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Abstract

Today’s software developers are familiar and often faced with the challenge
of strict deadlines which can further be worsened by lack of resources for
testing purposes. In order to measure the true utilization and provide rele-
vant information to address this problem, the RCI-lab Resource Utilization
tool was created. The tool was created with information from interviews
which were conducted with developers from different teams who all agreed
that the main reason for over-booking resources is to make sure that they
have access when they really need it. A model for resource utilization was
defined and used as a basis for the thesis. The developed tool was later used
to measure, and visualize the real utilization of hardware resources where
the results confirmed the information provided from the interviews. The
interview participants estimated the true utilization to be about 20-30%
out of twenty-four hours. The data collected from the RCI-lab Resource
Utilization tool showed an overall average utilization of about 33% which
corresponds well with the estimation by the developers. It was also shown
that for the majority of the resources, the maximum utilization level reached
to about 60% of the booked time. This overbooking is believed to be due
to the need to always have a functioning resource and could possibly be
because of the agile environment where resources are a necessity in order
to be able to finish the short sprints in time. Even though Ericsson invests
in new resources to meet the need, the developers still find it difficult to
get access to the resources when they really need it. The developers at the
studied department at Ericsson work with scrum where the sprints are 1,5
weeks long. The need for hardware resources varies depending on the tasks
in the given sprint which makes it very difficult to predict when a resource
is needed. The created tool is also intended to help the stakeholders at the
studied department at Ericsson in making investment decisions for new re-
sources and work as a basis for future implementation on additional resource
types. Resource utilization is important in many organizations where this
thesis provides different aspects of approaching this matter.
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Chapter 1

Introduction

Today’s software developers are familiar and often faced with the challenge
of strict deadlines and the need to manage and perform automated soft-
ware testing [2]. Automated software testing is a well-known and broadly
used testing method which addresses the necessity of shortening product
development cycle as well as minimizing the resources used [2]. Automated
software testing has different meanings for different people, all varying from
test-driven development and unit testing to playback-tools which perform
the automated software tests [3]. There are several reasons of changing the
standard of using automated software tests rather than manual tests. One of
these reasons is scalability where manual software testing brings huge costs
in both time and money, i.e. it is not possible to simulate 1,000 or even more
virtual users for volume testing [2].Manual software testing is accounted to
cost up to 50%, this cost is greatly reduced by using automated software
tests [4]. Using automated software testing is not the solution to resource
utilization optimisation [3]. The problem of allocating and using resources
still exists.

Ericsson is a multinational telecommunication company which practices
automated software testing. For a long time, the software developers at
the studied department at Ericsson integrated large portions of code to
the software which lead to long test times and integration problems. The
issue of doing this was recognized which moved Ericsson to using continu-
ous integration. Continuous integration is a software development practice
where software developers integrate their code frequently [5]. Today, Eric-
sson performs a large number of code updates daily. Practicing continuous
integration allows for software to be tested frequently and therefore detect
errors quickly. Software developers argue that continuous integration sig-
nificantly reduces integration problems as well as improving the speed of
cohesive software development [5].
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3 CHAPTER 1. INTRODUCTION

The challenge that the studied department at Ericsson experiences with
the usage of automated test cases is to shorten the test time and at the
same time balance the investment on hardware resources and test equip-
ment. The benefit of having more hardware resources and test equipment is
that it allows for more parallel testing which results in a shorter test time.
On the other hand, continuously buying new hardware and test equipment
will result in an increased cost for the organization and the development of
software. As it looks today, the test lab containing all the test equipment is
fully booked at all times which has lead to Ericsson buying new hardware
resources and test equipment. The main issue that is experienced at the
studied department at Ericsson is that the utilization of the resources that
are booked is unknown. This raises a problem regarding the investment on
new resources, where there is no concrete feedback regarding the return on
investment. This raises the question of the actual utilization of the resources
and which actions could be taken in order to optimize it.

3



1.1. THESIS PURPOSE 4

1.1 Thesis Purpose
With the introduction of continuous integration at the studied department
at Ericsson, hardware resources for testing purposes have become a coveted
necessity. The department which is responsible for the testing equipment,
has tried to compensate the rising requirements and strain on hardware by
purchasing more and more resources. But the requirements from the divi-
sions at Ericsson are still not met. This problem is believed to result in
delays as tests can not be conducted at short notice. They believed that
systematic overbooking of the hardware resources occurs, as to make sure
resources are available when the integration has to be done. Ericsson tried
to address this issue by making stricter booking guidelines. However, the
issue still existed and even though the amount of hardware resources was
improved, the test lab was still fully booked. This resulted in the question
on how the actual utilization of the resources look like and if some of the
possible idle time could be used for other test.

