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Abstract 
 

As the Internet has become increasingly important for people and for businesses that rely on it to 

create revenue, Internet unavailability can have major consequences. A common cause to 

unavailability is performance related problems. In order to evade such problems, the system’s quality 

characteristics in terms of performance need to be evaluated, which is commonly done with 

performance testing. When performance tests are conducted, the system under test is driven by an 

artificial workload or a sample of its natural workload while performance related metrics are 

measured. The workload is a very important aspect of performance testing, proved by measured 

performance metrics being directly dependent on the workload processed by the system under test. In 

order to conduct performance tests with representative workloads, the concept of workload modelling 

should be considered. Workload models attempt to model all relevant features of the workload 

experienced by a system within a given period of time. A workload model is created by set of 

consecutive activities that together constitute a process. This explorative feasibility study focuses on 

exploring, describing and evaluating the feasibility of a tool for automating the process of modelling 

Web server workloads for performance testing. 

 A literature review was conducted in this student thesis, from which a research model was 

developed that describes the key factors in the process of modelling Web server workloads for 

performance testing, the relationships between these factors and their variables.  

 The key factors constitute of four sub-processes and the relationships between them are the 

sequence flow, i.e. the order of events in the process. The process is initiated by the sub-process 

Establish Workload Data, where the workload data are retrieved and sanitised. The workload data are 

then categorised in homogeneous groups called workload entities, which is done in the Identify 

Workload Entities sub-process. Each workload entity has some associated workload attributes that are 

identified in the Identify Workload Attributes sub-process. In the last sub-process, Represent 

Workload, statistical methods, such as standard deviation and arithmetic mean, are applied in order to 

represent the workload in graphs and tables. 

 Based on the research model and in order to evaluate the feasibility of a tool, a prototype was 

developed. The feasibility was evaluated through analysis of the primary empirical data, collected 

from an interview with a field expert who had tested the prototype. The analysis indicated that 

developing a tool for automating the process of modelling Web server workloads for performance 

testing is indeed feasible, although some aspects should be addressed if such a tool was to be realised. 

 Analysis implied that an important aspect of modelling Web server workloads for performance 

testing is that the modeller must be in controller of what is being modelled. The prototype that was 

developed is highly static, i.e. it is not possible to create customised workload models. Therefore, if 

the tool is going to be realised, functionality for customising workload models should be added to the 

tool. 

 Another important aspect that should be addressed if the tool is going to be realised is graphical 

representation of multiple workload attributes. The analysis indicated that there might be correlations 

between workload attributes. It is therefore important to be able to graphically represent multiple 

workload attributes together so that such correlations can be identified. 
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1 Introduction 

1.1 Problem Background 
It seems that for the people of today’s society, staying connected to the Internet has become 

increasingly important. According to Internet Live Stats (2016), the number of users connected to the 

Internet increased with 7.8% from 2014 to 2015 and now approximately 43% of the world’s 

population have access to the Internet. According to Narasimhan and Pertet (2005), businesses rely on 

the Internet to attract customers, communicate with suppliers and clients and to generate revenue. By 

studying the consequences of Internet unavailability, the demand on high availability becomes clear.  

 There are numerous examples where website failures causing downtime has had major 

consequences such as massive loss of revenue. In 2011, a failure occurred in Virgin Blue’s 

information system, which caused downtime on their online booking system resulting in 130 cancelled 

flights and delays for more than 60,000 passengers (Ooi 2011). In a press release published by Virgin 

Blue (2010) later, it was revealed that the loss of revenue was estimated to 15-20 million Australian 

dollars. Although the massive loss of revenue for Virigin Blue, the total cost of the system failure was 

likely much higher because of lost or dissatisfied customers, damaged reputation, impact on the stock 

price and lost employee productivity (Narasimhan & Pertet 2005). 

 There are numerous causes to such failures resulting in outages. In a research study conducted by 

Narasimhan and Pertet (2005) 40 incidents of real-world website outages was studied. The study 

indicated that a significant cause to the outages was performance related problems such as overload or 

resource exhaustion. The Norwegian Tax Administration’s website where citizens can, amongst other 

things, get their tax settlement notice, experienced in 2011 such performance related problems over a 

two-day period (Jørgenrud 2011a). At first, the problems caused their website to shut down and later 

extreme slowness. A huge number of users accessing the website in a very short timeframe were the 

cause to the performance problems.  

 Apart from these, there are many other cases of website failures due to performance related 

problems such as the ones described by Sweney (2002), BBC News (2004), Morris and Carter (2011) 

and McWilliams (2012). 

 In order to evade the performance related problems, the system or component’s quality 

characteristics in terms of performance, i.e. time and resource utilisation (ISO/IEC/IEEE 2013), need 

to be evaluated. 

1.1.1 Context of Performance Testing 
Performance testing (see also in Appendix A: Terminology) is a technique for evaluating a system’s or 

a component’s quality characteristics in terms of performance. It is a type of measurement approach 

which means that the system or component being tested is driven by an artificial workload or a sample 

of its natural workload while performance related metrics are measured (Ferrari 1984, Ballocca et al. 

2002, Fageria & Kaushik 2014, Mitchell & Black 2015).  

 Similar to the earlier mentioned costs of downtime described by Narasimhan and Pertet (2005), 

Microsoft (2007) states that performance tests usually are conducted to address one or more risks 

related to reputation, lost revenue, expenses and/or continuity. In addition, performance testing can be 

useful for other purposes such as estimating the hardware requirements needed for an application 

before it is launched in a production environment, identifying bottlenecks, collecting performance-

related data to help stakeholders make informed decisions or assisting a performance tuning effort 

(Microsoft 2007). 

 However, performance testing does not provide a guarantee against performance related problems. 

In the case of the Norwegian Tax Administration, the website editor stated in an interview with 

Jørgenrud (2011b) that the website had been thoroughly performance tested and should have been able 

to handle a much greater workload. Only a few weeks later, in an interview with Jørgenrud (2011c), 

the CEO of the company hosted the website admitted that they had not been as thorough as they first 

stated, and that they therefore had not been able to reveal the performance related problems that 

caused the failure.  
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 Exactly why the performance tests had not been as thorough as first stated is unclear, but an 

apparent cause is that the system under test never experienced the workload that was the case in 

production. 

1.1.2 Introduction to Workload Modelling 
Workload is the unit or units of work that a system, application or component is processing at any 

given period of time (Almeida & Menascé, 2002a:205). The units of work are the inputs that the 

system receives from its environment. For a Web server, as an example, the workload consists of the 

requests being processed at a particular period of time. The workload varies with time, e.g. at night the 

workload might be low or non-existing, while it might be high at midday. 

 The workload is a very important aspect of performance testing which is proved by observing that 

performance metrics to be measured are directly dependent on the workload processed by the system 

or component being tested (Ferrari 1984, Berman & Cirne 2001). Others believe that it is not only an 

important aspect; conducting performance tests with unrepresentative workload can generate totally 

inconsistent results (Almeida & Menascé 2002b), lead to irrelevant results (Feitelson 2015:1) and to 

inaccurate conclusions (Jain, 1991:16). Further, Jain (1991:16) claims that unrepresentative workload 

is a common mistake observed frequently in performance evaluation projects. 

 In order to conduct performance tests with representative workload, the concept of workload 

modelling should be considered. Ferrari (1984) claims that “all performance analysis techniques, i.e., 

these techniques that can provide us with the values of a system’s performance indices, require one or 

more workload models to be built.” Workload models attempt to model all relevant features of the 

workload experienced by a system within a given period of time (Almeida & Menascé 2002a:179-180, 

Feitelson 2015:6, 10-11). It is a description of the workload experienced by a system within that 

period (Lutteroth & Weber 2008). Importantly, workload models are not to be mixed with resource 

utilization models that describe how the system responds to a specific workload in terms of resources. 

 For the creation of a workload model, a set of consecutive activities are executed, that together 

constitutes a process (Feitelson 2015, Jain 1991, Almeida & Menascé 2002a:205-260). There are 

many different kind of workloads since they are dependent on the context they are observed in 

(Feitelson 2015:5-6). Therefore, variances at a detailed level may exist in the process of modelling 

workloads depending on the workload being modelled. In order to narrow the scope of this student 

thesis and provide a specific area of study, the workload experienced by a Web server was chosen for 

further study. 

 Almeida and Menascé (2002a:149-154) define a Web server as a computer connected to an intranet 

or to the Internet and with Web server software installed that control the flow of incoming and 

outgoing data. The Web server listens for incoming requests from clients in the network, which is 

processed before a response is returned, most often in the form of a document. Web servers are 

commonly used for hosting websites (Almeida & Menascé 2002a:149-154) such as the Norwegian 

Tax Administrations or Virgin Blues, but can also be used for hosting Web services or other type of 

Web applications (Alonso et al. 2004:123-149). 

1.1.3 Automating Processes 
According to Mohapatra (2009), the importance of automation in various industries has increased 

dramatically in recent years. In the Information Technology industry, it has become common to 

automate repetitive and time-consuming tasks in order to reduce costs. Apart from reducing costs, 

Mohapatra (2009) suggest multiple reasons to why processes are subject for automation such as; 

freeing human resources so that it can be used for other activities, and decreasing number of errors in 

error prone processes. As an example, Cisco Systems used Web based automation in the context of 

their online sales, and according to Attaran (2004) it resulted in 20% increased productivity in two 

years. 

 In the context of modelling workloads for performance testing, automating the process of 

modelling workloads can assumingly reduce the time spent by the performance tester to create 

workload models so that that it can be used for other tasks, it might also reduce the number of errors. 

 To the best of my knowledge, no documented attempts have been made on automating the process 

of modelling Web server workloads for performance testing. Neither do I know of any standard 

workload modelling process.  
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1.2  Purpose 
The purpose of this student thesis in Information Systems is to explore, describe and evaluate the 

feasibility of a tool for automating the process of modelling Web server workloads for performance 

testing. 

1.3 Target Audience 
The target audience of this student thesis is performance testers involved in or are planning to get 

involved in workload modelling for conducting realistic tests of Web servers. The student thesis might 

also be of value for others who are modelling workloads from any type of information system, or even 

planning to automate the process of modelling workloads. Students within the field of Information 

System seeking knowledge about workload modelling and/or performance testing might also find this 

student thesis useful.  
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2 Research Method 
The choice of research method should, according to Robson (2014), be based on the purpose of the 

research. For this student thesis, an exploratory research method was chosen. Kumar (2011) means 

that an exploratory research method is particular suitable for studies in areas where little is known, 

which is the case with the focus area for this study. When a study is focused on determining the 

feasibility of a phenomenon, as with this study, it is often referred to as a feasibility study (Kumar 

2011).  

2.1 Research Design 
According to Kothari (2004) and Kumar (2011), every researcher should have a design for her or his 

research. The research design is a conceptual structure of the research study, describing how the 

collection, measurement and analysis of data should be conducted (Kothari 2004). There are different 

types of research design, some more flexible than others (Robson 2014). It is important to establish a 

research design that suits the type of study conducted (Kothari 2004). According to Kothari (2004), 

important aspects of exploratory studies are to discover ideas and insights. Hence, the research design 

for such studies should be flexible so that different aspects of the same problem can be discovered.  

 The flexible design chosen for this student thesis is further described subsequently and illustrated in 

Figure 1. 

 

 
Figure 1: Outline of the research design activities for this student thesis 

Source: Author 

 

The research study conducted in this student thesis will start with the collection of secondary data 

through literature review, which is the method advised by Kothari (2004) and Lewis et al. (2009) for 

secondary data collection, given an exploratory research method. 

 From the literature review, a theoretical framework and a research model will be created. 

According to Huberman and Miles (1994), the research model is a useful tool with many benefits. The 

literature review will be superseded with the development of a prototype tool where the research 

model will serve as a basis. 

 The design science research method, as described by March et al. (2004), suggests that all artefacts, 

the prototype in the context of this study, should be subject for evaluation through well-executed 

evaluation methods. Therefore, when the first version of the prototype is finalised, a field-expert will 

engage in functional black box testing using an exploratory testing technique, which will be further 

explained in section 2.4.  

 If primary empirical data are to be collected in an exploratory study, both Kothari (2004) and 

Lewis et al. (2009) suggest that interviewing an expert or experts in the field is a suitable method. In 

this student thesis, primary data will be collected through one interview, capturing a field-expert’s 

experience with the tool and competence in the field. Only one interview will be conducted because of 

time constraints for this study. Developing a prototype tool and preparing for testing of the tool is 

prioritised, since a prototype may serve as a proof of concept. The choice of only one interview is 

further motivated in section 2.2.1. 

 Upon undertaking the analysis of the collected data, the research model will be used for providing 

the outline of the analysis, as suggested by Huberman and Miles (1994). 

 The above-mentioned methods for data collection, measurement and analysis is further described 

and motivated in the following sections. 
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2.2 Data Collection 
According to Robson (2014), there are two types of data than can be collected: quantitative and 

qualitative data. Qualitative data, i.e. non-numerical data, often in textual form, are the most common 

form of data collected when a flexible research design is chosen. A typical example of qualitative data 

is data collected from interviews. 

 Data can also further be divided into primary and secondary data, according to Robson (2014). 

Primary data are empirical data, which the researcher collects from a direct source through, as an 

example, interviews or questionnaires, whilst secondary data are data that are collected by studying 

data that already exists, i.e. through literature review. The secondary data may or may not be data that 

other researchers have collected themselves, i.e. empirical data. 

  As mentioned above, Kothari (2004) and Lewis et al. (2009) suggest that primary data should be 

collected from interviewing expert(s) in the field when conducting exploratory studies, while literature 

review in the field of the problem is the suggested method for collecting secondary data. 

2.2.1 Primary Data Collection 
The primary empirical data used in this student thesis will be collected from an interview, which is a 

qualitative method for data collection. 

 According to Robson (2014) several different interview techniques, such as the semi-structured 

technique, exist and the researcher should choose a technique that is suitable for the research design. 

According to Patel and Davidson (2011), a semi-structured technique gives the researcher room for 

follow-up questions, and the respondent to formulate answers and even follow-up answers, more 

freely. For exploratory studies with a flexible research design, Kothari (2004) claims that unstructured 

interviews are the central technique. However, he recommends some structure to the interview. Hence, 

a semi-structured interview technique was chosen for the interview. However, in order to provide 

some structure to the interview, an interview guide, including follow-up questions, was prepared (see 

also Appendix B). In general, experience-collecting interviews, as the one performed in this student 

thesis, are likely to be long (Kothari 2004). He therefore suggests that the interview guide is sent to the 

respondent in advance of the interview, which was done for the respondent in this study, so that he or 

she may contribute effectively.  

 The interview guide was created from the research model in order to ensure that all the relevant 

data were collected. The interview was also recorded after acceptance from the respondent. The 

recording was later used when conducting the analysis as well as creating the summary of the 

interview that can be found in Appendix C. 

Choice of Respondent 
When looking for a respondent to take part in the interview the most important qualification was 

expert competence in the field, i.e. a performance tester with experiences from workload modelling 

given the research design and purpose. Other beneficial qualifications were any acquired certifications 

or attended courses within the field of performance testing as well as experiences in related fields such 

as test automation, performance tuning or system development. 

 Finding a person with the very specific competence turned out to be a challenge, which might be 

implied by a search on “performance tester” on the professional network LinkedIn (2016) returning 74 

professionals, while “system developer” yielded 16,009, and “workload modeller” did not generate 

any hits at all in Sweden. 

