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Kurzfassung

Trotz des Einflusses von Performance auf die Kundenzufriedenheit, werden funktionale
Anforderungen oft bevorzugt. Aus diesem Grund untersucht diese Arbeit den Performance
Test-Prozess im Rahmen einer Prozessanalyse bei der adesso AG. Hierzu wurden Mitar-
beiter nach ihren Erfahrungen in Performance-kritischen Projekten befragt. Die Ergebnisse
dieser Befragung werden ausgewertet und vorgestellt.

Durch die Auswertung der durchgeführten Interviews und des erstellten Fragebogens
konnten einige Problemfaktoren ermittelt werden. Um diese festgestellten Schwächen der
Prozess auszubessern, wird ein einheitlicher generischer Test-Prozess vorgestellt, welcher
den Test-Prozess der adesso AG unterstützen soll. Es werden Verbesserungsvorschläge
präsentiert, die die bestehenden Prozesse dem generischen Prozess annähern.

Abstract

Despite its huge impact on the customer satisfaction, performance is often preferred over
functional requirements. For this reason, this work analyses the performance testing
process at adesso AG in the context of a process analysis. Therefore, employees have been
asked for their experiences in performance-critical projects. The results of this survey are
analyzed and presented.

By analyzing the performed interviews and the built questionnaire, we were able to
determine several issues. To mend these found weaknesses in the process, a uniform
generic test process is presented, which is meant to support the test process done at adesso
AG. Recommendations for improvements are presented, that bring the existing projects
closer to the generic process.
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Chapter 1

Introduction

1.1 Motivation

The perceived quality of an application is highly influenced by its performance. Although
there are more quality attributes beside performance, performance is the one that is directly
visible to the end-users. Research shows that people will switch to another product if the
performance is insufficient, which causes loss in revenue. For example, users will leave a
website if loading a page takes too much time, as mentioned by Liddle [Liddle 2008] and
Stefanov [Stefanov 2008].

Despite its great importance, performance, as part of the non-functional require-
ments, is often neglected during the development of applications. Development is fo-
cused on functional requirements while little attention is paid on non-functional require-
ments [Molyneaux 2009]. Due to the fact that performance requirements are insufficiently
specified and information about the application’s real workload is barely available, prob-
lems concerning the performance are not detected until the application is deployed and
put into production.

However, fixing bugs and performance issues in late stages during an applications
lifecycle requires high effort and causes heavy costs [Ludewig and Lichter 2010, page 64]. To
reduce these costs, insufficient performance has to be detect as early as possible and before
the application is deployed. To do so, performance management has to be included into the
whole development process: From detailed performance requirements in the specification
phase, though performance tests when the application is tested, to performance monitoring
when the application is deployed and running under real workload.

1.2 Goals

The aim of this process analysis is to examine the performance testing process at adesso AG,
a medium-sized company focusing mainly on the development of software for the financial
sector. In this process analysis, we will concentrate on performance testing. Performance
testing is one important building block in the performance management, as it ensures that
the application meets specified performance requirements.
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1. Introduction

This process analysis covers three main goals:

1. Analyzing and documenting the current state. We analyze how performance is cur-
rently tested at adesso AG. This includes tools, people and roles involved in the testing
process.

2. Identifying weaknesses and developing improvements. Based on the results of our
first goal, we search for weaknesses and present improvements to overcome the identified
weaknesses in the overall performance testing process.

3. Presenting the results. The found weaknesses and improvements are presented to the
employees at adesso AG. This allows them to improve their current testing process
based on our results.

1.3 Document Structure

The remainder of this document is structured as follows:

� Chapter 2 gives an overview over the underlying foundations of our analysis. The
general structure of process analysis, survey and testing techniques are presented.

� Chapter 3 describes the process analysis setting at adesso AG, the situation there and
what people there expect from our analysis. This chapter relates to the first goal of our
analysis.

� Chapter 4 describes the process we used to gather information about the current state at
adesso AG, the performance testing process used so far at adesso AG, and roles relevant
for performance testing. This chapter aims as a description of our analysis process
rather than the processes used at adesso AG and therefore partly relates to our second
goal.

� Chapter 5 highlights the results of our analysis. We present the current state at adesso
AG and the proposed improvements. This chapter relates mainly to our second and
third goal.

� Chapter 6 describes the threats to validity that influence the results of our analysis and
gives an outlook for future work.

� The conclusion in Chapter 7 sums up our process analysis.
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Chapter 2

Foundations

This chapter contains important basic concepts that are necessary to perform this process
analysis. It starts by introducing the term Process Analysis (Section 2.1), than takes a deeper
look into Survey Techniques (Section 2.2) and concludes with basics about Performance Testing
(Section 2.3).

2.1 Process Analysis

In a process analysis, an existing business process is analyzed. Furthermore weaknesses
are detected and improvement suggestions are developed. The whole activity of process
analysis is described by Behr and Tyll [Behr and Tyll 2003] and depicted in Figure 2.1.
It describes three steps including becoming acquainted with the companies structure,
learning about their business process, and analyzing this business process:

� First the basic structure of the company has to be analyzed. Therefore the company’s
structure, its organization and its hierarchies need to be acquired. This step provides
the basis for the next step. It is possible to find first weaknesses, for example a too deep
hierarchy.

� Second the current business process, called current state, should be acquired. In this step
a model of the important and relevant processes is built. It is only allowed to consider
real processes; wishful thinking must be ignored. Information about these processes
are gained by questionnaires, observation, and the analysis of existing documents.
Questionnaires are discussed in Section 2.2. To document these models, UML’s behavior
or interaction diagrams1 or BPMN2 can be used. These notations include information
about relevant actors, artifacts and their interactions.

� The third and last step is to analyze the business processes by analyzing the previously
built model. Therefore the model is checked for weaknesses and possible saving should
be found. To do this, the following methods can be used:

1UML: http://www.uml.org
2BPMN: http://www.bpmn.org
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Gather information
about the company 

structure

Gather information
      about the
          company's
     business process
(current state)

Analyze
business
process

Figure 2.1. The structure of a process analysis. Adopted from Behr and Tyll [Behr and Tyll 2003]

� Activity based costing Break down costs to each sub-process and calculates its creation
of value.

� Weakness analysis Find problems and weaknesses in organizational parts.

