response time.

334

60
40 TTH[TIH T I [l ([BASP
| JSP
30 = = = = H
OPHP
20 - - ] || || [OASP.NET|
10 — — - — A
0 B S e L
A B C D E F G H

Fig. 4. The mean response time for ORACLE 9i under
Windows 2000.

5.1.3. ORACLE 9i

e Under windows 2000 Server O.S. The re-
corded results, as abstracted by fig. 4, re-
vealed that JSP had the lowest mean response
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time in all the predefined situations. This was
followed by ASP.NET then PHP. ASP had the
highest mean response time.

A one-way ANOVA proved significant dif-

ference of means between the four scripting
technologies. Post-hoc comparisons between
each pair of means based on the LSD proved
that the mean difference between JSP and
ASP.NET was insignificant in situations A and
B, while, it was significant in the other situa-
tions. Post-hoc comparisons also proved sig-
nificant difference between means of all the
other individual pairs of scripting technologies
for all the predefined situations.
e Under Red Hat Linux 7.2 O.S.: The recorded
results, as abstracted by fig. 5, revealed that
JSP had lower mean response time than PHP
for all the predefined situations. This differ-
ence was proved to be significant by a t-test.

5.1.4. MySQL 3.25

e Under Windows 2000 server O.S.: The re-
corded results, as abstracted by fig. 6, re-
vealed almost equal mean response time in
ASP.NET, JSP, and PHP with mean difference
less than or equal to 1 ms. ASP had a higher
mean response time.

A one-way ANOVA proved significant

difference of means between the four scripting
technologies. Post-hoc comparisons between
each pair of means based on the LSD proved
insignificant mean difference between each
pair of ASP.NET, JSP, and PHP. The mean dif-
ference between ASP and other scripts was
significant in all situations.
e Under Red Hat Linux 7.2 O.S.: The recorder
results, as abstracted by fig. 7, revealed that
PHP had lower mean response time than JSP
for all the predefined situations. This differ-
ence is proved to be significant by a t-test.

5.2. Effect of the DBMS on the mean response time
for each of the web server scripting technologies

5.2.1. Active server pages

The recorded results, given by table 3 and
illustrated by fig. 8, revealed that ORACLE 9i
had the lowest mean response time followed
by MS SQL Server 2000 in all the predefined
situations except situation A in which MS SQL

Server 2000 had a slightly lower mean re-
Table 3

sponse time.. MS Access 2000 had the highest
mean response time.

A one-way ANOVA proved significant dif-
ference of means between the four DBMS-con-
nected Web pages. Post-hoc comparison be-
tween each pair of means based on the LSD
proved insignificant difference between means
of SQL Server-connected Web pages and
MySQL-connected Web pages in situations A,
E, F and H. It also proved insignificant differ-
ence between means of SQL Server-connected
Web pages and ORACLE-connected Web pages
in situations A and B, and insignificant differ-
ence between means of ORACLE-connected
Web pages and MySQL-connected Web pages
in situations A and C. Significant difference
between means of the other individual pairs
for all the predefined situations was proved.
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Fig. 5. The mean response time for ORACLE 9i under
Read hat Linux 7.2.
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Fig. 6. The mean response time for Mysql 3.25 under Win-
dows 2000
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Statistical results for asp web pages

Situation N Mean for Access, SQL

Standard deviation 95% Confidence int.

95% Confidence int. (up-

Server, ORACLE, (lower bound) per bound)
MySQL

A 40 50.93, 16.10, 16.30, 1.56, 3.33, 2.46, 5043, 15.03, 15.51, ©51.42, 17.17, 17.09,
16.70 3.57 15.56 17.84

B 40 55.25, 32,28, 31, 85, 2.44, 2.60, 3.03, 5447, 31.44, 30.88, ©56.03, 33.11, 32.82,
37, 63 3.39 36.54 38.71

C 40 69.88, 36.78, 32.98, 1.18, 3.69, 3.12, 69.50, 35.59, 31.98, 70.25, 37.96, 33.97,
34.15 3.15 33.14 35.16

D 40  88.15, 54.95, 52.15, 4.35, 3.94, 2.86, 86.76, 53.69, 51.24, 89.54, 56.21, 53.06,
56.85 4.14 55.53 58.17

E 40 84.68, 53.35, 44.10, 5.62, 2.75, 3.36, 82.88, 52.47, 43.03, 86.47, 54.23, 45.17,
54.50 2.75 53.62 55.38

F 40  99.23, 57.15, 44.00, 2.63, 6.29, 3.39, 98.39, 55.14, 42.92, 100.06, 59.16, 45.08,
55.83 2.96 54.88 56.77

G 40 88.90, 52.30, 50.80, 3.03, 1.95, 1.32, 87.93, 51.68, 50.38, 89.87, 52.92, 51.22,
54.33 2.31 53.59 55.06

H 40 83.40, 50.10, 48.15, 3.18, 2,84, 295, 82.38, 49.19, 47.21, 84.42, 51.01, 49.09,
50.95 2.97 50.00 51.90

0 This was followed by MySQL 3.25 then MS

5 SQL Server 2000. MS Access 2000 had the

40 highest mean response time.