 In order to find the person with the right qualifications, I first contacted a performance tester that I 

had worked with some time ago on a performance testing project. However, he was unable to 

participate. Instead, Geir Ole Aagedal (referred to as Technical Test Analyst), an acquaintance from a 

certification course held by the International Software Testing Qualifications Board was contacted and 

agreed to participate in both the testing of the tool and in an interview. He had acquired the Technical 

Test Analyst certification, one of few certifications, known to the author, which covers performance 

testing. Also, he had a few years practical working experience with performance testing, a Bachelor’s 

Degree in Information Science, and over 20 years’ experience from being a professional Programming 

Analyst. 
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2.2.2 Literature Review 
The secondary data used in this student thesis were collected through literature review as suggested by 

Kothari (2004) and Lewis et al. (2009). Literature review is that activity of searching and reviewing 

previous research conducted within the field (Robson 2014). The relevant literature that was reviewed 

and later used in this student thesis was primarily found through the sources available at Karlstad 

University library website, Google Scholar and Internet search. Some books, e.g. Feilteson’s (2015), 

Jain’s (1991) and Almeida and Menascé’s (2002a), was acquired after reading citations, proceedings 

and/or reviews about them. They later proved to be valuable sources. 

 When conducting literature reviews it is important to carefully evaluate the quality of the sources 

(Robson 2014). 

Source Criticism 
Jørgensen and Rienecker (2014) recommend that the researcher carefully evaluate the status of the 

source in the field, the author’s authority and the degree to which the source is objective. Thurén 

(2013) states that source criticism can be explained by four principles that should be followed. The 

four principles are similar to Jørgensen and Rienecker’s (2014) recommendations. However, he also 

believes that it is important to evaluate the age of the source since sources can become outdated and 

irrelevant.  

 In order to ensure quality data in this student thesis, these recommendations have been considered 

when reviewing sources. The aim has been to use as updated sources as possible. However, in some 

cases, the evaluation of the sources indicated that an older source, such as Jain (1991), was equally 

good, if not better. An older source may still contain up-to-date content and also be more recognized. 

 When possible, scientifically recognised literature was used throughout the study. In section 1.1, 

news articles were used for exemplifications of the problems at hand. Some parts of this student thesis 

also contain references to different tools and standards such as ISO, IEEE and World Wide Web 

Consortium (W3C) standards. Apart from references to tools and standards, all sources in chapter 3 

contain research conducted by researchers. 

2.3 Prototype Development 
Similar to the literature review, a review of different technologies was conducted in order to find a 

suitable match between the objective, i.e. to develop a prototype tool for automating the process of 

modelling Web server workloads for performance testing, and the available resources, i.e. time and 

competence. It was also important that the field expert could easily gain access to the prototype in 

order to test it, and that the interface was user-friendly to avoid wasting time on navigation. Further, 

all technologies used had to be licensed free for commercial use.  

 Making the right decisions regarding the choice of technology was considered very important, 

given the time constraints for this study. Decisions and motivations regarding choice of technology, 

architecture and implementation of the tool are described in detail in Appendix D. However, the 

overall result from the technology review is presented subsequently. 

 The research model was used as a basis for the development of the prototype tool. Functionality for 

data sanitation was implemented in to support data sanitation activities, as described in section 3.2. 

The workload entities and attributes in the research model were also included in the workload model 

generated by the prototype. Statistical and graphical representations were implemented corresponding 

to the workload representation described in the research model. The mathematical functions used for 

the statistical representation were transformed into callable functions in the program code, which 

could be called in order to perform calculations on the data set. 

Choice of Technology 
In order to provide easy access to the tool, a decision was made early to use Web technologies for the 

purpose of developing the prototype.  

 For the development of the prototype, the Python programming language was chosen for the 

backend of the Web application. According to Bhat et al. (2012), Python is known to enable rapid 

application development, and for being simple yet powerful. Python has also successfully been used 

for developing popular Web applications for major companies, such as YouTube and Google (Python 
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2016a). Since the author also had previous experience in Python, it seemed like a good choice given 

the limited time. Apart from Python, PHP was considered as a programming language for the backend, 

but was dismissed because of the above mentioned reasons. 

 To further save time, different kind of Python Web frameworks were considered, before Django 

was finally chosen. Aside from allowing rapid development, one of the main reasons for choosing 

Django, was the powerful administrator site that can be modified (Django Software Foundation 2016). 

The administrator site comes with multiple time saving features, such as built in user administration. 

The prototype tool was therefore built with Python on the Django administrator site. 

 In order to publish the tool and make it accessible for others, a Web server was required. A server 

in Amazon’s (2016) Elastic Compute Cloud (EC2) was therefore acquired. The server was configured 

with an open-source distribution of Linux, before NGINX Web server software was installed (NGINX 

2016). NGINX was chosen because it is open-source and lightweight, yet with high-performance, and 

because it is compatible with hosting Django. 

2.4 Prototype Testing 
In the field of software testing there are multiple different methods and techniques (Linz et al. 2007, 

Eriksson 2008). It is common to classify software testing into white and black box testing which refers 

to the tester’s knowledge about the software under test. When a tester is involved in black box testing, 

the tester knows nothing about the internal structure such as the program code or infrastructure of the 

system, whereas with white box testing, the tester specifically targets the testing towards the internal 

structures of the software. 

 Testing is further commonly classified into functional and non-functional testing (Linz et al. 2007, 

ISO/IEC/IEEE 2013). When conducting a functional test, the tester only focuses on testing the 

functionality of the software as experienced by its users. Non-functional testing, such as performance 

testing, refers to testing targeting the way the software operates, and ignores the functionality it 

provides. 

 The internal structure, or the how the prototype tool works, is not subject for evaluation as per the 

defined purpose. Therefore, as stated in the research design, the prototype tool will be subject for 

functional testing with a black box testing method. 

 There are also different kinds of testing techniques, ranging from loosely to highly structured 

techniques. As mentioned in the research design, an exploratory testing technique was chosen for this 

student thesis. 

Exploratory Testing 
Exploratory testing is a technique in which the tester spontaneously designs and executes tests (Bach 

2000, ISO/IEC/IEEE 2013). It is based on the tester’s existing relevant knowledge (ISO/IEC/IEEE 

2013) and his or hers ability to learn about the test object while executing tests (Bach 2000). The tester 

is exploring the software, learning its functionality and executing tests based on his or hers intuition. 

No systematic approach such as following a step-by-step test case, is followed. The design of the tests 

is defined when the tester learns more about the software.  

 Kaner and Tinkham (2003) add to their definition that the tester uses the information gained about 

the software to design new and better tests. 

Disadvantages 
There are a few disadvantages with the exploratory testing technique. One of the major disadvantages 

described by Bach (2000) is that the technique has a major emphasis on the skills of the tester. It is 

therefore important to find out the skills that are necessary for the tester.  

 In some testing sessions, it is important to keep track of the progress, perhaps when time is limited. 

This becomes difficult with an exploratory technique, since no documentation exists of what has been 

tested and what is planned to be tested (Kaner & Tinkham 2003, Itkonen & Rautiainen 2005). This 

disadvantage, however, is not applicable for the testing conducted as part of this student thesis, since 

the tester, i.e. respondent, was given a large amount of time, and the time constraints were flexible.  
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Advantages 
The exploratory testing technique also has a few advantages. In regards to test preparation, exploratory 

testing does not require extensive preparations because of its exploratory nature (Bach 2000, Itkonen 

& Rautiainen 2005). Hence, the saved time and efforts can be utilised on other activities. When 

conducting this student thesis, time was a valuable resource because of the given deadline. 

Another advantage with exploratory testing is that of effectiveness (Bach 2000, Itkonen & 

Rautiainen 2005). Compared to traditional testing techniques where test cases are documented step-

by-step, exploratory testing is considered to be more effective in finding significant defects, as well as 

utilising the tester’s knowledge better.  

 Considering the advantages and disadvantages, and in order to avoid wasting the respondent’s time 

while still providing a high-quality evaluation of the prototype tool, the exploratory testing technique 

seemed a good choice. However, in order to assist the respondent to some degree, and to avoid 

wasting time on learning the tool, a user guide that can be found in Appendix E was produced and sent 

to the respondent before the interview took place. 

2.5 Advantages Using a Research Model 
As outlined in the research design, a research model was created as part of this student thesis, which 

can be found in section 3.2 and Figure 12. According to Huberman and Miles (1994), a research 

model, referred to as a conceptual framework, is a graphical illustration with an associated descriptive 

text that explains what the research should be focused on, i.e. the key factors, their variables and the 

relationship between them. 

 Huberman and Miles (1994) recommend that a research model should be developed as part of the 

research, since it provides the means to increase the structure of the research. It becomes more 

deductive, which is positive for research studies conducted with limited time and resources. 

 Amongst other things, the research model assists in focusing and bounding the collection of 

qualitative data (Huberman & Miles 1994). This is done by forcing the researcher to be selective, i.e. 

to decide which key factors are the most important and which relationships are likely to be most 

meaningful. Consequently, it ensures that the right data are collected and analysed. Huberman and 

Miles (1994) further suggest that a research model can be helpful in determining if the right research 

method is used, creating interview guides or questionnaires, as well as providing the outline of the 

analysis. 

 In this student thesis, the research model assisted indeed in choosing the key factors to be included 

in this study, identifying their relationships, creating the interview guide that can be found in 

Appendix B, as well as providing an outline of the analysis. 

 Another advantage of using a research model, according to Huberman and Miles (1994), is that it 

helps researchers involved in the research and researchers that wish to continue the research, to study 

the same phenomenon, so that a cross-case analysis can be performed. 

  Huberman and Miles (1994) believe that the research model should be developed throughout 

multiple iterations. In this student thesis, a new modified version of the research model illustrated in 

Figure 13 and described in section 4.5, was created as a result from the analysis of the collected 

empirical data. This means that others in the future can continue the research done in this student 

thesis, and be ensured that the same phenomenon is studied. 

2.6 Reliability, Validity and Generalisability 
An important aspect of research is trustworthiness. When conducting a research, it is important that it 

is done in a trustworthy way, so that other people can rely on it. According to Robson (2014), 

trustworthiness is evaluated from the overall quality of the research, including a thorough description 

of what has been done and why. In the context of data collection for research purposes, there are two 

aspects to consider for high trustworthiness: validity and reliability. 

2.6.1 Reliability 
Robson (2014), states that data are reliable if it is equivalent when the data collection is repeated under 

the same conditions. This can sometimes be problematic, especially when the data collection stems 

from interaction with humans. Human behaviour and their environment change with time, which may 
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affect the data collection. However, it is often possible to gather reliable data when standardised 

methods for data collection are used. As for interviews, Robson (2014) suggests observation as a 

method for gathering reliable data, meaning that an additional person attend the interview for 

observation. Another way of increasing the reliability of data are to provide solid descriptions of the 

data collected. Triangulation, which refers to collecting and comparing data from different sources, 

may, according to Robson (2014), also be used in order to increase the reliability. 

 The interview that was performed in order to collect data about the validity of the developed tool 

was recorded in order to increase the reliability of the data collected. The recorded interview was then 

used during the analysis of the data. 

 The aim was to thoroughly describe and also provide references to the secondary data that were 

collected through literature review and later used in this student thesis. It has also been an ambition to 

present the source of statements in this student thesis, whether it is from primary or secondary data, or 

my own conclusions. Effort has also been made to apply the triangulation technique on the secondary 

data collected so that statements are based on more than one source. This has not always been possible 

due to limited time and in some cases limited research conducted in the specific area. 

2.6.2 Validity 
Even though collected data may be reliable, it is not necessarily used in a trustworthy way. When data 

are used in an untrustworthy way such as for presenting misleading information, the validity is said to 

be low according to Robson (2014). He also states that regardless of what method is used, validity is a 

concern. Maybe because the validity may, assumingly, be affected by innocent actions, such as 

misconceptions or miscalculations. 

 In order to reduce the risk of such innocent actions affecting the validity of this student thesis, 

triangulation was used on secondary data. Regarding the primary data collected from an interview, the 

notes from the interview were cross checked against the audio recording to avoid misconceptions. 

When performing the interview, a semi-structured interview technique (Patel & Davidson 2011) was 

chosen to give room for follow-up questions, which can be useful in order to avoid misconceptions 

and give room for further explanation. 

2.6.3 Generalisability 
Generalisability refers to the degree at which the result from the research is applicable to other objects 

of the same type as the one studied, e.g. the degree at which conclusions are valid on another 

organisation of the same type (Alvehus 2013, Patel & Davidson 2011, Jacobsen 2002). 

 Since the empirical data collected in this student thesis are based on only one respondent, the 

generalisability should be regarded as low in general. The choice of only one respondent is motivated 

in section 2.2.1. The theoretical framework that was built with the concluding research model (see 

Figure 12) as well as its modified version (see Figure 13) should, however, be regarded as 

generalisable, since they were developed such that they can be used in future research in the field of 

modelling workloads for performance testing of Web servers, or continuation on this research. 

 The prototype, in its current state, should not be regarded as generalisable, as it is static, only 

supports one log file format, and was specifically developed for this study. With little effort, however, 

it can be modified to support additional log file formats, which would make it available to a broader 

audience. If the tool was to be further developed into a more dynamic tool, it could perhaps also be 

useful for other workload modelling related purposes than performance testing. Additional efforts 

could be made so that the tool could model other types of workloads apart from Web server 

workloads, which would make it even more generalisable. 

 When the prototype tool was developed, the source code was written to be platform independent, 

which, from a technical perspective, may enable it to be used in other contexts than the one intended. 

Although it was developed in a Windows environment, it was published and tested in a Linux 

environment. 

2.7 Ethical Considerations 
According to Robson (2014), it is likely that a research affects people, including direct participants of 

the research or others, such as readers or stakeholders. The effects might be positive or negative; 

therefore, it is important to address ethical issues when conducting a research. Research involved in 
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unleashing nuclear energy is an example where the ethical issues might be a difficult dilemma. 

Further, Robson (2014) suggests that ethical issues regarding the participants directly involved should 

be considered as well as the subject for which the study is focused on. 

 In regards to the purpose of this student thesis, there is no direct danger involved. However, defects 

might exist in the prototype tool, which might result in unexpected failures. These failures might again 

cause problems such as misleading workload models. The impact of the consequences from these 

problems is likely to vary depending on the use of the tool. The tool is merely a prototype and is not 

meant to be used in any other context than this student thesis. Considering the contributions described 

in chapter 5, the validity, reliability and generalisation described in section 2.6 should be considered 

before further use of the prototype. 

 Measures were taken to avoid negative effects on the respondent that participated in this study. 

Before agreeing to participate, a message was sent to the respondent describing the purpose of the 

student thesis, the implications of taking part, the expectations linked to his participation and the 

preliminary time for participation. Thus, he could make a deliberate decision before agreeing to take 

part. 

 The respondent was given access to the prototype tool immediately after it was finalised, to ensure 

that enough time was given to testing of the tool. The exploratory testing technique was chosen to 

ensure not only that the respondent’s knowledge was utilised in the best possible way, but also to 

minimize the time spent on testing, as recommended by Bach (2000) and Itkonen and Rautiainen 

(2005). 

 The respondent was also given the opportunity to pick the time for the interview, in order to 

mitigate the effect on his personal life. Alongside the user guide, an interview guide, found in 

Appendix B, was also sent, so that he was given a chance to prepare answers for the questions and 

comments the questions themselves. 

