Web application performance testing — a case study of an
on-line learning application

J Shaw

As the Internet continues to expand and eCommerce develops, Web applications are becoming increasingly important
sources of revenue. A literature survey revealed that users are not tolerant of delays of more than 10 seconds when using
applications and only 52% of Web applications meet their performance targets when launched. This paper contains a study
of the performance testing of one Web application. It concludes that performance testing can predict performance problems
and, if started early in the life cycle, with a close working relationship between the developers and testers, it should enable
service-affecting performance problems to be avoided. Simply specifying high-performance hardware or particular software
technologies did not result in good user-perceived response times in the case study.

1. Introduction — business drivers

he Internethas evéved consderably fromits oligins as It is well documented [2] that users are sensitive to

a resilient way of linking cold war computers. delays in response from computers and it is generally
Academics used it as a means of sharing information argbnsidered that delays of greater than 10 seconds are dis-
the invention of the World Wide Web spurred its growthtracting and disrupt users’ work patterns. On a captive sys-
into homes and businesses across the globe. Informatitem users develop strategies to cope with delay [3] — on the
available on the World Wide Web was originally static andnternet one of those mechanisms may be to go to another
unchanging and while this provided a simple mechanism fasite offering a similar service, which may lead to a loss of
the publication of information, it was soon realised that theevenue [4]. Therefore to meet revenue targets it is essential
information would be more useful if it could be customisedhat Web services both function correctly and meet users’
for the recipients. Listings gave way to search-engines, amgkrformance expectations. Delays from applications tend to
new technology made it possible to submit fornfs oincrease as the number of application users increases —
information that could be processed on-line and resultadequate performance may therefore be preserved by reduc-
returned — the interactive age had dawned. The forwardag the number of simultaneous application users. This
thinking realised that money could be made out of thetrategy may also affect the revenue potential of a service. A
World Wide Web, beginning with static advertising bannersecent study of eBusiness application scalability in the USA
on popular sites. Advertisers then wanted to be able to targetvealed that 52% of applications failed to support the
specific groups, based on their usage profile or their statgdanned number of simultaneous users when they were first
interests. Services became available too, from the purchadeployed [5]. The results were based on a sample group of
of books to cars, credit checking of companies, and on-ling17 responses. As the applications were designed to support
training. Commercial activity over the Internet, dubbedan average of 3700 simultaneous users, it is apparent that
‘eBusiness’, is predicted to grow significantly in the comingbuilding large Web applications is not straightforward.
years; for example, in Europe the market for on-line training
is expected to increase from $70 million in 1998 to $200

million in 2002 [1]. Analysis of the figures in the Newport study [5] reveals

that 95% of the applications that were load tested early in
Increases in the sophistication of the services oﬁereH]e de3|gn-and-d(_eveliopment cycle scaled as expected.

have been mirrored by advances in the teChnologQ/—|owever, for applications that were not load tested early,

delivering the services. Today a request for a page may ly 22% scaled as planned. Several organisations had used

authenticated against a database, an advert loaded from d—tgst tools as deployment approached but this was not

server, some content loaded from a local server and oth& ective.

content from a remote server that may be run by a third

party. However, this increased sophistication can result in ‘The late purchase of a tool, although beneficial for

slow response times. future projects, tends to only work as a reactive 79
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‘Band-Aid’ approach to a suffering application seconds. With a load of 100 simultaneous users the response
anxious for deployment. IT groups employing this may be 50 seconds. The system is still responding, is still
reactive approach will find themselves creating a lot available to patient users, but the user-perceived response
of extra work for themselves as they backtrack to time (or delay introduced by the application) may be
define, develop and execute appropriate tests for their considered so slow that it has become unusable. If it is
application. Often this approach unearths unexpected unusable it is effectively unavailable and has therefore
application problems, causes frustration for those exceeded its capacity.

trying to learn a new load-testing tool under a very )

restricted time-frame and overall does not derive the 22  Sources of delay for Internet services

full value from the load-testing tool. Lastly, this
approach causes allotted time and budget costs to
expand significantly.’ [5]

Users experience delay from Internet services from a
variety of sources (see Fig 1). The most studied source of
delay is the network. This does not make performance

