
2 Literature Review 

2.1 Moodie 

MOODLE, which stands for Modular Object Oriented Distributed Learning Environment, 

originated with the objective of incorporating pedagogical features missing in then

existed learning environments in 1998. Moodie is based on social constructivist 

pedagogy. 

According to Moodle philosophy, constructivism is the point of view, which advocates 

the philosophy of people actively constructing new knowledge as they interact with their 

environment [1]. Social Constructivism extends this idea to a group of people 

collaboratively creating a small culture of shared artefacts with shared meaning. 

Moodie brings this pedagogy on to the web, which generates a huge amount of user 

interaction with the system via activities such as forums, wikis, quizzes, assignments, and 

chats. Hence web user satisfaction is of prime importance in the case of learning through 

Moodle. 

... 
2.2 Web User Satisfaction 

Much research has been conducted in the area of web user satisfaction often based on e

commerce sites. Gehrke and Turban present five determinants of user satisfaction 

regarding e-commerce sites [2]. These five determinants are page loading speed, business 

contents, navigation efficiency, security and marketing/customer focus, in the order of 

importance respectively. Page load speed, delay, response time and such speed related 

parameters are highlighted in several studies with respect to user satisfaction. The delay 

experienced by web users is elaborated in [3]. According to this study, a web experience 

consists of several episodes and each episode consists of wait experiences and 

interactions. As far as wait experiences are concerned duration of the wait, uncertainty of 

waiting times, information provided to the user about the wait, the point at which the wait 

occurs within an episode and the waiting time with respect to the user-expectation are 

important aspects. The study shows that more than the absolute waiting time the user 
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perception of waiting with respect to his expectation has larger impact. Further the 

uncertainty of the waiting time is an important factor rather than waiting time itself [3). 

Hence, the simple assumption that "faster is better" in providing quality of service in web 

based systems is not logical. In order to engineer a web based system, there should be an 

SLA that satisfies the user and also that is feasible for the system to maintain. SLA should 

promise specific and quantifiable parameters of Quality of Service. Quality of service will 

be represented in terms of parameters that a user can feel and that make sense for decision 

makers in administering the system. In order to make sure the user satisfaction is met by 

adhering to the SLA, the parameter values specified in the SLA should be related to users' 

expenence. 

2.3 Performance Tuning and Capacity Planning 

Achieving user satisfaction has always been a challenge with the technical issues arising 

from lager demand and limited resources. Therefore, performance tuning and capacity 

planning are important missions to meet these challenges in any system. Interactive web 

applications are no exception. 
... 

Systems need to be fine tuned to provide the agreed level of service. Capacity planning 

should also be done such that SLA of the system is met. According to [4] typical 

questions that arise in capacity planning are; 

l. What are the maximum load levels that •the system will be able to handle in the 

production environment? 

2. What would the average response time, throughput and resource utilization be under 

the expected workload? 

3. How would performance change if load is increased? Does the system scale? 

4. Which components have the largest effect on the overall system performance and are 

they potential bottlenecks? 

5. What hardware and software resources are needed to guarantee that SLAs are met? 
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Furthermore according to [4] approaches to seek answers for above questions are often 

ad-hoc, experts' opinion or rules of thumb. Often a rule of thumb for perfonnance gain 

has been the over-provision of resources which leads the institutions nowhere. But the 

systematic approach will be to do a performance analysis and based on that form the 

predictions. 

Performance evaluation involves multi-disciplinary skills such as mathematical, 

statistical, analytical, communication and data representational skills. 

Systematic approach of performance evaluation involves the following steps [5): 

• Stating goals and defining the system boundaries 

• Identifying services and outcomes of the system 

• Selecting performance metric 

• Listing parameters 

• Selecting factors to study 

• Selecting evaluation technique 

• Selecting workload ... 

• Designing experiments 

• Analyzing and Interpreting Data 

• Presenting results 

• Repeating 

As per above process, the evaluator needs a thorough understanding about the system 

throughout the process. The following sections are dedicated to give an insight into the 

technologies and concepts related to the system under study, which basically is a LAMP 

based system providing dynamic and interactive web experience for e-leaming. 
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2.4 Web Application Architecture 

Web applications are typically multi-tier, often 3-tier consisting of a front-end web server 

layer, an application server layer, and a back-end database layer. The front-end layer 

accepts client HTTP requests and serves content from the file system and those generated 

by application server as shown in Figure 2-1. 