 At the beginning of the interview, the respondent was given the chance to approve or reject to 

recording the interview, which he agreed to. He was also encouraged to pause or stop the interview at 

any moment in case he was affected negatively in any way. In order to protect his confidentiality, 

approval was gained before publishing his name. 
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3 Theoretical Framework 

3.1 Workload Modelling 
As mentioned in section 1.1.2, the concept of modelling workloads focuses on creating a model that 

describes the features of the workload experienced by a system during a given period of time (Almeida 

& Menascé 2002a:179-180, Lutteroth & Weber 2008, Feitelson 2015:6). 

 Workload modelling can be conducted at different levels, according to Jain (1991:60-70), Almeida 

and Menascé (2002a:208-211) and Feitelson (2015:5-6, 366-370), since information systems are built 

upon different layers. Workload modelling can be done at any level in the Open System 

Interconnection (OSI) model’s seven layers (Jain 1991:60-70, ISO/IEC 1994). Assumingly, the 

representation of the workload in terms of visual components such as graphs and tables differ for each 

layer in the model, since there are different workload components and attributes to be modelled.  

 Modelling workloads at different levels also require different techniques to be used, such as 

techniques for collecting and processing workload data (Feitelson 2015:22-72). Hence, the process of 

modelling workloads, at a detailed level, differs between the layers in the OSI model. This student 

thesis focuses on the workload models at the application level in the OSI model (ISO/IEC 1994). The 

techniques and visual components for representing the workload are chosen accordingly. 

 Workload models can be categorised in multiple ways (Jain 1991:67, Almeida & Menascé 

2002a:218-220, Almeida et al. 2004:103-105, Feitelson 2015:16-19). Some categorise workload 

models into executable and non-executable models (Almeida & Menascé 2002a:218-220, Almeida et 

al. 2004:103-105). Executable models consist of traces of the workload data that can be used as input 

in an application that generates the workload on the system to be tested (Jain 1991:91). Non-

executable models are an analytic type of model that describes the system workload. The description 

can later be used as input for other types of tools, such as performance testing tools, that put the 

system under load.  

 Feitelson (2015:11-14) states that it is important to not run performance tests with identical 

workloads of two reasons; first, it is very unlikely that a production environment will experience 

exactly the same workload since workloads are nonstationary, second, applying exactly the same 

workload will increase the probability of hitting caches which will taint values of the performance 

metrics. 

 The prototype tool developed in this student thesis generates non-executable workload models, i.e. 

models that focus on providing a description of the workload being modelled. 

 Feitelson (2015:10-11) states that workload modelling should always start with measured data 

about the workload, i.e. if there are no data there is nothing to build the model upon. 

3.1.1 Workload Data 
Workload data can either be collected or retrieved (Feitelson 2015:19-29). Workload data can be 

collected by using active or passive instrumentation. When using active data collection, the system is 

modified so that data about its activity is collected, while passive data collection refers to collecting 

data by using external tools, e.g. the popular tool Wireshark (2016).  

 When workload data are retrieved, an existing source is used (Feitelson 2015:22, Li et al. 2010). 

Log files are a common source for existing workload data that can be retrieved, analysed and later 

used for workload modelling (Almeida & Menascé 2002a:497-500, Feitelson 2015:19-29). However, 

log files may not necessarily exist at the desired level of detail. As an example, a Web server log file is 

not detailed enough when engaged in packet-level workload modelling since it only logs requests and 

not packages. 

 When modelling Web server workloads for performance testing, much of the necessary workload 

data can be retrieved from log files found on the server (Arlitt & Williamson 1997, Ballocca et al. 

2002, Almeida & Menascé 2002a:497-500, Arlitt et al. 2005, Feitelson 2015:19-29). Several different 

log format standards such as the W3C Extended Log File format, the IIS Log File format and the 

NCSA Common Log File format exists (Cooley et al. 2000). Figure 2 contains a sample of log file 

entries in the W3C Extended Log File format, which is the format that the prototype tool was 

developed for. However, the tool could easily be modified to handle other formats as well. 
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Figure 2: Example of log file entries in the W3C Extended Log File Format 

Source: Author 

 

Some of the data contained in log files of the W3C Extended Log File format is: the date and time for 

when the request occurred, the source of the request, the request method, the status code that was 

returned to the requester and the size in bytes that was sent to the Web server (Feitelson 2015:28-29, 

W3C 2016). 

Data Sanitation 
As stated in section 1.1.2, it is important to model realistic workloads that are representative for what a 

system will encounter during normal usage. In order to do that, workload data that are retrieved 

sometimes needs to be sanitised (Pitkow 1999, Ballocca et al. 2002, Feitelson 2015:46-63). Feitelson 

(2015:46-63) suggests that the data sanitation is done by using filters.  Feitelson and Tsafrir (2006) 

have identified four types of data that should be considered sanitised: 

1. Sometimes log files contain incomplete entries or entries of aborted requests - such unusable 

data should be considered omitted. 

2. Log files may also contain e.g. requests that fail. In Web server logs, it is common that failed 

requests are logged and categorised according to the HTTP status code standard (Feitelson 

2015:28-29). In some cases, it might be expedient to remove such data. However, it should be 

carefully considered since a system must also be able to handle this type of workload. 

3. In some cases of workload modelling, the modeller might only be interested in a specific class 

of workload. When modelling for performance testing it is for example common to only 

model the peak-hour (Avritzer et al. 2002). The peak-hour is the hour when the system 

experienced the highest workload in terms of number of requests or throughput. The data are 

then filtered to only contain data from the specific peak-hour. Another example of a class of 

data that should be considered excluded is requests made by robots, such as monitoring 

agents. 

4. The data may sometimes also contain abnormal events that should be filtered away. 

3.1.2 Workload Entities 
Researchers suggests that the features of the workload can be described in terms of workload entities, 

sometimes referred to as components, units or items (Ferrari 1984, Jain 1991:71-73, 125, Almeida & 

Menascé 2002a:205-256, Almeida et al. 2004:105, Feitelson 2015:73). According to Jain (1991:71-

73), entities depend on the type of workload being modelled and what the model is to be used for. 

Thus, it is up to the modeller to define the workload entities. However, they should always represent a 

homogeneous group. 

 The workload experienced by a Web server consists of the requests being made at a particular 

moment in time. Hence, the requests form a natural entity (Jain 1991:71-74). A request made towards 

a Web server always has a source, such as a user or an integrating IS. The source of the request 

represents another homogeneous group and can therefore can be treated as another workload entity, as 

suggested by Jain (1991:71-74). 

 Using the notation for class diagrams specified in the Unified Modelling Language (UML) (Fowler 

& Scott 1999), workload entities can be seen as classes. The correlation between entities can then be 

described as one of the main types of relationship between classes that exists: association, aggregation 

and composition. The relationship between a request and its source would be a composition 

relationship, which is a strong type of aggregation as illustrated in Figure 3. In a composition 

relationship, an instance of a class cannot exist without the existence of a related instance of another 

class (Fowler & Scott 1999), i.e. a request cannot exist without a source making the request. 

#Software: Microsoft Internet Information Services 8.5 
#Version: 1.0 
#Date: 2016-12-01 00:00:14 
#Fields: date time s-ip cs-method cs-uri-stem cs-uri-query s-port cs-username c-ip cs(User-Agent) cs(Referer) sc-status sc-substatus sc-win32-status time-taken cs-bytes sc-bytes 
2016-12-01 00:00:14 10.0.0.20 POST WebServiceURI_5.svc - 443 - 10.0.1.2 - - 200 0 0 3625 1237 15197 
2016-12-01 00:00:25 10.0.0.20 POST WebServiceURI_1.svc - 443 - 10.0.1.2 - - 200 0 0 1218 2766 86825 
2016-12-01 00:00:32 10.0.0.20 POST WebServiceURI_5.svc - 443 - 10.0.1.2 - - 200 0 0 640 647 75931 
2016-12-01 00:00:44 10.0.0.20 POST WebServiceURI_4.svc - 443 - 10.0.1.2 - - 200 0 0 2750 2501 84245 
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Additionally, there is a one-to-many multiplicity between a request and its source, since many requests 

might relate to a single source. 

 

 
Figure 3: Class diagram of workload entities 

Source: Author 

 

Each of the identified entities usually has a set of attributes, sometimes referred to as parameters, 

which characterise them (Ferrari 1984, Jain 1991:14-29, 85-86, Almeida & Menascé 2002a:205-256, 

Feitelson 2015:73). It is these attributes that are modelled, and together make up the workload models 

(Ferrari 1984, Jain 1991:14-29, Arlitt & Williamson 1997, Avritzer et al. 2002, Draheim et al. 2006, 

Feitelson 2015:19-29). 

3.1.3 Workload Attributes 
The workload attributes are specific for the workload to be modelled and the model may contain all or 

just some of the attributes (Ferrari 1984, Jain 1991:71-74, Feitelson 2002, Feitelson 2015:19-29). This 

is highly dependent on what the workload model is to be used for. Therefore, a central activity when 

modelling workloads is to determine the workload attributes to be modelled (Jain 1991:14-29, Avritzer 

et al. 2002). When modelling workloads for performance testing, Feitelson (2015:19-21) clarifies that 

all important workload attributes need to be modelled, and that it is up to the modeller to determine 

which attributes to include. Jain (1991:14-29) states that these attributes should be the ones that have 

significant impact on the performance. 

 Not all attributes describe the workload, some attributes describe how a system responds to a 

workload. Jain (1991:71-74) therefore clarifies that it is important to choose the attributes that describe 

the workload. An example of a Web server attribute that describes the system rather than the workload 

is the response time of a request. The response time is highly dependent on the system in which it is 

observed, and does not describe the workload that led to it. Attributes describing resource utilisation, 

such as CPU or memory utilisation, are therefore not recommended to be part of workload models. 

 In regards to workload attributes that might be relevant to model, Jain (1991: 71-74) suggests 

arrival time and the type of a Web request.  

 Some workload attributes may also be derived from the underlying distribution, i.e. the workload 

data, of other attributes. As an example, the inter-arrival time can be derived from the arrival-time of 

requests handled by a Web server (Feitelson 2015:70). The inter-arrival time is the time between the 

requests (Jain 1991:510, Feitelson 2015:37,376). 

 Further using the class diagram analogy, the workload attributes can be seen as properties of 

classes as specified in UML (Fowler & Scott 1999). In the class diagram, they are modelled in a 

dedicated box underneath the box holding the name of the class. According to Fowler and Scott 

(1999), properties can, as with workload attributes, also be derived. Derived properties are modelled 

with a leading forward slash as illustrated in Figure 4. 

 

 
Figure 4: Class diagram of workload entities and attributes 

Source: Author 

 

As mentioned earlier, Feitelson (2015:10-20) states that workload modelling is based on measured 

data about the workload that is analysed. Thus, to identify the attributes which is to be modelled, the 

workload data should be analysed, which is also stated by Arlitt et al. (2005).  

The following important workload attributes that have a significant impact on the performance of a 

Web server will be described subsequently. 
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Timestamp 
The log file contains information about when the request was completed (W3C 2016), which is in this 

student thesis referred to as the timestamp of the request. Since it is a description of the request, it is 

associated with the request workload entity. One of the reasons why the timestamp attribute is 

important it that multiple workload attributes such as inter-arrival time and the arrival rate of requests 

can be derived from the distribution of timestamps (Jain 1991:67-68, 259, Almeida & Menascé 

2002a:497-500). Workload attributes can be a function over time. The timestamp is therefore 

important in order to model changing workloads, e.g. how the number of requests per hour changes 

over time (Draheim et al. 2006). 

 When modelling workloads, it is common to focus on the peak-hour (Feitelson 2015:22-46). In 

order to determine the peak-hour for the workload, i.e. the requests being made, experienced by a Web 

server, it is necessary to know when they occurred. Hence, the timestamp is a very important attribute 

for this purpose. 

 

Uniform Resource Identifier (URI) 
The field cs-uri-stem in the log file contains the path to the Uniform Resource Identifier (URI) for the 

specific data object, e.g. a Web service (Berners-Lee et al. 1999, W3C 2016). This is the identification 

of the data object that was requested, which makes it a characteristic of the request workload entity. 

 In most cases, different data objects on a Web server are composed differently. The request might 

contain different content and the response from the Web server might return different data. A POST 

request as an example (Berners-Lee et al. 1999, Feitelson 2015:28-29), may contain a large file, and 

the response might contain an even larger file, whereas a GET request might be empty, and the 

response a small text file. The underlying Web server(s) that handle the requests will experience 

different workloads when responding to the above-mentioned requests, which again will affect their 

performance. Thus, it is important to be able to identify the type of the request being made, so that a 

representative workload can be generated. 

 

Source Address 
The c-ip field in the log file contains the Internet Protocol (IP) address of the client machine as 

illustrated in Figure 2 (W3C 2016). The IP address might correspond to one or more users, or even an 

integrating information system. This attribute is associated with the source entity, and is an important 

attribute in order to identify the number of unique sources (Jain 1991:14-29, 33). When correlated 

with the timestamp attribute, it can be used to describe variances in the number of unique sources over 

time. Further, when correlated with the URI, it can be used to describe the number of sources 

corresponding to a certain number of requests for the specific data object, which might be valuable 

information when capacity planning for an increase of number of sources and thus increased 

workload. 

 

Status  
The sc-status field in the log file contains the HTTP status code, as defined by the Internet standards 

track protocol (Berners-Lee et al. 1999), that is returned to the client after a request is handled by the 

server (W3C 2016). The success or failure of a request can be determined from the HTTP status code. 

As an example, the 200 HTTP status code indicates that the request succeeded without failure, while 

404 indicates that the Web server could not identify the URI of the request (Berners-Lee et al. 1999, 

Feitelson 2015:28-29). 

 A successful and a failing request are likely to generate different workloads on the system, as the 

system will respond differently (Berman & Cirne 2001). A request that fails might do so before data 

are retrieved or even before any code is executed. Since the system experiences different workloads 

depending on the outcome of the request, some argue that all outcomes should be part of the model 

(Berman & Cirne 2001), but it is also common to exclude failing requests when sanitising the data 

(Feitelson 2015:22-50). 

 

Size 
Log files in the W3C Extended log file format also specifies the number of bytes that the Web server 

received from the client, in the cs-bytes field, and the number of bytes that the server returned to the 
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client, in the sc-bytes field (Feitelson 2015:28-29, W3C 2016). A study conducted by Arlitt et al. 

(2005) showed that the size of the request sent to a system and the size of the response returned from 

the system might affect its performance. Assumingly, there are more data to transfer, process and 

retrieve, which will result in an increased resource utilisation and a longer period under load. 

Therefore, the request and response sizes are two important attributes when modelling workloads. 

Derived Workload Attributes 

Arrival Rate 
The arrival rate is an attribute that describes the intensity of the workload, namely the number of units 

of work arriving per unit of time (Jain 1991:513-515,527, Bertolotti & Calzarossa 2000, Berman & 

Cirne 2001, Feitelson 2015:295-297) as expressed in Figure 5, where T is a time interval and N is the 

number work units. Since the workload experienced by a Web server consists of the requests 

processed at a particular moment in time, the arrival rate is described as the number of requests per 

time unit e.g. requests per second.  

 The arrival rate is not to be mixed with throughput, which frequently often happens as throughput 

is often described as the number of units of work per unit of time (Jain 1991:38-39, Almeida & 

Menascé 2002b, Almeida et al. 2004:13-15, 151-152). However, throughput focuses on completion 

time of work units while arrival rate focuses on the arrival time, although when processing large 

datasets, the throughput and arrival rate often become approximately equal (Almeida et al. 2004:48). 