� Benchmarking Compare the company’s processes with “best-practice-processes”.

� Time simulation Analyse processing time.

2.2 Survey Techniques

Questionnaires and interviews are tools used for retrieving data in an empirical study.
In order to avoid falsifying those data through unwanted influences, we familiarized
ourselves with techniques needed for designing an empirical survey. In the following
we will present some basic knowledge about the survey techniques, which are described
in detail by Brosius and Koschel [Brosius and Koschel 2005]. This includes the type of
questions, the process of creating a questionnaire or an interview and concluding with
noises and falsifications.

2.2.1 Types of Questions

A questionnaire or an interview consists of many types of question, which all have different
functionalities and purposes. These types are amongst others the factual issues, knowledge
questions, opinion questions, behavior questions, and conditional questions, which can be
further separated in subtypes. A factual issue, or a question about the matter itself, can be
answered by a participant without long thinking and is independent of his physical state,
knowledge, or his attitude towards a topic. Those kind of questions can be used to retrieve
factual data about a person or his environment. An example would be like “Do you use
Eclipse as an IDE?“or “How long are you working on project xyz?“. A knowledge question can be
used to determine the information both of the participant in order to weight his further
answers. A similar purpose is fulfilled by the opinion questions, which can also be used to
adjust the influence of his further answers based on his opinion towards a topic. For both
aforementioned question types, it is recommended to use pre-defined answer possibilities,
to ease the evaluation. Another type of questions are the behavior questions. Using those
kind of questions, we can actually determine how the participants behave in particular
situations. An example would be to determine how participants are testing their software
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2.2. Survey Techniques

in a software project. An important difference between behavioral questions and factual issues
is that behavioral questions do not ask directly, how a participant does something, but instead
tries to get other information in order to assemble the answer. Hence, we can measure what
is actually happening and not what the participants thinks happens in his point of view.
The last kind of questions are the functional questions. Those kind of question routes the
participant through the questionnaire or the interview. Examples are conditional questions,
which can be used to filter participants out for a block of questions, if he is not qualified to
answer it. Another example are transitional questions, which can be used to transition from
one topic to another. Last but not least, there are the demographic questions, which retrieve
personal information like gender, age, or the level of experiences towards a topic.

2.2.2 Creating a Questionnaire or an Interview

As described in the previous sections, there are many things to consider in order to conduct
an empirical survey. Brosius and Koschel [Brosius and Koschel 2005] suggest a step-for-step
guide in their book on how to conduct an empirical survey. The first step consists of
formulating the scientific question that we want to research. Often, it is also necessary
to do a literature research in order to be aware of particular things in this topic. In the
second step, we have to refine our original scientific question into multiple subject areas
containing so-called question for programs. These questions are mostly written using terms
that only scientists have to understand, because we are still in the phase where we develop
the first concept of our final questionnaire or interview script. The task of the next step
is to transform the questions for programs into test questions that can be printed on the
questionnaire or asked in an interview. To do this, we have to ensure that there are no
foreign words, that participants might not understand. Further, we have to consider noises
and falsifications which will be shown in the following subsection. When we finally have a
release candidate of our questionnaire or interview script, we have to do a pre-test in order
to find possible errors and avoid major problems in the survey.

2.2.3 Noises and Falsifications in Stating Questions and Retrieving An-
swers

There are many different noises to consider in the process of stating a question to a
participant. Many of those can be avoided by trying to state the question as clear and
unambiguous as possible, but there are also a bunch of cases which cannot be completely
avoided. Those are amongst others the social desirability, primacy- and recency-effects or
the Non-Opinions, which will be explained in the following. The social desirability describes
a tendency, where the participant try to adjust the answer so that the society, his family or
his principal agree in opinion. One possible solution to this problem is to ask what the
participant thinks his co-workers or his circle of acquaintances would do in this case. Here
we assume, that he represents a social group or he even belong to it. Another example
are the primacy- and recency-effects, where participants perceive response options on the
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2. Foundations

first or last spots better than options, which are in the middle of the response options
list. To avoid this, we should limit the answer options to seven, plus or minus two [Miller
1956] or shuffle the answer possibilities for each participants, so that all options are equally
distributed over the different spots. We should also consider the so called Non-Opinions.
Participants often have no opinions to a question. If we force them to answer a question
by not explicitly providing a possibility for abstinence, they tend to answer with random
opinions, which influences the evaluation in a bad way. There are many further noises to
consider. A summary of them can be looked up in [Brosius and Koschel 2005, p. 92ff].

2.3 Performance Testing

When studying and testing an application’s performance, different aspects have to be taken
into account. This includes the software components, but also the used hardware, the
network used for communication between the application components and the users and
the environment. This sections introduces the most important aspects and terms needed
to understand the performance testing process. The information given in this section is
mainly based on the books by Molyneaux [Molyneaux 2009] and Meier et al. [Meier et al.
2007].

2.3.1 Performance Requirements

Performance requirements can be divided into service-oriented or efficiency-oriented
requirements. The service-oriented requirements describe how well the application suits
the needs of its users, whereas the efficiency-oriented requirements focus on the way the
application uses the resources provided by its environment.

People use software for a large variety of tasks; from tasks that require less attention,
like browsing an online shop, to tasks that require much attention, like filling in a insurance
form. Since the required performance depends highly on the task that should be supported
by the application and the level of required attention, there exists no industry standard
on what is good or bad performance. Molyneaux gives an rough overview over different
types of tasks and the maximum response time for each of these categories [Molyneaux
2009]. For example, if the user has to remember information between different steps, the
transition from on step to the next should take less than two seconds.

Fixing performance bugs late in the lifecycle of an application causes high effort and
costs [Ludewig and Lichter 2010, page 64]. Therefore, performance testing should be
performed in early stages.

Before doing performance tests, different metrics have to be clarified. These are:

� The number of end-users

� The number end-users concurrently accessing the application
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2.3. Performance Testing

� The type of usages

� The expected increase in usage over time

� The number and location of servers

� The influence of network capacity

Consequently, a lot of time and work has to be spent to get all required information
about the expected performance. Though this work is important, we will not dig deeper
into this part of performance management, but concentrate on performance testing.

2.3.2 Goals

After each performance requirement and the expected workload of the application has been
specified in collaboration with the stakeholders, the application can be analyzed and tested
for different performance characteristics. Afterwards, the test results can be used to check
if the applications fulfills set performance goals and for planning the later infrastructure.

