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Sammanfattning
Behovet för prestandatestning växer och många företag går också mot automatiserad
prestandatestning. Telia använder i dagsläge Performance Center för prestandatestning, de vill
utforska marknaden för nya prestanda testverktyg. Studien går ut från att utvärdera två perstanda
testverktyg som är BlazeMeter och HP Performance Center. Studien mellan BlazeMeter och
Performance Center byggs på flera kriterier som är kostnad, användbarhet, funktionalitet,
effektivitet och agil prestanda testning. Rapporten innehåller information om litteraturstudien,
hur ramverket skapas och intervju frågorna som baseras på ramverket. Syftet med rapporten är
att ge läsaren information om vilket verktyg som har bättre användbarhet, funktionalitet,
effektivitet och verktyget som kan användas i agil prestanda testning.

Abstract
The need for performance testing is growing, and many companies are moving toward automated
performance testing. Telia uses HP Performance Center for performance testing and wants to
explore the market for new performance testing tools. The study compares two performance
testing tools: HP Performance Center and BlazeMeter.
The study is based on several criteria, which are cost, usability, functionality, efficiency and
agile performance testing. The report contains information about the literature review that led to
the creation of the framework and interview questions. The purpose of the report is to inform the
reader about which tool has better usability, functionality, efficiency and costs and which tool
can be used in agile performance testing.
Keywords: performance testing, BlazeMeter, Performance Center, usability, agile performance
testing, efficiency, functionality, cost, framework
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1 Introduction
Performance testing is widely needed today [1], as it is crucial to avoiding unexpected errors
after a product launch. Software applications and websites that are expected to draw a large
number of users with different geographical positions and other important parameters must not
crash when, for example, thousands of users request access to the same functions simultaneously.
Other examples that could arise in the absence of performance testing are lengthy
login/identification processes for websites and applications or slow loading times for images,
which may result user disappointment/dissatisfaction.
Performance testing consists of different types of tests that are performed to achieve specific
goals [1]. Examples of these tests are stress testing, where the application is stretched beyond its
limits to see its response to load spikes and load testing, where the system is tested under a
certain load of users, which gives the response time of every transaction and other relevant data
to the tester.
In short, performance testing plays a vital role in detecting and eliminating errors before a
product launch. There are several tools on the market to carry out performance testing, and this
study evaluates two such tools.

1.1 Background
Telia Company uses several performance testing tools, but it mainly uses HP Performance
Center (PC). Telia is moving toward agile performance testing methods that require certain
studies during the transition phase. The main work in this thesis is to evaluate two different
performance testing tools: BlazeMeter (BM) and PC. Both tools use scripting languages to
perform tests and analyze the results. The scripting languages are not the focus of this study, but
they are part of the study because they are used to clarify the findings in the results BM and PC
use Jmeter and VuGen/LoadRunner, respectively, as their scripting languages.
PC1 is used for several purposes, such as advanced analysis and reporting to identify bottlenecks
and real-time application performance by monitoring and diagnosing the application. There are
several other tests and uses for this tool.
BM2 is an open source tool used for testing purposes where large, scalable tests are subjected to
run on the desired web or mobile application.
Agile methods of running performance testing are preferably done in the early stages, rather than
at the end of a sprint [2]. The reason behind early testing in agile software development is that
testing later can cause delays, as unexpected errors can arise and thus increase costs. Performing
code changes in the later stages of a project is more costly than correcting errors at an early
stage. The main requirement to perform the tests is that the application is developed and fully
functional. So, it is better to introduce performance testing at the code level, with smaller tests
and runs at every iteration.
1
2

https://software.microfocus.com/en-us/products/performance-center/overview
https://www.blazemeter.com/mobile_version/index.php
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This study concentrates on the different aspects of these tools and their ability to be used in an
agile manner.

1.2 Questions and goals
Today, Telia uses PC but wants to explore the pros and cons of shifting to BM. The research
questions were created according to Telia’s issues. There is a need to create a framework tailored
to answering which tool best fits Telia’s needs.
1- Which tool fulfills Telia’s needs in today’s projects?
1.1 Which tool provides better costs and non-functional and functional requirements?
1.2- Can the two tools be used in an agile project?

1.3 Scope and limitations
There are limitations to this research. There is a limited number of engineers who have
knowledge of both PC and BM, thus making it difficult to compare the tools based solely on
interviews. Therefore, the research is a mix of interviews, tests and literature reviews to reach the
desired goals.
Telia does not use cloud-testing because its projects are data-sensitive and it does not want to
share private data in the cloud. Thus, testing takes place on premises only. Cloud-testing is when
tests are simulated with real-world user traffic from the cloud. Cloud-testing needs to access data
from the Cloud, and the information can then be saved in the Cloud [3]. PC is used in house,
without using the Cloud. BM can be run on-premises as well but needs a virtual machine and
docker containers, which are not allowed to be installed and run on Telia laptops, making it hard
to test these tools in the same project. Telia’s internal projects cannot be accessed except by their
company laptops. Creating a localhost for testing is also problematic because once PC is used, it
is not able to read or access the localhost. This leads to the need to test using two separate
projects.
Another limitation is time. Because the thesis is a six-month study, it is difficult to cover all
possible aspects of evaluating the two tools, and there is a need to limit the study’s scope.

1.4 Disposition
Chapter 2 provides background information on performance testing and scripting languages.
Chapter 3 presents the methods used in the thesis, Chapter 4 presents the literature review and
Chapter 5 presents the theoretical framework. Chapter 6 focuses on developing each chosen
parameter within the framework. Chapter 7 builds the interviews based on these parameters.
Chapter 8 shares results of the interviews and what the author has found, and Chapter 9 is the
analysis and discussion portion of the thesis.
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2 Performance Testing and Scripting Languages
This chapter contains general information about performance testing and the scripting language
tools of PC and BM. Even though the focus of this study is not on scripting languages, they are
relevant to explaining certain aspects of the study as well as the results and analyses of PC and
BM.

2.1 Performance testing
The authors in [4] define performance testing as validating the speed of a software, where speed
is understood as the response time under a limited workload. The software must be tested for its
real speed, and performance tests are an approximation of real-life cases. Functional testing is
validating the correctness of the code without taking speed into account. Performance testing is
usually done after the functional testing phase, because the product must be tested in a stable
version. The speed of the software should match the business’s need, and speed is defined by
combining response time and the workload at peak load times.

2.2 Load testing
Load testing is the service used to request web client numbers. The client number tested on the
web service increases during the tests, giving the tester the average response time, memory,
process etc. Load testing evaluates the network movements and examines the causes of delays.
These features are used to optimize the web application system and provide suggestions for
improvement [5].

2.3 Script languages
The script languages of PC and BM are LoadRunner and Jmeter, respectively. LoadRunner has
several components, one of which is Virtual User Generator (VuGen) which is used in the
project to conduct tests. LoadRunner and Jmeter are explained briefly, as they are part of the
results and analysis later.
2.3.1 LoadRunner
LoadRunner is a performance and load testing tool used to study the behavior and performance
of a web-based application or website. LoadRunner emulates users to test the application in a
simulated real-life scenario. There are three smaller LoadRunner applications [6]:
1. VuGen allows the tester to choose the actions of the virtual users on the application. It
creates scripts that generate a chain of actions like logging on and navigating the
application.
2. Controller uses the scripts to make runs with schedules and simultaneously decides the
number of users, when to run them and how large the groups are.
3. Results and Analysis gives the results of all the load tests and data. It is used to determine
problems or bottlenecks.
The advantages of the LoadRunner are [6]:
● No installation needed on the server during tests, as it uses native monitors.
● Supports languages other than C, such as Java and VB.
3
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● Monitoring and analysis interface where reports are easy to read and understand.
● Supports many protocols.
● Correlations are made easy.
● Recording is made easy with a fine GUI, but there is a need for script modification.
● Many tutorials, documents and tool support from HP.
The disadvantages [6] are:
● The cost associated with the tool, but it can be compensated by a return on profit in the
end.
● The scripting language used for the representation of the captured protocol and data can
be manipulated for play-back.
● The protocols only represent a language of communication between the client and
system.
2.3.2 Apache Jmeter
Apache Jmeter is open-source software created for load tests and functional behavior that studies
performance [6]. The original function of Jmeter is testing web applications, but it has expanded
to other test functions. Jmeter is used for performance testing on static and dynamic resources
and is used to create heavy loads on servers and networks. The tool has a graphical analysis
function for the tests.
The advantages of Jmeter [6] are:
● Load and performance test many different server types, such as Web-HTTP, HTTPS,
SOAP, Database via JDBC, LDAP, JMS, Mail-POP3(S) and IMAP(S).
● It is a portable tool and is fully compatible with Java.
● Allows multithreading framework, concurrent sampling and sampling of many other
functions simultaneously.
● Strong GUI design that allows precise timings and fast operations.
● Offline mode-analysis and replaying of tests.
● High extensibility; many plugins for testing capabilities, load statistics that are chosen
with pluggable timers and personalized visualization of the data and results.
● Dynamic input to a test.
● Samplers in the script.
The disadvantages are [6]:
● Open-source, but the authors in [6] think it is not an issue, as Jmeter can be easily
replaced if needed.
● Careful setup is needed for client/server tests, because the user may accidentally measure
the workstation instead of the desired server.

4
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3 Methods
This chapter gives an overview of the methodological approach that has been followed in order
to reach the results presented in this study. The following chapters provide a more detailed
description of the research procedure.

3.1 Methodological overview
The methodological approach was to first conduct a literature review and extract the current
perspectives on studying performance testing tools. There are many aspects of software tools that
one can study, so there is a need to narrow the study. Narrowing the parameters of the study was
done with help from the project stakeholders at Telia. To study these features/parameters, a
framework containing the features was created, and each feature was studied in depth. Once the
features were studied in depth, interview questions were created. The interviews were conducted
with engineers and experts, and tests were done with both tools to acquire better knowledge of
the tools. Once all the data are gathered, they are presented in the results section and analyzed
and discussed in the following section. In short, the following steps were taken:
1.
2.
3.
4.
5.

Literature study
Creating the framework
Interviews and tests
Results
Analysis and discussion

Mixed methods approach
According to Yin [7], mixed methods research is a methodological approach that integrates
different study methods. Mixed methods research allows researchers to study more advanced
questions, which allows the gathering of a more coherent and larger array of proof than just
following one single method.
Considering the thesis evaluates both tools, the lack of information that is gathered through just
one method (qualitative or quantitative) is a valid reason to consider a mixed methods approach.
The qualitative approach is the literature study, which leads to the framework that defines the
interview questions. The interviews are both qualitative and quantitative, and the results of the
tests are measurable; thus, they are also quantitative.
Primary and secondary data
Primary data [8] are considered new data when they serve the intended purpose; secondary data
are collected for other purposes. The primary data are collected for the study in particular and
can comprise interviews, emails and other data collected for the first time.
The extant literature [8] is usually considered a secondary data source, as the information is
sometimes written to serve other purposes. That information is collected to highlight different
aspects or areas of the research problem.
5
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The thesis uses primary from interviews and secondary data from reviewing the literature, which
is then followed by the conceptual framework.