 

 

 

 
Figure 5: Arrival rate explained 

Source: Modification of Jain (1991:514) 

 

The arrival rate is one of four common metrics used for measuring the performance of Web servers 

according to Balloca et al. (2002). Since it is a key metric for performance tests, it is important to 

know how the arrival rate changes over time, and perhaps the arrival rate during peak workload. The 

arrival rate is therefore also an important workload attribute to model. 

 Log files in the W3C Extended Log Format contain a field called time-taken (W3C 2016). This 

field refers to the time a request took to complete. The arrival time is calculated by subtracting the 

time the request took to complete from its timestamp. Therefore, from a distribution of timestamps 

with the corresponding time taken, the arrival rate can be derived. 

 

Think Time 
The time elapsed between the completion of one unit of work and the beginning of the next unit from 

the same source is often referred to as the think time (Jain 1991:126, Almeida & Menascé 2002a:217-

218, Balloca et al. 2002, Feitelson 2015:398). When modelling Web server workloads, the think time 

refers to the time between requests.  

 Think time is not to be mixed with inter-arrival time, which refers to the time between two 

successive arrivals (Jain 1991:510, Bertolotti & Calzarossa 2000, Feitelson 2015:37, 59). The 

difference is illustrated in Figure 6 below.  

 

 
Figure 6: Comparison of inter-arrival time and think time 

Source: Modification of Feitelson (2015:398) 

 

Similar to arrival rate, think time is a description of the rate at which units of work are sent to the 

system under test (Almeida & Menascé 2002a:217-218). In a scenario where the workload can be 

controlled, shortening the think time will result in a higher rate at which units of work are sent to the 

Arrival rate = total work units / total time = N / T 
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system under test, i.e. the system will be exposed to a higher workload. This means that if the total 

time of the scenario is unchanged, the total number of work units will increase, which will again result 

in increased arrival rate, as indicated by the formula in Figure 5. However, if the total time of the 

scenario is shortened as a consequence of shortening the think time, the arrival rate will remain 

unchanged. 

 As mentioned in section 1.1.1, the performance metrics to be measured during a performance test 

are directly dependent on the workload processed by the system under test (Ferrari 1984, Berman & 

Cirne 2001). Since the workload is a direct function of the think time, this is an important workload 

attribute when modelling for performance testing. 

 If the time taken for a request is subtracted from the timestamp of the same request, the arrival time 

is given, as can be seen in Figure 7. Then, the think time can be derived by subtracting the timestamp, 

holding the completion time of the previous request from the same source with the calculated arrival 

time. 

 

 
Figure 7: Deriving think times from Web server log files 

Source: Author 

3.1.4 Workload Representation 
Although the underlying dataset for the above-mentioned workload attributes serves as a very detailed 

description of the workload experienced by a Web server, it is not very readable or usable as input to 

performance tests. Most performance testing tools takes the above mentioned workload attributes as 

input parameters, either as a single value representing the whole dataset or a range defined by a 

minimum and maximum value (Avritzer et al. 2002). In order to create workload models that can be 

used for performance testing, the dataset for each workload attribute should be transformed into values 

that can be used as input for performance testing tools. There are multiple techniques for this, whereas 

statistical techniques are the most common (Jain 1991:71-92, Feitelson 2002, Feitelson 2015:17-19). 

3.1.4.1 Statistical Representation 
In order to create a statistical representation of the workload, techniques for statistical analysis should 

be applied upon the dataset. Applying statistical analysis on the workload data and using it as input for 

performance testing creates variance in the workload generated by the performance testing tool, which 

is important when conducting performance tests (Feitelson 2015:11-15). 

 

Arithmetic Mean 
The arithmetic mean, often referred to simply as the average, of a dataset is, according to Jain 

(1991:73), the simplest method used to characterise a workload attribute with a single number. To 

calculate the arithmetic mean of a dataset, the sum of all elements is calculated, and then divided by 

the number of elements. In order to calculate the average think time for a set of requests, as an 

example, the think time values are summarized and then divided by the number of think time values. 

 There are cases where the arithmetic mean alone is not a representative value for the underlying 

dataset (Jain 1991:73-74, Feitelson 2015:86-88). Jain (1991:73-74) states that this is the case when 

there is a large variation in the data. It is common to express the variation of a dataset with the 

standard deviation, which will be further described subsequently. In some cases, the arithmetic mean 

does not represent the most common value in the dataset (Feitelson 2015:86-88). A trivial example is 

that most humans have two legs, but because of amputations, the average is less than two. 

  

Median 
Both Feitelson (2015:86-89) and Jain (1991:73-74) state that the median can be an alternative when 

the arithmetic mean is not representative for the dataset. The median is found by first sorting the 
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dataset, and then deriving the middle value. If there is an even number of elements in the dataset, the 

arithmetic mean of the two middle values is calculated and used as the median (Jain 1991:182-183). 

The median holds the same value as the 50-percentile, sometimes referred to as the quantile (Jain 

1991: 181, Le Boudec 2010:25, Feitelson 2015:89). 

 

Percentile 
Another common measurement when modelling workloads for performance testing is the n

th
 percentile 

of a workload attribute, where n is a positive integer less or equal to 100 (Jain 1991:194-195, Feitelson 

2015:89, 97-98). This is the value of the n
th
 element in a sorted list, so that n percent of the elements in 

the list are smaller than this value (Feitelson 2015:97-98). The n
th
 element in the sorted list is found by 

multiplying the number of elements in the list with n percent as shown in Figure 8.  

 

Figure 8: Calculating the 90
th

 percentile 

Source: Author 

 

The percentile is especially suitable when working with datasets with large variability (Jain 1991:194-

195, Feitelson 2015:91-97), i.e. if more than one value can be used to describe the workload attribute. 

The percentile can for example be used to specify a range such as the lower value of the 5
th
 percentile 

and the upper value of the 95
th 

percentile, similar to the minimum and maximum value. Some 

performance testing tools, such as HP LoadRunner (Hewlett-Packard 2016), take two values as input 

when configuring the think time between units of work. 

 

Standard Deviation  
Standard deviation describes how much the elements in a dataset differ from each other (Feitelson 

2015:90-91). This is calculated by measuring the distance to the centre, i.e. the arithmetic mean, for 

each element in the dataset. Since some values are smaller than the arithmetic mean and some are 

larger, these will cancel each other out. To avoid this, all of the values are squared.  

 The formulate for calculating standard deviation can be found in Figure 9, where �̂� is the standard 

deviation, n is the number of elements in the dataset, �̅� is the arithmetic mean, and where 𝑥𝑖 represents 

each value in the dataset. 

 

Figure 9: Formula for calculating the standard deviation 

Source: Modification of Feitelson (2015:91) 

 

Simplified, each value in the dataset is subtracted from the arithmetic mean and then squared. They are 

then summed before they are divided by the number of elements in the dataset minus one: (𝑛 − 1). 

Finally, the square root of the sum is calculated. 

 The standard deviation is not a common input parameter when setting up performance tests. 

However, it is useful when determining the appropriate input parameter, e.g. whether the arithmetic 

mean can be used, or if the median is a more suitable input parameter. 

 

Statistical Summary 
After statistical analysis of the workload attributes, a statistical summary can be created and 

represented in a table, as illustrated in Figure 9 (Jain 1991:405, Arlitt & Williamson 1997). 

 

 

 

Sorted list: [5, 10, 15, 20, 25, 30, 35, 40, 45, 50] 

The 90
th
 percentile is given by [10 ×

90

100
] = 9th 

element = 45 

�̂� =  √
1

(𝑛−1)
 ∑ (𝑥𝑖 −  �̅�)2𝑛

𝑖−1   
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URI Total 

Requests 

Unique 

Sources 

Arrival Rate 

(req/sec) 

Avg. Receive 

Size (bytes) 

Think Time 

Min. Avg. Median Max. Std. Dev. 

Web service 1 100 2 1 100 1 2 2 3 1 

Table 1: Example of a statistical summary of workload attributes 

Source: Modification of Almeida and Menascé (2002a:405), and Arlitt and Williamson (1997:634) 

3.1.4.2 Graphical Representation 
When modelling workloads it is also common to represent workload attributes in different types of 

graphs (Barford & Crovella 1998). They provide a graphical illustration of the collected workload data 

or data derived from the workload data (Feitelson 2015:73-85). However, the shape of the illustration 

depends on the resolution. The dataset for a workload attribute can often be big, containing thousands 

or even millions of elements. Therefore, graphical illustrations are often scaled, and values in the 

dataset are often grouped and represented by a single value, which affects the resolution. Thus, it is 

important to clearly specify when the resolution is changed in order to avoid misconception. 

 Graphs can not be used as input when setting up performance tests, but they can provide the 

performance tester with valuable insight about the workload that cannot be described by single or 

tuple values. As an example, they may be useful in detecting abnormalities in the workload since they 

often provide an overview over the workload. Berman and Cirne (2001) used this technique when 

addressing the problem of job cancellation. 

 Further, a graphical representation of the workload can be useful for the verification of the 

workload generated by the performance test (Jain 1991:75-76). The generated workload and the 

modelled workload can then be visually compared in order to determine if they are similar. 

 

Histogram 
The most direct way of representing the underlying distribution of a workload attribute is, according to 

Feitelson (2015:73-77), through histograms. A histogram shows the frequency at which different 

values of a workload attribute occur (Jain 1991:75, Feitelson 2015:73-77). When drawing histograms, 

it is common to create ranges that the values fall into. These are often called bins (Le Boudec 2010:24, 

Feilteson 2015:79). There is no default value for the size of the bins as it depends on the underlying 

dataset. Considering a dataset containing think times, where the smallest value is one second and the 

largest value is 10 seconds, a suitable bin size might be one second. An element in the dataset with the 

value 2.3 seconds will then fall into the 2-second bin, as shown in Figure 10. 

 According to Feitelson (2015:77), histograms are often plotted with bars as illustrated in Figure 10, 

although linear graphs also occur. 
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Figure 10: Histogram of think times with bin size of one second 

Source: Author 

 

Cumulative Distribution Function Graph 
A common alternative to histograms are cumulative distribution function (CDF) graphs (Barford & 

Crovella 1998, Feitelson 2015:81-86). In order to create a CDF graph, the CDF value is calculated for 

each element in the dataset. This value represents the probability that a value is smaller than or equal 

to a given value (Feitelson 2015:81). Thus, it can be calculated by iterating the values in a sorted 

dataset, and dividing the iteration count with the total number of elements in the dataset. In a sorted 

dataset with 10 elements, the CDF for the first value would be 1/10 = 0.1, the second 2/10 = 0.2 and so 

on, as illustrated in Figure 11. 

 The CDF graphs monotonically increase from the smallest value until it reaches the highest 

possible value in the dataset. The dataset should therefore be sorted before the CDF is calculated and 

the graph plotted (Feitelson 2015:81-86). 

 CDF graphs can assist in the process of identifying where the mass is concentrated in a dataset 

(Feitelson 2015:81-86). The n
th
 percentile can be read from the graph, as shown in Figure 11. 

 CDF graphs are plotted linearly, as can also be seen in Figure 11. 
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Figure 11: CDF graph over a dataset containing file sizes 

Source: Author 

3.2 Research Model 
The graphical illustration of the research model that has been created according to the research design 

of this student thesis is shown in Figure 12. 

 

 
Figure 12: Research model for describing and evaluating the feasibility of a tool for automating the 

process of modelling Web server workloads for performance testing 

Source: Author 

 

The upper part of Figure 12 is the graphical illustration of the research model, whereas the outgoing 

dashed arrows illustrate how the research model is used in order to describe and evaluate the 

feasibility of a tool for automating the process of modelling Web server workloads for performance 

testing, as stated in the research design (see section 2.1). 

 The graphical illustration of the research model consists of the key factors of the phenomenon 

studied, their variables and the relationships between them (Huberman & Miles 1994). In the context 
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of the phenomenon, the key factors are the sub-processes, which are represented by arrow-shaped 

rectangles in Figure 12. The variables are represented as bullet points, which indicate the respective 

activities and methods associated with the sub-process. The relationships between the sub-processes 

constitute the sequence flow, i.e. the order of events in the process, modelled with arrows. 

 The phenomenon illustrated in the upper part of Figure 12 is initialised by the sub-process 

Establish Workload Data, where the workload data are retrieved and sanitised. The workload data can 

then be categorised in homogeneous groups called workload entities, which is done in the Identify 

Workload Entities sub-process. Each workload entity has some associated workload attributes that are 

identified in the Identify Workload Attributes sub-process. In the last sub-process, Represent 

Workload, statistical methods, such as standard deviation and arithmetic mean, are applied in order to 

represent the workload in a format that is interpretable for stakeholders and that can be used as input 

for performance tests. 

 Each sub-process is described in further detail below in order to form the basis for the development 

and evaluation of the feasibility of a tool for automating the process of modelling Web server 

workloads for performance testing, and for the collection of primary data in this study. 

3.2.1 Establish Workload Data 
Workload modelling should always start with the collection or retrieval of measured data about the 

workload (Feitelson 2015:10-11). When modelling Web server workloads, the log files on the Web 

server is a common source of existing workload data (Arlitt & Williamson 1997, Almeida & Menascé 

2002a:497-500, Ballocca et al. 2002, Arlitt et al. 2005, Feitelson 2015:19-29). Therefore, the workload 

data do not always need to be collected, as it can then easily be retrieved from the existing source. 

 An important aspect of workload modelling is that the model should be representative of what a 

system will encounter during normal usage. The workload data that are retrieved should therefore 

sometimes be sanitised (Pitkow 1999, Ballocca et al. 2002, Feitelson 2015:46-63). Requests from 

robots, such as monitoring agents, failed requests, incomplete entries or aborted request are among the 

type of data that should be considered filtered away. 

3.2.2 Identify Workload Entities 
After the workload data have been retrieved, the sub-process of characterising the workload begins. 

Research has shown that features of the workload can be described in terms of workload entities that 

represent homogeneous groups (Ferrari 1984, Jain 1991:71-73, 125, Almeida & Menascé 2002a:205-

256, Almeida et al. 2004:105, Feitelson 2015:73). The entities are dependent on the type of workload 

modelled and what the models are to be used for. The workload experienced by a Web server consists 

of the requests coming from a given source that are processed at a particular moment. As suggested by 

Jain (1991:71-74), a request and its source form two homogeneous groups that should be treated as 

workload entities.  

3.2.3 Identify Workload Attributes 
Each of the identified workload entities are characterised by a set of attributes, called workload 

attributes, which can be found or derived from the workload data (Ferrari 1984, Jain 1991:14-29, 85-

86, Almeida & Menascé 2002a:205-256, Feitelson 2015:70-73). As with the workload entities, these 

attributes are specific for the workload that is modelled. Further, the model may contain all or some of 

the attributes (Ferrari 1984, Jain 1991:71-74, Feitelson 2002, Feitelson 2015:19-29). Jain (1991:14-29, 

71-74), states that the attributes that have significant impact on the performance should be a part of the 

model, and that the attributes that describe how a system responds to a workload, should be excluded. 

An example of such an attribute is the response time of a request. The response time is highly 

dependent on the system in which it is observed, and does not describe the workload that led to it. 