� Availability: The portion of the time the application is usable (uptime) is measured.
Shows if enough capacity and resources are available.

� Concurrency: Different users access the application at the same time. Gives a hint on
the maximum number of users that can use the system concurrently, which in turn can
be used to for capacity and resource planning.

� Response time: The required maximum response time differs between the specified
functions. If existing, data from older versions of the applications can be used as a basis.
Can be used the model the relation between workload and response time.

� Network resources: The influence of the network used to connect different applica-
tion components or the network between the application and the user on the overall
application performance is determined. Shows how slow network links effect the
application.

� Hardware resources: Different hardware-metrics, like resource utilization, are moni-
tored. Can be used to detect abnormal application behavior or hardware exceeding its
limits.

2.3.3 Tests

Each performance test is scripted in a transaction, which describes the steps that must
be performed for a single test case. Different information is encoded for each step. This
includes the request that is sent to the application, the required results and the virtual user
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2. Foundations

that performs the request. For example, the steps for a transaction “Buy article” performed
by user “John Doe”, could be: Log in, browse the store, add to cart, send order, log out.

User profiles are built to executed transactions in a realistic manner. This profiles
describe the virtual user’s behavior between the steps, like delays because of thinking
times.

Performance tests can be categorized in types listed below:

� Baseline test. Each transaction is executed with a single user to record the best-case
performance of the application. The recorded data is used to compare the results of
further tests.

� Load test. The application is put under the expected workload. Different virtual users
execute the scripted transactions and simulate the behavior of the real users when the
application is deployed. The test aims to check whether the applications is capable to
handle the expected load and if it meets the specified performance requirements.

� Stress test. The applications workload is increased steadily. More and more virtual
users are sending requests until the application crashes or is unable to response to user
requests. This tests gives the upper limit of load the application can handle without
failing.

� Stability test. The application is run under the target workload for a longer period of
time and performance metrics are recorded. This test is used to identify bugs that will
cause the application’s performance to decrease (like memory leaks).

� Smoke test. Changes in the application are tested. Only transactions are executed that
are affected by code changes. These are transactions whose performance might have
changed between the revisions.

� Isolation test. Identified performance problems are tested. That is, only transactions
are executed that have shown performance problems in tests run before.

� Component test. A single component of the application (like module or architectural
component) is performance tested. For examples, module tests can be enhanced with
performance requirements that shall be fulfilled by the tested module.

2.3.4 Tools

Before starting to test the performance, suitable tool have to be selected. Performance tests
should be reliable and repeatable with low effort, as are functional tests. To support this,
tools that automate the performance testing process need to be installed and integrated
into the development process.

The performance testing tools provide a scripting interface through which test engineers
specify transactions that shall be tested. After the transactions are scripted, the tool executes
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2.3. Performance Testing

the transactions through virtual users. Each virtual user generates the load as it is scripted
and the metrics (like response time) are recorded automatically by the tool. Afterwards,
the recorded metrics can be analyzed and compared to specified requirements or to prior
test runs.

For testing web-applications over HTTP or HTTPS, many commercial and open-source
tools are available, whereas outside of the scope of web-applications there are less tools.
Rick Hower provides an extensive list of performance testing tool on his homepage [Hower
2014]. Some popular tools are listed in the following sub-sections.

Load generators

The tools listed below support scripting, virtual users and different network protocols to
generate load on the application:

� JMeter. Open source, written in Java and developed by the Apache Software Founda-
tion3.

� LoadRunner. Commercial, developed by Hewlett-Packard available for Linux and
Windows4.

Load generators with cloud integration

The tools listed below are similarly to the tools above but can be integrated into to cloud to
generate the load from there:

� Silk Performer. Commercial, developed by Borland5.

� WebLOAD. Open source, marketed by RadView6.

Component level

The tools listed below enhance component testing tools with performance measurements
and therefore allow component tests only:

� ContiPerf. Open source, enhancement for JUnit7.

� JUnitPerf. Open source, enhancement for JUnit8.

3JMeter: http://jmeter.apache.org
4LoadRunner: http://www8.hp.com/us/en/software-solutions/loadrunner-load-testing/index.html
5Silk Performer: http://www.borland.com/products/silkperformer
6WebLOAD: http://sourceforge.net/projects/webload
7ContiPerf: http://databene.org/contiperf
8JUnitPerf: http://www.clarkware.com/software/JUnitPerf.html
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2. Foundations

2.3.5 Environment and Planning

Performance tests should be executed on an environment that is at close to the application’s
target environment as possible. However, running the tests on a live environment, that is
serving user requests, is not an option because of its negative impact on the requests. Also
the applications performance might differ between physical and virtual server systems.
Additionally, realistic data is required to run the tests properly. These are, among others,
the required input data (login credentials, queries, etc.) and target data to populate the
application’s database.

To build the test environment, enough resources have to be reserved. To run perfor-
mance tests, at least three server have to be set up.

One or more server hosts the target application that shall be tested. On this server, a
stable snapshot of the target application is installed that has already passed the functional
tests. The application environment (database-, application-server etc.) on the server system
has to be the same as on the target environment for the tests to be meaningful.

A second server hosts the performance testing tool that creates the workload. The tool
executes the scripted transactions that simulate different virtual users interacting with
the application. If the load for running the tests is too high for a single server, three or
more servers can be used to run the tests. Thereby, one server is used to manage the tests
executed on the two or more servers.

The applications is monitored on a third server. Different metrics are recorded to
gain insight onto the applications performance and to see whether the performance goals
set before are met. There might be uncontrollable influences on the goals—like network
bandwidth between the end-users and the target environment—the might have to be taken
into account.
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Chapter 3

Process Analysis Settings

This chapter starts with an introduction about the in this process analysis participating
company adesso AG. The second part contains their expectations.

3.1 Company Background

Adesso AG develops customer-specific software. Customers of adesso AG belong to
different sectors of economy. Primarily these firms are medium- and large-scale enterprises
from sectors of insurance, counter insurance, bank, financial service provider, health care
and lottery [Adesso AG 2014].
As a full service provider adesso AG provides the spectrum from the development of a
vision for a company to the operation of software. In most cases adesso AG appears as
an IT-consulter. Therefore, adesso AG supports the customer in the development of its
company vision and on this basis its business processes. If there is already an existing
system that further should be used, this system will be integrated. Software systems are
developed based on the company’s business processes. Adesso AG provides operation
responsibilities for the system.
In the developed solutions the focus lies on operation optimization. For example by cost
reduction. Software is developed on marketable standards.
Adesso AG is also involved in research to be part of future trends and technologies [Adesso
AG 2014].