3.2 Research process
These are the steps followed in the thesis:

Figure 1: The applied methodology

Literature Review
The literature review is done by reading through scientific papers, which list all the possible
parameters for evaluating a system and software. The parameters are chosen later in the study
(after chapter five) and are studied in depth. The literature review is presented in chapter four.
Framework development
The framework is created with the help of the literature review. A wide range of parameters is
presented in chapter five. A few parameters are chosen to be studied in depth after discussions
with the Telia supervisors, and the excluded parameters are discussed further in the results
section. This procedure created the entire framework. Chapter six explains each parameter in
detail, and each parameter has sub-features explaining how it is measured.
Interviews and tests
The interview questions are created based on the developed framework. At first the questions are
formulated and sent to an expert engineer. The expert gave the author feedback, based on which
the questions were rewritten. Once the questions are finalized, the interviews are conducted.
The interviews are conducted with Telia employees and people outside of Telia with experience
in performance testing, engineers with experience in PC or BM or both. The interviews are
approximately one hour long. The questions are asked, the responses are written down on the
computer and are written in a more detailed manner afterward. The selection of the interviewees
was done with the help of Telia. The interview questions were created based on the framework,
and each question has a scale explaining how it was measured.

6
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The author ran tests to strengthen the research; the conducted tests are created using Jmeter and
VuGen and then uploaded to the respective platforms BM and PC. The reason the procedure of
creating the tests is not in the report, but rather in Appendix B, is because the tests are based on
scripting languages, which are out of the scope of the study. BM and PC are just the tools to run
the scripts and give the results. The results of the tests are in Appendix C, and the procedure of
how the tests were done is explained in Appendix B.
Results
The results are acquired through interviews, tests and the literature review. The results of the
interviews and tests are written in chapter eight. The tests measured some of the sub-features of
the framework (i.e., mean turnaround time). The acquired interview answers are written down.
The findings of both the costs and agile performance testing are written down in this chapter.
Analysis and Discussion
The analysis is the final stage of the study in which all the findings are analyzed and mapped
back to the research question and framework. No research has covered both tools from the same
perspective and parameters as this study does. Thus, two methods are employed to analyze the
data: explanatory data analysis and correlation. Explanatory data analysis is used if there is not
ample research available to provide details where there is a lack of them. The research uses an
explanatory approach, as it provided a better understanding of the tools, and a clear conclusion is
given. A correlation approach is used between the results to be able to reach a conclusion. The
correlation is completed by reading the results and discovering a correlation between the
interviews and the author’s findings. For example, there is a pattern between the expert’s
answers about the cost and the cost of the tool according to the documents.
The data analysis is done after collecting the results, where the interviews were thoroughly read
and the answers were generalized. The test results were part of the framework that were not
measured by the interviews; thus, they were analyzed separately by comparing the results with
each other. The cost was analyzed by comparing the price with the different sub-features. The
correlation method was used to correlate the different results.

7
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4 Literature Review
The literature review is used to create a framework by finding parameters to evaluate the
performance testing tools. Once the parameters are chosen, a deeper search for each parameter is
done.

4.1 Step one
With help from Robert Lagerström, articles such as “Enterprise Architecture: A Framework
Supporting System Quality Analysis” and “Evaluating cost taxonomies for information systems
management” were reviewed to create an adequate framework.
The reason for choosing these papers is that they contain information regarding the possible
criteria for evaluating IT systems. The same features that are used for evaluating IT systems can
be applied to evaluate performance tools. In “Enterprise Architecture: A Framework Supporting
System Quality Analysis,” the authors write about following ISO 9126 software quality metrics,
thus leading the author to use the ISO system, as well. The search for criteria in the ISO system,
software requirements and quality management was the main theory used for the evaluation.

4.2 Step two
With all the criteria available from the ISO system, the stakeholders of the project at Telia gave
their opinions on what they believe is needed. Once all the criteria were chosen, a deeper search
of each criterion was done. Each feature is studied further through scientific papers, which
breaks down each feature into several sub-features.
Related works and reference sections were helpful in finding other articles. Other articles can be
added during the framework creation to add value and proof to the chosen features. The data
collection process has specific criteria to look at. In the study conducted by the authors, the
information extracted was mainly the source, the classification of the type of study, the scope,
the research topic, research questions, the quality evaluation, etc. [9]
The author applied a similar approach:
1.
2.
3.
4.
5.

Choose all relevant criteria with stakeholders.
Search for each criterion separately in the papers (e.g., usability or cost).
Search for references and related works.
Study the relevant references and related works to find other papers.
Include the necessary sub-features in the study.

After thorough consideration, there is a need to account for functional requirements in order to
conduct this study. A search was also done to define what functional requirements are.
Functional requirements are also called system features and are the distinctive factors between
the systems or tools evaluated. So searching for the terms “functional requirements” and
“definition of functional requirements,” led to relevant articles that were added to the study. The
articles found are as follows:

8
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Cost

Enterprise Architecture: A Framework
Supporting System Quality Analysis
Assessing System Availability Using an
Enterprise Architecture Analysis Approach
An IT management assessment framework:
Evaluating enterprise architecture
scenarios
Architecture analysis of enterprise systems
modifiability: A metamodel for software
change cost estimation
Suitability assessment framework of agentbased software architectures
Evaluating cost taxonomies for
information systems management
Hard Problems in Software Testing
Solutions Using Testing as a Service
(TaaS)
An exploratory study of indirect ICT costs
using the structured case method
Comparative Analysis of Automated Load
Testing Tools:
Apache JMeter, Microsoft Visual Studio
(TFS),
LoadRunner, Siege
Performance Testing Primer
Performance Testing on an Agile Project
On Agile Performance Requirements
Specification and Testing
Agile Software Testing in a
Large-Scale Project
Functional Requirement Mapping as a
Framework for Concurrent Engineering
Systems and software engineering –
systems and software quality requirements
and evaluation (SQuaRE) – system and
software quality models
Software engineering – product quality –
Part 1: Quality model
ISO/IEC 25023:2016

Agile
testing

FunctionalRequirements

-

Nonfunctional
requirements
X

-

-

-

X

-

-

-

-

-

-

-

-

-

-

-

X

-

-

X

-

-

-

X

X

-

X

X

-

-

-

-

X

-

X

X
-

X
X

X
X

X

-

-

X

-

X

-

X

-

X

-

X

-

X

-

X

-

X

-

X

Table 1: Articles from the search
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5 System Evaluation Theory
5.1 ISO/IEC criteria
In this chapter there are several parameters that are relevant to building the framework. These
parameters are taken from the literature and are decided upon with Telia. The main sources of
these features are defined in ISO/IEC 25023 Systems and software engineering—Systems and
software Quality Requirements and Evaluation (SQuaRE) and papers on frameworks.
5.1.1 General criteria: ISO/IEC
The ISO 9126 series and ISO/IEC 25010 and 25023 [10] [11] [13] have many different criteria
for the evaluation of software quality and systems. ISO and IEC have created an international
standard for the values of software and system quality. These standards are used later in the
thesis to create the framework. According to the latest ISO/IEC [13] version from 2016, there are
eight features and sub-features that are as follows:
● Functional suitability: To what degree a product or a system provides functions that meet
its needs.
o Functional completeness: To evaluate to what degree the functions cover the
defined tasks and objectives.
o Functional correctness: To evaluate to what degree the functions provide the
correct results and precision.
o Functional appropriateness: To evaluate to what degree the functions facilitate
the reaching of a specified task or objective.
● Performance efficiency: To study performance relative to the amount of resources under
certain conditions.
o Time behavior: To evaluate the extent to which the response, processing times
and throughput rates of a product or a system during performance reach the
requirements.
o Resource utilization: To evaluate the extent to which the quantity and type of
resource is used by a product or a system during performance to reach the
requirements
o Capacity measures: To measure the extent to which a product or system reaches it
limits to reach the requirements.
● Compatibility: To what degree a product, system or component can exchange information
with another product, system or component and still perform the required function.
o Co-existence: To evaluate to what extent a product can efficiently fulfill its
functions even when sharing the environment and resources.
o Interoperability: To evaluate the extent to which different systems, products or
components exchange information and use it successfully.
● Usability: The extent to which users effectively, efficiently and satisfactory achieve a
specified goal.
10
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o Appropriateness recognizability: To evaluate to what extent a user can select of a
product, system or software that is suitable and fulfills its intended use.
o Learnability: To evaluate to what extent a user can use the system or product to
achieve the goal of learning.
o Operability: To evaluate the ease of use of a product or system.
o User error protection: To evaluate to what extent the system protects its users
from committing errors.
o User interface aesthetics: To evaluate to what extent the user interface is pleasing
and satisfying.
o Accessibility: To evaluate to what extent users with a large array of characteristics
and abilities can achieve the desired goal.
● Reliability: To what extent the performance of a system or product reaches the desired
function under specific conditions in a certain amount of time.
o Maturity s: To evaluate to what extent a component or system meets the needs for
reliability.
o Fault tolerance: To evaluate to what extent a system or product operates despite
hardware or software failure.
o Recoverability: To evaluate to what extent a system or product recovers data
affected by an interruption or failure.
● Security: The extent to which information and data are protected within a product or
system.
o Confidentiality: To evaluate to what extent the data is accessible to the intended
person, product or system.
o Integrity: To evaluate to what extent the prevention of unauthorized access is
made.
o Non-repudiation: To evaluate to what extent an action or event has taken place to
prevent it from happening later.
o Accountability: To evaluate to what extent an action can be traced back to a
unique entity.
o Authenticity: To measure to what extent the identity of the subject can be proven
to be the claimed one.
● Maintainability: To extent to which maintainers can modify the effectiveness and
efficiency.
o Modularity: To evaluate to what extent that changes to a program or system’s
discrete components have no major impact on other components.
o Reusability: To evaluate the extent to which an asset can be reused or recreated in
several systems.
o Analyzability: To evaluate to what extent to a system can diagnose deficiencies or
causes of failure.

11

George Ludwig Maalouf

Evaluation of performance testing tools: Performance Center and BlazeMeter

o Modifiability measures: To evaluate to what extent a product or system can be
modified without being defective or degrading other components.
● Portability: To what extent a system or product can be transferred to another hardware or
software and remain operational.
o Adaptability: To evaluate to what extent a system or product can adapt to a
change in software or hardware.
o Installability: To evaluate to what extent a system or product can be installed and
uninstalled in an environment.
o Replaceability: To evaluate to what extent a product can be replaced by another
product in the same environment.

5.2 Related framework
The research paper by Kirchner and Jung is a framework created for evaluating tools [49], and
the papers [14] [15] [16] [17] [18] present an array of different quality attributes for enterprise
architecture models, software tools and IT systems.
5.2.1 Usability
Usability has several aspects including ergonomics, learnability and documentation. The first is
about the tool’s compliance to the ergonomic standards of the software. There are guidelines for
designing of menus, dialogs, presentations of information and the user interface. If the tool
follows the different ergonomic standards, it will allow the user to learn the tool much faster.
Concerning documentation, it is important for users to have full documentation that allows them
to maximize the utilization of the tool. Some documentation sources include manuals, online
support and other forms [10] [11] [12] [14] [15] [18] [19] [20] [21] [49].
According to Nielsen in [20], learnability is the beginner’s experience during the initial part of
the learning curve. A system that has high learnability “allow[s] users to reach a reasonable level
of usage proficiency within a short time.” He explains that efficiency of use is the average time
needed to perform a certain number of tasks. The user should feel comfortable with the system in
order to be efficient and highly productive.
5.2.2 Efficiency
Papers [10] [11] [12] [14] [15] [18] [19] [22] [21] describe efficiency as the extent to which the
set objectives are reached. Scalability and responsiveness are parts of the efficiency feature. The
above papers explain responsiveness or performance in terms of response time and throughput.
Scalability is explained as the system’s ability to account for a large amount of computing
resources and take care of a certain average and maximum number of requests. Some authors
have defined scalability as a standalone feature, but in this research scalability is placed under
the umbrella of efficiency.
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5.2.3 Functionality and interoperability
Tool integration means that tools can be integrated with other tools (e.g., supporting different file
formats) [49]. This is done with plug-ins or the APIs of other tools and with the help of the
compatibility of other modeling languages. An advanced language with the proper tool can
provide the user with the expressiveness and power to implement all necessary features. This
feature is also known as interoperability. As explained in papers [10] [11] [12] [15] [16] [19]
[22] [21] and [23], it is the ability of several systems or components to exchange and use data.
Functional completeness and functional appropriateness are clearly defined in the ISO/IEC
25012 [11] [21], where functional completeness is the extent to which the functions to help
complete specific tasks and objectives are available. Functional appropriateness is the other
component of functional suitability, and it is the extent to which the functions facilitate achieving
a specified task in a simple manner. Functional requirements are explained as a subset of basic
functions that serve a certain purpose [24] [25] [26].
Paper [12] explains the software quality taxonomy. The main factors that are discussed are
functional suitability, reliability, performance efficiency, usability, security, maintainability,
portability and compatibility. Tool integration and user-defined extensibility are also defined in
papers [14] [15] [16] [17] [18] as interoperability and service-level management, respectively.

