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3 Methodology 

The research methodology consists of identifying the system and workload, selecting and 

configuring testing tools, designing experiments to evaluate resource utilization at 

identified types of workloads, performing experiments and gathering data, and finally 

analysing and presenting data in order to draw conclusions as to how well the system 

performs at normal and peak loads and its scalability. 

3.1 Workload Identification 

The complaint which was heard unofficially from time to time about this system was that 

it takes a long time to load pages. 

Poor page load times were experienced especially in instances where 100 students were 

sitting for an online quiz. ln addition to this delay, during quizzes, database errors were 

experienced at the point of which fina l submissions were made by around 100 concurrent 

users. 

Apart from complaints an important question asked by decision makers and users is that .., 
how many users the system can handle concurrently in different situations such as 

interactive tasks such as quizzes. 

These abstract ideas had to be converted into test cases with quantifiable observations. 

The test cases so derived are given in Chapter'?. 

A survey was used to capture workload characteristics from users' point of view whereas 

system logs were analysed to capture system workload characteristics. 

3.1.1 Survey 

A survey questionnaire was distributed among 130 students selected from different 

batches who were frequent users of LeamOrg-Moodle. This survey aimed at capturing 

user perception and user behaviour regarding the usage of Moodie. Another objective was 

to have a quantitative and qualitative evidence of the above mentioned complaints. The 

perception and behaviour vary according to the level of familiarity of the user with the 
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system. The performance may vary due to different access technologies, and hardware 

and software in client computer. Hence the survey comprised of questions to achieve the 

following goals and the sub goals: 

G l ). To gather demographic information of sample population 

a. Familiarity with Moodie 

b. Frequency of usage 

c. What activities in Moodie are used 

G2). To identify access technologies and client side technologies 

a. Type of connection 

b. Type of browser 

c. Other applications in the machine 

d. Hardware details of the cl ient machine 

G3). To get user perception about responsiveness of the Moodie 

a. Uncertainty of delay 
... 

b. Acceptable delay 

c. Waiting times while working with Moodie 

G4). To gather user complaints 

a. Errors in connecting to Moodie 

G5). To capture user behaviour when working with Moodie 

a. Submission pattern of online quizzes 

b. Behaviour at non responsive pages 
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Survey questionnaire is attached in Appendix. Relevance of questions with respect to 

survey goals is as follows: 
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Figure 3-1: Mapping of survey goals and questions 

Results of the survey are analysed under the System Identification in Chapter 4. 

3.1.2 Log Analysis ... 
LAMP systems keep records of workload traces from the point at which a request appears 

at the web server and until the response gets back to the client. Httpd access logs and 

mysqld query logs are two such examples. Moodie records user related details such as 

requested URLs and time of request in its mdl:_log table. The httpd access logs were 

analysed and the results are elaborated in Chapter 5. 

' 
3.2 System Identification 

System identification phase aimed at finding out system parameters. 

LearnOrg-Moodle runs on a mediwn sized LAN consisting of several dedicated servers 

such as DNS, Proxy, and a number of intermediate networking devices. It was required to 

limit the scope of the system by defining a boundary which includes most important 

components only. The contribution of the network nodes to the overall response time in 

accessing Moodie was analysed by undertaking a preliminary test as follows. Moodie was 
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accessed from one of the LANs within the depat1ment network and the packets of the 

communication were captured at the client machine. By considering the protocol of the 

packets and the timestamps, the communications were broken down to several steps. 

This study resulted in removing DNS lookup and the propagation delay over network 

from the response time due to their negligible effect. Hence the system was confmed to 

the LAMP based server machine and this will be referred hereafter as the SUT (System 

under Test). 

The following steps were carried out to investigate further into the SUT. 

• Defining the system boundaries 

• Identifying services and outcomes of the system 

• Selecting performance metric 

• Listing parameters 

• Selecting factors to study 

3.3 System Monitoring 

There are two types of monitoring involved in this study. One is the resource monitoring 
... 

of the server and the other is the monitoring of the communication between server and the 

client. 

In order to identify the loading condition in terms of resource utilization of the web 

server, there had to be a monitoring mechanism. Initially, to address this requirement 

MRTG [26] was used by configuring it to monitor resources. It was observed that MRTG 

can show readings averaged for periods of 5 minutes and the expected granularity level 

for monitoring resources according to the user interactions was required to be finer than 

what MRTG could offer. Therefore RRDtool [27] was selected· as the resource monitor. 

Both MRTG and RRDtool use SNMP as the underlying protocol to get the information 

related to system resources such as CPU, memory and VO. Read only access to SNMP 

MIBs is sufficient and also advisable for security reasons. Though SNMP is not advisable 

to be enabled in an operational server for security reasons, here the server is monitored by 

isolating it from the operational environment. Therefore it does not make a huge security 
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issue. However the newer versions of SNMP come with data encryption and other 

security enhancements so that it will be harmless to use the method mentioned here on the 

operational system as well. 

The workload generating tool mentioned in Chapter 5 provides facilities to record the 

parameters such as response time and content of the replies involved with the 

communication between the server and the test system. 

The resource utilization and the communication had to be synchronized so that the 

changes in the server resource utilizations can be explained with respect to changes made 

in the applied workloads by the test system. Resources were monitored remotely from the 

same client that monitored the response times. Therefore the timestamp of the client was 

used for both types of readings. 

3.4 Performance Testing 

Throughout the design and implementation of performance experiments a test bed which 

mimics the actual system was used. This environment was implemented on a set of 

machines to which all administrative privileges were available . 
... 

The technique devised for performance testing was to replay the recorded workload traces 

in controlled manner. This can be considered as a simulation technique. The workJoad 

was recorded such that it exercises different types of workload that were identified at the 

workload characterization phase. 

A separate test environment was implemented with a test-server and a test-client-system. 

Test-server was installed in a low-end machine but with the operating system and 

software as similar as possible to the operational Moodie server. This was to design 

experiments without jeopardizing the operational system. 

Test-server has the following system specifications: 

Processor: Intel P4 2.8 GHz, Cache 1024 KB 

RAM: 512MB 

Linux: version 2.6.9-5.ELsmp 

Moodie: version 1.8+ (a copy of the Mihindu Moodie) 
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Test-client-system was installed with needed tools for workload recording, replaying and 

monitoring. This system facilitated development of test scripts. Workload recording was 

done using a Perl script that was written with the Perl modules available at CPAN 

repository as discussed in Chapter 5. Workloads were replayed changing parameters such 

as number of sessions and rate using a command line tool called HIT Perf and tills is also 

discussed in Chapter 5. Resource monitoring was done using SNMP. SUT was polled 

from the Test-client-system and the MIB values were stored in a RRD (Round Robin 

Database) as discussed in Chapter 6. RRDToo\ was found out be a flexible tool for 

manipulating tills database and it provided facilities to graph MIB values related to 

resources ofSUT such as CPU, memory and 1/0. 

This test environment was used as the prototype throughout the study and the results 

being analyzed in Chapter 6 onwards pertain to this test environment, not to the 

operational environment. 

... 
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