 The entry for each request in the Web server log file has a timestamp. The timestamp has a 

significant impact on the performance of a Web server since it helps determine the peak-hour, is 

necessary in order to model how workloads change over time, and is required in order to determine the 

arrival rate of, and the think time between, the requests (Jain 1991:67-68, 259, Almeida & Menascé 

2002a:497-500, Draheim et al. 2006, Feitelson 2015:22-46). 

 Web servers can handle different types of requests that may apply varying workloads on the Web 

servers because of differences, in for example, request content or size of retrieved data (Berners-Lee et 
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al. 1999, Feitelson 2015:28-29). According to Ferarri (1984) and Berman and Cirne (2001), the 

performance of a Web server is a direct function of the workload it is exposed to. Therefore, it is 

important to identify the type of requests that a server must be able to handle. The entry for each 

request in the Web server log file contains the URI of the request that was made. The URI serves as an 

identification of the type of request that was made (Berners-Lee et al. 1999, W3C 2016). 

 The source address is an identification of the source. The entry for each request in the Web server 

log file contains the c-ip field, which contains the IP address of the client machine making the request 

(W3C 2016). The source address is important for the identification of the unique number of users or 

perhaps integrating information systems (Jain 1991:14-29, 33). It is also commonly correlated with 

other workload attributes such as the timestamp in order to describe the variance of unique sources, 

i.e. users, over time, and URI in order to describe the number of unique sources corresponding to a 

given number of requests of a specific type. 

 Not all requests that are made towards a Web server succeed. Some requests fail and others might 

not even reach the Web server. Studies have shown that the outcome of the request is likely to 

generate different workloads on the system since the system will respond differently (Berman & Cirne 

2001). There is a strong bond between the workload experienced by a Web server and its performance. 

Therefore, it is important to be able to identify the outcome. The entry for each request in a Web 

server log file holds the status of the request (W3C 2016), from which the outcome can be determined.  

 A request and its response may have different sizes. The size of the request sent to a system and the 

size of the response returned from the system might affect its performance. Presumably, there are 

more data to transfer, process and retrieve, which will result in an increased resource utilisation and a 

longer period under load. Thus, it should be part of the workload model as suggested by Arlitt et al. 

(2005). Both sizes can be retrieved from the workload data of a Web server log file. The fields sc-

bytes and cs-bytes in a log file hold information about the number of bytes of the request and response 

(Feitelson 2015:28-29, W3C 2016). 

The workload of a Web server is not only dependent on the content or size of the request being 

made; it is also dependent on the rate at which the requests arrive, i.e. the workload intensity. Multiple 

small sized requests might generate a far greater workload than one large sized request in the same 

period. The workload intensity is described by the workload attribute arrival rate, which refers to the 

number of units of work arriving per unit of time (Jain 1991:513-515, 527, Bertolotti & Calzarossa 

2000, Berman & Cirne 2001, Feitelson 2015:295-297). For a Web server, this would be the number of 

requests over a specific period, e.g. requests per second. The arrival rate can be derived from Web 

server log files where the arrival time for a specific request is given by subtracting the time it took for 

it to complete, from its timestamp. 

 Another measure of the rate at which units of work arrive is, according to Almeida and Menascé 

(2002a:217-218), the think time. The think time refers to the time elapsed between the completion of 

one unit of work and the beginning of the next unit from the same source (Jain 1991:126, Almeida & 

Menascé 2002a:217-218, Balloca et al. 2002, Feitelson 2015:398). For Web server workloads, this 

would be the time between requests. Shortening the think time between requests would create a more 

intense workload, which might have a significant impact on the performance. The think time is 

therefore an important attribute to model. It can be derived from the workload data found in the Web 

server log files by calculating the arrival time, as described above, and then subtracting it from the 

timestamp of the previous request from the same source. 

3.2.4 Represent Workload 
When conducting performance tests using a performance testing tool the workload attributes are used 

as input parameters. However, instead of using a whole dataset as input it is common to describe the 

workload in terms of a single value, or sometimes a tuple, consisting of a set of values (Avritzer et al. 

2002). The most common technique for this purpose is statistical analysis, which will result in a 

statistical representation of the workload (Jain 1991:71-92, Feitelson 2002, Feitelson 2015:17-19). 

Applying statistical analysis to the workload data and using it as input for performance testing also 

creates variance in the workload that is generated by the tool, which is necessary in order to succeed 

with performance testing. From the underlying distribution, i.e. the workload data, measurements, 

such as the arithmetic mean, median and standard deviation can be calculated before being represented 

in a statistical summary. 
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 Graphical representations of a workload are also common because of the valuable insight they 

may provide the performance tester with. Graphical representations are useful in detecting 

abnormalities in the workload, such as failures (Berman & Cirne 2001). For the purpose of verifying 

that the workload generated by the performance testing tool is the same as the modelled workload, 

graphical representations are useful, since they enable visual comparisons (Jain 1991:75-76).  

 Feitelson (2015:73-77) states that the most direct way of representing the workload data are 

through histograms. Histograms are a graphical illustration of the frequency at which different values 

of a workload attribute occur (Jain 1991:75, Feitelson 2015:73-77).  

 A common alternative to histograms are CDF graphs (Barford & Crovella 1998, Feitelson 2015:81-

86). The CDF value represents the probability that a specific value is smaller than or equal to a given 

number (Feitelson 2015:81). CDF graphs can assist in the process of identifying where the mass is 

concentrated in a dataset (Feitelson 2015:81-86). It is also possible to determine the n
th
 percentile for a 

specific workload attribute from CDF graphs.  
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4 Analysis 

4.1 Establish Workload Data 
Researchers has found that when modelling Web server workloads, Web server log files serve as a 

common source of existing workload data that easily can be retrieved (Arlitt & Williamson 1997, 

Almeida & Menascé 2002a:497-500, Ballocca et al. 2002, Arlitt et al. 2005, Feitelson 2015:19-29). 

The Technical Test Analysist (TTA) interviewed as part of this student thesis, also believes log files is 

an adequate source of existing workload data, since they conveniently can be retrieved and hold most 

of the informantion needed to prepare for performance testing of a Web server. However, his previous 

analyses of Web server log files have been conducted without a standardised tool for processing the 

data. Therefore, he found the idea of a standardised tool, as the one developed in this student thesis, 

compelling. In regards to uploading Web server log files in the W3C Extended Log File format, he 

found that the prototype tool worked as expected. The tool was easy to use and the user guide 

provided was helpful when needed (see also Appendix E). 

 When preparing for performance tests of other types of technology, such as queueing systems, he 

uses tools such as WireShark to collect workload data, as described by Feitelson (2015:10-11). Post 

data collection or retrieval, he uses the data to find a statistical basis for setting up the performance 

tests. 

 Similar to the studies conducted within the field (Pitkow 1999, Ballocca et al. 2002, Feitelson 

2015:46-63), the TTA believes it is important to be able to sanitise the workload data in order to 

remove unwanted entries. He found that the filter functionality provided in the tool for this purpose 

worked conveniently. Although, a drop-down list containing the log file columns with the ability to 

choose column, filter operator and value would serve as a valuable supplement (see Appendix F). So 

far, he has been using text-editing tools for this purpose. 

4.2 Identify Workload Entities 
In regards to identifying and describing workload entities, as stated by Ferrari (1984), Jain (1991:71-

73, 125), Almeida and Menascé (2002a:205-256), Almeida et al. (2004:105) and Feitelson (2015:73), 

the TTA believes that it can be both beneficial and important depending on its further use, not only for 

identification of associated workload attributes. According to the TTA, identifying and describing 

workload entities might be useful when designing, i.e. scripting, a performance test, but also during 

monitoring of the test execution. He also suggests that when defining the workload entities it is 

possible to get an estimation of the proportion for which the identified workload entities constitutes 

out of the total workload. It is then possible to gain insight in other potential activities in the system 

that should be part of the workload model and consequence the performance test. Thus, he believes the 

modeller is encouraged to make conscious decisions of what is included and excluded from the model, 

which again could lead to increased accuracy of the model, hence, the performance test. 

 Jain (1991:71-74) suggests that the request and its source form two homogeneous groups that 

should be treated as workload entities. The TTA found that they, for the purpose of workloads 

experienced by a Web server, serve as an appropriate basis of workload entities. Although, he believes 

it would have been useful for the modeller to be able to dynamically define other, or change existing 

entities, in the prototype tool. 

4.3 Identify Workload Attributes 
Ferrari (1984), Jain (1991:71-74) and Feitelson (2002, 2015:19-29) state that the workload model may 

contain all or just some of the workload attributes associated with the entities. Jain (1991:14-29) 

further anticipate that all workload attributes that have a significant impact on the performance should 

be part of the model, and that the attributes that describe how a system responds to a workload rather 

than the actual workload should be excluded. He exemplifies this by stating that the response time of a 

request is highly dependent on the system where it is observed, and does not describe the workload 

that led to it, thus it should be excluded. 

 When asked if all important workload attributes had been modelled by the tool, the TTA 

responded, in contrary to Jain (1991:14-29), that the response time had not been modelled and that he 

had wished it was modelled. He further explains that a part from being valuable information about the 
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modelled system itself, it is valuable information when defining response time requirements for the 

system to be performance tested. It is important to have expectations on the system, and the response 

time constitutes for a great basis even though the performance test might be conducted in a different 

system than the one the workload data were collected or retrieved from.  

 In some cases, the reason for conducting a performance test is, according to the TTA, unacceptable 

response times. If included in the model, it would perhaps be possible to identify the period when the 

response times are unacceptable and the circumstances that caused it, such as sudden spikes in the 

amount request received. In that case, the performance test can be designed to reproduce the same 

circumstances, which could be valuable in the process of identifying the root cause. 

 He further stresses that most aspects of the workload model generated by the tool is pre-defined, 

i.e. static, and that it would have been beneficial if it were possible to generate user-customised 

workload models, perhaps with functionality for querying the workload data. In contrary to Jain 

(1991:71-74), Feitelson (2015:19-21) states that all important workload attributes need to be modelled, 

and that it is up to the modeller to determine them. Thus, the TTA’s suggestion aligns with Feitelson’s 

(2015:19-21) belief. 

 Regarding functionality for querying the workload data, the sanitised workload data are stored in a 

separate SQLite database (see also Appendix D) for each modelling session, which can downloaded, 

as indicated in Figure 18. Although, it might not be user-friendly or work as anticipated by the TTA, it 

provides means for accessing and querying the workload data. 

 When the TTA gained access to the prototype tool, he was provided with workload data that he 

could use when testing. The intention was to facilitate the test in the best possible way. However, in 

retrospect, this may have affected the TTA’s perception of the tool, and as a consequence the 

evaluation of the tool. If he had performed the test with workload data well known and chosen by him, 

he could possibly have uncovered aspects or flaws with the tool that now remain unknown. 

 

Timestamp 
According to Jain (1991:67-68, 259), Almeida and Menascé (2002a:497-500), Draheim et al. (2006) 

and Feitelson (2015:22-46) the timestamp of requests is an essential workload attribute in order to, 

amongst other things, determine arrival rate of, and the think time between, the requests. The TTA 

agrees with the importance of the timestamp workload attribute, he also believes it is central for 

observing changes in the workload over time. 

 Performance tests are often focused on a short period where the workload differs from the normal 

workload such as with the peak-hour, where the workload is at its highest (Feitelson, 2015:22-46). It is 

often during these periods performance related problems occur. The TTA stated that the timestamp is 

essential for focusing the performance test on these periods. He found the additional workload model 

of the peak-hour, which was generated by the prototype tool, valuable. However, he suggests that 

functionality should be added for generating workload models focusing on other periods of interest, 

and that those periods should be decided by the modeller (see Appendix F). 

 

URI 
Studies has shown that different type of requests handled by a Web server can result in varying 

workloads because of differences in, as an example, content or size of the retrieved data (Feitelson 

2015:28-29). It is therefore important to be able to identify different type of requests for which URI, as 

defined by Berners-Lee et al. (1999) and W3C (2016), is a suitable identifier.  

 Although the TTA’s opinion aligns with the above-mentioned, he believes that under certain 

circumstances, such as when a Web server only hosts one Web service, a different workload attribute, 

such as the request method, might be a more suitable way of identifying or classifying different types 

of requests. The TTA therefore adds that a more dynamic user interface where the modeller could 

classify the workload data and define the representation of the workload him- or herself, would have 

been a valuable add-on to the prototype tool. 

 

Source Address 
The TTA states that when preparing for performance testing it is important to know the source of the 

requests in order to determine the number of unique sources, but also in order to know where the 
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requests came from. He further clarifies that he believes the number of sources indeed can affect the 

performance of a Web server, such as when resources are consumed for holding sessions.  

 Similar to the URI, is the source address, which serves as an identification of the source of a 

request. The TTA perception of the workload attribute aligns with Jain (1991:14-29, 33) who claims 

that it is an important attribute for the identification of the unique number of sources. 

 

Status 
Studies have shown that the outcome of a request is likely to generate different workloads on the 

system, since the system will respond differently (Berman & Cirne 2001). According to Ferarri (1984) 

and Berman and Cirne (2001), the performance of a Web server is a direct function of the workload it 

is exposed to. It is therefore important to identify the outcome of requests, which for Web servers are 

described by the status workload attribute.  

 The TTA agrees with the importance of the status workload attribute as part of the workload 

model, and further motivates this by stating that there might be cases where the outcome of one 

request affects other requests. As an example, Web services hosted on a Web server might be called 

by an integrating information system. Depending on how the information system handles request 

failures, a poor implementation may result in a loop of requests causing unnecessary workload on the 

Web server, and as a consequence other requests are affected, since the same resources are shared on 

the Web server. 

 

Size 
When the prototype version of the tool was developed, the author of this student thesis excluded the 

workload attribute for the size of the request, even though research indicated that it is an important 

attribute to model (Feitelson 2015:28-29). Only the response of the request was included. The 

exclusion was motivated by the author’s belief that requests handled by a Web server often were of 

similar size, and thus not an important workload attribute to model. 

 When interviewed, the TTA suggested that the request size should indeed have been included in the 

workload model generated by the tool. While involved in a performance testing project, he 

experienced requests of an unusual large size, which in fact significantly varied in size. In some cases, 

the generation of requests towards a Web server is automated, according to the TTA. A poorly 

implemented algorithm for request-generation might cause the size of the requests to vary. Therefore, 

in order to identify abnormalities in request size, which indeed might be the cause for conducting a 

performance test, the TTA believe that the request size should have been included in the workload 

model generated by the prototype. 

 In regards to the response size of requests, the TTA believe that it in most cases is an even more 

important workload attribute than the request size, and that it indeed should be included in workload 

models. The TTA’s belief therefore aligns with the findings from the research conducted by Feitelson 

(2015:28-29). 

 

Arrival Rate 
Researchers believe that workload and indirect the performance of a Web server, is dependent on the 

rate at which requests arrive, i.e. the workload intensity (Jain 1991:513-515, 527, Bertolotti & 

Calzarossa 2000, Berman & Cirne 2001, Feitelson 2015:295-297). The TTA also believes that the 

arrival rate of requests affect the performance of a Web server, and further elaborates that in some 

cases, performance related problems such as time-outs, hang situations or denial of service might 

occur, as a consequence of sudden bursts in the arrival rate. As an example, the release of a limited 

number of tickets to a Bob Dylan concert might cause a huge amount of fans to visit the ticket-

booking website simultaneously. If a performance test of the website were to be conducted, one of the 

objectives would likely be to ensure that it could handle a high arrival rate to ensure that the Web 

server could manage a sudden burst of simultaneous requests from hopeful Bob Dylan fans. In this 

example, the arrival rate might very well be the most important workload attribute to model. 