Picture 1: The framework presented in [14]

5.2.4 Cost
The cost of a software life cycle entails the cost of the software, the hardware requirements and
others. They fall under the two categories “operation and maintenance cost” and “project costs”
[27] [49] [51].
Project management costs involve all the administrative tasks from planning to coordinating an
IT project. This entails activities such as the requirements specification. The procurement cost
covers the feasibility study, software, hardware and ancillaries for an IT investment.
Human/organizational implementation costs are the costs of personnel-related tasks, such as
changing their daily routines, introducing organizational changes and others. Technical
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implementation costs are the costs of configuration and integration that are related to the code
development process [51].
These features are shown the figure below:

Picture 2: The cost taxonomy [51]

The software costs usually include the purchase and operation of the software. The software
purchase includes licenses and support. The hardware change is a cost because the hardware
must run the software properly without complications. If the hardware needs to be more robust, it
can lead to more costs [51].
According to the authors of [28] [29] [30] [31] and [51], maintenance also falls under the
category of operation and maintenance costs, and it is divided into hardware and software.
Hardware maintenance is in case the hardware fails and must be fixed, while software
maintenance is the cost of a computer program. Monitoring, maintenance and security have
preventive and restorative functions. The preventive function involves user access,
administration, data backup etc., while restoration involves repairs, re-creation and others.
Software and hardware upgrades costs reflect the cost upgrading either software, hardware or
both, but sometimes software upgrades are included in maintenance contracts. Overhead is
usually known as running costs such as electricity, insurance and so on.
5.2.5 Agile performance testing
Blitz and agile planning are planning techniques used for performance testing where teams
brainstorm the next steps of the project. Planning a six-week sprint helps the development team
plan the release of the software to start performance testing. There is a technique in which the
development team creates a framework for testing applications. The website has automatic tools
for loading scripts, changing parameters and interacting with the system. This tool has helped
teams’ complete performance testing more easily [32]. The author of [32] states that it is
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theoretically easy to test agile projects, but it is hard in reality. He says that it requires dedication,
planning and solid procedural designs beforehand.
The fundamental of software testing is that agile development methods require automated tests.
The author writes that performance testing is executed when the project is complete, usually very
close to the delivery date, which is a problem because it can trigger a rework of most of the
project’s components. He recommends that performance tests be done earlier in the development
stages. His suggestion is to create performance objectives that define each component and
functionality beforehand and have these performance objectives tested as early as possible [33].
It is important to use the right tools for agile development; the projects that the author writes
about have both used Selenium as an automation tool for web application functional testing [34].
The paper [34] explains that the adaption of Continuous Integration (CI) forces automation
testing, leading to time reduction. Selenium is a testing framework used in web-based
applications. It has native support for automating test cases, and Selenium is among the best
toolkits for testing dynamic webpages [35].
Agility in software development is the continuous delivery of changing requirements, working
software etc. [36] to the customer. The user perceives performance as an important feature. A
system that is slow will not work for users, thus necessitating performance testing [37]. The
authors in [37] have developed a four-level model for performance requirements. Level 0 is a
qualitative evaluation. Level 1 is for a single-user system, Level 2 is for e-commerce websites
and multi-user systems and Level 3 is for a real-time system. They believe that performance
criteria should be established early and revised as the system grows.
Agile development strains testing activities, especially in the context of compressed schedules.
One of the most frequent problems is the need to test in an agile environment. Testing should be
an integral part of development, and the test results should be available to use when needed. This
will help with continuous testing availability for agile development [38].
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Picture 3: Life cycle of the XP process [39]

The figure above from the paper [39] shows the testing phases. The testing phase is done to
check the performance of the system. This is done before releasing the product to the customer.
The iteration before the release is sometimes shortened, and this can shorten the testing phase.
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6 Customized Framework
The first part of this chapter explains what parameters were used for this study, and the second
part covers the metrics of each parameter and how they are measured.

6.1 Technical framework
There are many system and software product quality measures in the ISO/IEC 25023:2016 [13],
but not all features and sub-features are taken into account in this thesis.
Reliability is excluded because Telia does not have a need to study fault tolerance since the
current system is working fine. Security is not an issue since BM and PC are run locally and are
only accessible through the intranet. Maintainability cannot be measured because the updates are
not controlled by the user, but rather by the technicians and the company selling the product.
Portability is not taken into account because there is no installation or change of environment.
The researcher asked the stakeholders of this project, and they believe that the parameters
studied in the research questions and framework are sufficient.
The parameters taken into account for this study are usability, functional requirements, use of the
tool in an agile project and cost. To evaluate the tools, each aspect must be further defined and
evaluated. There are several evaluation criteria that are chosen from papers [49] [10] [11] [12]
[22] [13]. The following criteria are chosen and studied further:
Technical quality

Usability

Efficiency

Functionality

Operability

Scalability

Interoperability

Learnability

Responsiveness
-Performance

Functional
completeness

Functional
appropriateness
Figure 2: Technical framework
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6.2 Cost

Operation and
maintenance cost

Support Costs

License and Agreement
Costs

Hardware and Software
upgrade costs

Figure 3: Describing the cost in the framework

Telia has provided the agreements between them and Micro Focus for 2017–2018 and 2018–
2019, which are confidential; thus, the numbers are not revealed. The researcher has acquired an
offer from BM for Telia. These documents are used to study the costs.
Monitoring, maintenance and security costs are not part of the framework because no
information on them is available. Cost is evaluated based on the parameters above. The
evaluation is based on the hours of support given from both BM and PC. Licenses and
agreements are another factor to evaluate the cost. Hardware and software upgrade costs are also
studied from the information given. The evaluation is done by a simple comparison of what is
offered in each license. The overhead cost of the hardware cannot be evaluated because of a lack
of information. The other project costs named in the taxonomy are discarded because of a lack of
information.

6.3 Performance testing in agile projects
The agile method of performance testing is harder to reflect upon because of a lack of
measurable data. These parameters are studied because they are important to know when to start
performance testing and if it is possible to apply it in an agile project. The other important
question is if PC and BM can be used for automated testing. Questions along these lines are
asked during the interviews to acquire information from the experts about their experiences and
opinions and to dig deeper to check if there is a possibility to implement performance testing
with automated tests. A nominal scale is used because no real numbers are used.
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Agile performance
testing

Adequate time for
testing

Automated tests

Figure 4: Agile performance testing requirements

6.4 Objective and subjective metrics
The features can be divided into subjective and objective feature. Objective features are observed
and given numerical values and subjective features describe a person’s understanding of an
event. The chosen features are mainly objective, but there are subjective features in form of open
questions to complement the study.

6.5 Metrics for the framework
This part of the framework explains how each sub-parameter is measured. Some of these subparameters exist in the literature, while the researcher added the others to complete the study.
6.5.1 Usability
Usability measures subjective results and is hard to acquire via concrete numbers. When facing
difficulties with using a ratio scale, an ordinal scale be used depending on the situation. For
example a nominal scale could use 1.0 for excellent, 0.8 for good, 0.6 for average, 0.4 for poor
and 0.2 for bad [ISO25023:2016]. The results are mainly in the form of subjective answers from
experts in the field, from which conclusions are drawn.
Usability is a big part of the study, and operability reflects how the users feel about and perceive
the tool when using it. Usability helps in exploring the different problems and issues that a user
may face while learning the tool. Learnability reflects the tool’s ease of use.
● Internal or external operability quality is assessed in [ISO 9241-110:2016] as the selfdescriptiveness of the software measures and to what extent the user feels that they know
the next step and what actions are they are taking now. This feature is a part of
operability.
● Message clarity measures to what extent a message from the system explains the
outcome [ISO 25023:2016]. This feature is a part of operability.
● Appearance aesthetics of user interfaces [ISO 25023:2016] measures to what extent the
system’s interface is pleasing and appealing to the user. This feature is a part of
operability.
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● User guidance completeness measures to what extent documentation exists and helps the
user understand the tool’s functions [ISO 25023:2016]. This feature is a part of
learnability.
● Error messages understandability measures to what extent an error and its resolution can
be understood [ISO 25023:2016]. This feature is a part of learnability.
● Self-explanatory user interface measures to what extent a new user can complete
common tasks without any training [ISO 25023:2016]. This feature is a part of
learnability.
The evaluation of usability in this research is based on interviews regarding engineers’ opinions
of the tools. Engineers that have knowledge of both tools help bolster the evaluation, as they
have a better understanding of both tools. The other factor is the researcher’s experience and the
results acquired from the tool.

Usability

Operability

Learnability

Internal or external
operability quality

User guidance
completeness

Message clarity

Self-explanatory
user interface

Appearance
aesthetics of user
interface
Figure 5: Usability framework
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6.5.2 Efficiency
Responsiveness is the time the tool takes to run the tests and receive the results. Responsiveness
is calculated by the author. Calculating scalability is trickier because the scalability of the tool is
dependent on the price paid to acquire it. Therefore, this factor is taken into consideration with
respect to price. The tools deliver a certain number of virtual users (VUs) and load generators for
performance testing. The answers to the interviews show whether there is a need for more VUs
or load generators.
Efficiency is mainly comprised of numbers and quantitative values. Thus, a mean scale, where
the user measures a mean value or an average of a certain finding, is more appropriate [40].
The sub-features of this part of framework are as follows:
● Mean response time measures the mean elapsed time that a system needs to respond to a
user’s task [ISO 25023:2016]. This feature is a part of responsiveness.
● Mean turnaround time measures the mean elapsed time that a system needs to complete a
job or a task [ISO 25023:2016]. This feature is a part of responsiveness.
● Amount of virtual users is measured relative to the price paid. This is a part of scalability.
● Amount of load generators is measured relative to the price paid. This is a part of
scalability.