Page 
Request 

Web Browser 

File System 

Figure 2-1: Canonical Web architecture (7) 

The application server layer handles the business logic and computes the information 

needed for constructing the requested pages. The back-end database layer stores the 

necessary data for generating dynamic content. There is no one-to-one mapping between 

the multi-tier logical layers and physical architebtures [6). 

According to [7] there are significant architectural differences owing to different 

mechanisms that tie the elements shown in Figure 2-1 together. Some examples for 

architectural decisions are: 

• How to preserve the user's session where the communication from the browser to 

the web server is generally stateless 

• Placement of the application's business logic: models such as the accordingly thin 

client model, the fat client/thin server model and ·models where it is distributed arc 

available. However, most systems today tend to push business logic to the server 

side. 

• Whether the communication from the logic to the data should be stateless or 

stateful 
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• Method of connecting to the application's persistence data: how the illusion of 

objects is given to the user while data continues to live in relational tables, 

whether the connection from the system's business logic to its data is manifested 

via a mechanism such as JDBC or via messaging. 
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Figure 2-2: Typical N-tier model (81 

A typical N-tier architecture is described in [8] as shown in Figure 2-2. As per [8] the . 
presentation logic tier provides end user with the interface to the application by 

transforming the output of the business tier into a usable and readable format. The proxy 

tier facilitates the distributed computing by acting on behalf of the distributed logic layer. 

The data access tier is a reusable interface to the database which does not contain 

business rules or data manipulation logics. 

As far as hardware technologies, software technologies and interactions among 

components are concerned web based systems are increasingly becoming complex. When 

understanding such complicated systems viewing them from a single view point is not 

sufficient. A 4+ 1 model is given in [7] that can be used to understand web applications. 
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Figure 2-3: 4+1 model view by Philippe (7] 

The design view as shown in Figure 2-3 captures the functional requirements of the 

system or the services provided to the end user. The process view encompasses threads 

and processes that form concurrency and synchronization mechanisms of the system. This 

view captures mostly the performance and the scalability aspects. The implementation 

view addresses the configuration management of the system while the deployment view 

encompasses system's hardware topology and installation of components. The use case 

view encompasses the behaviour of the system as see"n by the end users [7]. 

Modelling 3-tier web applications is also advantageous in aspects such as capacity 

planning, overload control, performance management, and resource provisioning [9]. 

Study presented in [9] proposes such a model using queuing network theory. The 

researchers also have built a test bed to measure the model parameters, based on industry 

server components and TPC-W benchmark. 

2.5 LAMP 

LAMP architecture can also be considered as 3-tier where Apache acts as the front-end 

web server or the 1st tier, PHP engine acts as the 2"d tier, and the MySQL database acts as 

the 3rd tier. 

Apache as the 151 tier performs three basic functionalities: ( I) Receives requests from the 

clients, serve for static web requests (2) At the same time forwards complex dynamic 
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content requests to the 2nd tier (3) Receives responses from the 2nd tier and sends them 

back to the clients [9]. 

PHP engine forms the 2"d tier which carries all the business logic and performs functions 

such as: (1) Receiving requests from the web server (2) Looking up information in the 

database or 3rd tier (3) Processing the information ( 4) Passing the processed information 

back to the web server [9]. 

MySQL forms the third tier, which basically keeps web site's information stored [9]. 

''Even though LAMP is a very popular architecture there has been little work to 

characterize and benchmark the architecture, especially at an application level, but there 

has been a substantial amount of work done to analyse the performance of some other 

web applications" [1 0]. 

2.5.1 Apache Web Server 

Modem web servers such as Apache are capable of operating in both multi-threaded and 

multi-process modes. In multi threaded mode Apache is structured as a pool of worker 

threads to handle HTIP requests. A worker threaq processes the request until it completes 

and then accepts a new request. In the thread pool model, the threads are pre-created at 

the start up [9]. 

HTTP 

Nhl~ooofl 

ApcKh& II'Od,..Jk Tomall 

Figure 2-4: Apache multi-threaded architecture [9) 
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As shown in Figure 2-4, the Apache server's multi-threaded architecture is modelled as a 

multi-station queuing centre where each station represents a worker thread. The requests 

are waiting at the TCP accept queue until it is assigned to a worker thread. The requests 

processed at the Apache server are then forwarded to the middle tier which in this case is 

a Tomcat Server [9]. But the model can be used for the LAMP environment by replacing 

Tomcat server by PHP engine. 

