
9 Conclusion 
9.1 Research Outcomes 

The objectives of the research as mentioned in Chapter l were to arrive at conclusions 

about the performance of a web based system. Three research questions made the basis 

for the research. 

The first question was what the proper approach was to reach the aforementioned 

objective. The systematic approach of a performance evaluation includes these major 

steps: workload characterization, system identification, workload generation, 

experimental design, resource and response monitoring, and data representation and 

analysis. It was essential to monitor the responses of both the server and the cl ient ends, 

and correlate the user activities with the variations of the server resources. 

The second research question was what tools and techniques are appropriate for the above 

approach. Workload characterization can be achieved by questionnaires given to the users 

directly and by log analysis. Recording real user interactions gives the best synthetic 

workloads. These recorded workloads had to be enriched with identified workload 

characteristics. There are free open source tools a,;ailable for log analysis and workload 

recording. 

The third research question was what aspects affected the performance of the system 

under study. Memory is the most critical resource for the LAMP based LeamOrg-Moodle . 
in its current configuration in the test bed. It was observed that swapping at the server 

could warn about a possible performance issue, but that had to be verified by observing 

the response time at a client's end. Network or the CPU could not be regarded as 

performance limitation factors. 

74 



9.2 Recommendations and Further Research 

A service level agreement should be implemented between the system administrators and 

the service receivers whether the system is small scale or large scale. It does not require 

expensive commercial tools to benchmark the systems and to give an estimation of the 

capability of the system. The open source tools freely available in the web can be 

combined to carry out a systematic performance evaluation. Although there are 

systematic approaches for a performance evaluation they are often limited to theory. 

However these procedures should be applied in real for the smooth functionality of a 

system. 

Resource monitoring is a very critical stage of a performance evaluation task. Therefore, 

proper tools should be selected so that the resources of the server can be monitored in 

seconds because the human interactions occur generally in durations of seconds. User's 

point of view of the system responses is quite important and the server resource 

utilization alone cannot detect performance issues. Response time is a reasonable 

candidate for capturing how fast the user gets the response from the server, but these 

times must be measured simultaneously while a large number of users are accessing the 

system. This is a very essential test to be condu~ed specially before deploying the 

system. In such pre-deployment tests synthetic workload becomes an unavoidable choice. 

If the system is benchmarked at a point of time that past records are available, then the 

recorded workloads can be modified and randomized by including statistical properties of 

the past records. • 

The tools and techniques discussed in the previous chapters can be extended and 

incorporated into a single framework as further improvements for the research outcomes. 

This has already being implemented as a final year project at the Department of Computer 

Science and Engineering. 

Since the framework and systematic procedure are in place, various tests can now be 

devised by changing the software and hardware configurations of web based systems and 

also comparisons can be made between different web application platforms. 
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Appendix 

University of Moratuwa, Sri Lanka 
Faculty of Engineering 
DEPARTMENT OF COMPUTER SCIENCE & ENGINEERING 
MSc in Computer Science, 2007 Batch, 

This questionnaire is part of a Research Project. Your effort to give correct and precise 
information is highly appreciated. Please underline the correct choice whenever there are multiple 

choices given. 

Q 1. Current Academic Year and Semester: ...................................... . 

Q2. Field of specialization: .. ......................................... . 

Q3. How many hours per day you spend on web browsing on average? ... ......... ....... . 

Q4. What web sites you visit most often? 

············································································································ 
········· ···· ··· ····· ······························································· ························ 
············· ····· ······························································· 

Q5. How frequently do you use University LMS (LeamOrg-Moodle) ? 

a. . ............ times a day 
b. . ............ times a week ... 

Q6. Durin :J Wllat Uffit:: Ul Ult; uclY UU YVu UO>~ Lt~t;.Q_lJIVfg-, .. ~.vvu.l\,, '·u·""'.~....~. la .......... ..., ..... ....,....., .. "' .... he slots)? 

6-8 am 
8-10 am 
10-12 am 
12-2 noon 
2-4pm 
4-6 pm 
6-8 pm 
8-10 pm 
10-12 pm 

Mon Tucs Wed Thur Fri Sat Sun 

Q7. From where do you access LearnOrg-Moodle most often? 
a. From ......................................... (Levell, Level2, SMART, CSE, 

CIT ..... etc) lab of ........... (CSE, ENTC, EE .... etc) Dept 
b. From outside university via 

i. Dial up over landline 
1i. Dial up over CDMA 
iii. ADSL 
iv. Broadband wireless 
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v. Other (Please specify how you connect) 

Please give connection speeds against the selected technologies above (if 
possible) 

Q8. What is the web browser you often use to work with LeamOrg-Moodle? 

Q9. Rank following operations in LeamOrg-Moodle according to how frequently you use 
them 
Most frequent = rank l 

a. View pages 
b. Post text in forum 
c. Post text in wiki 
d. Upload file 
e. Online quiz 
f. Open link to pdf file 
g. Open link to web pages 
h. Download files 
i. Chat 

Other (please specify and give the rank too): .......................................... . 

QlO. Rank the followings giving rank 1 to the most time consuming operation you have 

a. 
b. 
c. 

Login 
Load a course page 
Post to a forum 

d. Post to a wiki 
e. Upload a file of size ....... . 
f. Submit an online quiz 
g. Download a file of size ... : ... 
h. Post into a chat 

Other (please specify and give the rank): ........................... . 

Q\\. 

experienced in 
LeamOrg-Moodle 

Q12. What is the longest time duration you had to wait for a response ofLeamOrg-Moodle 
(give rough value): 
............................ mini sec 

Q 13. Time to load LeamOrg-Moodle pages is very poor/ poor/ average/ good/ very good 
compared to fastest web sites I have often browsed. 

Q 14. I will wait to work till 
a. whole page get loaded on my browser 
b. only the desired part of the page starts appearing 
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Q 15. How many online tests have you faced on LeamOrg-Moodle? ....................... . 

Q 16. When doing online tests, how would you finish the test? 
a. Click "submit all and finish" at last moment 
b. Click "Save without submitting" each page while doing the test and let 

automatically submit when time is over 

Q 17. If a page goes non responsive when I click on a button/link 
a. I would wait for some time(> 1 min) without doing anything 
b. I would click the button/browser's refresh button again after few ( > l 0) seconds 
c. I would keep on clicking the button/browser's refresh button several times 

d. I would close the browser 

Q 18. How often you get error in loading LcarnOrg-Moodle pages 

a. Very often 
b. . ..... % of times I use it 
c. Rarely 
d. Never up to now 

, . , ... 
I' .• • 
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