Efficiency

Scalability

Responsiveness/
Performance

Amount of Virtual
Users

Mean response
time

Amount of Load
generators

Mean turnaround
time

Figure 6: Efficiency framework

6.5.3 Functionality
Coverage is the “measure of the completeness of a set of tests” [41]. To measure the behavior,
completeness and interoperability of functions does not use numbers, so a nominal scale is used.
The sub-features of this framework are as follows:
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● Data format exchangeability measures what data formats are exchangeable with other
software or systems [ISO25023:2016]. This is a part of interoperability.
● Data exchange protocol sufficiency measures to what extent the specific data exchange is
available [ISO25023:2016]. This is a part of interoperability.
● Functional appropriateness measures the extent to which a system provides the
appropriate outcome to achieve an objective [ISO25023:2016].
● Functional coverage measures the specified functions that are implemented and available
to use [ISO25023:2016]. This is a part of functional completeness.
Functionality

Interoperability

Data formats
exchangeability

Functional
Completeness

Functional
coverage

Functional
Appropriateness

Functional
appropriateness of
system

Data exchange
protocol sufficiency
Figure 7: Functionality framework

6.5.4 Cost
As explained in section 6.2, the cost information provided to the author is limited to offers from
BM and the current deal with PC. Quantitative models of software life cycle evolution are
mainly about the maintenance or life cycle support phase, as these are the main features of
“operation and maintenance” [42]. This part evaluates the cost of both tools through a ratio scale.
There are some sub-features that we will look into:
● Scope of license agreement measures the scope of the license [51]. This is a part of
license and agreement costs.
● Applicability of enterprise-wide license management measures how many licenses are
received and their costs [51]. This is a part of license and agreement costs.
● Support included in the license measures if the agreement has support included [51]. This
is a part of the support costs.
● Support service level agreement (SLA) measures the content of the support [51]. This is a
part of the support costs.
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● Upgrading included in the license measure the cost to upgrade the license [51]. This is
part of the hardware and software upgrade costs.

Operation and
maintenance cost

Support Costs

License and
Agreement Costs

Support included in
license

Applicability of
enterprise wide
license management

Support SLA

Scope of license
agreement

Hardware and
Software upgrade
costs

Upgrading included
in license

Figure 8: Describing the cost in the framework

6.5.5 Performance testing in agile projects
Looking into the performance testing in agile projects is a slightly more complex approach, as no
quantifiable or quantitative data exist. Thus, a more general view is taken for both tools to
determine if it is possible to integrate the tools with automated testing. The agile process is not
available to the researcher and is confidential.
Considering a scale to measure in this part is a bit more challenging because there are no
measurable values. However, since it is based on a qualitative study, nominal values can be used.
The sub-features that are part of the agile framework are as follows:
● Adequate time for testing measures when product testing can start in the cycle [43]. This
is a part of when is it possible to begin testing.
● Automated testing measures the feedback level and the ability to validate the product
[43].
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Agile in
performance
testing
Performance
testing time

Adequate time
for testing

Automated tests

Automated
testing

Figure 9: Agile framework
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7 Interviews
This chapter explains how the interview questions were created. The metrics in chapter six were
used to create the interview questions. The author created a first draft of questions and sent out
the questions to two people for feedback. The first person added the “support” section of the
interview, which is shown only to Telia. The second person helped reformulate many questions.
A pilot interview was conducted with an expert at Telia, which was a learning process. During
the interview, the interviewer noticed that some questions were not relevant to the study and
removed them. The interviewer rewrote some questions such as “How hard is it to learn the
tool?” by adding a scale to help better understand the answers to the questions. Only the final
version of the interviews is presented.

7.1 Interview setup
According to Yin in [7], there are several methods for conducting interviews:
1- Open-ended interviews: The questions are open to discussion, and the interviewee is
asked for their opinion. The interviewee can also recommend other sources of
information or other experts on the topic.
2- Focused interviews: The interviewee usually answer predefined questions. This can
be an open-ended interview, as some questions can be debated. There is usually a
short time limit to the interview.
3- Formal survey: There is not much discussion in this type of interview. The
interviewee just answers questions with simple answers. This method is used to
obtain quantitative data.
For this thesis, focused interviews are more appropriate to learn the opinions of the engineers
using these tools. Along with the respondents’ opinions, it is important to keep in mind that the
subject is broad, meaning that the questions were prepared beforehand. There is room for
discussion in some questions, and the respondents’ opinions are written down.

7.2 Developing qualitative questions
According to Agee in [50], qualitative research questions must clarify and discuss the
researcher’s need to study a certain topic. A qualitative study has no set hypothesis at the start as
quantitative studies do, but qualitative studies must be planned. These are some important points
to keep in mind during the development of qualitative interview questions:
1- The questions have several iterations before being set, and the first iteration is usually
tentative. This first iteration is strong grounds for describing the primary focus.
The literature was the foundation for establishing these interview questions. Reading and
understanding what the tools are was the first step before building the framework that led
to the questions. The questions were sent to two experts and were rewritten several times.
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Some parts were added, such as background questions and support. Questions were
tentative at first and became more defined after reviewing them with an expert engineer.
2- There should be specific questions that discuss the subject at hand. It is possible to start
with broader questions and narrow them down to more specific ones. It is also possible to
create sub-questions that can help the researchers address certain questions. These subquestions touch on the topic more specifically than the initial question does.
Creating sub-questions helped the interview (see Appendix A) be more specific and
focused on the studied topic. Two examples of such questions are “Do you think that the
number of virtual users is a limiting factor for your work?” and “Do you think that the
amount of load generators is a limiting factor for your work?”
3- In a qualitative study, the researcher asks about how interviewees experience events to
discover individual perspectives on and interactions with a particular subject.
The interview (see Appendix A) has a section about usability, which is important for a
tool study as it helps uncover these human interactions [49]. Some of the questions are
about how the user experiences these tools, specifically focusing on error correction,
learnability and so on.
4- Qualitative questions should also have theory implicitly or explicitly embedded in them
in order to direct and frame certain ideas.
The questions (see Appendix A) are based the framework that, in its turn, is created from
the literature review.
5- It is important for the researchers to reflect upon the questions, meaning that questions
should be focused on aspects that can add knowledge to the study.
The questions are relevant for Telia and help answer the research questions. This helps
Telia understand what tool fulfills their needs and what their engineers think about it.
6- The phrasing of the questions should be neutral. The researcher should not imply that
they know the answer but instead convey curiosity about what the interviewee thinks.
The questions are formulated in a neutral way to ask about the user’s point of view.
In summary, research questions should be conceptualized, developed, written and rewritten. The
construction of interview questions involves writing a draft and then rewriting it.. The interview
questions have been written, sent to experts, changed accordingly, fielded through a pilot
interview and finally re-written.
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7.3 Interview questions
The first part of the interview contains questions to establish the interviewee’s knowledge and
experience in quality management, performance testing and BM and/or PC and how often do
they do performance testing.
7.3.1 Scales
The Six Sigma Institute [52] and ISO25023:2016 explain scales for measuring a certain
parameter. ISO25023:2016 explains that an ordinal scale could be used to measure some
usability features. Qualitative data is usually subjective and difficult to measure objectively, but
order and rank can be used for qualitative data. Qualitative data is divided into several scales to
measure nominal, ordinal and binary data. A nominal scale is used to measure certain questions
because most of the questions do not follow an inherent type; thus, the answers must be grouped
according to the opinions given in them. Thus, the nominal scale classifies the data. An ordinal
scale from 1 to 7 is used to measure learnability and user interface. The questions regarding the
center of excellence, open source communities, documentation and others use a binary scale.

Picture 4: Six Sigma data types3

7.3.2 Usability questions
When it comes to usability the following questions cover the user’s experience:
No.

Question

Metric

1

How would you rate the user interface of
BlazeMeter/Performance Center? From a scale of 1 to 7
(1 being very unappealing and 7 being very appealing)
What problems did you face when using the tool for the
first time?

Appearance aesthetics of user
interface—operability, ordinal scale

2

3

Self-explanatory user interface—
operability, nominal scale

https://www.sixsigma-institute.org/sixsigma_images/six_sigma_data_types.jpg
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3

Did you feel you needed assistance?

4

Do you think that the reporting of results is clear (e.g.,
HTTP responses per second, transactions per second,
response time etc.)?
How easy is it to correct errors in your opinion? Do you
understand the error you have committed?
How hard is it to learn the tool? From a scale of 1 to 7 (1
being very hard and 7 being very easy)
Is there enough documentation and help available for
the tool (e.g., videos, official documentation and
others)?
Which do you prefer open source code or proprietary
software? VuGen is proprietary software, while Jmeter
is open source.

5
6
7

8

Self-explanatory user interface—
operability, nominal scale
Message clarity— operability, nominal
scale
Error messages understandability—
learnability, nominal scale
Internal or external operability quality
—operability, ordinal scale
User guidance completeness—
learnability, binary scale
User guidance completeness—
learnability, binary scale

Table 2: Questions about Usability

7.3.3 Efficiency and functionality questions
The following questions cover partly efficiency and functionality.
No.
1
2

Question
Do you think that the number of virtual users is a
limiting factor for your work?
Do you think that the amount of load generators is a
limiting factor for your work?

3

Is there a compatibility problem between BlazeMeter
and Jmeter or between Performance Center and
LoadRunner/VuGen?

4

Is Performance Center/BlazeMeter compatible with
other scripting languages?

5

Does the tool fulfill all the needs of a project? Or are
there limitations?

Metric
Amount of virtual users—
scalability, binary scale
Amount of load
generators—scalability,
binary scale
Data exchange protocol
sufficiency—
interoperability, binary
scale
Data formats
exchangeability—
interoperability, binary
scale
Functional
appropriateness of
system— functional
appropriateness, nominal
scale

Table 3: Questions about functionality and efficiency

7.3.4 Performance testing in agile projects questions
The following questions are subjective to the engineers’ opinions and knowledge, making it
harder to measure, but a nominal scale is used to group their opinions.
The following questions cover the metrics regarding agile projects:
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No.
1

Question
Do you think performance testing can be used in
an agile manner or in an agile project?

2

When would you recommend starting
performance testing?

3

Are there any automated tests with BlazeMeter
or Performance Center?

Metric
Development process—
testing applied agile, nominal
scale
Development process—
testing applied agile, nominal
scale
Automated testing—
automated tests, binary scale

Table 4: Questions about agile projects

7.3.5 Cost question
There is one question about the cost of the tool: “Do you think the price of the tool is worth the
quality given and everything included, such as support?” This question is designed to determine
if the engineers believe the price paid for either BM or PC is worth it.
7.3.6 Open-ended questions
More open-ended questions were asked to acquire a clearer view of the engineers’ opinions
about the tools and their challenges: “If you could change tool would you? If so, which one?”
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8 Results
8.1 Usability
This chapter focuses on the interviewees’ responses and the author’s findings regarding usability.
8.1.1 Usability interviews
Interview number one
The first interview was with an engineer working with PC. He has six months of experience with
the tool and uses it once a week.
● He thinks PC scores a 4 out 7 on the aesthetics scale.
● He wishes that he had some introductory guide to help him learn the tool faster and
acquire the basic skills required in it.
● Regarding the reporting of results, the interviewee thinks that there is sometimes a lack of
descriptions and does not think it is easy to follow and read errors. But generally, it is
fine.
● The errors are understandable and the reporting is acceptable, but sometimes it can be a
tricky to know how to correct the error.
● Regarding learnability, the tool is ranked at a 4 out of 7.
● When asked about the online documentation, he thinks there are enough examples but
that they are specific to certain cases and probably do not address some of the problems
he faces.
● He thinks that a center of excellence is better than open source code because support is
faster and more accurate with regard to the problem at hand.
Interview number two
The second interview was with an engineer working with PC infrequently for four months.
●
●
●
●
●