There are two series of Apache servers which difTer in capability and architecture, namely 

Apache 1.3 series and Apache 2.0 series. 

Apache 1.3: This is a process based server, which forks several child processes at start up 

to achieve stability. This has performance penalty due to cost of process creation and 

context switching. Since the processes are isolated they cannot share code, data or system 

resources. 

Apache 2.0: This series has major improvements over the former. The followings are 

some important ones. 

• Ability to be configured as process based, thread based or mixture of two models. 

Inception of threads are advantageous over processes due to the fact that they arc 
... 

lightweight, they can share code, data and resources, and increased scalability of 

the server. Compared to process based model the disadvantage here is if a thread 

misbehaves it can corrupt data or code of other threads. 

• Support for many protocols such as FTP, POP3, etc other than HTML. Thus 

supports for dynamic content generation and authentication. 

Regardless of the version, the modularity of Apache is an important feature, that is 

Apache comes with a number of modules bundled with the server as well as a number of 

third party modules arc available. The user can easily enable or disable the modules 

according to the requirements. 

Authentication modules allow authentication against backend database as well as against 

plain text files. There are modules for access control and secure data communication as 

well. 
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Performance and scalability are achieved via important modules that control throttling. 

Throttling is the slowing down of content-delivery based on some criteria such as type of 

the file, client IP address and bandwidth limits. Furthermore, load-balancing can be 

achieved by modules such as mod_rewrite and reverse proxy so that load is distributed 

among several backend servers. Reverse proxy is a web server placed in front of other 

servers to offload certain tasks from backend servers. Seamless redirection of HTTP 

requests can be done targeting at under-utilized servers. This provides fine grain, per 

request load balancing. Furthermore, mod_ backhand allows seamless redirection. 

Modules such as mod_dellate and several other filtering modules allow compression of 

content thus saving bandwidth. 

Publishing or simply managing and uploading content is provided by protocols such as 

DAY (Distributed Authoring and Versioning).Virtual hosting allows for hosting many 

sites in single server [ 11]. 

2.5.2 PHP 

PHP is a server side, cross platform, HTML embedded scripting language. The engine 
... 

that runs PHP is the middleware that generates dynamic contents in the 3-tier LAMP 

applications. 

PHP' s modular design provides modules for; Database connectivity for popular databases 

such as Oracle, MS-SQL server, ODBC interface, MySQL, mSQL, PostgreSQL and so 

on, XML support, File transfer (eg: FTP), HTTP, Directory support (eg: LDAP), Mail 

support (eg: IMAP, POP3), PDF document generation, CORBA, SNMP ... etc. 

Here the focus is more on PHP's interaction with MySQL database and Apache web 

server. 

PHP acts as a module in Apache server itself and shares the same process address space 

of the web server. Hence doesn't have any inter-process communication overhead with 

the server. Disadvantage of this architecture is in the situations when the web server is the 

bottleneck there is no chance to offioad PHP middle tier into a separate machine. 
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Whenever HTTP server comes across a PUP tag the PHP interpreter module is invoked. 

PHP scripts are then taken over by the interpreter module and executed. 

PHP uses native code database driver, but the database interface is considered to be ad 

hoc. 

2.5.3 MySQL 

MySQL is also a multi-threaded server where a thread cache is used instead of thread 

pool model. Threads in a thread cache are managed in dynamic fashion and they are not 

pre-created at start up. When the number of threads needed to serve the requests exceeds 

the thread cache size new threads will be created. However, only the number of threads 

equal to the thread cache size is reused and maintained alive [9]. 

In [9] MySQL database server is modeled as a multi stationed queuing centre which is 

load-dependent, but for the simplification the number of stations is considered to be the 

averaged number of worker threads at a run. 