 When conducting performance tests, the TTA believes it is common that the tests are conducted in 

a dedicated testing environment that might differentiate, in terms of resources, from the production 

environment where the workload data might have been retrieved from. Since the test environment then 

cannot respond to the workload with the same resources, the workload it is exposed to needs to be 
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downscaled. The TTA consider the arrival rate workload attribute useful in the process of downscaling 

the workload for a different environment. 

 

Think Time 
The time elapsed between the completion of one unit of work and the beginning of the next unit from 

the same source, is often referred to as the think time (Jain 1991:126, Almeida & Menascé 2002a:217-

218, Balloca et al. 2002, Feitelson 2015:398). Similar to arrival rate, Almeida and Menascé 

(2002a:217-218) believe that think time can be seen as a measure of the rate at which units of work 

arrive. If the think time between requests were shortened for a specific period, e.g. one hour, the 

number of requests for that period would increase, thus also the workload. The workload would 

become more intense, which again would affect the performance. The think time is therefore an 

important workload attribute that should be included in the workload model. 

 The TTA believes the think times between requests are crucial information when conducting 

performance tests. Without knowledge about the think time, the generated workload would be 

inaccurate and lead to misleading results from the performance test. He further adds that another area 

where the think time can be of value is when troubleshooting performance-related problems, such as 

the loop described above. In the example of the loop, the think time could be used for identifying 

patterns indicating that there is an unwanted loop that may be causing the problems. The think time 

would most certainly be identical between the consecutive requests caused by the loop, leading to 

visually identifiable patterns. 

4.4 Represent Workload 
Statistical Representation 
As part of the preparations for performance tests, a statistical representation of the workload is often 

created (Jain 1991:71-92, Feitelson 2002, Feitelson 2015:17-19). The statistical representation often 

contains a single value or in some cases a tuple, which can be used as input parameters in the 

performance testing tool (Avritzer et al. 2002). The TTA states that part of his preparations for a 

performance test is to find a statistical basis that can be used for the test, which is done manually in the 

sense that he has no tool for automatically generating a statistical basis from raw workload data. 

 In regards to the prototype, he believes that the statistical representation in the workload model 

serves as a suitable general basis for designing and planning a performance test. However, he further 

clarifies that his experience with performance tests is that the information of interest varies. In some 

cases, all aspects of a single workload attribute might be the only thing of interest, while in other cases 

it is more important to get an overview over all attributes before focusing on a single or a few 

attributes. Thus, increased dynamism in a tool such as the prototype, would make it more useful. 

 Arithmetic mean, median and standard deviation are amongst the measurements that were included 

in the workload models generated by the prototype tool. The TTA believes these measurements were 

selected appropriately, and he has no suggestions for adding or removing any of the measurements. 

 

Graphical Representation 
As mentioned above, the TTA finds it useful to be able to see changes in the workload over time. For 

this purpose, a graphical representation of the workload is needed. When analysing the result of a 

performance test, the TTA often overlays graphs with different metrics in order to identify possible 

bottlenecks, as an example. He believes that in order to get the most out of the graphical 

representation, such functionality for overlaying graphs to visualise different workload attributes 

together is necessary. Assumingly, it could provide insight about the workload at a specific period for 

which the performance test should focus on. 

 The TTA’s experience and thoughts about graphical representation in workload models seem to 

align with what Berman and Cirne (2001) discovered. They found that graphical representations of 

workloads are useful in detecting abnormalities in the workload such as job cancellations. 

 Feitelson (2015:73-77) states that the most direct way of representing the workload data are 

through histograms, which is a type of graph. Barford and Crovella (1998), as well as Feitelson 

(2015:81-86), claim that a common alternative to histograms, is CDF graphs. They can be used for 

describing where the masses of a dataset is concentrated (Feitelson 2015:81-86). 
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 During the preparations for a performance test, the TTA seldom uses histograms or CDF graphs. 

However, he believes that they sometimes can provide a bigger picture, which is valuable and that he 

perhaps should be using these type of graphs more often. 

 In addition to the workload attributes that is graphically represented in the workload models 

generated by the prototype tool, the TTA proposes that a graph of how the response time changes over 

time should be added following the motivation in section 4.3, as well as a histogram and a graph 

showing changes over time for the status attribute. 

 When asked if there are any other aspects to consider regarding the representation of the workload, 

the TTA suggests that functionality should be implemented for exporting not only the workload data, 

but also the graphs and tables. At the end of the interview, the TTA expresses his dream scenario; 

functionality for exporting the workload model to a format that can be imported by common 

performance testing tools, such as HP LoadRunner. The workload models generated by the prototype 

are not directly transferable to a performance testing tool. Presumably, this is a weakness as well as 

strength. That type of functionality would perhaps cause lock-in effects to certain performance testing 

tools, which would reduce the versatility of the tool. However, it would most certainly increase the 

usefulness for the performance testers using the supported performance testing tools. 

 Finally, the TTA states that a tool like the prototype definitely is useful and that there, to the best of 

his knowledge, exists no such tool. He further elaborates that in addition to automating the manual 

process of creating a statistical basis for conducting performance tests, it provides a way of 

systemising workload modelling. He further encourages the author to publish the source code for the 

prototype tool with an open source license on the Internet, so that others might continue the work. 

4.5 Modified Research Model 
The analysis of the primary empirical data collected as part of this student thesis argued for a 

complementary literature study. The outcome is a modified version of the research model. The 

modifications include additional aspects described subsequently, and illustrated with italic bullet 

points in Figure 13. 

 

 
Figure 13: Modification of the research model for describing and evaluating the feasibility of a tool for 

automating the process of modelling Web server workloads for performance testing 

Source: Author 

 

Multi-Attribute Representation 
As mentioned above, the TTA believes it is important to be able to overlay graphs representing 

different workload attributes, so that they can be visualised together. 

 Both Jain (1991:75-76) and Feitelson (2015:213) claim that modelling single workload attributes is 

not enough, since it ignores the correlation between different attributes. Feitelson (2015:213) further 

claims that correlations between workload attributes can have a dramatic impact on the system 

behaviour, and should therefore be modelled. Berman and Cirne (2001) believe that some workload 

attributes are unrelated, and can therefore be modelled independently. Thus, an important aspect of 
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workload modelling is the process of identifying workload attributes that correlate, and presenting the 

correlation between them in a suitable way. 

 Since the analysis shows that the primary and the secondary data are consistent, multi-attribute 

representation is added as a variable to the modified research model. 

 

Size 
As mentioned in section 3.1.3, there are two aspects of the size workload attribute; the response size 

and the request size (Arlitt et al. 2005, Feitelson 2015:28-29). However, only the response size was 

included in the workload models generated by the prototype tool. As also suggested by Arlitt et al. 

(2005), the TTA stated during the interview that both sizes should be included in the workload models 

generated by the prototype tool. The workload attribute size has therefore been divided into response 

size and request size in the modified version of the research model. 

 

Response Time 
The initial literature review that culminated in the research model presented in section 3.2 did not 

indicate the inclusion of response time as a workload attribute in the research model. In fact, the 

opposite was suggested. No research reviewed during the second literature review indicated that the 

response time should be considered a workload attribute. However, the TTA suggests that the 

response time in fact should be regarded an important workload attribute. It is therefore included in the 

modified version of the research model. Nevertheless, the inclusion of the response time workload 

attribute should be considered a subject for testing in future studies within the field.  
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5 Conclusions 

5.1 Conclusions from the Study 
The purpose of this student thesis in Information Systems was to explore, describe and evaluate the 

feasibility of a tool for automating the process of modelling Web server workloads for performance 

testing. The analysis of the primary and secondary data, presented in chapter 4, indicates that this is 

indeed feasible. As a proof of concept, a prototype was developed based on the research model. The 

TTA, the field-expert who tested the prototype stated in the interview that the prototype succeeded 

with automating the process of modelling Web server workloads for performance testing, as well as 

provide means for systemising the workload modelling. However, there are a few aspects to consider, 

and perhaps address, if the prototype tool was to be realised. 

 The main weakness of the prototype that was developed expressed by the TTA is that it is highly 

static. Except for functionality for data sanitation, the prototype provides no functionality for 

customising the workload models. According to the TTA, the objective of a performance test might 

require that different aspects of the workload be studied in more detail, i.e. no suitable standard for the 

composition of a workload model exist. The findings of some researchers also align with this view of 

workload modelling, stating that all important aspects of the workload should be modelled, and that it 

is up to the modeller to identify important aspects. Thus, the aspect of providing dynamism to the tool 

is important for a successful realisation. 

 Upon testing the prototype tool, the TTA found that there are workload attributes that he suggests 

should be included in the workload models if the tool was to be realised. While the TTA suggests that 

response time should be included, researchers argues that workload attributes that describe how a 

system responds to a workload rather than the actual workload should be excluded, and explicitly 

exemplifies response time as such an attribute. Including the response time as a workload attribute 

could indeed prove to be very valuable for the reasons mentioned by the TTA. However, this could 

change the indented scope of a tool for automating the process of modelling Web server workloads for 

performance testing. 

 The other workload attribute that the TTA suggests should be included is the request size, which 

was excluded by the author during prototype development even though researchers argue that the 

request size should be included in the workload model. The size of the request may vary greatly in 

size, as exemplified by the TTA, which again may affect the performance of the Web server. Hence, it 

should be included in the workload models generated by the tool, if the tool was to be realised. 

 Regarding the representation of the workload, the TTA suggests that a potential realisation of the 

tool should have functionality for overlaying graphs so that workload attributes can be visualised 

together. Research has shown that some workload attributes might correlate, and graphical 

representations of multiple attributes are useful for identifying such correlations. 

5.2 Contributions 
The primary contribution from this student thesis is perhaps that it has proved it feasible to develop a 

tool for automating the process of modelling Web server workloads for performance testing. In 

addition, it lays a basis for further research through the development of a research model. The 

modified research model in section 4.5 ensures that further research focuses on the same phenomenon. 

The primary data that are gathered and presented in the analysis as well as in the in the interview 

summary (Appendix C), might also be valuable in future research. 

 Although it has been established that the prototype has some weaknesses, the design decisions and 

solutions presented in Appendix D regarding the inner structure of the tool, i.e. system architecture 

and implementation, might prove valuable to anyone attempting to realise or further develop a tool for 

automating the process of modelling Web server workloads for performance testing. 

 All the recommendations for improvement proposed by the TTA are gathered in Appendix F. 

5.3 Further Work 
This student thesis only included primary data collected from a single source. For further work, the 

author recommends collecting additional primary data from other sources in order to increase 

reliability of the primary data and perhaps achieve some new insights. It might also be possible to 
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attain an increased validity of the analysis if the participants use workload data that they are familiar 

with when testing the tool, rather than providing them with workload data that might cloak their 

perception of the tool. 

 Response time is added as a workload attribute in the modified research mode even though no 

research could be found that supports this. Therefore, it is recommended to further examine at what 

degree the response time should be considered a workload attribute that should be included when 

modelling Web server workloads for performance testing. 

 Any research focusing on the development of a tool for automating the process of modelling Web 

server workloads for performance testing should address the weaknesses and suggestions for 

improvements listed in Appendix F. Most important is perhaps to provide functionality for increased 

dynamism in the tool, so that the modeller can generate customised workload models. 

 Another possible area for further research is the transition from a workload model, perhaps 

generated by a tool for automated workload modelling, to a performance test. Findings might show 

that it is possible to further automate and streamline the preparations towards a performance test. 
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Appendix A Terminology 
Term Definition 

Arithmetic Mean The sum of all elements divided by the number of elements in the dataset 

(Jain 1991:73). Often referred to as simple the average. 

Arrival Rate A workload attribute that describes the intensity of the workload namely 

the number of units of work arriving per unit of time (Jain 1991:513-

515,527, Bertolotti & Calzarossa 2000, Berman & Cirne 2001, Feitelson 

2015:295-297) 

Average See Arithmetic Mean. 

Black Box Testing Black box testing refers to the tester’s knowledge about the software under 

test. When a tester is involved in black box testing, the tester knows 

nothing about the internal structure such as the program code or 

infrastructure of the system (Linz et al. 2007, Eriksson 2008). 

CDF See Cumulative Distribution Function. 

Cumulative 

Distribution Function 

(CDF) 

A function for calculating the probability that a value is smaller than or 

equal to a given value in a dataset (Feitelson 2015:81). 

CDF Graph A graph that monotonically increases from the smallest CDF value until it 

reaches the highest possible value in the dataset (Feitelson 2015:81-86). 

Exploratory Testing Exploratory testing is a technique in which the tester spontaneously design 

and execute the tests (Bach 2000, I ISO/IEC/IEEE 2013). It is based on the 

tester’s existing relevant knowledge (ISO/IEC/IEEE 2013) and his or hers 

ability to learn about the test object while executing the tests (Bach 2000). 

Failure 

 

Defined according to IEEE-SA Standards Board (2010): 

“(A) Termination of the ability of a product to perform a required function 

or its inability to perform within previously specified limits. (adapted from 

ISO/IEC 25000:2005 [B18]) (B) An event in which a system or system 

component does not perform a required function within specified limits. 

(adapted from ISO/IEC 24765:2009 [B17])” 

 

A failure may be caused by a fault and may in turn cause one or more 

problems. 

Functional Testing Testing is commonly classified into functional and non-functional testing 

(Linz et al. 2007, ISO/IEC/IEEE 2013). When conducting a functional 

test, the tester only focuses on testing the functionality of the software as 

experienced by its users. 

Histogram A type og graph that shows the frequency at which different values of a 

workload attribute occur (Jain 1991:75, Feitelson 2015:73-77). 

Inter-arrival time The time between two successive arrivals (Jain 1991:510, Bertolotti & 

Calzarossa 2000, Feitelson 2015:37, 59). 

Median Calculated by first sorting the dataset and then dividing it in two equal 

parts. If there is an even number of elements in the dataset the arithmetic 

mean of the two middle values are calculated and used as the median (Jain 

1991:182-183). 

Peak-hour The hour when the system experience the highest (peak) amount of 

workload (Feitelson 2015:22-46). 

Peak-load The period of time when the system experience the highest (peak) amount 

of workload (Feitelson 2015:22-46). 

Percentile The value of the n
th
 element in a sorted list, so that n percent of the 

elements in the list are smaller than this value (Feitelson 2015:97-98). 

Performance Test Performance testing is a technique for evaluating a system or components 

quality characteristics in terms of performance. It is a type of measurement 

approach which means that the system or component being tested is driven 
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by an artificial- or a sample of its natural workload while performance 

related metrics are measured (Ferrari 1984, Fageria & Kaushik 2014, 

Mitchell & Black 2015). 

Standard Deviation A description how much the values of elements in a dataset differ from 

each other. This is done by measuring the distance to the centre, i.e. the 

arithmetic mean, for each element in the dataset. Simplified; each value in 

the dataset is subtracted from the arithmetic mean and then squared before 

they are summed and divided by the number of elements in the dataset 

minus one (Feitelson 2015:90-91). 

Think Time The time elapsed between the completion of one unit of work and the 

beginning of the next unit from the same source is often referred to as the 

think time (Jain 1991:126, Almeida & Menascé 2002a:217-218, Balloca et 

al. 2002, Feitelson 2015:398). 