Projects at adesso AG differ in their size and besides employees from adesso AG people
from other firms are involved. These projects are of heterogeneous nature. Each project
has a project leader, but there are no standard processes. The process is individual and
depends on the type of a project. Adesso AG is located in different cities. A project can
be distributed, but mostly customers are served locally. For testing, adesso AG has a
group called the Test Factory, which takes care of testing. Not all projects have performance
critical aspects. When a bigger project is performance-critical two to three percent (on a 200
persons project these are five to six people) of its participants are performance engineers.
On smaller projects this job is done by standard developers.
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3. Process Analysis Settings

3.2 Expectations

With this project adesso AG aims to check their performance testing methods. As a
guideline for future performance-critical software development at adesso AG, we shall
provide a preferably generic process that can be adopted on most projects. Therefore we
need to evaluate their current state of performance testing. Since at adesso AG there is
no standard way of performance testing we have to derive the generic process from their
current processes. Through the generic process adesso AG should be enabled to build their
performance testing processes like with a toolbox. It should also be investigated, whether
such a generic process is reasonable.
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Chapter 4

Procedure

This chapter first describes the project progression and explains steps that were taken,
milestones, and other kinds of action that were necessary to achieve the projects objectives.
In the second Section the evolution of the questionnaire, that was used to gain knowledge
about the business processes, is explained.

4.1 Steps

In this section we describe the individual steps of the process analysis. The process started
with the familiarization of several topics, followed by an initial gathering of information
about the company and its employees and structure. We then created a questionnaire
in multiple iterations and further improved it by rehearsing it in an interview with
few employees. Afterwards, we transferred the questionnaire into an online survey in
order to interrogate more employees of the adesso AG. Then, a generic performance test
process was defined. The gathered information were analyzed and some improvements
were recommended to transform the current processes to the generic process. Figure 4.1
describes the project progression. We refer to Eduard Tudenhöfner, who supervised this
project at adesso AG, as our supervisor.

2013 2014

Nov Dec Jan Feb Mar Apr May

Familiarization Phase & Kickoff
Collection of General Information

Creating of the Questionnaire
Collection of Specific Information

Analysis

Figure 4.1. The Gantt project progression chart of the process analysis. It presents steps token and its
chronological sequences.
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4. Procedure

4.1.1 Collection of Information and First Meeting

One of the first steps of the process analysis is to collect general information about the
company itself and was performed from mid-December to the beginning of February.
Besides gathering information by using the company’s website, we arranged a meeting
with our supervisor, a senior software engineer at the adesso AG, in order to conduct an
interview. The result of the interview consists of information about the company and its
structure, its employees and possible participants for our surveys. Further, our supervisor
provided us his master thesis about a generic performance management model, which we
considered in the following steps.

4.1.2 Iterations of Creating the Questionnaire

We designed the first draft of the questionnaire in February by using the aforementioned
information. A detailed explanation of the process is described in section 4.2. After multiple
iterations of proofreading and correction together with our supervisor, we sent the revised
version to our supervisor for further improvements. We arranged another meeting, in
which we received both improvements and additional information about the performance
testing processes in the company. Using these information, we finally constructed a version
of the questionnaire, of which we think it is ready to be used in an interview.

We asked five employees of the adesso AG for an interview over telephone or Skype.
In those interviews, we both collected the answers and the reactions of the participants to
our questions. We used these information in order to either improve, remove, or add new
questions to the questionnaire.

4.1.3 Collecting Information Using an Online Survey

In March, we transferred the final draft of the questionnaire to an online survey service1.
Using the URL, we distributed it over the mailing list for developers at the adesso AG. The
survey phase took the whole February.

The mailing list is targeted to over 200 adesso AG employees at different locations in
Germany who are part of a software development team. Potential participants had 20 days
to fill out our survey. In the end we had 17 participants with different working focus.

4.1.4 Analysis of the Information

We spent the April to analyze the completed survey and figured out some weaknesses
in the performance testing habits and found potential for improvement. Therefor, we
analyzed each question separately and correlated different aspects, like the criticality of a
project, to others.

1Google Forms. http://www.google.com/google-d-s/createforms.html
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Further, we built a generic process that can be used as a best-practice example for
performance-testing. The process consists of four phases, including Plan & Design, Prepa-
ration, Execution, and Analysis, and is presented in Section 5.2. This process provides the
basis for our improvement recommendations.

Finally, we presented our findings in front of employees of adesso AG by discussing
the survey results, the generic process, and our recommendations.

4.2 Questionnaire

The design of the questionnaire toke several revisions to get to the final version. Two
of these revision are considered to be the important ones, because they were used to
gain actual information from persons consulted. There also were two steps in which
information was retrieved. The first version of the questionnaire was used to get general
information about adesso AG’s structure and their working methods (Section 4.1.1 and
Section 4.1.2). It was targeted on questions regarding the organizational and hierarchical
structure, general development processes, testing guidelines required by adesso AG and
general roles. Findings of this questionnaire were used to improve the questionnaire
itself. The second version of the questionnaire contains improvements derived from the
first one (Section 4.1.3). In the second version the focus laid on the actual performance-
testing process. Therefore the questions were targeted to concrete development and testing
processes of specific projects, including questions about working parts that should provide
good development processes and result in great products. The questionnaires can be found
in the appendix. The first questionnaire in Appendix A and the second in Appendix B.

Both questionnaires were divided into sub-parts to structure the questions used. In the
first version the parts Person & Company, Projects & Processes, and Testing were included. In
the second version, Person & Company was excluded because general information about
adesso AG were collected during the interviews with the first questionnaire and those
information are similar for each person working at adesso AG. In the following those three
sub parts are described.

� Person & Company This section contains questions regarding general information
about adesso AG. It is divided in three subparts. There are questions about Positions and
Roles at adesso AG and in their development processes. Followed by a section about
employee training and employee motivation incentives.