For companies like BT who are planning to deployPrediction easier as the route from user to application will
revenue-generating Web systems, a key question is: ‘Cé0e dependent on the choice of Internet service provider
performance testing help predict real problems and ensu(ISP), modem speed and line quality, as well as other
that the systems work as planned or do they just shofactors that may be unknown to the application service
artefacts of the test tools?’ This paper seeks to answer ttProvider. Some users are swift to blame slow performance
question through a case study of performance testing of tfon their personal computer (PC), and this can be a factor. It
Solstra on-line training application [6] before and during itsbecomes more apparent when the content requires client
deployment within BT. The Solstra product is jointly Processing, for example, variable width tables, frames and

developed, marketed and sold by BT and Futuremedia PLJavaScript code within the HTML pages. Although not so
much of an issue now that the performance of PCs has

2. Background increased, it can still affect users of slow machines, and is
separate from the time to download the files over the
modem. However, the size of the files that make up a page
erformanceis a measure fobehaviour that canbe is a content issue; for example, studies of the Kodak
defined in a number of ways, but is often also used asigomepage revealed that user complaints increased as the
collective term encompassing several complementaribtal page size (all frames and graphics) grew over 35
definitions. For example, an operations manager may viewbytes and 55 kbytes was considered unacceptably large for
performance in terms of an application’s availability to modem users [7]. The final category of delay comes from
users. An infrastructure planning manager's keythe application itself and may be influenced by, for
performance indicator may be the application’s capacityexample, the processing ability of the servers and the coding
coupled with concerns of how and when to increasef the application. In this case study, the focus of attention
capacity. Another measure of performance is the amdunt téias been these application delays.
information lost while being communicated. In this paper,
performance is defined as a measure of delay or use?-3  Application performance test tools

perceived response time; therefore the purpode o _— . :
. : . To test that an application or service can support a certain
performance testing is to discover the delay user

. . . . 8ad, a known load must be generated. This can be achieved
experience in accessing a system under various loa . -

o manually but is expensive in both human and computer
conditions. . . :

resources. Timings may also be variable and collating the
Delay relates to other performance measures, such results can be time consuming. A more repeatable option is

capacity, as illustrated in the following example. A systenthe use of load generation tools. There is a choice of load-
with 10 simultaneous users may respond to requests intesting tools available, ranging from freeware to fully

2.1  Performance and delay

Load Runner
injector

server monitor

% network monitor

Win .
Runner / \ ;} £
% content D modem modem router fire wall Web data
= server base
user

Figl Allthe elements between the user and the application introduce delay in addition to the application response timnner can inject load and
measure timings at various points in the network. The response of the servers and timings across the network can being the server and network
80 monitors. Load Runner can also be integrated with Win Runner, which then allows accurate user-perceived timings to be gathered.
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supported tools with substantial purchase and maintenance The rate of change in the Web environment means that
charges. At one end of the market, the tools simply requetool features can lag behind technologies that developers
pages and time how long it takes for the page request implement. Therefore the first stage in this project was a set
complete. Web-Stone [8] had been used in BT, mainly tof confidence tests to check that the tool, Load Runner,
characterise Web server software on a variety of platform:could be used to place a measurable load on the system. The
but it did not support authentication, the use of cod ors next stage was to identify and script the key business
redirectior?. The more costly tools support these features anprocesses of importance to the customer and Solstra users.
therefore allow whole business transactions to be mimickelOnce the scripts had been validated, they were run
simulating the pauses between page requests that a hunindividually to baseline the behaviour of the application.
user would make. These tools (e.g. Load Runner [9] anThe final stage in the test run was to combine the scripts
SilkTest [10]) allow modern transaction-based Web appliinto realistic scenarios that mirrored the number of users
cations to be fully tested. Load Runner was used in this caperforming the scripted action at a given time.

study following an evaluation which considered the

functional abilities of the tools available, along with their The measurement process was repeated with later

maturity, support offered, and cost. versions of the software so that improvements could be
quantified. In essence, exactly the same tests were used
3. The process again, but some of them required reimplementing for the

new environment. The results of these tests are reported in
n this case study, a Web-based on-line training applicatiosection 5.2 and are discussed in section 5.3.
Solstra, was studied, which is used to deliver and track

the progress of training courses in BT, and is also offered The key processes/scripts for Solstra are derived from
commercially by BT and Futuremedia PLC. Althoughtop-level menu options (see Fig 2).