From this problem the main purpose of this thesis was to identify the
actual utilization of a DUT (Device Under Test) as to make a base for fu-
ture purchases of new resources. A DUT can be described as a router which
the developers use in order to apply and test new software. Interviews and
observations where performed and used as a bases to develop a tool which
is used to measure the utilization. Analyzing the current way of software
development and continuous integration is also included in the purpose of
this thesis.

To complete the purpose, a literature study was conducted, interviews
and observations was preformed as data-collection method, together with a
analysis of the current systems. Lastly, a tool to extract utilization level
and present this data was created.

1.2 Problem statements
There is a level of uncertainty regarding the resource utilization in the test
lab at the studied department at Ericsson. There is a strong interest of
somehow measuring the utilization for a desired period of time and use it as
a basis for future resource investments. The problems that were identified
which were answered in this thesis are:

• Why is a booked DUT not utilized?

– Which measurement method is most efficient regarding the quality
of data it provides?

4



5 CHAPTER 1. INTRODUCTION

– How can resource utilization be defined in this context?

– How can the resource utilization of a DUT be measured?

– How much time of the total booked time of a DUT is not used?

• What effect does the current way of booking a DUT have on the uti-
lization of the DUT?

• How can the resource utilization be improved?

These problems are answered by conducting literature studies of the
important topics regarding this area of subject. A series of interviews and
observations with the users of the test lab at the studied department at
Ericsson was conducted where the results were analyzed and used as data for
the study. The current resource booking system was analyzed and compared
to the literature and the data collection in order to get an understanding of
its effect on the resource utilization. To develop a tool that will be useful
for Ericsson requires a study and understanding of their current software
environment.

1.3 Limitations
The focus of this thesis was to identify methods to measure the resource
utilization of the test lab and create a software tool which measures and
presents the utilization for a decided resource. Since the largest area of
uncertainty regarding the resource utilization is within the development of
automated test-cases as well as manual testing, the thesis was limited to
studying this part.

Ericsson’s test lab consists of a set of hardware resources which work
differently. This thesis was limited to investigate four types of resources in
which all had similar software. The test lab at the studied department at
Ericsson is not only used by developers and testers stationed in Sweden. The
data-collection was limited to the employees stationed in Sweden, Linköping
only. This limitation did affect the outcome of the report since the majority
of the users of the test lab are stationed locally and represent the average
user.

The term utilization is defined in section 5.3 and was used as a basis for
the measurement and creation of the tool. The thesis was limited to these
actions of utilizing a DUT and was not handle any special cases that are
difficult to generalize and take into account in a automated software tool.
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Chapter 2

Theoretical background

There is a large set of necessary theory to understand and to analyze the cen-
tral topics of the thesis. This chapter presents previous research conducted
on relevant topics for the thesis.

2.1 Automated software testing
Software testing is a crucial part of the software development cycle and
aims to test new versions of the software throughout the development pro-
cess. The purpose of the tests is to determine if the changes have affected
the software in a manner which was unwanted, called bugs [6]. According to
Myers et al(2011) [7], software testing stands for approximately 50% of the
time and cost in software projects. Software testing is seen as the part of
software development that researchers has the least knowledge about, partly
because of the low attractiveness of the subject [7]. Myers et al.(2011) [7]
also describes software testing as an area which has become more difficult
and easier at the same time. This is motivated by the amount of devices
using software and the amount of people that rely on software to work cor-
rectly which increases complexity of software testing. It is also more difficult
due to a large spectrum of programming languages. On the other hand, soft-
ware testing is seen as easier because of the large variety of software and
operating system which provides great help for software testers. Software
testing is defined as following:

"Software testing is a process, or series of processes designed to make
sure that computer code does what it was designed to do and, conversely,
that it does not do anything unintended." - Myers et al. (2011)

There are different ways of conducting software testing, where the evolu-
tion of software development and the increase of Agile Software Development
(see chapter 2.4) has lead to a popularity of using automated software test-