35 A one-way ANOVA proved significant

30 ISP difference of means between the four DBMS-

25 .

" mPHP connected Web pages. Post-hoc comparison

15 between each pair of means based on the LSD

10 proved insignificant difference between means

SEI:E of SQL Server-connected Web pages and

0- W s e b e r e 4 MySQL-connected Web pages in the all prede-

fined situations except situations D, E, and F.

Fig. 7. The mean response time for mysql 3.25 under red
hat linux 7.2.
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Fig. 8. The mean response time for asp Web pages.

5.2.2. Java server pages

o Under Windows 2000 server O.S.: The re-
corded results, as abstracted by fig. 9, re-
vealed that ORACLE 9i had the lowest mean
response time in all the predefined situations.

It also proved significant difference between
means of the other individual pairs for all the
predefined situations.

e Under Red Hat Linux 7.2 O.S.: The recorded
results, as abstracted by fig. 10, revealed that

ORACLE - connected Web pages had lower
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60 | BSQL SerAver
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0.
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Fig. 9. The mean response time for Jsp under Windows
2000.
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Fig. 10. The mean response time for Jsp under Red Hat
Linux 7.2.

mean response time than MySQL-connected
Web pages for all the predefined situations.
This difference is proved to be significant by a
t-test in all predefined situations except
situations B, C and F.

5.2.3. PHP: hypertext processor

Under Windows 2000 Server O.S.: The re-
corded results, as abstracted by fig. 11, re-
vealed that MySQL 3.25 had the lowest mean
response time in all the predefined situations.
This was followed by ORACLE 9i then MS SQL
Server 2000 with a slight increase in mean
response time. MS Access 2000 had the highest
mean response time.

A one-way ANOVA proved significant dif-

ference of means between the four DBMS-con-
nected Web pages. Post-hoc comparison be-
tween each pair of means based on the least
LSD proved insignificant difference between
means of individual pairs of MySQL-con-
nected, ORACLE-connected and SQL Server-
connected Web pages. On the other hand, it
proved significant difference between individ-
ual pairs of means of the Access-connected
Web pages and other DBMS-connected Web
pages all the predefined situations.
e Under Red Hat Linux 7.2 O.S.: The recorded
results, as abstracted by fig. 12, revealed that
MySQL-connected Web pages had lower mean
response time than ORACLE-connected Web
pages for all the predefined situations. This
difference is proved to be significant by a t-test
in all predefined situations except situations
B, C and F.

100
90

70
B Access
60
B SQL Sener
50 "
O Oracle 9i
40
OMySQL
30 A
20 A
10 A
04
D G H

Fig. 11. The mean response time for PHP under Windows

2000.
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Fig. 12. The mean response time for PHP under Red Hat
Linux 7.2.

5.2.4. ASP.NET

The recorded results, as abstracted by fig.
13, revealed that MS SQL Server 2000 had the
lowest mean response time in all the prede-
fined situations. This was followed by ORACLE
9i then MySQL 3.25. MS Access 2000 had the
highest mean response time.

A one-way (ANOVA) proved significant
difference of means between the four DBMS-
connected Web pages. Post-hoc comparison
between each pair of means based on the LSD
proved insignificant difference between means
of ORACLE-connected Web pages and MySQL-
connected Web pages in the all predefined
situations. It also proved significant difference
between means of the other individual pairs
for all the predefined situations.

6. Discussion

The tests record the response time at the
Web server as a sign of performance; lower
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Fig. 13. The mean response time for ASP.NET.

response time indicates better performance.
The tests were conducted at the Web server
machine not at the client to avoid the effect of
traffic time delay and to eliminate time con-
sumed by the Web browser to parse the HTML
code. For the same reason, the DBMS was in-
stalled on the same server machine to avoid
effect of traffic time delay between the Web
server and the database server.

The results of the first run of each test
were not recorded for two reasons: first, to
stabilize the system, and second, to give a
chance for JSP and ASP.NET pages to be com-
piled so the results would not to be affected by
the compilation time.

6. 1. Effect of the web server script on the mean
response time for each database management
system

For Microsoft Access 2000, PHP had a
significant lower mean response time; i.e. a
better performance than the other scripts,
while JSP had a significant higher mean re-
sponse time, i.e. less performance, than the
other scripting technologies.