� Projects & Processes The second part asks questions about projects and their general
processes at adesso AG. The answers to this questions should refer to a specific project
which the interviewee could choose by himself. This part start with questions about
the Type of the Project, including size, involved employees, and main focus. After that
the Structure of the Project is evaluated, that means roles and participants. Followed by
questions about the Development Process and the Interviewee’s Role in the the project.
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� Testing The last section touches the concrete testing habits in that project from Projects
& Processes. The first few question focused on the Importance of (Performance-)Testing
in the project. After that the interviewee’s Knowledge about (performance-)testing is
evaluated. The next sub-part treats with Tools used and support the testing process.
Documentation is not only used to evaluate the creation of documentation artifacts but
also how (performance-)requirements are collected and handled. The questionnaire
ends with questions about the Test Processes and how test Results are Communicated and
how they influence the project.

The first questionnaire was used on five adesso AG employees conducted on phone
calls. While the second version of the questionnaire was completed in an online survey by
17 employees.
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Chapter 5

Results

This chapter describes the results of our process analysis. Most of the information and data
given here is based on the answers we got in the interviews and through our questionnaire.
Section 5.1 describes and analyzes the situation we found at adesso AG. This results are
used to develop a general process for performance testing. This process is described in
Section 5.2.1. In the last Section, 5.2.2, we show improvements that we have identified and
developed.

5.1 Current State

This section evaluates the findings of the performed survey. First Section 5.1.1 gives an
overview of the general state at adesso AG. Afterwards Section 5.1.2 evaluates the answers
of the survey in a structured way.

The performed survey consisted of interviews with five participants and an online
questionnaire with 17 participants from adesso AG and their partners. All participants
were somehow involved in performance-testing, but on different development phases and
levels.

5.1.1 General State

The statements in this section are based on the answers of our interview and questionnaire
participants. We condensed information from the answers that give a short overview over
the situation at adesso AG. Information that is too detailed and is not helpful to describe
the general state is left for the following analysis section.

As stated in Section 3.1, adesso AG supports projects developed at other companies.
Between 10 and 50 employees are working in total on the projects described by our
participants, although some projects have more than 100 employees. From these employees,
5 to 30 are developers and 5 to 10 are employees of adesso AG. More than 70% of the
projects reported by the participants are large projects with more than 2,000,000 lines of
code.

More than 80% of the participants describe their project as performance critical, yet
this result are likely to be influenced by our analysis’ setting (since we mainly addressed
participants taking part in performance-critical projects). In many projects, safety and secu-
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rity are in favor concerning performance, but the other non-functional requirements (e. g.,
usability or reliability) are weighted about the same as performance by the questionnaire
participants. However, many of the interviewees stated that other non-functional require-
ments, especially maintainability and availability, are more important than performance.
This contrasts with the criticality rating, since one would expect that in performance-critical
projects performance is at least equally important than other non-functional requirements.

The participants mentioned different problems concerning the performance manage-
ment in their project. However, we got a consensus that nearly each project has unclear,
imprecise, or unfulfillable performance requirements. This raises the question, why expe-
riences made in older projects do not effect the planning and decisions in newly started
projects. The reason for this could be twofold: Maybe, there are only little exchanges of
experience or experiences are not recorded properly and are lost between projects.

In nearly all described projects, an agile development project is used. Here, Scrum was
mentioned the most. Nearly 90% said, that they have pre-defined roles in their project. In
the roles enumerated by the participants, we found that only about half of them mentioned
testing-roles. One participant even stated that there is no quality assurance in the project at
all. Due to the fact that only a few roles where added to the projects later on, the projects
seem to be well-planed.

In about 59% of the described projects, the application is typically performance-tested
right before it is shipped to the customer. The developer tests the application for perfor-
mance after major changes in 35% of the projects and in 29% after new components are
finished. In only two projects (ca. 12%) performance is tested during regression tests. The
degree of recording performance test results is quite mixed: 31% never to seldom record
results and 44% record results mostly or always. The performance tests tend to be manually
as 58% of the participants said that test are done completely or mostly manually whereas
35% said that their tests are nearly automatized.

The participants’ knowledge regarding performance testing tends to the average. How-
ever, more than 80% said that they have enhanced their knowledge already at least
moderately to greatly. Knowledge is mainly shared during meetings or personal contacts,
while technical platforms are seldom used. Experts that concentrate on performance tests
are rarely found in the participants’ projects, so conclusions in relation to experts are vague.

Most participants mentioned, that performance problems have arisen after the ap-
plication has been taken into operation at about half of all projects with tendency to
less.

5.1.2 Questionnaire Analysis

In this section the results of the questionnaire phase are described and findings are
summarized. The conducted data is structured like the questionnaire.
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Exchange The first part deals with information exchange between employees and their
supervisors. The results of the survey show that most employees exchange project-related
information with other project-involved persons daily. Also, employees communicate with
their supervisors at least two times a week. With colleagues of other projects, which also
could provide valuable advices, just for 63% there is an exchange at least once a week.
This seems to be a good basis to communicate common problems and good solutions
within adesso AG. The result of the survey also provides some information about how
helpful this exchange with colleagues is. While the communication with colleagues of
the same project seems to be very helpful, the exchange with members of other projects
were rated as helpful. In contrast, the exchange with supervisors is not that good. Only
47% of the survey’s participants classify the exchange with their project supervisors as
helpful or better, while the communication with their hierarchical supervisor is more likely
graded as unhelpful (only 26% checked helpful or better). This leads to the conclusion
that while small and direct information between colleagues is exchanged well, general
and sometimes problematic information cannot be communicated in an appropriate way.
While it is obvious that the communication has potential to be improved, this improvement
is rather not desired by the participants of the survey. 65% prefer the communication to
be scheduled infrequently. That implies that the communication is too complex (e.g. the
communication channel is too long).

Performance-Testing Even though 88% of the projects are rated from three or higher on
a criticality in relation of performance scale from one to five only 12% have experts for
performance-testing. Also most participants grade their knowledge as average. But for
many participants it was possible to improve their knowledge by working on projects.

Development Process The way the participants analyze performance-related aspects
(question 17-19 in the second questionnaire revision) indicates, that many projects did not
consider performance-related requirements and aspects in earlier phases (e.g. analysis
phase). Instead, the consideration of performance-related aspects starts primarily in the
design phase of the software. Since this may already be too late, the consequences show up
in the already mentioned problems.