Solstra consists of a suite of tools and services, the main
part of the system, known as the Administrator, was the g timings collected by virtual users are essentially

only part tested using Load Runner. download times for the files that are downloaded to the

1 A cookie is a small file given to a client by a Web server. The client sends.C“ent' CoIIectlng data for the same tests at different points

the cookie with each subsequent request to that server. Servers can gi\}Q the network can heIp identify where delays ar_e a(er?d
clients multiple cookies. Cookies can be used in a variety of ways includ-route to the user, but they are not user-perceived times.

ing authenticating the user with a server, recording a user’s preferencey, gad Runner can be integrated with its sister tool Win
tracking how often a user visits a server. Some test tools cannot store the

for each virtual user. Runner, which actually drives the browser GUI interface
2 A server can respond to a page request by telling the client that the pag@Nd therefore allows apcurate User'perC?WGd delays to be
has temporarily moved to a new address that it gives the client. The clienmeasured, although this was not done in the case study.

then automatically requests the new address. The process is known as ’Knowledge of Operating system performance is also
direction and is not usually visible to the user. It can be used to ensure that

a user authenticates before accessing information, so that site usage can ppportant when load teSting as it can help pinpoint parts of

monitored. Some test tools treat the redirect message as an error. the system that are working particularly hard. In these tests
create
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Fig2 The Solstra administrator participant window. 81
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system performance data was manually collected using Ndirectly; participants had to navigate to content through the
Performance Monitor. Solstra Administrator screens (Fig 2). The results showed
that the majority of navigation pages loaded in less than 10
seconds, which is acceptable. Again the system statistics
he peformance tests wededgned to gve coridence showed a light load on the server CPU during this test.
that the initial phase of the deployment of Solstra
within BT would be able to support 15 000 users. As thi<reating participants and groups
deployment was planned for a robust and scalable platform
implemented within a managed server farm in Bletchley, A key administrative task was the creation of users of
the test environment _for the initial tests reflect_ed the multiy,e system (participants and groups), so that a group of
server Bletchley environment. However, an instance Wasgriicipants could be managed collectively. Figure 4 shows
also deployed in Edinburgh for a trial of Solstra and thgpa; a5 the number of administrators increases, the total
service-surround processes; the service patches Wefithe to create a USer or grouuser_create, group_create)
therefore tested in a single server environment. Thig,reases; and also that this is mirrored by an increase in the
substantial change in the environment does make it difficult e ate transaction. The rise in the create-time indicates that
to make direct comparisons between the results, althougfyministrators performing these tasks at the same time
the changes in response observed did not follow thg,,iq experience unacceptable delays. Finally, it can be
conventional wisdom that more computing power leads tQeen that thiadmin_login transaction time rises rapidly at
better response. the 10-user point. While administrators would not
repeatedly log on and off the system, it highlights a
weakness in the application.

4. Environment

5. Results and discussion

his sedbn contans a summaryfdhe key resits ard a

discussion that covers both the performance of the create_part_group_10(res)

[%2]
o > 500 — : :
Solstra application and lessons learnt about the performance 2 dadm_m_'og'n
. k= administration = = = -
testing process. 3 400 [ create - - - - -
5.1 Key results, Solstra Version 1.4, initial release 2 group_create — - —
3 300 |— user_create
Viewing content s
_ ) . ) g 200
An essential function of a training system is the s
presentation of training material to the participants; thiswas & 414
assumed to be the activity that around 90% of concurrent &
users would be performing. In the script, each of the files is S 0
>
©

downloaded by each of the 100 virtual users, and each file is 0 2 4 6 8 10 12 14 16 18 20
represented by a distinct mark on the graph in Fig 3. In all, running virtual users
this graph records the duration of 9300 downloads, the VasIEig 4 Time to complete the creation of participants and groups against
majority of which take less than half a second. The systelthe number of running virtual users. Note response time in 100s of seconds.
log from the Web server showed very low levels of CPU
usage while responding to these page requests, indicating A look at the Web server load during this test reveals
that the Web server handles the provision of simple Wethat, although the number of GET requests is small, the
pages very efficiently. CPU load is very much higher than for serving content or
navigation (Fig 5). However, there was very little activity
on the database server that indicated some sort of
In normal usage the content was viewed with a speciecongestion between the Solstra application and the
viewer which prevented users from accessing the contedatabase.