He ranks PC’s aesthetics at a 4 out of 7.
He thinks that it is a confusing tool to use because of its infrastructure.
Having an introduction is essential to understanding PC.
The reporting is rather clear but can be cumbersome to understand.
Error correction can be tricky because the script can have many lines, thus making it hard
to identify the exact mistake.
● Learnability is ranked at a 4 out of 7.
● He did not need to search, so he does not have an answer regarding documentation.
● The center of excellence is better because it forces the seller to solve the issue.
Interview number three
The third person has more than 15 years of experience with both BM and PC. He currently works
with PC at Telia. He does performance testing on a daily basis.
● He finds both tools appealing but prefers BM. He ranks PC at a 4 or 5 out of 7 and BM at
a 6 out of 7.
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● The main problem is getting the data right from the start because it can be hard to arrange
the errors later.
● He cannot remember if he needed assistance or not.
● Reporting is fine for both tools.
● The errors can be hard to solve, but others are easier. He thinks the tools explain the error
one has committed.
● He believes they are both quite easy to learn, but BM is more flexible and easier. Both
BM and PC scored a 5 or 6 out of 7.
● There is enough documentation for both tools.
● He prefers open source code.
Interview number four
The fourth interviewee has around four months of experience with PC and conducts performance
tests daily.
●
●
●
●
●

The interviewee rates PC’s aesthetics at a 6 out of 7.
Trial and error that is needed.
Assistance is needed at first.
The reporting is clear.
Error correction can be a challenge, as it can take time and new data can be problematic
to read, understand and correct.
● He rates learnability at a 5 out 7.
● The documentation provided by Micro Focus is comprehensive but specific to the general
form of the tool rather than particular problems one may face during testing.
● Proprietary software is better in his opinion because the company is paid to answer
questions and help.
Interview number five
The fifth interviewee has around three to four years of experience with PC but does not conduct
tests very often.
●
●
●
●

He ranks PC’s aesthetics at a 3 out 7.
The many protocols that are available are hard to manage and understand.
Assistance is necessary at the start.
When asked about error correction, he believes that it is a long process because of the
need to start over after every mistake.
● Regarding result reporting, he said it is easy to understand
● Learnability is ranked at a 4 or 5 out of 7.
● He believes it is well supported, but it can be a slow process to get help. There is not
much information on the Internet regarding the problems he faces.
● He favors open source because of the ease with which information is found.
Interviews number six and seven
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Both engineers were interviewed at the same time through Skype, and they had similar opinions.
Both engineers have around three years of experience with BM and around seven to eight years
or experience with PC. They conduct performance tests daily.
●
●
●
●
●

PC’s aesthetics are ranked at a 5 out of 7 and BM’s are ranked at a 6 out of 7.
At the start, using PC can be a bit hard, but BM was easier.
Learning the right features and parameters to implement is challenging in their opinion.
The reporting on both tools is fine, but BM is faster and more detailed than PC is.
Error correction can be made easier by running tests on a smaller scale, but for big tests,
it can be hard.
● PC’s learnability is ranked at a 5 out 7, while BM’s is ranked at a 6 out 7.
● In their opinion, PC has less documentation and help than BM does.
● Open source communities are preferred.

8.1.2 Usability: Author’s findings
This chapter covers the usability data the author uncovered.
Self-explanatory user interface: The author had a one-hour introduction to PC from one of the
experienced engineers and an introduction to BM with another experienced engineer, thus
making both tools understandable before testing.
Message clarity and appearance aesthetics of user interfaces: Appendix C presents pictures of
the reporting done for passed and failed tests in both BM and PC. Pictures 1 and 2 present the
main pages of both BM and PC. To upload the script to PC, the file must be zipped first, while
BM has a drag and drop upload option with no need to zip the files.
Pictures 3–24 contain different reporting information for both BM and PC. It is worth noting that
PC presents static results, while BM gives the user the ability to “zoom in” to a particular time
frame to study the results. It is also possible for BM users to choose to report by the minute,
second, ten minutes or dynamically.
PC gives the following features for the user to explore: Summary, Running, Vusers, Vuser
Summary, Transaction Summary, Average Transaction Response Time, Transaction Response
Time (percentile), Total transactions per Second, Hits per Second, Throughput, Throughput
(MB), HTTP Status Code Summary, HTTP Responses per Second and Error Statistics.
BM gives the following features for the user to explore: Virtual Users, Hits, Errors, Response
Time, Latency Time, Bytes, Connect Time, Response Codes, Average Bandwidth, Average
Throughput. These features present the possible results that users can acquire.
Internal or external operability quality: In Appendix C, Pictures 25–30 contain pictures of both
BM and PC. Pictures 25–27 are of the different pages that are available to PC users, and Pictures
28–30 are the main pages for BM. From these screens, the user has the ability to take the next
step according to his or her objective.
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Error messages’ understandability: Both error-reporting give the user the average, maximum
and minimum values acquired during the tests. Additionally, PC graphs the median and standard
deviation, while BM presents the GeoMean. Error reporting in PC has a section with the HTTP
responses per second (see Appendix C), which reports the HTTP response from the load test and
the error statistics with the different error values. BM only has a short explanation of what the
error is.
User guidance completeness: PC has a center of excellence, which is a support service provided
to Telia where users can contact the support team for help. BM also support to its customers with
a subscription. The main difference is that VuGen/LoadRunner, the scripting languages of PC,
are not free and not open source, while Jmeter, the scripting language of BM, is free. PC
provides ample documentation, such as [44] [45], while BM has a more “informal” page with
many links and help users learn and master the tool [46].
Putting these values in a comparison table is not straightforward, as not all interviewees had
experience with both tools. The focus is on the three engineers that have knowledge of both tools
and the opinions of the other engineers, as well. The nominal and ordinal scales are used to
deduce a certain comparison and append the results the author found. The nominal scale is used
by joining the similar opinions in one group and placing the rest in separate groups to building a
general picture:
● Regarding the aesthetics of user interface, the three engineers rated BM higher than PC in
all cases. As well, some engineers were discontented with PC.
● The engineers have mixed opinions on error message understandability as some think that
correcting the errors depends on the process itself. There is no clear cut opinion about
how the error message and correction is process. BM offers a short explanation of the
error, but PC does not. Generally, the error correction process is not dependent on the
tool.
● The three engineers rated BM’s learnability higher than PC’s. The other engineers
believe that it is a tool that is neither easy nor difficult.
● Support from Micro Focus is appreciated by some, but others prefer open source.
● Regarding reporting and results, there is a consensus that it is fine, but the advantage is
that BM offers a dynamic view.
● Online help, such as documentation and tutorials, are available for both tools.
● PC is a tool that requires some training at the start, while BM is easier to use as a
beginner. The pictures provided show the user the platform, from which the user can
decide what steps he or she wishes to take.

33

George Ludwig Maalouf

Evaluation of performance testing tools: Performance Center and BlazeMeter

8.2 Efficiency and Functionality
8.2.1 Efficiency and functionality interviews
Interview number one
● The number of virtual users given is fine.
● Load generators could be increased, as they can sometimes limit the work.
● Regarding the interoperability, the engineer believes that PC does not read everything
that is available in the script, as some modifications are necessary.
● He does not know if PC is compatible other than with the HP family suite.
● The problems are that it lacks a user-friendly interface for tests and that it does not allow
him the flexibility desired, meaning that small changes require a lot of reorganization; the
server limits the resources that are available.
Interview number two
● He believes the number of VUs is not enough at times.
● The load generators can slow down the work.
● There can be some compatibility problems with newer versions of Firefox or Internet
Explorer because VuGen uses older versions of Internet Explorer and Firefox
● He does not know if PC is compatible with other scripting languages.
● The interviewee thinks that the license limit the work because the number of VUs is
capped, while sometimes more are needed.
Interview number three
●
●
●
●

He thinks that the license limits the number of VUs. This can be problematic.
He is fine with the load generators.
Interoperability is fine between Jmeter and BM as well as between VuGen and PC.
When it comes to the compatibility, he thinks BM has a wider range of options than PC
does.
● The license can be limiting and expensive.
Interview number four
● He thinks that the number of VUs is sufficient.
● The number of load generators is fine but more could be needed for larger projects.
● He believes that the VuGen script can be difficult at times because it requires
modifications to work on PC.
● He think it is possible to have more scripting languages that are compatible with PC.
● It can be a bit cumbersome, as there may be many parameters and this can be hard to
manage.
Interview number five
● He thinks the number of VUs could be increased.
● He thinks that the load generators are slow and time consuming, but the amount of them
is agreeable.
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● Regarding compatibility between LoadRunner/VuGen and PC, he thinks that it is
acceptable but requires better support.
● PC can support many different scripting languages.
● When asked about the limitations of the tool, he said it is very CPU demanding. Firefox
on VuGen is an older version and the tests do not match the current versions of PC. It is
hard and time consuming to set up tests, run them and get the results.
Interviews number six and seven.
● They think there is a need to have more VUs at times.
● Load generators can be loaded a lot, so they think that BM is more scalable in that regard.
● For both tools the interoperability with other scripting languages is fine. Jmeter is
compatible with BM and LoadRunner/VuGen is compatible with PC.
● They should both be compatible with other scripting languages.
● They think that PC is costly and not scalable enough and that BM provides more
scalability and flexibility for testing. BM is more cost effective.
8.2.2 Functionality and efficiency: Author’s findings
Data exchange protocol sufficiency: Regarding the interoperability of VuGen and PC, the author
did not face any particular problem. After several tests, the expected results were acquired. As
Appendix C shows, faulty tests that were known to the author beforehand reflected the expected
results. The interoperability of Jmeter and BM was acceptable and no hindrances were found.
The author ran the same procedure of uploading and running both faulty and non-faulty tests and
came to the expected results without the need for changes in the script.
Data format exchangeability: There is the possibility to run Jmeter files on PC, but the author
was not able to do so because it requires a certain feature that is not available on the current
version of PC. However, it should be feasible.4 It is possible to convert LoadRunner/VuGen
scripts into Jmeter scripts and use them in BM. However, it is not completely compatible, as it
can hinder progress at times, such as is Picture 5 below. Picture5 is a conversion from VuGen to
Jmeter through a link created in BM.5 It is possible to convert VuGen/LoadRunner to other types
of scripts, such as Selenium.

4

https://admhelp.microfocus.com/pc/en/12.56/online_help/Content/PC/JMeterScripts.htm#Enabling_support_for_JMeter_script
5
https://shiftleft.blazemeter.com/?utm_source=blog&utm_medium=BM_blog&utm_campaign=convertloadrunner-to-open-source-jmeter-in-minutes
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Picture 5: Converted file

Functional appropriateness of system and functional coverage measure the appropriate outcomes
to reach a goal and the specified functions that are implemented. Functional appropriateness
describes the tool and the results that are reached. According to the pictures in Appendix C, the
feature of choosing a certain number of VUs is available. There are different functions to use, but
when it comes to the functional coverage, BM, as shown in Pictures 3 and 23, has different
parameters available directly, while PC has these features available in the developing
environment, VuGen. This means BM offers the user the ability to establish certain thresholds
and constraints and configure the test as desired. PC does not offer this coverage and instead
refers to VuGen for these constraints and functions. Thus BM has greater functional coverage.
When it comes to the different protocols that are available, VuGen has many, such as SMTP,
Siebel Web etc. Jmeter has many protocols available, as well; many of the protocols are similar
in both tools. However, for performance testing the only necessary protocol is HTTP/HTTPS
according to the Telia engineers.
Mean response time is the time that the system needs to give the user a response. An example is
in [21], which shows the time that a system takes to start the response but not the time to get a
certain output. For each tool, the response time was ≈ 1 second. This was done 10 times.
Mean turnaround time is the time taken to execute the job from the moment it starts until the
moments it ends [21]. Ten measurements were taken for each tool. BM has a mean turnaround
time of ≈ 65 seconds, while PC has a mean turnaround time of ≈ 90 seconds. When tested for 10
VUs (the maximum allowed on this version of PC), the elapsed time was a few seconds given
that all the VUs were tested at once. The same results appeared for BM. If the number of VUs is
gradually increased, then the resulting turnaround time can vary.
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BM’s prices for its two subscription plans are cheaper than Micro Focus PC. This is discussed in
detail in section 8.3.
Number of virtual users: PC allows X VUs6 and BM offers Y.7 These two figures cannot be
revealed, but Y is 20 times greater than X.
Amount of load generators: PC provides Z load generators to Telia5 and BM provides W load
generators.6 The load generator amounts is similar.