Further, performance-related tests were done exclusively before releasing. In order to
have more control in fulfilling performance-related requirements, one should try to conduct
performance tests more often. For example, performance tests or validations could be done
automatically after each revision.

To simplify or at least enable automatic testing, one needs an appropriate test environ-
ment. In most cases, an efficient way to set up a test environment, is to adapt an already
available template or the test environment of an past project. Evaluating the answers to
question 18 (in the second questionnaire revision) shows us, that this is not the case at the
moment.
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Individuals in the Project Since the comprehensibility of the artifacts are mostly not rated
that great (31%-38% in a 100% scale) by our participants, there is potential for improvement.
One possible way to improve the comprehensibility is to stick to standards and use given
notations that everybody in the project uses. Hence, we can avoid misunderstandings and
reduce the time for familiarization, since every individual already has some kind of mental
model of the artifact.

Tools for Performance Testing Analyzing the questions about tools for performance
testing, we found out, that more than half of the participants were not provided with
tools. We think that providing and standardizing specific performance testing tools should
ease gaining Know-how and exchanging experiences. This would not be possible, if each
individual uses his preferred or even own tools. Further, one can ensure that all kind of
tests were covered by providing appropriate tools.

In addition, test results are not documented and stored, which is also a consequence of
not providing tools that provide this possibility. Participants stated, that in over 50% of
their past projects only a mediocre or even less documentation of test results were made.

Documentation in Projects Typically, as stated by about 50% of the participants, perfor-
mance requirements are gathered through interviews. However, 21% select none of the
available option. Hence we assume there is no general procedure for gathering performance
requirements. If we separate the gathering methods in method that do include the customer
and those that do not, the customer participates in the performance requirement gathering
process in 64% of the participant’s projects. Though in the remaining 36% the requirements
are deduced by the developers themselves.

In 75% of the answers, at least performance-critical use cases are enhanced with
performance requirements. When comparing whether performance requirements are
prioritized with the way the performance management is perceived by the participants, we
find no correlation in about 50 %. Thus, we guess there is no relation between prioritization
and bad results.

Financial aspects seem to have a high impact on the projects, as performance require-
ments are often checked for their costs and feasibility. In most cases, the participants
inspect the performance requirements through reviews (88%), yet other additional checks
are also performed.

If projects have missing performance requirements, the customer is asked in 77% of the
cases. In 46%, experiences from earlier projects are used to add missing requirements. This
shows that contacting the customer is preferred in most cases and experiences or standards
are used as a fallback.

Electronic platforms for communicating performance topics are rarely used or do
not exist at all. 50% and 75% mention that there is no wiki and forum, respectively,
installed. On the other hand, personal communication is used more often: About 75%
change performance knowledge at least seldom during meetings and more than 80%
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change knowledge in personal discussions. Although internal trainings and conferences
are provided by adesso AG, 50% of the participants say that there is no conference where
knowledge regarding performance is exchanged.

In 29% of the projects, our participants describe, response time requirements are not
taken into account. If they are, response times are categorized in 14% of the described
projects and value ranges or exact values are used in 57%. Workload requirements are
taken into account less often (in about 54%). In case they are taken into account, value
ranges or exact values are preferred. For concurrency requirements, there is a gap between
not taken into account and value ranges: Either the requirements are not taken into account
or value ranges or exact values are used, but no categorization is done. The way availability
requirements are take into account is distributed nearly equally. Not taken into account,
categorization and exact value are selected by about 23% each, whereas value ranges are
used in about 31% of the projects. Hardware and network requirements are not taken into
account in more than 50%. If they are, value ranges are in favor (more than 35%). Thus
we can conclude that, among all mentioned performance requirements, response time and
availability is relevant, whereas workload is less relevant. All other requirements are only
relevant for a small subset of the described projects.

Testing behavior and types of tests Our participants stated, that the average effort to
conduct performance testing is mostly at about 0-10% of the whole project effort. Some
minority of the participants stated, that the effort for performance testing is at about
20-30%.

Analyzing the performance testing behavior, we found out, that the majority (58%) of
the participants conduct manual tests. The remaining participants conduct tests partially
automatically. Since automatic testing could be conducted with lower effort, one should
try to set up a test environment, which allows automatic testing of performance attributes.

We asked our participants about the different kind of tests they conducted in their
projects. The result is shown in figure 5.1. As we can see, baseline tests and load tests
are conducted the most with 59% and about 47%, respectively. The reason may be, that
those two kind of tests are the basic ones and covers most of the usage scenarios, while
the remaining tests (e.g. stability test, smoke test or isolation test) are more specific. The
remaining tests are conducted by far less participants, mostly at about 12-29%. The analysis
of the types (accordingly number) of tests conducted and the performance criticality of the
project in the form of a correlation, shows that the more critical the project is, the more
types of tests are conducted.

Feedback The questionnaire points out that in more than 50% of the projects bad testing
results do not have influence on the testing schedule or employee assignment. Likewise,
bad testing results have less influence on the project budget (influence in just 40%) and
the development toolchain (influence in just 13%). 27% of the participants state that
nothing is influenced by insufficient test results. However, Figure 5.2 shows a correlation
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Other
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Figure 5.1. Test strategies used by the participants. The y-axis shows the name of the test strategies.
The x-axis shows the percentage of the participants, that used the correspondent test
strategy.

with a coefficient of 0.4735 between the criticality of a project and the effort used to plan
performance tests. When there are bad test results, in 80% of all cases the tested artifact will
be improved. To summarize, there is too less organizational influence of bad performance
test results on projects.

There is also a slight correlation between the performance-criticality of a project and
its influence on further projects. This correlation coefficient is 0.3698 and is pictured in
Figure 5.3. In general there hardly is an influence on further projects (86% consider the
influence as nonexistent to moderate). So, experiences are not transferred to new projects
and there is no learning effect.