Clients 
(EBs) 

N 

Web 
s~er 

Dsl3b3se 

Figure 2-5: Queuing network model of 3-tiered Web service architecture [9) 

Overall model for the 3-tier architecture proposed in [9] is a closed queuing network as 

shown in Figure 2-5, where N is the number of clients accessing the site, MWS, MAS and 

MDS are the number of worker threads at the web server, the application server and the 

database server respectively. Moreover, the average service times at each tier DWS, DAS 

and DDS are also model parameters. Other than that think time, Z is also considered in 
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the model. Think time is defined in [ 12) as the time between displaying the requested 

results and issuing of a new request. 

2.6 Performance Parameters 

Many studies focus on time-related parameters such as response time, delay and page 

load time. Throughput is another widely used performance parameter. According to [ 12) 

response time is the speed of service from user's point of view whereas the throughput is 

that from system's point of view. System capacity is also a commonly evaluated 

parameter. In addition, access failures and error rates are also considered. A 

comprehensive set of parameters are presented in (13) : Total number of HTTP requests, 

HTTP requests per second, Number of good HTTP responses (200 OK), Number of bad 

HTTP responses (non-200 OK), Total HTML received (MB), Average HTML traffic 

[Mbit/s], Minimum HTTP response time [ms], Maximum HTTP response time [ms] , 

Minimum number of HTTP connections, Maximum number of HTTP connections, 

Update SQL queries per second, Non-update SQL queries per second, Total SQL queries 

per second. 

However, Andreolini et al. highlights the importa'rice of considering granularity level of 

performance evaluation so that the performance parameters must be selected accordingly 

[6). Granularity levels given in the study are system level, node level, hardware resource 

level, software component level, process level, and function level listed in the order of . 
varying from coarse-grain to fine-grain respectively. 

2. 7 Workload Characterization 

Workload provides a compact description of the load by means of quantitative and 

qualitative parameters and functions [ 14). 

Choice of workload model to test an e-commerce site is a problem by itself [6). This 

observation will not change much regarding e-learning sites. 

Typical web browsing workload model is oriented to define the number and the size of 

embedded objects and think time [6). 
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TPC-W is identified as the only complete benchmarking model available for e-commerce 

sites in several studies including [6]. There are little or no similar studies and 

benchmarking standards found regarding e-learning sites. Nevertheless, the work in e

commerce will give an idea as to how a workload model can be selected for an e-leaming 

site. Moreover Andreolini et al. in [6] explains a TPC-W such as workload model which 

incorporates two scenarios, namely browsing and buying as well as the percentages of 

static and dynamic content. 

In order to characterize the workload it is essential to capture user behaviour. Kotsis and 

Tafemer in [ 12] capture user behaviour using log files and summarize the behaviour as 

sequence of user requests and the think times between requests. There are some 

interactions specified in the TPC-W benchmark specification [15]. 

Web interaction of users is often viewed in terms of sessions. A session is the period 

during which a user is active on Internet followed by a silent period as considered in [ 16]. 

According to [17] a session contains temporally and logically related request sequences 

from the same client. As claimed in [ 18] session consists of interdependent requests, 

hence the session based synthetic workload must reflect inter-request dependencies. 

There is a separate area of research called Web Osage Mining, which is the process of 

analysing web browsing behaviour. It is a three-phase process comprising: data 

preparation, pattern discovery and pattern analysis [ 19]. Data in this case is contained in 

the access logs. Logs record the web accesses sequentially according to timestamps . . 
There are many technical issues involved in data preparation phase. User identification, 

session identification, caching issue, and page-view identification are major issues that 

must be addressed during the data preparation phase. Users are typically identified by 

means of unique IP addresses in Web access. Sessions are usually separated by setting a 

threshold value for the time duration between consecutive accesses [19]. However, 

threshold based mechanisms are error prone and clustering techniques are applied instead. 

A. Bianco et.al suggests a 3-step algorithm derived using clustering methods [16]. Hence, 

threshold based methods and clustering techniques can be considered as two of several 

methods found in literature for identifying sessions. 
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2.8 Workload Generation 

Emulation is an important aspect in perfonnance evaluation, capacity planning and 

workload characterization. Emulators are supposed to mimic realistic workload (20]. 

Client emulators are used to generate workload according to the workload model derived 

at the phase of workload characterization. 

The benchmarking tools provide for generating workload by setting values for workload 

parameters. There are in-built benchmarking tools coming with LAMP software bundle 

for example AB (Apache Benchmark) tool in Apache server [21]. HTTPerf is another 

well-known tool for workload generation which can run a web session (22]. AutoBench is 

a tool which is implemented as a wrapper based on HTIPerf for automating the execution 

of HTTPerf. This tool has the capacity to repeatedly execute HTTPerf and get statistics in 

the form of a spreadsheet. 