URI See Uniform Resource Identifier 

Uniform Resource 

Identifier 

Identification of the requested data object on a Web server (Berners-Lee et 

al. 1999, W3C 2016). 

Web Server A computer connected to an intranet or to the Internet and with Web 

server software installed that control the flow of incoming and outgoing 

data (Almeida and Menascé 2002a:149-154). The Web server listens for 

incoming requests from clients in the network, which is processed before a 

response is returned, most often in the form of a document. Web servers 

are commonly used for hosting websites (Almeida & Menascé 2002a:149-

154), but can also be used for hosting Web services or other types of Web 

applications (Alonso et al. 2004:123-149). 

Web Service It is a software application with a programming interface used for 

application or system integration, hence making valuable functionality in 

one information system available for interaction by others (Alonso et al. 

2004, W3C 2004). 

Workload Workload is the unit or units of work that a system is processing at any 

given period time (Almeida & Menascé 2002a:205). 

Workload Attribute A workload attribute, such as think time, assist in characterising the 

workload entities (Ferrari 1984, Jain 1991:14-29, 85-86, Almeida & 

Menascé 2002a:205-256, Feitelson 2015:73). The workload attributes can 

be identified from the workload data. Some workload attributes may also 

be derived from other attributes. As an example, the inter-arrival time can 

be derived from the arrival-time of requests handled by a Web server 

(Feitelson 2015:70).  

 

A workload model may contain all or just some of the attributes (Ferrari 

1984, Jain 1991:71-74, Feitelson 2002, Feitelson 2015:19-29). 

Workload Component See Workload Entity 

Workload Entity Workload entities are used for describing the features of the workload, 

sometimes referred to as components, units or items (Ferrari 1984, Jain 

1991:71-73, 125, Almeida & Menascé 2002a:205-256, Almeida et al. 

2004:105, Feitelson 2015:73). According to Jain (1991:71-73), entities are 

depended on the type workload being modelled and what the model are to 

be used for. Thus, it is up to the modeller to define the workload entities; 

however, they should always represent a homogeneous group. 

Workload Model Workload models attempt to model all known features of the workload 

experienced by a system within a given period of time (Almeida & 

Menascé 2002a:179-180, Feitelson 2015:6, 10-11). It is a description of 

the workload experienced by a system within that period (Lutteroth & 

Weber 2008). 

Workload Parameter See Workload Attribute 
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Appendix B Interview Guide 

Workload Data 
Workload modelling should always start with the collection or retrieval of workload data. Researchers 

have suggested that Web server log files are a common source of existing workload data. 

 When designing/planning performance tests of Web servers, do you find retrieved data from 

the log files to be an appropriate source for modelling Web server workloads? 

o Performance tests of Web servers which already are in production and existing 

workload data exists. 

 Do you use any other sources of data? 

 Did the functionality for uploading Web server log files to the prototype tool work as 

expected? 

 

The workload data, i.e. Web server log files, often contain entries or data that are not representative 

for of what a system will encounter during normal usage. The workload data are therefore commonly 

sanitised before it is used. Three different types of filter mechanisms have been implemented in the 

prototype tool in order to sanitise the data (exclude all, include all and include any). 

 Did these mechanisms work as expected? 

 Were you able to sanitise the data in a satisfying way? 

 Do you have any suggestions on how the sanitation mechanism could be improved? 

Workload Entities 
When the workload data have been retrieved, the process of characterising the workload begins. 

Researchers have claimed that the features of the workload can be described in terms of workload 

entities, which are homogeneous groups that can be found in the workload data. Two entities have 

been defined for when Web server workloads are modelled: requests and its source. 

 What do you think of the importance of identifying and describing workload entities? 

 Do you believe they affect the accuracy of the workload model? 

 The entities mentioned above, were they modelled in appropriate way? 

 Are there any entities that you wish should have been part of the model or excluded? 

Workload Attributes 
Each of the identified workload entities are characterised by a set of attributes, called workload 

attributes, which can be found or derived from the workload data. An example of such attributes is the 

think time between requests. Research has shown that all workload attributes that have an important 

impact on the performance should be part of the workload model.  

 Did you find that all important workload attributes included in the workloads models 

generated by the prototype tool? 

 Were there any workload attributes you found unnecessary? 

 Were all workload attributes needed to conduct a performance test modelled? 

 

Follow Up Questions 

 Has the timestamp attribute been used correctly for the determination of peak hour, arrival rate 

of requests and think time between requests? 

o How do you think the timestamp affect the performance of a Web server? 

 The URI is an indication of the type of request that was made. Did you find it easy to separate 

the type of requests in the workload model? 

o How do you think the URI affect the performance of a Web server? 

 The source address helps identified the number of unique sources such as users or integrating 

hosts. Do you believe this attribute was modelled appropriately? 

o Do you find it useful when workload modelling for performance testing? If yes, in 

what way? 

 Did you find that the status of the requests was modelled appropriately? 
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o How do you think the request status affect the performance of a Web server? 

o Do you find it useful when workload modelling for performance testing? If yes, in 

what way? 

 The size of the response is said to have significant impact on the performance of a Web server, 

do you believe it has been modelled in an appropriate way? 

o The request size was never modelled; do you believe that is an important attribute that 

should have been modelled? 

o How do you think the size of the request and response affect the performance of a 

Web server? 

 The intensity of the workload can be described in terms of arrival rate which is the number of 

request arrivals over a specific period of time. Do you believe this is an important workload 

attribute that needs to be modelled, if so, did the tool model it correctly? 

o How do you think the arrival rate of the requests affect the performance of a Web 

server? 

 Think time refers to the time elapsed between two requests from the same source. Did you find 

the think time modelled correctly? 

o How do you think the think time between requests affect the performance of a web 

server? 

Workload Representation 
A common approach to describe the workload in terms of a single value or sometimes a tuple is 

through statistical analysis that will result in a statistical representation of the workload. Different 

mathematic functions are applied in order to calculate measurements of arithmetic mean, median or 

standard deviation for a workload attribute. 

 Did you find the statistical representation of the workload useful for the purpose of 

designing/planning a performance test? 

o What would you use the statistical representation for in that case? 

 Were there any measurements you would have preferred included or excluded from the 

statistical representation? 

 

Graphical representation of a workload is also common because of the valuable insight it may provide 

the performance tester with. 

 Were there any attributes or measurements of attributes that you believe should or should not 

have been represented in a graph? 

 Histograms and CDF’s were used among the graphs, did you find them useful? 

 Do you believe the workload was represented in a suitable way? 

 Would you have anything done differently?  

Other 
 Are there any scenarios/types, e.g. load tests, stress tests, of performance tests where the 

workload modelling would have been done differently? 

 Do you have any other suggestions for improvement of the workload models generated by the 

tool? 

 Did you find the tool useful? 

 Do you have any further comments from your experience with the tool? 
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Appendix C Summary from Interview with Geir Ole 
Aagedal 

Workload Data 
Question: When designing/planning performance tests of Web servers, do you find retrieved data 

from the log files to be an appropriate source for modelling Web server workloads? 

Answer: Yes, I find Web server log files to be an appropriate source. I have never used it as direct 

input to performance tests, but I have undertaken some analysis of log files and used is as a statistical 

basis for performance tests. I do not know of any standardised tool for processing the log files.  

 

Question: Do you use any other sources of data? 

Answer: In some cases, not for Web servers, I use tools such as Wire Shark to collect workload data. 

A lot of information about the network traffic can gathered from such tools. That information can then 

be used for designing and planning performance tests. I have mostly used this when working with 

queuing systems such as JMes. 

 

Question: Did the functionality for uploading Web server log files to the prototype tool work as 

expected? 

Answer: Yes, it worked as expected. I had to use the well written user guide you sent me, after that no 

problems occurred. Perhaps you could have added a JavaScript (JS) auto refresh on the page, or a JS 

listener that listens to changes such as when the workload model has been created. Also, you made be 

curious about Django, so I downloaded it. 

 

Question: Did these mechanisms work as expected? 

Answer: Yes, I believe it is important to be able to filter workload data, and the mechanisms provided 

fulfilled that. 

 

Question: Were you able to sanitise the data in a satisfying way? 

Answer: Yes. 

 

Question: Do you have any suggestions on how the sanitation mechanism could be improved? 

Answer: Perhaps you could have made a drop-down list with all the columns from the log file so that 

it was possible to pick a column, an operator and then add a value. Although, the free text field should 

also be kept. 

Workload Entities 
Question: What do you think of the importance of identifying and describing workload entities? 

Answer: It is definitely important and useful since it helps in knowing what entities to be observant 

when scripting and monitoring the performance test. When a workload entity has been defined it can 

be used in order to get a picture of how large portion of the workload that has been modelled. 

Therefore, it spreads awareness of that which is being modelled, as well providing insight in potential 

other activities on the servers that perhaps should have been included in the model. 

 

Question: Do you believe they affect the accuracy of the workload model? 

Answer: Yes, especially if the earlier-mentioned proposition had been implemented. The modelled is 

the forced to take a conscious decision about the relation between the workload data and what is 

being modelled. 

 

Question: The entities mentioned above, were they modelled in appropriate way? 

Answer: Yes, it looked like a good starting-point; however, the tool can be further developed as 

mentioned above. 

 

Question: Are there any entities that you wish should have been part of the model or excluded? 
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Answer: Not that I can think of. 

Workload Attributes 
Question: Did you find that all important workload attributes included in the workloads models 

generated by the prototype tool? 

Answer: The response time is not included in the model. It might be useful information when planning 

the performance test. It makes it possible to have expectation on the performance (response time) of 

the system, which is very important and useful when conducting performance tests. In the performance 

testing tool HP LoadRunner, as an example, it is possible to define Service Level Agreements based on 

response time. It can then be used as a baseline/requirement to the test result.  

 In addition, the response time of the system in production is interesting itself. If somebody order a 

performance test of me, one of the first things I ask him or her, is to define what response time is 

acceptable.  

 In fact, in some cases, the reason the reason for conducting a performance test is unacceptable 

response times. If the response time were included in the model, it would perhaps be possible to 

identify the period when the response time is unacceptable and the circumstances that caused it. The 

performance test could then be designed to reproduce the same circumstances so that the root case 

can be identified. 

 Apart from the response time, I cannot come up with anything else. However, if I could have used 

in on one of the projects I am involved in, I could perhaps have thought of other things. The workload 

models are static which means that it is hard to create customised reports for the user, which would 

have been valuable. Also, functionality for querying the workload data would have been good. 

 

Question: Were there any workload attributes you found unnecessary? 

Answer: No. 

 

Question: Were all workload attributes needed to conduct a performance test modelled? 

Answer: Yes, it is possible to design and conduct a performance test based on the workload model. 

However, it would have been good if the size of the response from the request was included in the 

model, apart from the response time. 

 

Follow Up Questions 

Question: Has the timestamp attribute been used correctly for the determination of peak hour, arrival 

rate of requests and think time between requests? 

Answer: Yes, as far as I can tell. 

 

Question: How do you think the timestamp affect the performance of a Web server? 

Answer: I believe it is important to see changes in certain workload attributes over time, as well as 

being able to zoom in on certain periods such as the peak hour. It was very positive that the peak-hour 

was included in the tool, however, it would have been even better if the modeller him- or herself could 

have zoomed in on certain time intervals.  

 

Question: The URI is an indication of the type of request that was made. Did you find it easy to 

separate the type of requests in the workload model? 

Answer: Yes, I believe URI is important to include in the workload model in order to separate the 

requests. 

 

Question: How do you think the URI affect the performance of a Web server? 

Answer: When designing and conducting a performance test it is important to know what Web service 

is requested and for that Web service determine the source that made the requests. For that purpose, 

the URI is very important. The type of request may have content of very varying size which again 

affects the performance of the Web server. In some cases, it is in fact possible that several Web 

services might make request towards another Web service. 

 In cases where there is only one Web service available another workload attribute such as request 

method might be more suitable. Therefore, a valuable add-on would have been a more dynamic user 
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interface where the modeller him or herself can classify the workload data and decide how it should 

be represented  

 

Question: The source address helps identified the number of unique sources such as users or 

integrating hosts. Do you believe this attribute was modelled appropriately? 

Answer: Yes as far as I can tell.  

 

Question: Do you find it useful when workload modelling for performance testing? If yes, in what 

way? 

Answer: As with the URI, it is important to be able to determine the source of the requests as well as 

the amount of sources. As an example, sessions, i.e. sources, might consume resources, such as 

memory or CPU, on the Web server, which again affects the performance. 

 

Question: Did you find that the status of the requests was modelled appropriately? 

Answer: Yes, however, it would have been useful to have a graph showing changes in the http status 

over time. As an example, it would have been valuable to be able to identify periods where a certain 

http error (identified by the status) peaks and if that peak correlates with something else. It is 

therefore, also important to be able to overlay different graphs so that multiple workload attributes 

can be visualised together. 

 

Question: How do you think the request status affect the performance of a Web server? 

Answer: The status definitely affect the performance it different ways since they put the system under 

different workloads. Failed request as an example does not return the same amount of data as a 

successful request. 

 A certain outcome of a request might also affect other simultaneous and consecutive requests. If 

the source making the request is an integrating host, a badly implemented algorithm might cause a 

loop situation where the integrating hosts sends requests until a successful response is sent, which 

again affects the performance. 

 

Question: Do you find it useful when workload modelling for performance testing? If yes, in what 

way? 

Answer: Yes, as earlier mentioned. 

 

Question: The size of the response is said to have significant impact on the performance of a Web 

server, do you believe it has been modelled in an appropriate way? 

Answer: Yes, as far as I can tell. 

 

Question: The request size was never modelled; do you believe that is an important attribute that 

should have been modelled? 

Answer: The request size are not usually so large, until a few weeks ago I would perhaps have said 

that it was not so important and could have been excluded from the workload model. But in the project 

I work now, the size of the request are quite large and very in size. So my answer now is that it should 

have been included in as a graph as well as in the tables.   

 

Question: How do you think the size of the request and response affect the performance of a Web 

server? 

Answer: When planning a performance test it would be important to know if there were any peaks in 

the requests size or if there at all were any large requests made since it the affects the performance of 

the Web server by giving it more data to process. In some cases, requests are generated automatically, 

and if the algorithm that generates the requests is bad sudden spikes in size can occur. 

 The size of the response of the request is perhaps the most important since it is a measurement of 

the amount of data that had to be retrieved and sent over the network. 
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Question: The intensity of the workload can be described in terms of arrival rate which is the number 

of request arrivals over a specific period of time. Do you believe it has been modelled in an 

appropriate way? 

Answer: Yes, as far as I can tell. 

 

Question: How do you think the arrival rate of the requests affect the performance of a Web server? 

Answer: The arrival rate might perhaps be the most important graph of them all. It is a sort of 

measurement for the “pressure” in the system. Since performance tests close to always are conducted 

in a different environment than production, it is often necessary to downscale the workload the testing 

environment is put under. The arrival rate is then a suitable workload attribute for downscaling the 

workload.  

 Also, all systems have a limit in terms of arrival rate which is shown by the fact that a lot of 

performance related problems occur when that limit is passed. When planning for a performance test 

it is very important to know if that limit has been reach in the system when the workload data came 

from, and in that case what that limit was. 

 

Question: Think time refers to the time elapsed between two requests from the same source. Did you 

find the think time modelled correctly? 

Answer: Yes, as far as I can tell. 

 

Question: How do you think the think time between requests affect the performance of a web server? 