Results gathered by performance-tests are presented to the customer in 79% of the cases.
After that, the customer can react on and has influences regarding to these results in 69%
of the projects. The developers get information about affected components, requirements
and working packages of test results. This implies that developers get enough information
to further work on the tested artifacts. The question asking for performance problems
after commissioning of the developed software results in a normal distribution (pictured in
Figure 5.4).
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Figure 5.2. Presents the correlation between the criticality of a project and the planning of perfor-
mance tests. Correlation coefficient: 0.4735. Criticality: 1 = not critical, 5 = very critical;
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Figure 5.3. Presents the correlation between the criticality of a project and its influence on further
projects. Correlation coefficient: 0.3698. Criticality: 1 = not critical, 5 = very critical;
Influence: 1 = no influence; 5 = much influence

5.2 Generic Process

The second result of this analysis is a generic process for performance testing. This section
starts with the definition and the presentation of this the generic process (Section 5.2.1) and
ends with recommendations (Section 5.2.2) for adesso AG to apply performance testing
based on the generic process.

5.2.1 Definition of the Generic Process

The presented generic process is based on the work of Eduard Tudenhöfner [Tudenhöfner
2011] and influenced by Ian Molyneaux [Molyneaux 2009]. Tudenhöfner presents a general
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Figure 5.4. Presents the frequency by which projects have performance problems after commissioning.

process for performance management that can be adapted to the development process
used in a project. In contrast Molyneaux concentrates on the performance testing itself and
how these tests should be performed. There are four phases that have to be performed
to use this process. In the first phase planning and designing is performed. Then some
preparation were made in second phase. Phase three handles the execution of the tests and
finally phase four includes the analysis of the results recorded in phase 3.

The remainder of this section describes the four phases of the process in detail.

Phase 1—Plan and Design The generic performance testing process starts with planning
and designing the test. In this phase, critical use cases and scenarios were identified and
the user behavior has to be understood and specified. For those, we want to define the
acceptance criteria. For example, we want to define the conditions for the performance tests
and several performance requirements, which has to be fulfilled by the software. Further,
we want to select the test strategies, which will be used to evaluate the acceptance criteria.

In order to fulfill the acceptance criteria, a test plan has to be scheduled. The test plan
contains amongst others the selected test strategies and the phases of the project, in which
performance tests have to be conducted. The phases of the project, in which performance
tests should be conducted, are for example the integration phase or after every revision.

Phase 2—Preparation The second phase focuses on preparing the test execution. There-
fore, this phase is composed by three main task: To be able to run the performance tests
properly and satisfactory, a test environment has to be built, tools that will be used to run
the performance tests and are compatible with the test environment have to be selected,
and each test case has to be scripted in a test transaction.

While building the test environment, several issues have to be considered. For the
performance tests to be representable, the test environment has to be as close to the
production environment as possible and based on the same components. Beside the same
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Figure 5.5. The Generic process consists of four phases. Each phase includes some actions and (bold
marked) results. These results are the basis for the following phase. After the fourth
phase tests can be rerun and experiences can be passed to the first phase.

execution environment, like database systems or application containers, this also includes
the infrastructure as a whole (e. g., number of servers and their hardware). Also, the test
environment’s configuration has to be similar to the target environment. To be able to
design test scripts properly and to get representative results, representative user data and
behavior models are needed as well to populate databases with realistic data and to script
the transaction realistically (e. g., viable input data and execution steps).

Phase 3—Execution In the third phase we execute our prepared test. This includes
running the transaction scripts from phase two in a reset environment in order to be
reproducible and to prevent the result of the tests to be biased. It is also important to record
all results because they are the basis for the fourth phase and enable us to compare the
results of further executions with the current. To achieve this comparability it is important
to use the same environment on each test execution.

It is good to observe performance-critical metrics on the test system to identify high
demanded hardware components. For example, the load of the CPU to discover differences
in load distribution between different kernels.

Phase 4—Analysis The last phase deals with the analysis of the results recorded in phase
three. The first thing to do is to check if the acceptance criteria is met and in case it is not,
mark the test case as failed. These test results need be documented to ensure comparability
to retests or tests of further software versions. In cases where there are many performance
issues, these issues need to be prioritized to ensure that more critical ones are dealt with
first. Then, these results need to be reported.

After performance issues were fixed we need to step back to the third phase and run
the tests again, to make sure all criteria are met now. It is a good practice to give feedback
to the first phase to improve the planning and designing of performance tests.
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5.2.2 Recommendations Regarding the Generic Process

Phase 1 There are some problems regarding performance requirements in the current state.
Many participants stated, that performance requirements are unclear or even unfulfillable.
Based on this, we recommend to carry experiences of past projects over to the current
project and use them to refine and negotiate performance requirements. Further, in order
to refine and revise performance requirements, they need to be involved in the project as
soon as possible. At the moment, performance requirements are not involved until the
design phase of the project. According to the generic process, performance requirements
should be involved as early as possible (e.g. in the analysis phase).

Further, our participants stated, that performance-testing is conducted mostly right
before it is shipped to the customer in about 56% of the described projects. In this case, we
recommend to automate the performance-testing process and conduct it after each phase.
Additionally, the project team should always try to involve the customer in every phase of
the software development project. Thus, it is possible to get feedback from the customer
and consider it as soon as possible.

Regarding the exchange of information and experiences, we recommend to improve
the communication between the employees and their supervisors and try to motivate the
communication between them. The reason for this is, that most of the participants stated,
that a communication between colleagues is done more often than the communication with
the supervisors. Further, the analysis of the questionnaire results shows, that employees
perceive the communication with colleagues as more helpful than with the supervisors.
However, since the supervisor has a better overview of the project and therefore is in a
better position to spot erroneous activities or even the lack of important activities, it is
definitely worth to improve this communication path.

By improving the communication with the supervisors, it is also easier for the supervi-
sors to bring in experiences of past projects and therefore avoid repeating errors.

Phase 2 Section 5.1.1 reveals that two-thirds of the tests are executed manually. To achieve
a easier, more standardized, and better reproducible way of performing tests, each test
should be executed completely automatic. This is provided by the use of transaction-scripts.

The Paragraph 5.1.2 states that mostly standard types of tests, like baseline or load test,
are performed. In particular on performance critical projects some further types (see 2.3.3)
of test should be used.

Phase 4 General improvement and experiences figured out in Phase 4 should be passed
on to Phase 1. This would provide a continuous improvement of the whole test process.

General As described in paragraph Exchange in Section 5.1.2, experienced made in
one project are not sufficiently transferred to other projects. To improve the amount of
experience exchanged between projects, the knowledge exchange between project members
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and leaders should be eased and members should be motivated to communicate their
experiences and knowledge.