2.9 Workload Parameters 

In [23), some workload parameters that are used to monitor the response time are the 

number of clients, page type (static, cgi), pages f>er connection, n!w drop rate, http 

version(l.O, 1.1) , RTT(ms), connections per sec, SYN drop rate and how long to run the 

workload. It will be beneficial to look at workload parameters of available workload 

generators. Simic et al. in [ 13] mentions about a workload generator for web servers 

called Web Server Load Tool (WSLT) which is said to simulate real user behaviour. The 

paper also lists few parameters found in WSLT such as increment step in terms of the 

number of connections, polling interval, maximum number of connections, time to run, 

and the number of browsers. The paper also mentions another commercial application 

used for database server benchmarking Quest Software's Benchmark Factory for 

Databases. 

When issuing HTTP workload on a web server it is important to consider HTTP's 

interaction with TCP. For example, Heidemann in [24] shows that the interaction between 

TCP slow-start implementation and the HTTP's MIME data transfer mechanism in a 

16 



particular experimental set up has caused server to wait for a long delay till an 

acknowledgement comes from the client. 

2.10 Performance Monitoring 

Monitoring is identified in (5] as the first and a key step in performance evaluation. 

Monitoring can be categorized as passive and active. Monitoring a system while it is 

being subjected to a synthetic workload is referred to as active monitoring. If the 

monitoring is done while real load is in progress without applying monitor's own load it 

is referred to as passive monitoring. 

Olshefski et al. explains several monitoring mechanisms that can be used to monitor 

response time as perceived by the clients: 1. Periodically measuring the response time by 

means of geographically distributed set of monitors, 2. Instrumenting existing web pages 

with client side scripting which is a 'post-connection' approach, 3. Tracking the servicing 

of requests at the server, 4. Reconstructing response time using network packet traces 

[23]. 

Other than monitoring the responses, the server side resource monitoring is also ... 
important. SNMP (Simple Network Monitoring Protocol) is a popular application 

protocol for polling servers for various counters that record resource utilizations such as 

memory available, swap space, and CPU time of users and system. This information is 

available in MIB (Management Information Ba~s) [25]. 

2.11 Experimental Design 

There are two well accepted experimental models in web application benchmarking: 

virtual client testing model and the record-replay authoring model (18]. 

Proper experimental design should be devised such that maximum information can be 

gathered on the minimum number of experiments. It is essential to separate effects of 

factors from those of random variations. 
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The following terminology is important in systematic experiment design as given in (5]. 

• Response variable: outcome of experiment 

• Factors: variables that affect the response variable. Also called predictor variables or 

predictors 

• Levels: values that a factor can take, also called treatment 

• Primary factors: factors selected for getting quantified 

• Secondary factors: factors that are not selected for getting quantified 

• Replications: the number of repetitions of experiments. 

• Experimental unit: any entity used for an experiment 

Designing an experiment involves specifying the number of experiments, deciding the 

factor-level combination for each experiment and selecting the number of replications. 

Simple, full factorial and fractional factorial are three major types of experimental design. 

One factor is varied at a time in the simple design whereas all the combinations of all the 

levels of factors are considered in the full factorial design. Only a set of factors is 

considered in the fractional factorial design. A special case of fractional factorial design 

with two levels from each factor is denoted as 2"r where n is the number of factors and r 
... 

is the number of replication [5]. 

2.12 Evaluation Techniques 
~ 

There are three main techniques for performance evaluation: analytical modelling, 

simulation and measurement. Analytical modelling can be used at any stage of a project, 

with a lesser amount of time, without the need for tools and instruments than analysts, but 

the achievable accuracy is low due to assumptions and simplifications. The evaluations 

done with analytical models must be verified by simulations or measurements. Simulation 

can also be used at any stage of the project, with heavy use of computer languages and 

tools, and can achieve moderate accuracy. This needs verification by measurement or 

analytical modelling. Measurement can be used only after the post-prototype stage, with 

heavy use of instrumentation, however the accuracy can vary. Results should be verified 

by analytical modelling or simulation (5]. 
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