Navigation through screens
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Fig3 Times to download content files against the time in the scenario they were downloaded.
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Fig 7  Web server statistics versus scenario duration for users viewing
content and navigating, and administrators adding users and groups.
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5.2 Key results, Solstra Version 1.4, service releases
Fig5 Web server statistics plotted against scenario time for

administrators adding groups and participants. Several service packs aimed at improving the
performance and stability of Solstra v1.4 were made, the
last of these (SR4) involved a rewrite of the way the
application communicated with the database. Before this
A total of 20 administrators were simulated using themajor change was released it was important to ascertain that
system at the same time in the previous scenario and whiit was an improvement on the service pack it replaced
it highlighted a potential weakness in the application, thi(SR3). As mentioned in section 4, these tests were
level of load was not realistic. The combined scenaricperformed on a single server model. As the combined
reported in this section was representative of a real loescenario did not reveal anything that did not appear when
with only two administrators using the system, one creatinlooking at creating participants and groups, only the
participants and the other groups. Bearing in mind that botcombined scenario is discussed here.
these transactions have 15 seconds of think time added, and

are made up of six page loads, the response of the systengraeatmg participants and groups

Combined scenario

on the margins of acceptability (see Fig 6). It was immediately apparent that the SR3 suffered
severe performance degradation as multiple users are added
solstra_CUGN-Ran (results) to the database simultaneously. From the graph of
group_create transaction time versus number of running virtual users

, 00— user_create (Fig 8) it is clear that some limit was reached at five users.

aEJ 80 The users were joining the test at the rate of 1 per min, the

= user_create users running for 10 cycles and the

g 60 |— group_create users running indefinitely. The sharp drop in

2 CPU after about 6 min indicated that there was a bottle-neck

S a0

c

2 SR3

g 20

@ 10user10group(10groupl0user0845)

S ool 1 WU | 1000 — admin_login

administration - = = -
create - - - - -

800 — group_create — - - —

user_create

0 165 330 495 660 825 990 1155
elapsed scenario time, s

Fig 6  Transaction response time for one administrator creating
participants and one creating groups while 90 participants access content
and 7 participants navigate around the system.

600 [— —

The NT system logs for the Web and Solstra application
server (Fig 7) reveal very distinct peaks and troughs in
CPU, which are mirrored by the number of GET requests

400 |-

average transaction response time, s

handled. This can be explained by considering that when the 200 —

processor is busy the system becomes less able to handle

GET requests. Investigation of the Load Runner transaction 0 LS 1o

reports revealed that there were only two transactions that 0 2 4 6 8 10 12 14

were performed at the same time as the peaks in CPU running virtual users 4

occurred, but no other times. These wgroup_create and Fig8 Transaction response time versus number of running virtual users
user_create. for the SR3 release of Solstra creating participants and groups. 83
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elsewhere in the system (Fig 9). This is an improvement on SR4
the previous version (Fig 5), where the CPU hit 100%.
100 —
SR3 10user10group(sr410groupl0user1040)
2l admin_login
o | administration = = = -
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Fig9 Application server CPU utilisation for the SR3 release of Solstra running virtual users 14

creating participants and groups.

Fig 10  Transaction response time versus number of running virtual
users for the SR4 release of Solstra creating participants and groups.

In comparison SR4 shows no load-related drop-off

within the bounds of the test (see Figs 10 and 11). Group SR4

creation took marginally longer than user creation, but, as

user creation was likely to be more frequent, this was 200 — ntsr410g10u1050.tsv
acceptable. As the transaction time more than doubles under B CPU utilisation
load, users would notice an appreciable slow down, but the = 180~

system does still work. The navigation through the § |

application (administration transaction) is still very quick, 3 120

the overall slow down being attributable to slower log-in 5 g

and the actual creation of the account. However, these times &

for log-in and creation fall outside the limits of acceptable © 40

performance according to the literature [2]. As users join the 0

test at 1-minute intervals, the CPU ramps up and stays at 2 8¢¥838% 838 ¢ 8

100% until the scenario finishes when it returns to a 835322 VL8IF & T

nominal level — perfect behaviour. The application is now e eeseee Lo ® e "

!'m'ted by the m_ac_hlne 't_ 'S_ rqnnlng on rather tha_n 'tS_Fig 11 Application server CPU utilisation for the SR4 release of Solstra
internal characteristics. This indicates a scalable design, in creating participants and groups.

which additional demand can be accommodated by
increasing the processing power. Table 1 _ Comparison of content page downlc_)a_d timesf Wh_en the server is
only serving content and when it is also sustaining navigation through the
screens and administrators creating participants and groups.