6
7

Sensitive data cannot be revealed
Sensitive data cannot be revealed
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8.3 Cost
The author presents the current deal between Micro Focus and Telia and the two different
subscriptions BM offers to Telia.
When asked about the price of PC, all the interviewed engineers using the tool believe it is
expensive. Those who have used both BM and PC believe that BM is more cost effective
because of its scalability.
Metrics
Scope of license
agreement
Applicability of
enterprise-wide
license
Change of hardware
Support included in
license
Support Service
Level Agreement
Upgrading Included
in License

Current PC Deal
(PC)
Higher

BM offer one (O1)

BM offer two (O2)

Lower

In between

Limited amount

Unlimited

Unlimited

Not included
Included 24/7
No

Not Included
Included, limited
amount of hours
Yes

Not included
Included, limited
amount of hours
Yes

Yes

Yes

Yes

Table 5: Tool Subscriptions

● The purchase cost from last year is approximately 6.2 times more expensive than O1 and
3.2 times more expensive than O2. These costs entail the yearly maintenance costs, as
well. It is worth mentioning that the licenses are a lifetime deal and only the support
service is renewed each year.
● The HP support is 1.4 times more expensive than O2 and 2.7 times more expensive than
O1.
● PC offers a limited number of VUs, and O1 and O2 offer a limited number of VUs.
However, O1 and O2 offer 20 times more VUs than PC does.
● PC offers many load generators, and so does O1. Even more are offered in O2. But both
are fairly similar in the amount of load generators that they offer.
● O1 and O2 offer an unlimited number of licenses, while PC offers X amount of licenses.
● When it comes to support hours, PC offers 24/7 support, while O1 and O2’s support is
more limited. From Monday to Thursday, support is available for 18 hours, on Friday it is
available for 16 hours, Saturday is only for critical issues and it is available for 9 hours on
Sunday.
● PC does not have an SLA, but O1 and O2 have SLAs with three different levels.
Depending on the level, the support time offered varies.
● Software upgrades are provided by PC, O1 and O2. Hardware changes are not offered by
any of the plans.
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A summary of the pros and cons of the deals is shown below:
Metrics
Scope of license
agreement
Applicability of
enterprise-wide
license
Support included in
license
Support Service
Level Agreement
Upgrading included
in license

Current PC Deal
(PC)
-

BM offers (O1, O2)
+

-

+

+

-

+

-

+

+

Table 6: Pros and Cons of the deals
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8.4 Performance testing in agile projects
8.4.1 Performance testing in agile projects: Interviews
Interview number one
● The engineer thinks that agile is hard to define, since it varies from one project to
another, but believes that PC is a flexible tool that allows users to implement tests that
can be run in an agile project.
● Performance testing should be done as soon as production starts to have enough time to
adjust the tests and code.
● The engineer does not know if there was a function to run automated tests.
Interview number two
● The second interviewee thinks that performance testing should be done in an agile project
in the same way as it would any other testing phase.
● Performance testing should start as soon as possible.
● No knowledge if there was a way to run PC with automated tests.
Interview number three
● The third interviewee thinks that performance testing does not work in agile projects, as it
takes a long time. He thinks that good tests should be developed first to be able to follow
the different sprints.
● When functional testing is done and the product is almost done, then one should start
performance testing.
● PC can be integrated with Jenkins. BM also has Jenkins.
Interview number four
● The fourth interviewee believes that it is hard to implement performance testing in agile
projects because the data changes constantly.
● The product should be close to done before beginning performance testing.
● He thinks that it should be possible to implement automated tests with PC, but he is not
sure.
Interview number five
● The fifth engineer said that automated tests should be implemented in performance
testing to help the life cycle of a product.
● The product must be ready to a certain extent before testing.
● Jenkins and Selenium can be integrated with PC.
Interview number six and seven
● The engineers believe that BM could be used in an agile project, but that using PC is
harder.
● Performance testing is done as soon as there is a product to test.
● The load tests should be run continuously, and PC should be integrated with Jenkins.
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The best time to start developing performance tests according to the interviewees is as soon as
possible. As well, the system evaluation theory shows that performance testing is best done in
the earlier stages of software development. Setting up the requirements from the start eases the
testers’ work.
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8.4.2 Performance testing in agile projects: Author’s findings
Automated testing: According to Herschmann and Murphy in [47], software test automation is an
integral part of software development. Test automation tools are important for the continuous
testing that is required by DevOps. Automated tests are important for continuous testing and
performance testing. Open source solutions have been impacting the market and are mainly
focused on web and mobile technologies.
CA Technologies has said that BM offers shift-left testing and continuous testing; it can integrate
with Selenium, Ranore and Taurus, which is an open source testing framework. There is also the
possibility to integrate CI tools such as Jenkins. BM is open source and allows continuous testing
during the development life cycle. This feature allows the automatic and systematic generation of
test cases and test data depending on the model. Micro Focus, which acquired the HPE suit,
suggests that its tools have the ability to achieve continuous testing, can support test automation
and have different testing paradigms.
In 2017, the Magic Quadrant in [47] created the following criteria regarding software test
automation: providing the creation, development, management and execution of automated
functional tests for UI test automation and API test automation. They explain that DevOps and
continuous testing are becoming an integral part of enterprises and that automation has become
highly important. Software test automation tools are of high importance. The focus in this year’s
report was on organizations that offer test automation solutions, and CA Technologies was
included while HPE was dropped. They believe the market is moving toward open source and
that open source has become somewhat of a standard for organizations practicing agile
development, where testing is about using the tool that best fits the needs of the team.
Herschmann, Murphy and Scheibmeir in [48] write about the critical capabilities for software
test automation. Their key findings are [48]:
● DevOps has increased the need for more automation.
● Continuous delivery is dependent on fully automated delivery pipelines that include
testing and software test automation tools supporting automated test-case generation
● Organizations that implement agile development with continuous delivery and DevOps
are moving toward open-source tools and cloud-delivered testing services.
The authors of [48] state that BM has the best score regarding API/web services testing, which
allows integration with continuous integration tools such as Jenkins. They have created a point
system based on the product or service that each company offers. CA Technologies scores better
than Micro Focus in API/web service testing, continuous testing and open-source testing
acceleration. Micro Focus scores better in progressive web apps, responsive web and native apps.
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8.5 Extra document provided by Telia
The document acquired by Telia contains details about the different variables mentioned earlier
in the thesis. This provides a more general opinion of PC and its use at Telia.
The document Telia engineer created evaluates PC. This document is confidential, meaning that
the author cannot show the contents but can refer to what has been written. The document states
some facts about PC such as its for server/API-level performance tests, Jenkins integration,
Selenium integration and minimum coding for script creation. A table with the pros and cons in
is presented below:
Pros
Easy script creation
Easy scenario creation
Fine measurement on the end-user experience

Cons
Slow initiation of tests
TruClient (script language) is very heavy on
the CPU
Browsers are old and do not support the new
Java features
Slow and unresponsive at times
Minimal support from HP
Complicated structure
Windows-based app, but developers run
Linux
Different applications for creating and
analyzing the tests, leading to time loss.

Table 7: Pros and Cons of PC according to engineers at Telia

Regarding the final question in the interview about changing PC, most of the engineers were not
happy with PC and want to change to another tool that is cheaper or better, such as BM or
NeoLoad. Other engineers felt that it would be fine to keep PC.
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8.6 Results overview
To use one scale for all the results is not an easy task, but an approximation of the measurements
and results is provided in this chapter. The findings and interviews are summarized by
generalizing the answers in the interviews and findings and using a qualitative scale to form one
general result.
Usability
The usability findings show that the reporting is clear in both tools, but BM offers a dynamic
view of the results, making it more appealing. The error message is clearer in BM, as it offers a
short explanation of what could be wrong in the code or test. Users that have knowledge of both
tools rated the aesthetics and learnability of PC lower than those of BM. The user guidance
completeness is high, as both tools have many documents available through a simple search. The
PC interface is more complicated than BM, as it is quite complicated to follow. When it comes to
usability, it is possible to say that BM has a higher usability rate than PC does.
Usability Metrics

PC

BM

Internal or external
operability

Medium-High

High

Message clarity

High

High

Appearance aesthetics of the
user interface

Medium-High

High

User guidance completeness

High

High

Error message
understandability

Medium-High

High

Self-explanatory user
interface

Medium

High

Table 8: Usability overview

Functionality and efficiency
The mean response time and turnaround time are similar in both tools. The number of VUs and
load generators are correlated with the price of each, but some Telia engineers would prefer to
have more VUs available. The data format exchangeability seems fine at both ends and does not
present any major problems. There are some complaints about VuGen not being fully compatible
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with PC. The functional coverage is made easier in BM, as constraints and functions are made on
the platform instead of preparing the tests in the scripts. Functional appropriateness is fine for
BM, but there is a scalability problem for PC. Thus, the need for greater scalability and more
VUs is a point for Telia to consider in their tool selection. The interoperability of the tools is also
important with regard to agile performance testing. The functional coverage is higher in BM than
in PC.
Efficiency Metrics

PC

BM

Mean response time

High

High

Mean turnaround time

High

High

Number of virtual users

Medium

High

Amount of load generators

High

High

Functionality Metrics

PC

BM

Data format exchangeability

High

High

Data exchange protocol
sufficiency

High

High

Functional appropriateness

Medium

High

Functional coverage

Medium

High

Table 9: Efficiency overview

Table 10: functionality overview

Cost
PC costs more than BM, but BM offers more VUs and licenses. However, PC’s support service
is more accessible and available than BM’s is. The total price of PC, including all the
parameters, is high, but the SLA and support parameters are a positive point for PC.

45

George Ludwig Maalouf

Evaluation of performance testing tools: Performance Center and BlazeMeter

Cost Metrics

Current PC Deal (PC)

BM offers (O1, O2)

Scope of license agreement

Low

High

Applicability of enterprisewide license

Medium

High

Support included in license

High

Medium

Support Service Level
Agreement

High

Medium

Upgrading included in
license

High

High

Table 11: Cost Overview

Agile Performance Testing
Automated tests are important for continuous integration. During the study, tools such as
Selenium are of great importance in achieving that goal. PC and BM are both compatible with
Selenium and API test automation. According to Gartner reports, API/web services testing,
continuous testing and open source testing are made better by CA Technologies. Micro Focus is
better at progressive web apps and responsive web design. Telia must consider what they need
for their projects. Regarding the question of implementing agile performance testing, the best
way to do so is to start implementing it as soon as possible. Both tools are able to adapt to agile
performance testing with continuous integration and automated tests.
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9 Analysis and Discussion
9.1 Usability
Usability has many parameters that are included in this study, and several interviews were
conducted to form an opinion about it. The images attached in Appendix C show that the
message clarity is better in BM than PC, since users can see more detailed results. If many VUs
are in place, it can be hard to read a static graph in PC; thus, BM offers better visibility to the
user.
Result reporting is fairly similar in both tools. PC has some results that BM does not and vice
versa. This is important depending on the user’s needs and what results they are looking for.
Error messages are presented in both tools, but BM offers the user a short explanation while PC
does not have a short error message attached. A beginner, like the author, may find PC a bit hard
to understand. When considering open source and the center of excellence, errors can be found
more quickly in open source, as a search on the Internet can provide a quick answer. However,
bigger problems can be trickier to solve; thus center of excellence in that case is more useful for
a user.
The aesthetics of BM are more appealing to the author than PC is, and the results of the
interview concur with this opinion. Because the author had a short introduction to both tools, it is
hard to impartially judge which tool is easier to learn. According to the interviews, engineers
found that PC is generally a harder and more complex tool to use.