Section 5.1.1 and paragraph Performance-Testing in Section 5.1.2 shows that the project
participants have only an average knowledge regarding performance testing. Thus, this
knowledge should be improved by training courses focusing on performance testing. Ex-
perts having a high knowledge level of performance testing should take part in performance-
critical projects. Such experts support other members in all project phase that handle with
performance, like requirement analysis, testing, and monitoring.

Paragraph Individuals in the Project mentions a lack of comprehensibility in artifacts, thus
the overall quality of artifacts should be improved. All project member shall understand
the artifacts, even though they require different information from the artifacts, or have
different levels of knowledge or experience. Therefor, it might be appropriate to take this
consideration into account when artifacts are quality assured.

Tools used for performance testing differ between the projects as stated in paragraph
Tools for Performance Testing, even if projects are similar. Hence, we recommend to provide a
set of test tools sufficient for most projects. This should be possible, since most performance
testing tools, such as load generators, are by nature independent of the language used to
develop the target application or the platform it runs on. When such a tool-set is provided,
project participants should be encouraged to use these recommended tools. Tools that
are selected and added to the set should support a complete, and ideally automatically,
documentation of test results.

In paragraph Documentation in Projects we see that electronic documentation platforms
are rarely used. However, personal communication is not sufficient to document knowledge
centralized and durable. Therefore, a project-wide electronic platform should be established
and used to document knowledge. This will ease the exchange of experiences and give
members from different projects a source of information and knowledge they can reference.

As stated in paragraph Feedback, further project planning is often not influenced by
bad performance test results. To be sure performance requirements are met, it should
be possible to adjust a project’s planning and the focus when insufficient performance is
detected. Similarly, the project’s criticality should influence its planning, like time reserved
for performance testing and association of project members to roles.
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Chapter 6

Threats to Validity

The results of this work, which includes the analysis results and recommendations for
improvement, are based on several surveys. Therefore, the validity is amongst others
dependent on the correct usage of the measurement tools, which in this case are telephone
interviews and an online questionnaire. Further, a significant analysis is also dependent on
the number of participants, which should be as high as possible, and on the participants to
answer as objective as possible. In addition, a significant analysis should always consider
noises and other sources of falsification.

In our survey, we had 17 participants in the questionnaire and four participants in the
interviews, which results in a relatively low representativeness of the analysis result. As
the questionnaire addressed performance testing, it was answered mainly by participants
taking part in performance-critical projects. As our supervisor mentioned, some potential
participants did not answer the questionnaire since they took part in a less performance-
critical project and felt their experiences are not relevant for our analysis. Hence, our
results can only be applied to a small subset of performance critical projects at adesso AG.

Further, participants who answered the questionnaire may have different backgrounds.
Some of them might be developers, others might be project leaders. Accordingly, the
expertise as well as the degree of overview about the project might differ amongst the
participants. Together with a relatively low number of participants, this may aggregate to
results, that are not significant at all.

We ourselves have no practical experiences in performance testing. For us, it was
therefore hard to draw the right conclusions from all answers and to predict whether
our results, especially the general process and the improvements, will help to reduce
the identified problems in practice. Additionally, there was sparse number of literature
available that focus on performance testing processes. These were the master thesis written
by Eduard Tudenhöfner [Tudenhöfner 2011] and two books [Meier et al. 2007; Molyneaux
2009].

Regarding the given answers, not all questions of the questionnaire were answered
completely. Some of our participants tended not to answer to the last parts of the question-
naire. Our speculation is, that the questionnaire is too long, which may result in abortions
or in fatigue, where some questions were simply ignored by the participant. Since the first
question blocks receive more answers than the last ones, the answers to the last question
blocks may have a lower significance than the first ones. Accordingly, this influences our
analysis of the correlational relationships between those answers.
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In addition, we cannot guarantee, that our participants are always answering objectively
and honestly. At this point, we refer to Section 2.2, which explains effects like the social
desirability or non-opinions.

Summing all up, we come to the conclusion, that using solely surveys may not be the
most effective way to get an comprehensive overview of the performance-testing process.
However, the possibilities for information retrieval was constrained by time and scope of
our work. A possible way to continue this work in the future is therefore to conduct a field
survey and even be a part of a project team in order to get an objective and comprehensive
overview of the process.
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Conclusion

In this process analysis, we analyzed the performance testing process performed at adesso
AG. We therefor did interviews and built a questionnaire where we asked adesso AG
employees taking part in performance critical project. Based on the answers we got an
overview over the strength and weaknesses in development projects at adesso AG.

Most projects described by the questionnaire participants were large project with more
than two million lines of code. Although projects typically have between 10 to 50 members,
some participants said that their project has more than 100 members. The participants
often stated that missing or unclear requirements are often the cause for problems in the
performance management of projects. This led us to the question, why these experiences
do not influence decisions and planning in future projects.

Project members stated that they often exchange knowledge with other colleagues in
the same or other projects through personal discussions. However, communication with
leaders is less often performed and rated less helpful. Beside these personal communi-
cations, project members often do not use electronic platforms to exchange knowledge
between projects. Hence, we suggested to motivate the project members to communicate
their experiences more often with project leader and to use electronic platforms to keep
knowledge in a durable and project wide manner.

Experts for performance testing were often not mentioned by the questionnaire partici-
pants. For this reason, experts should be included into the project to support other project
members in performance critical phase, like (performance) requirement elicitation. This
experts might also help to reduce the risk of performance requirements to be considered to
late.

By analyzing the way performance tests are performed, we found out that in most
projects enough effort is spent for performance testing. However, the tests’ quality is not as
good as it could be. Since some participants mentioned performance testing to be done at
least partially manually, we suggested to automatize more tests.

In summary, we found strengths in the processes used at adesso AG, but also some
weaknesses. To reduce these and other weaknesses, we developed a general process based
on Tudenhöfner [Tudenhöfner 2011] and Molyneaux [Molyneaux 2009] for performance
testing. This process covers four phases and can be adapted to the different development
processes used at adesso AG. Each phase is described in detail, including its required tasks
and artifacts.

31



7. Conclusion

Based on general process, we also presented several recommendations. These recom-
mendations address the weaknesses identified throughout the questionnaire analysis. Some
of the recommendations are of a general nature, while others are bound to one of the four
phases of the general process.
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Appendix A

Questionnaire - Version 1
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