Answer: The think time is very important when configuring the performance test before execution. 

Think time provides two different kinds of information: an indication to what the “pacing” should be 

between the requests, as well as an indication of the interaction with a Web service. As an example, 

the think time could have be useful in identifying the loop mentioned earlier given that the loop causes 

for consecutive requests with the same think time, i.e. causing a pattern. With the wrong pacing the 

workload becomes inaccurate and so does the result from the performance test. It is impossible to 

conduct a successful performance test without knowledge about the think time. 

Workload Representation 
Question: Did you find the statistical representation of the workload useful for the purpose of 

designing/planning a performance test? 

Answer: Yes, for a general statistical basis. However, the statistical basis has been very different for 

the performance tests I have been involved in. Depending on the objective of the performance test, 

what kind of system, component or application, different aspects of the workload is important. My 

experience is that there is no universal appropriate workload model. Therefore, more flexibility in the 

tool would have been good. 

 

Question: What would you use the statistical representation for in that case? 

Answer: As mentioned earlier I use it as a basis for setting up the performance test. 

 

Question: Were there any measurements you would have preferred included or excluded from the 

statistical representation? 

Answer: No, not that I can think of. 

 

Question: Were there any attributes or measurements of attributes that you believe should or should 

not have been represented in a graph? 

Answer: Response time, HTTP status code and the HTTP status code over time would have been 

good. 

 

Question: Histograms and CDF’s were used among the graphs, did you find them useful? 

Answer: Absolutely, however I do not use them much, only when analysing the performance test 

result. Sometimes they provide a bigger picture of the workload that can be useful.  

 

Question: Do you believe the workload was represented in a suitable way? 
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Answer: Yes, however, the discussion we had about the possibility to customise the workload model, 

i.e. increase dynamism in the tool, would have been very useful. It is also important to be able to see 

multiple workload attributes together in graphs in order to identify correlations. Apart from that, 

interactive graphs instead of pictures would have been good so that the granularity can be changed. 

 

Question: Would you have anything done differently? 

Answer: Apart from the earlier mentioned, no. 

Other 
Question: Are there any scenarios/types, e.g. load tests, stress tests, of performance tests where the 

workload modelling would have been done differently? 

Answer: Absolutely, as mentioned earlier, the workload models should match the purpose with the 

performance test.  
 

Question: Do you have any other suggestions for improvement of the workload models generated by 

the tool? 

Answer: In addition to the earlier mentioned, functionality for exporting the workload model perhaps 

to Excel, to avoid being locked-in to the tool. It would have been good to be able to export the tables 

and graphs. Perhaps even functionality for exporting to a report. 

 

Question: Did you find the tool useful? 

Answer: Oh yes absolutely, I highly recommend you to publish the source code on e.g. GitHub. It is a 

very good idea, which would have given great value if it was improved and made available. It would 

have assisted me in systemising the way I workload model before performance testing, which I do not 

have today. 

 

Question: Do you have any further comments from your experience with the tool? 

Answer: Well workload models in general are not directly transferable to a performance testing tool. 

In a dream world scenario, it would have been invaluable to be able to export the workload models 

generated by the tool, to something more directly importable in a performance testing tool such as HP 

LoadRunner. Perhaps a HP LoadRunner scenario and an outline to a performance test script, a 

template or maybe some kind of concrete recommendation for configuration of a performance testing 

scenario.  
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Appendix D Development of the Workload Modelling 
Tool 

 Technology D1

D1.1 The Python Programming Language 
For the development of the workload modelling tool, the Python programming language was used. 

Python is an object oriented scripting language (Bhat et al. 2012). An empirical comparison of 

multiple programming languages showed that Python is one of the fastest programming languages 

(Prechelt 2000). Further, it showed that the relative memory consumption tends to be much smaller 

compared to C++ and Java, as an example. Python also has efficient high-level data structures and is 

known for being simple, yet powerful, which might be contributing factors to why it enables rapid 

application development (Bhat et al. 2012). Python was chosen for these reasons due to the time 

constraints for the development of the prototype tool. The tool was developed with version 2.7.12 of 

Python. 

D1.2 Django 
Django is a high-level Web development framework built on the Python programming language. It 

supports rapid development and enables efficiently maintainable Web applications. The framework is 

a free and open-source project, maintained by the non-profit organization the Django Software 

Foundation (2016), who describes it as fast, secure and scalable. Django consists of a set of Python 

libraries that can be imported into Python and used for building web applications. Additional HTML, 

CSS and JavaScript code can be used along with the Python code, which was done during the 

development of the workload modelling tool. 

 Aside from allowing rapid development, one of the main reasons for choosing Django over a 

different Web framework, is the powerful administrator site. The default administration site that 

comes with Django could be modified and used when building the tool without having to add or 

develop new themes. 

 Since Django is built on the same programming language as the rest of the system, it also provided 

consistency and the ability to communicate seamlessly with the rest of the system. 

 System Architecture D2
The prototype tool is built as, and made available through, a Web application, which means that the 

tool is operated through a Web-based user interface. In order to publish the tool and making it 

accessible for others, a Web server was required. Using Amazon’s (2016) program for hosting virtual 

machines in their Elastic Compute Cloud (EC2), a Linux server was configured with the open-source 

licensed Ubuntu 14.04.4 LTS distribution. 

 NGINX (2016) was chosen as Web server software, since it was open-source licensed, lightweight 

yet with high-performance, and compatible with Django. Along with setting up Django, a SQLite 

database was configured, which is described further in chapter D3.2. The custom developed controller 

was set up to run as a separate service on the virtual machine as illustrated in Figure 14. The role of 

the controller is to listen to incoming requests from the Django user interface and to take actions upon 

them, i.e. performing pre-calculations or generating a workload model. The controller is described 

further in chapter D3.1. 
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Figure 14: Conceptual model of the system architecture 

Source: Author 

 Implementation D3

D3.1 Controller 
The controller consists of three processes running in different threads. The processes are described 

further subsequently, whereas Figure 15 illustrates the inner structure of the controller. 

 

 
Figure 15: The inner structure of the controller 

Source: Author 

 

D3.1.1 Analyse Listener 
When the controller is initialised, the Analyse Listener is initiated in a new thread immediately, using 

configuration details such as listening TCP port number and buffer size, found in a global 

configuration file. The main job of the analyse listener is to listen to incoming messages sent from the 

Workload Modelling module in Django. The messages are encoded as JSON objects using the native 

Python (2016b) json library, and sent to the Analyse Listener using Python’s (2016c) socket library, 

which communicates over the TCP/IP protocol. 

 Upon receiving an encoded JSON object, the Analyse Listener decodes it and immediately sends 

an “OK” or “FAIL” response to the Django user interface, indicating that the JSON object was 

received and is valid or invalid. The response is sent before the operations is performed so that the 

user interface is not blocked, i.e. waiting for the operations to complete. The workload data that are 

uploaded may be of large size, and processing large amounts of data takes time. Therefore, in order 

avoid time out in the user interface it was necessary to perform the operations in a non-blocking way. 
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 Further, the message holds information about the current Django object the user is working on, and 

the action that are to be taken, i.e. pre-calculation or workload modelling. When uploading a new 

analysis set in the Django user interface, the Analyse Listener initiates the Pre-Calculations process as 

a separate thread using the native threading library in Python (2016d). If the user executes the “Create 

workload model” action on the analysis set, the Analyse Listener initiates the Workload Modeller 

process as a separate thread. 

D3.1.2 Pre-Calculations 
The Pre-Calculations process is initiated by the Analysis Listener and takes a Django object ID as 

input parameter. The purpose of the process is to validate the content of the zip file that was uploaded 

with the Django object, and to perform some initial calculations such as determining the number of log 

files in the zip file and the dates for these log files. A validation method, which reads the header of the 

log file, checks whether or not the log file is in the W3C Extended Log File format. 

D3.1.3 Workload Modeller 
The Workload Modeller process is initiated by the Analysis Listener and takes the Django object ID as 

input parameter, as well as the zip file path associated with the object. The modelling process is 

divided into three major activities, and as can be seen in Figure 16, the Representation activity is 

iterated twice. 

 

 
Figure 16: Workload modelling activities 

Source: Author 

  

Build Database 
A dedicated SQLite database is created for each analysis set for which a workload model is created. 

More information about the database can be found in chapter D3.2. During the first part of the 

modelling process, the workload data contained in the log files are iterated and filtered if the filter 

options where used when creating the analysis set, and written to the database. In comparison to the 

log files, the data are stored in a structured manner and can fast and easily be queried using Standard 

Query Language (SQL). 

 

Representation 
It is during the second activity that the representation of the workload data is created. It is iterated 

twice because a representation is created for the whole log period, as well as the calculated peak hour. 

During this activity, the basis for the visual presentation of the workload model is created. In order to 

create the statistical representation, multiple support methods, such as calculation of the arithmetic 

mean for a workload attribute, have been implemented. The statistical representation is at first 

contained within a JSON encoded object, as shown in Figure 17, which is transferred to the next 

activity. 

 The basis, i.e. the graphs and the data presented in the graphs, are also generated during this 

activity. The open source Python library matplotlib (2016) is used for generating the graphs and 

storing them as image files. 

 This activity is the most time consuming since large datasets are processed in order to build the 

basis for the workload representation. Therefore, it was important to perform this activity without 

blocking the user interface. 
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Figure 17: Example of a statistical representation contained in a JSON encoded object 

Source: Author 

 

Workload Model Generation 
During the workload model generation activity, the statistical representation contained in a JSON 

object is put together with the graphs to form a workload model. The output is a Web page built with 

HTML, JavaScript and CSS. An example is shown in Figure 18. 

 

 
Figure 18: Workload model generated by the prototype tool developed in this student thesis 

Source: Author 

D3.2 Database 
Django comes with SQLite as the default database engine. SQLite (2016) is a Relation Database 

Management System (RDBMS) and can be regarded as a lightweight substitute to other SQL based 

database engines. Some of the benefits with SQLite compared to more resource consuming database 

systems include it being self-contained and serverless. The database is also contained within a single 

disk file. 

 Although Django supports other database engines, SQLite was the preferred database choice for 

this student thesis because of the above-mentioned qualities. It was also chosen for storing the 

sanitised workload data, mainly because it is contained in a single portable file and because of its 

lightweight features. 

Django Database Model 
The data model that comes with Django defines the Django database layout. Each model typically 

maps to an individual table in the database. SQL statements for creating the database itself and the 

tables within it are all auto-generated by Django, based on the implementations of the models. If a 

many-to-many relation between two different models are defined in the model, a separate relationship 
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table is created in the database. Figure 19 shows an entity-relationship (ER) diagram of the Django 

database implemented in the prototype tool. The workload_analyseset is a custom model added to 

Django that relates to the Workload Analyse Set in the user interface. Each analyse set that is added in 

the user interface is stored in this table. 

 There are two ways of accessing the database, through raw SQL queries, or through Django’s own 

API for database abstraction. 

 Another feature of the Django database model is that all timestamps are stored in the database on 

the Coordinated Universal Time (UTC) format, which is universal and independent of time zones. The 

time zone is specified in the Django settings file, and in the case of this student thesis, it was set to 

Europe/Stockholm. Whenever a timestamp is shown in the user interface, it is first converted to the 

specified time zone using Django’s timezone library. Storing timestamps according to the UTC 

standard rather than the current time zone can be considered good practice for multiple reasons. First, 

there can be no ambiguity. Confusion and misunderstandings related to conversion across different 

time zones will be avoided, which also means that timestamp calculations are simple. Further, there 

can be no invalid dates linked to daylight savings time. In addition, if the server were to be migrated to 

a different time zone, the new time zone can easily be configured in the Django settings file so that 

timestamps would not need to be converted. 

 

 
Figure 19: ER-diagram of the Django database 

Source: Author  



Page 50 | 53 

 

Appendix E User Guide 

Login 
1. Login via http://bachelor.duckdns.org 

a. Username: kautest 

b. Password: test1234 

 

Add Analysis Set 
1. Follow the steps under Login to log in to the page. 

 

2. Navigate to the analysis page by clicking “Analyse sets”. 

 

3. Any existing analysis sets are shown in the list. Press “ADD ANALYSE SET”, in order to add a 

new analysis set. 

 

4. Fill out the form: 

a. Enter a title of the analysis set in the “Title” field. 

b. Choose a file containing the Workload Data, i.e. Web server log file, and upload. 

NB! The file must be zipped. Only log files in the W3C Extended Log File format is 

supported. 

c. Optional: Enter a description of the analysis set in the “Description” field. 

d. Workload data are often sanitised before being modelled. The “LOG FILTER” section 

of the form contains means which can optionally be used for filtering the data. 

 

5. Press the “Save” button. 

 

6. Your analysis set can now be found in the list of analysis sets. 

 

 
 

7. After adding a new analysis set, “LOG DATES” and “NUMBER OF LOGS” are automatically 

calculated. Refresh the page to get the calculated values. 

 

 
 

Generate a Workload Model 
1. Follow the steps under Login to log in to the page. 

 

2. Navigate to the analysis page by clicking “Analyse sets”. 

 

3. Choose an existing analysis set from the list by checking the box to the left of the title. 

http://bachelor.duckdns.org/
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4. From the “Action” list, pick “Create workload model” and press “Go”. 

 

 
 

5. The process of generating the workload model has started. If a large dataset has been added it 

will take longer time. 

 

 
 

6. Refresh the page to see if the modelling process has completed and to achieve the link to the 

workload model. 

 

7. When the modelling process is completed a link will be provided in the “WORKLOAD 

MODEL” field of the analysis set. 

 

 
 

Change Analysis Set 
1. Follow the steps under Login to log in to the page. 

 

2. Navigate to the analysis page by clicking “Analyse sets”. 

 

3. Open an existing analysis set by clicking the title of the analysis set. 

 

 
 

4. The desired changes can now be made to the analysis set. 

NB! If any of the filters are changed, the workload model is deleted and has to be re-

generated. 

 

 
 

Delete Analysis Set 
1. Follow the steps under Login to log in to the page. 

 

2. Navigate to the analysis page by clicking “Analyse sets”. 
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3. Choose an existing analysis set from the list by checking the box to the left of the title. 

 

4. From the “Action” list, pick “Delete selected analysis set” and press “Go”. 

 

 
 

5. Press “Yes, I’m Sure” when asked on the next page. 
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Appendix F Technical Test Analyst’s Improvement 
Recommendations 

Workload Data 
 A JavaScript auto refresh could be added to refresh the page at intervals in order to avoid non-

intuitive manual refresh of the page after pre-calculations and the workload model generation 

activity. A JavaScript listener that updates the page when the workload model is generated, or 

when pre-calculations are performed, would be even better. 

 For sanitising the workload data, a drop-down list containing the W3C Extended Log File 

columns with the ability to choose column filter operator. 

Workload Entities 
 Functionality for the modeller to dynamically define other, or change existing, workload 

entities in the tool. 

Workload Attributes 
 Add Response Time as a workload attribute in the workload model generated by the tool. 

 Functionality to generate user-customised workload models, perhaps with the ability to query 

the workload data. 

 Functionality for generating workload models focused on other periods than the peak-hour, 

which might be of interest. 

 Support for a more dynamic user interface where the modeller could classify the workload 

data and define the representation of the workload him- or herself. 

Workload Representation 
 Functionality for overlaying different graphs in order to visualise multiple workload attributes 

together. 

 Functionality for customizing the graphs, such as changing granularity or bin size. 

 