9.2 Efficiency and functionality
The interoperability of the tools is important, because the tools must be integrated with other
tools that provide continuous delivery, automation and automated test-case generation. The
available methods converting or integrating scripts from one language/program to another
facilitates the shift to another tool if needed. This is an advantage for both tools, but the
conversion from VuGen to Jmeter is still not fully compatible, which can be a bit problematic.
However, the need to integrate with CI tools, such as Jenkins, is important, and both tools do
that. There is one point to consider: LoadRunner/VuGen is not free and Jmeter is free. This cost
aspect should be considered especially if Telia wants to use a tool for automation, as both tools
offer automated tests. It is worth considering using a free tool instead. In the end, the need for
performance testing mainly uses the HTTPS/HTTP protocols.
BM’s data exchange protocol sufficiency is higher than PC’s; some engineers think that the
scripts must be modified to run properly on PC. The author did not face any particular problem
in that case and thinks it is fine.
BM allows the user to choose the desired constraints directly on the platform, while PC does not,
which means BM offers more functional coverage than PC does. Configuring the tests directly
on the platform is simpler than configuring the tests in the script environment. If the user wishes
to run the same test with different constraints, he or she will not need to add the constraint in the
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script and re-upload it on the platform, thus making BM easier and more user friendly. The ease
with which BM can be used is one reason why PC is lacking. Some engineers complained that
preparing the tests in PC can be problematic. This means that having constraints and building
scenarios on the platform directly is easier for the user.
The number of VUs depends on the license, but the current deal between PC and Telia has a
limit and some engineers think that more VUs are required. On the other hand, some complained
about the load generator restricting their work and that it can be a bit slow. The author only had a
limited number of VUs on PC, making it hard to determine if there is a need for more.
Regarding their limitations, the scalability of PC is an issue that has been mentioned several time
and the current versions of Firefox and Internet Explorer are incompatible with today’s needs.
This is an issue that PC should review and resolve if possible.
BM and PC’s response and turnaround times are similar and do not have a large impact on users’
results.

9.3 Cost
PC is more expensive than both offers from BM (O1, O2). The main difference is that the PC
license is a lifetime license and its support services renew on yearly basis, while BM offers
yearly licenses and support. The PC licenses are more expensive than those offered by BM, and
O1 and O2 provide more VUs, making the projects more scalable. The amount of load
generators in both are fine but can be a bit slow.
The advantage of PC is that it has an SLA available 24/7, while BM has reserved support and
response times depending on the critical level of the issue.
Having a limited amount of licenses can be problematic in large companies, where there are
many teams that work on different projects and that need to conduct performance tests; with a
limited number of licenses Telia may need to buy more in the future and in turn increase the
costs to the company. There is no real overhead cost to consider when changing hardware; it is
more dependent on the needs of the company and the tool.
VuGen/LoadRunner is part of the agreement Telia has, but if the company wishes to save on its
scripting environment, Jmeter is free. There is a consensus from the interviews that BM is a more
cost effective option. Both deals have pros and cons, so the decision is more related to Telia’s
needs.
It is possible that more licenses means more people are involved in performance testing, which
can lead to better performance testing. Another argument would wonder why the company would
acquire many licenses if there is no need to. O1 and O2 can both improve Telia’s performance
testing teams but do not require the company to buy more licenses. On the other hand, the
support SLA is important, as engineers and testers may want a response that is accurate and fast
instead of waiting for a certain time to have their issues resolved.
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9.4 Agile performance testing
There is general agreement that performance testing is not an easy task to implement in agile
projects, and to be able to start performance testing, there should be a product that is relatively
ready to be tested. It would be advisable for HP to have seminars and help their customers with
the various possibilities of automation.
DevOps, automated testing and automated delivery pipelines are the future of performance
testing. The Gartner reports show that CA Technologies and BM are leading the fields of
continuous integration, API and web services, while PC is leading in web apps and responsive
apps. Today, Telia must consider their needs in development to determine what fits them best.
There is a general idea that agile development is moving toward open-source resources, which
could benefit Telia in the future.
The document Telia provided shows that there is the possibility to run PC with other automated
tools and delivery pipelines, such as Jenkins and Selenium, and there are API level performance
tests and many other benefits. The document also shows that there is a problem with PC and its
use in the company. The interview responses also indicated a certain discontent within the
company. As shown there are pros and cons of PC, but studying tools other than BM could be in
Telia’s interests, as well.
Jmeter is open source, free and BM-compatible, making it then possible to implement continuous
integration and automated tests. Jmeter can be considered a cheaper and more viable option,
because LoadRunner is a paid tool and the main protocol in both tools is HTTP.

9.5 Framework, method, validity and reliability
The method used in the thesis was a mixed methods approach. The method was successful
because results were acquired, and the steps were taken systematically. The literature review led
to the framework, which in its turn led to the interview questions, interviews, tests and findings.
The explanatory data analysis was successful, as new data were found and analyzed, and the
correlation method worked well, as the results were correlated leading to a clear analysis. It is
possible to map the entire project and follow its steps. The literature review uncovered the
parameters and extracted the relevant features with the help of Telia’s stakeholders. Looking into
each feature separately and studying them further led to the development of the framework. In
my opinion, this method is suitable because it starts with a broad horizon and narrows down to
the specific areas of interest. The tests complemented the study, because some metrics were not
measurable through interviews and instead needed to be tested. Cost and agile performance
testing were studied in depth to present the features and necessary information to Telia.
The framework is crucial, as it defined each parameter with its sub-parameter, making the study
more in depth and targeting particular areas of the tools. The different parameters covered the
tools’ usability, cost, functionality, efficiency and agile performance testing. The different
features were studied in depth with the help of metrics taken from the literature. There is ample
literature that covers each feature, but the ones chosen from the ISO are specific to system
requirements, thus making them more interesting.
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To ensure validity and reliability, the interviews were held with engineers, and the answers were
written down during the interviews. The tests were done separately, and the answers were saved
on the programs. To ensure that the features are correct, references were used to define each of
them.

9.6 Future implications
There should be more research regarding PC and BM in particular, as there is not much research
much that covers these two tools.
It is advised to examine other aspects of the tools that were mentioned in the framework, such as
security and maintainability. One can also study the same features with different metrics or use
the same metrics but approach them differently.
In the future, researchers can look into BM on the same intranet as PC and test the same project
to study the results. One can study PC with a higher number of VUs and see how the software
behaves. It is possible to look further into different tools, such as NeoLoad, that may also fit
Telia’s needs. The study of NeoLoad can be from the same parameters used here so that the
results can be compared. It is also recommended to look at PC and BM from other perspectives
and study them. Afterwards, PC and NeoLoad should be studied from the same perspective.
There are now newer versions of PC, which means this study may contain obsolete information.
It may be useful for Telia to look into the newer versions of PC and study how they are different
from the version they currently use.

10 Conclusion
PC has many strengths and is a powerful tool that can fulfill many objectives, but there is a clear
problem since people are not satisfied with it. The two main differences found between PC and
BM are in terms of usability and the cost. BM offers a more user-friendly interface and a lower
learning curve, making the tool more appealing. The price BM offers is cheaper than that of PC.
Performance testing in agile projects can be done with both tools, but it can be a long and tedious
process. Therefore, Telia must choose a tool according to their needs and their engineering
standards. Nevertheless the scripting tools used at Telia, LoadRunner/VuGen, are not free, and
changing to a free tool can help with costs. Scalability is an issue that appeared more than once
during the interviews, and it seems there is a need for more VUs. BM offers more VUs for a
lower price.
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Appendix A – Interview Answers
General questions on quality management
1- Do you have work experience with quality management in general? If yes, how
long?
Person 1: Yes, six months.
Person 2: Yes, four months.
Person 3: Yes, more than 15 years.
Person 4: Yes, four months.
Person 5: Yes, for a long time.
Person 6: Yes, for more than 10 years
Person 7: Yes, me too, for more than 10 years
2- Have you worked with performance testing? What tools have you used?
Person 1: Yes, PC.
Person 2: Yes, PC.
Person 3: Yes, a lot: Jmeter, Loadrunner, Visual Studio, Oracle Load Testing, Rational Tester
and others that I don’t remember.
Person 4: Yes, PC.
Person 5: Yes, with PC for three to four years.
Person 6: Yes. Well, we have worked with many tools: PC, BM and others
Person 7: Yes, Visual Studio also
3- Do you have experience with either Performance Center or BlazeMeter? How long?
Person 1: Six months with PC.
Person 2: I have four months of experience with PC.
Person 3: For a long time. Also around 15 years, but BM is less.
Person 4: Four months with PC.
Person 5: Three to Four years with PC.
Person 6: Around seven or eight years or so with PC and approximately three years with BM.
Person 7: The same: seven to eight years with PC and three years with BM.
4- How often do you conduct performance testing?
Person 1: Once a week almost.
Person 2: Not frequently, seldom.
Person 3: Every day.
Person 4: Daily basis, every day.
Person 5: Not very often.
Person 6: We work with performance testing every day.
Person 7: Every day.