For Microsoft SQL Server 2000, ASP.NET
had a significant lower mean response time;
i.e. a better performance than the other
scripts. JSP and PHP pages followed ASP.NET
with almost equal performance. ASP had a sig-
nificant higher mean response time; i.e. less
performance, than other scripting technolo-
gies.

For ORACLE 9i, under Windows 2000
Server O.S., JSP and ASP.NET had similar
mean response time i.e. similar performance
in most situations. This was better than that

of PHP and ASP. The latter had significantly
higher mean response time; i.e. less perform-
ance than the other scripting technologies.
The scenario was the same under Red Hat
Linux 7.25. As only JSP and PHP were tested,
JSP had significant better performance than
PHP.

For MySQL 3.25, under Windows 2000
Server O.S., PHP, JSP and ASP.NET had simi-
lar mean response time i.e. similar perform-
ance in most situations. ASP had significantly
higher mean response time; i.e. less perform-
ance than the other scripting technologies.
The scenario under Red Hat Linux 7.25 was
different. PHP had a significant better
performance than JSP.

6.2. Effect of the database management system
on the mean response time for each web server
script

Among the four tested database manage-
ment systems, Microsoft Access 2000 had the
highest mean response time; i.e. the worst
performance when used with the four tested
Web server scripts.

ASP pages had a lower mean response
time i.e. better performance, when connected
to ORACLE 9i than when connected to other
DBMS. This was followed by MySQL 3.25 and
SQL Server 2000 although the difference in
mean response time is minimal for the situa-
tions in which one single row was retrieved
from the database.

JSP pages also performed better when
connected to ORACLE 9i, under Windows OS,
than SQL Server 2000 and MySQL. The
performance of JSP pages when connected to
any of the latter two databases is almost the
same. The scenario was the same under Linux
as JSP had significant better performance
when connected to ORACLE 9i than when
connected to
MySQL 3.25.

In PHP, no significant difference in mean
response time were detected among ORACLE
9i, MySQL 3.25 and SQL Server 2000 DBMS
under Windows. The performance of pages
connected to any of these three DBMS was al-
most the same. On the other hand, MySQL
3.25 gave lower mean response time; i.e. bet-
ter performance than ORACLE 9i under Linux.
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ASP.NET performed better with SQL Server
2000 than other DBMS. This was followed by
ORACLE 9i and MySQL 3.25 which had al-
most the same performance.

6.3. Explanation of some of the results

JSP had an unexpected bad performance
with MS Access due to the long connection
time needed to establish connection through
the ODBC-JDBC bridge and the ODBC driver
[11-13]. This was not the case with other
DBMS because JSP connects to them through
JDBC type II drivers which have much less
overhead [11-13].

ASP.NET performed better with MS SQL
Server than other scripts did mainly due to
the native class library that Microsoft provided
specially for connection with SQL Server [14].

The similarity of performance between
ASP.NET and JSP with ORACLE 9i is most
probably due to the similar concepts they rely
on: pre-compilation then interpretation at run
time. They also use similar database client
technologies to connect to ORACLE 9i, ODBC
and JDBC type II respectively [11-14].

A study, done by Timothy Dyck [6] and
another study done by Markus Wirrer [15]
tested the performance of different Web server
scripts that were not connected to databases.
Both studies stated that PHP was faster than
ASP. This is in agreement with our results. On
the other hand, these studies stated that JSP
is much slower than ASP and PHP (about 25%
of the speed of PHP). Our results do not agree
with that. This big difference may be due to
the time needed by JSP to be compiled for the
first time. In our study, the first reading of
each test was ignored but this was not the
case in Wirrer's and Dyck's.

Another study done by Orion Inc. [8]
measured the response time of ASP and JSP
pages under different stress levels as a sign of
performance. JSP gave better performance
than ASP in that study which is in agreement
with our results.

6.4. Restrictions
1. The study tested only the performance of

data querying but not data manipulation. The
results of this test are applied only to systems

that perform a lot of data retrieval with mini-
mum data manipulation.

2. The study tested only the connection, stor-
age and retrieval functions of the scripts.
Other complex functions are not measured.

3. As there is no Web server that can run all
the tested scripts efficiently, two different Web
servers were used in the study: Internet
Information Server and Apache Web server.
This tends to make the results affected by the
Web server performance not only the script.

7. Conclusions

The performance study, based on different
situations derived from this system, revealed
that PHP was the best performing script with
Microsoft Access and ASP.NET was the best
with SQL Server. ASP.NET was as good as JSP
with ORACLE, better than other scripts.
ASP.NET, JSP and PHP were equally good with
MySQL under Windows while PHP was better
than JSP under Linux.
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