5.3 Solstra Version 1.4 performance 90t percentie of page download timds
While the behaviour of the initial version of Solstra 1.4 Page Content only (s) Combined scenario)(s)
was interesting, the key question for the customer was: ‘Are | °01-220-Png 0.04 1.69
ordinary participants affected?’ There was no specific test | 001_221a.png 0.01 1.98
for this but it was possible to compare the time it took for 001_222a.png 0.01 2.77
90% of the file downloads to complete when the system was  [o01_223a.png 0.02 208
only ggrving_ content anq yvhen it was also supporting other 001_224b.png 0.01 278
(administrative) user activity. 501 225a.png ool t37
The results in Table 1 predicted that users would have 001_225b.png 002 443
been considerably affected by an increase of around 200 |29%-226a.png 0.02 4.4
times for the files in the table, which were picked at 001_226b.png 0.04 5.39

random. Although the download times are within acceptable

limits it was significant and undesirable that use of the Another crucial question asked by the development
application by a minority group of users can affect theteam was: ‘Are the tests realistic or are the results an
response time for the majority. artefact of the testing process?’ After the initial tests, Solstra
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1.4 (SR3) was deployed on to a single server in Edinburgithe development team is best placed to make a detailed
Participants complained of log-in delays and generadiagnosis of problems and provide fixes. Ensuring that a
sluggish response when using the service. Administratoiservice will sustain the planned load is a joint effort
also complained of excessive time required to creatbetween the teams and when achieved, recognition of this
participants, change passwords and amend participashould be shared between the teams.

details, among other problems. In retrospect therefore the

results of the performance tests had identified problem areas yhile retaining a level of independence, the test team

within the application that were visible to the users. Themust be seen as a key part of the project team. A football
evidence implicated the link to the database, and thanalogy can be drawn. People remember the goal scorers in
improvements under load with SR4 (changes to databag team but defenders are not well recognised. However, this
communication) indicated that this was an accuratigoes not mean that a team of well-known strikers would
conclusion. The later results comparing the two servicsycceed, since defenders have different but equally essential
releases demonstrated that it was possible to identifskills. This is much the same principle as discovered by
improvements between the builds that would not have beegelpin with his Apollo team studies [11], but it can be
visible to a single user. overlooked when development and test teams are selected

and budgets allocated.
6. Conclusions

6.1 Performance testing works, but needs planning 6.3 Powerful machines do not guarantee good response

he case sty resuts corréate wth the Newport : :

- . The assumption that adding hardware can solve

findings [5], that late use of performance testing does . . .
erformance problems is common. Adding hardware is

not help launch a scalable product. However, performanc% 2 .

. o . o useful when a system has become limited by its
testing of Solstra did identify realistic performance =~ . T .

L environment. However, if a system is limited because of its

problems, gave an accurate indication of where the main . i

own internal structure, adding hardware can be an

roblem lay and made it possible to quantify improvements . : . . :
b y P q y Imp xpensive diversion. The results here demonstrate this point

in subsequent patches (.sec.tlon 5.3). These even?_s the worst performance was recorded in the more
demonstrate a number of points:

powerful environment (compare Figs 4 and 8). Similarly the

e performance testing with a tool like Load Runner caruse of a particular software architecture, in this case Java
generate a system activity that mimics the behaviour cServlets, is no guarantee of adequate performance.
real users and reveals the problems they will encountéVhatever the approach taken to implement a system, it must

with products before they are released into service — be carried through thoroughly to realise the potential
testing-fix cycle before release can iron out thesedenefits. Therefore, if performance problems are encoun-

problems, tered, an understanding of what is causing the slow response
should be the starting point for resolving the problem, and
* it is essential to agree an approach to performancthe development approach, architecture, usage and
testing before the start — this must include theenvironment must be included in the search for a solution.
development and deployment as well as test teams,

e performance testing should be planned into theAcknowIedgements
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