55

George Ludwig Maalouf

Evaluation of performance testing tools: Performance Center and BlazeMeter

Usability
1- How would you rate the user interface of BlazeMeter/Performance Center? From a
scale of 1 to 7 (1 being very unappealing and 7 being very appealing)
Person 1: 4.
Person 2: 4.
Person 3: They are both fine, but I would say PC is 4 to 5 and BM is maybe a 6.
Person 4: It is quite good, around 6.
Person 5: I do not like it. Really maybe around 3.
Person 6: Both tools are fine. I would say maybe BM is more appealing for me, 5 for PC and 6
for BM.
Person 7: I would answer the same: 5 for PC and 6 for BM.
2What problems did you face when using the tool for the first time?
Person 1: To learn the basics of the tool would have been useful for me.
Person 2: I wish I had an introduction. It would have helped me understand PC better.
Person 3: Well, it is always about getting the data right from the start because it can be hard to
fix it later.
Person 4: It is mainly about trial and error.
Person 5: It is complicated for many protocols, it is hard to understand and it can be problematic
to follow.
Person 6: I felt that PC is a bit more complicated than BM.
Person 7: Getting the right data at the start, like the correct number of VUs, is problematic.
3- Did you feel you needed assistance when using the tool for the first time?
Person 1: Yes, I felt that assistance was needed.
Person 2: I wish I had an introduction. It would have helped me understand PC better.
Person 3: I can’t remember if I needed assistance. It was a long time ago.
Person 4: Yes, some assistance would be good.
Person 5: As said before that is why I feel like assistance would be good in general.
Person 6: It is not easy to learn the right features and parameters to use.
Person 7: PC can be a bit trickier to learn and work with than BM.
4- Do you think that the reporting of results is clear? (e.g., HTTP responses per
second, transactions per second, etc.)
Person 1: Yes, the reporting is fine, but it can be a bit hard to follow/understand and pinpoint the
exact mistake.
Person 2: It is fine in general, but sometimes I think it can be hard to follow.
Person 3: Reporting is really good for both.
Person 4: Yes, it is clear.
Person 5: In general, it is fine, but it can be hard to understand sometimes.
Person 6: They are both fine, but BM gives you the feature of seeing dynamic view and it goes
faster in my opinion.
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Person 7: Yeah, they both are fine, but it is more precise with BM, as in you can choose the
minute or the time you wish.
5- How easy is it to correct errors in your opinion? Do you understand the error you
have committed?
Person 1: The errors are understandable in general, but correcting them can be a challenge at
times. Generally, I know what is wrong, but sometimes it is not straightforward.
Person 2: Well, in general, the script can be long with many lines, and that can make it hard to
correct or even identify the mistake.
Person 3: Yes, I do not have a problem understanding, but it can be a long process at times and
at other times it is easier. It depends really.
Person 4: The newly acquired data can be problematic, as it takes time to read and understand.
The correction can take some time also.
Person 5: It can be a long process because every mistake you do then you need to start over.
Person 6 & 7: Sanity test first at a small scale with larger scale tests later. However, large scales
take a long time. Calibration is tough. We save the tests so it crashes less often and we
can have fewer problems in the future. We want to try to develop a library of modules so
we can combine tests and run them together. (In this case, they both commented at the
same time with these ideas)
6- How hard is it to learn the tool? From a scale of 1 to 7 (1 being very hard and 7
being very easy)
Person 1: 4, not so hard.
Person 2: Something in the middle, I guess around 4.
Person 3: They are both quite easy, but I think that BM is more flexible, so I guess a 5or 6 for
both.
Person 4: It is fine. It is not so hard, maybe around 5.
Person 5: It is not too hard, but it can be a bit problematic. Maybe 4 or 5.
Person 6: Not so hard. PC may be a 5 and BM may be a 6.
Person 7: I think the same. It is quite straightforward.
7- Is there enough documentation and help available for the tool (e.g., videos, official
documentations and others)?
Person 1: Yes, there are a lot of examples, but sometimes problems that you face are not
available because they are specific to the case you are working on.
Person 2: I didn’t really have to search, so I don’t have an answer.
Person 3: There is enough documentation out there.
Person 4: The problems that you have in the testing phase are hard to find a solution for online.
Person 5: Not really, there is lot of documentation, but it is not really relevant to the cases that I
face.
Person 6: There are less examples for PC than for BM.
Person 7: The open community is more helpful.
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8- Which do you prefer: open source code or proprietary software? Vugen is a
proprietary software, while Jmeter is open source.
Person 1: I prefer proprietary software. With the support available, solving the problem goes
faster, and you get a more accurate answer.
Person 2: Well, the center of excellence is better because the seller is forced to solve your issue.
Person 3: I like open source.
Person 4: Because of such cases, I prefer proprietary software. You pay, and you get an answer.
Person 5: I like open source more from my side, but since we are paying for support, it is good
in general but can be a slow process to get help.
Person 6: Open source.
Person 7: Open source for me, as well.
Efficiency and Functionality
1- Do you think that the number of virtual users is a limiting factor for your work?
Person 1: No, it is OK.
Person 2: Yes, it can be less than desired.
Person 3: Yes, the license limits the amount of VUs, and this caps the work sometimes.
Person 4: No, it is fine.
Person 5: Yes, it is not enough.
Person 6: We need a lot of VUs, so we need scalability.
Person 7: Depends on the test, but we need many VUs sometimes.
2- Do you think that the number of load generators is a limiting factor for your work?
Person 1: We can have problems with the load generators, as it can limit our work sometimes.
Person 2: Yes, sometimes it is not enough.
Person 3: No, it is fine.
Person 4: Not really now, but maybe in a bigger project, yes.
Person 5: They are slow and time consuming, but the amount is OK.
Person 6: Our tests require a lot of load, so we need a lot and BM can provide us with it.
Person 7: The work we do is heavy and we may need faster load generators, so BM is more
scalable.
3- Is there a compatibility problem between BlazeMeter and Jmeter or Performance
Center and LoadRunner/VuGen?
Person 1: No, sometimes it can be a problem, as PC does not read VuGen. Some changes are
needed sometimes.
Person 2: Sometimes it can a problem because VuGen uses an older version of Internet Explorer
and Firefox and it can sometimes cause some problems.
Person 3: No, it seems fine for both tools.
Person 4: Sometimes I need to modify the VuGen scripts and it can be a bit hard.
Person 5: There should be more support, but it is fine.
Person 6: No, it is fine.
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Person 7: No.
4- Is Performance Center/BlazeMeter compatible with other scripting languages?
Person 1: I don’t really know, but I think it should be compatible with the HP family suite.
Person 2: I don’t know.
Person 3: I think BM offers a wider choice of scripting languages than PC does.
Person 4: Yes, I think so.
Person 5: PC can support many different scripting languages.
Person 6: Yes, they are both compatible with other scripting languages.
Person 7: Yes, they should work with other scripting languages.
5- Does the tool fulfill all the needs of a project? Or are there limitations?
Person 1: I feel it sometimes lacks a friendly user interface for the tests, and the tool does not
feel flexible. Like, if I want to make a small change, I will need to make many changes. The
server also can be limiting, as it limits resources.
Person 2: The license is limiting the number of VUs. Sometimes we need more.
Person 3: The license is limiting and expensive.
Person 4: Changing parameters in the program at times can be hard, because it can be
overwhelming and many parameters are involved.
Person 5: It can be very CPU demanding. Firefox is an old version and it does not really match
the new versions of Firefox. Sometimes, PC does not work because of that. It is long process—
setting the tests, running them—everything takes such a long time.
Person 6: Well PC is not scalable enough, and it is costly.
Person 7: That is why we prefer BM, as it is flexible, scalable and more cost effective.
Performance testing in agile projects
1- Do you think performance testing can be used in an agile manner or agile project?
Person 1: Agile is hard to define, and it is hard to know what really it is. It is different from one
project to another, so I do not think it really can work. But PC is a flexible tool, and we
can maybe create tests that can fit agile projects.
Person 2: We should do performance testing in agile projects as we do in general tests.
Person 3: I do not think it works in agile projects because performance testing is a long process
and takes time to be done properly. But it would be good to start developing some good
tests first and then we maybe can keep up with the sprints.
Person 4: It is hard to implement performance testing in agile projects because we change data
all the time when the product is not really done.
Person 5: Yes, why not? Automated tests could be good to test the code after every change.
Person 6: Automated tests and load tests should continuously done every day.
Person 7: Yes, it needs to be done all the time to be able to follow the agile life cycle.
2- When would you recommend starting performance testing?
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Person 1: As soon as possible once production begins, because we need to do performance
testing for a long time and adjust the tests, codes and other things accordingly. Follow the
life cycle of the product.
Person 2: The sooner, the better.
Person 3: When functional testing is done and the product is almost ready.
Person 4: As soon as possible. If it is not possible, we should at least plan it.
Person 5: It is hard without a product, but we can have the planning ready.
Person 6: When it is possible.
Person 7: Yes, as soon as a product is ready.
3- Are there any automated tests with BlazeMeter or Performance Center?
Person 1: Not really sure.
Person 2: I don’t know.
Person 3: Yes. PC should be able to work with Jenkins and BM, as well.
Person 4: It should be possible, but I am not sure.
Person 5: Yes, Jenkins and Selenium can be used for automated tests.
Person 6: PC should integrate with Jenkins and consider that option.
Person 7: Yes, PC should work with Jenkins if it wants to keep up with the rest of the tools.
Miscellaneous:
1- Do you think the price of the tool is worth the quality and everything included, such
as support?
Person 1: This does not really affect me, so no comment.
Person 2: No, it is expensive and Micro Focus does not provide great support.
Person 3: No, [PC] is expensive. Other tools are cheaper.
Person 4: If there is someone who can support me and help me, why not? Otherwise, it is hard to
really estimate the price.
Person 5: Yes.
Person 6 & 7: BM is cheaper and more cost effective because of its scalability and because we
can just pay for the usage. It depends on the deal, but if you want continuous performance
testing and do it every day, it can be good with a dedicated infrastructure in that case.
2- If you could change tool would you? And to which one?
Person 1: No.
Person 2: Find a similar, but cheaper, tool.
Person 3: Jmeter, BlazeMeter.
Person 4: Maybe, not sure.
Person 5: NeoLoad seems like a good option.
Person 6: We use both so not really.
Person 7: Yes, nothing really in mind.
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Appendix B
Creating PC scripts and uploading them:
The tests starts by creating the script in VuGen:
1. Open VuGen and set up the environment by choosing “File” then “New Script and
Solution” and clicking on “Single Protocol” then “Web – HTTP/HTML.” Give the script
a name and location and press “Create.”
2. Press the record button, choose the correct URL address and press “Create.”
3. Wait for the program to start, and Microsoft Internet Explorer will start connecting to the
chosen URL.
4. Press the desired links or tabs; the script is recording these actions.
5. Press “Stop” when finished.
6. Wait for the script to be created with all the actions.
7. Once the script is created press “Design” then “Insert in a script” and choose where to put
the “Start transaction.” Give it a name. Finish the transaction by clicking the place in the
script where the transaction should stop, press “Design,” “Insert in a script,” “End
transaction” and give it the same name as the starting transaction.
Uploading the script to PC:
1. Go to the folder containing the VuGen script.
2. Open the folder.
3. Select all and compress with Zip.
4. Go to PC.
5. Go to “Test Management” and then “Test Plan.”
6. Create a “New Test” and upload the script by pressing “Upload Script.”
7. Upload the Zip file.
8. Click “Run Test” once the upload is done.
9. Choose the number of virtual users and load generators.
10. Wait for the test to run.
11. Once done, press “HTML Report” to get the test results.
Creating BM scripts and uploading them:
The tests starts by creating the script in Jmeter:
1. Open Jmeter.
2. Click “Templates.”
3. Click “Recording Template.”
4. Configure the IP or server name as desired.
5. To configure the network for external or internal use, follow this link.8
6. Finish recording.
Once the recording is done, the script is uploaded to BM:
1. Follow the steps to install BM locally.9
8

https://jmeter.apache.org/usermanual/jmeter_proxy_step_by_step.pdf
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2. Open BlazeMeter (locally because you are on premises).
3. Run the tests after choosing the number of virtual users and the available constraints.
4. Results are delivered after the test is completed.

9

https://guide.blazemeter.com/hc/en-us/articles/206733949-How-to-Install-the-On-premise-Agent-Ship-
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Appendix C- Pictures

Picture 6: Performance Center test upload page
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Picture 7: BlazeMeter Test upload page
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Performance Center- Passed test results

Picture 8: Performance Center Main page of reporting (1)
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Picture 9: Performance Center Main page of reporting (2)
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Picture 10: Vuser Summary
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Picture 11: Average Transaction Response Time
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Picture 12: Total Transactions per second
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Picture 13: Throughput
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Picture 14: HTTP Status code summary
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Picture 15: HTTP Responses per Second
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Performance Center- Failed test results

Picture 16: Failed test (1)
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Picture 17: Failed test (2)
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Picture 18: Transaction Summary
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Picture 19: Average Transaction Response Time
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Picture 20: Transaction response time (Percentile)
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Picture 21: Total transactions per second
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Picture 22: Throughput
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Picture 23: HTTP Responses per second
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BlazeMeter- Reporting

Picture 24: BlazeMeter Reporting all KPI
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Picture 25: BlazeMeter Reporting- Zoom in

Picture 26: Blaze Meter- Error Reporting
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Picture 27: BlazeMeter- Test configuration

Picture 28: BlazeMeter-Error reporting by seconds
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Picture 29: BlazeMeter Errors
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Performance Center – Diverse

Picture 27: Front Page of VuGen
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Picture 28: PC Front Page
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Picture 29: Test Lab Page
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BlazeMeter - Diverse

Picture 30 BlazeMeter Workspace
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Picture 31 BlazeMeter test configuration
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Picture 32: Test Type selection BM
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