6



7 CHAPTER 2. THEORETICAL BACKGROUND

ing. Resource utilization (see chapter 2.3) is an important factor in today’s
software development where developers work with a limited resource bud-
get. It is in the interest of the organization to test software as quickly and
thoroughly as possible which has been one of the main reasons of the usage
of automated software testing [2]. According to Dustin et al.(1999) [2] soft-
ware development organizations realized that manual software testing had
many drawbacks where the largest ones were the cost of conducting them
as well as their scalability. Manual software testing is an approach where
the software tester(s) prepares test cases which is believed to best exercise
the program [8]. The evolution of software development over the past years
resulted in the need of large scale software testing, such as simulation of
thousands of virtual users which is not possible with manual software test-
ing [8]. Automated software testing relies on tools which try to remove the
process of having a tester to manually create test cases [8].

To understand and realize the benefits of automated software testing, it
is best to put it to comparison with manual software testing. Dustin et al.
(2009) [3] identified a set of key differences where some of these differences
also emphasizes the benefits of automated software testing. One of the main
differences is that automated software testing is actually software develop-
ment where the software tester needs to develop tools which are supposed
to automatically generate test cases which is going to exercise the System
Under Test (SUT). These tools are often created using scripts or macro lan-
guages [9]. A benefit that comes with using automated software testing is
that it allows for types of tests to be conducted which are otherwise dif-
ficult or impossible to accomplish with manual software testing [10]. One
example was presented earlier regarding the simulations of thousands of vir-
tual users. Manual software testing is resource-heavy and repetitive where
the test data is manually entered [10]. This would result in an impossible
challenge to handle scalability. The cost of software testing tends to be ap-
proximately 50% of the total cost of an project which means that there is
potentially a lot of money to save by making this process more efficient [7]
[4]. Time is a very important resource in any business. According to Leitner
et al. (2007) [8], automated software tests can perform a large number of
tests in a short amount of time in difference from manual software tests.
An important difference between manual and automated software testing
is that each step of the testing process will be exactly the same for each
iteration of the test. In manual software testing, the first iteration of a test
can be different from the second. This leads to difficulties in production of
compatible quality measures. Since every step is the same for each iteration
of a test with automated software testing, quality metrics can be produced
in order to measure quality and optimize the testing. An important note
is that the automated tests must be repeatable in order to be measurable
[2]. According to Myers et al(2011)[7], manual software testing is not only
time-consuming but may also introduce new bugs into the system. Manual

7



2.2. CONTINUOUS INTEGRATION 8

software testing is also likely to give false-positive and false-negative output
to the tests [10]. An issue that was likely to happen when using manual soft-
ware development was that the software developer did not have confidence
for the tester. Dustin et al. (1999) [2] identified a positive correlation be-
tween automated software testing and an improved partnership between the
software tester and the development team. Since the automated software
tester is required to have similar skills as the software developers, opportu-
nities for collaboration between the two parties are more likely to happen
which increases mutual respect. Automated software testing supports every
phase in the software development cycle, not only the implementation phase
[2]. There are automated software tools which supports i.e. requirement def-
initions and the design phase. Using these tools helps to minimize the effort
and cost of doing tests [2].

It is important to keep in mind that the usage of automated and manual
software testing is complementary to each other. Many organizations use
both approaches since each has a weakness that the other addresses, i.e.
that manual test cases generate depth to the testing while automated test
cases give breadth. [8]

To conclude this chapter, automated software testing is the practice of
developing testing tools which performs test cases on software in order to
determine if it behaves as expected. Automated software testing benefits
software development organizations in many ways, such as saving costs, gen-
erating quality and creating a better relationship between the development
team and the software testers. [8] [2] [3]

2.2 Continuous Integration
The issue of integrating software is not new [11]. New code needs to be
tested in order to ensure that there are no new errors introduced to the
software. The problems that come with integration of software grows as
the project group(s) gets larger. Larger project groups require the need of
software testing in earlier stages at a higher frequency in order for the new
software to be integrated with the already existing one [11]. Projects are
to be delayed if software integrations are made during the last stages of the
project, which in turn leads to several different types of software errors and
quality problems. It is also proven that large integrations at the ending of
a project brings higher costs to the organization and project [11]. Fowler et
al. (2006) [5] argues that continuous integration significantly reduces inte-
gration problems. The definition of Continuous Integration given by Fowler
[5]:

"Continuous Integration is a software development practice where mem-
bers of a team integrate their work frequently, usually each person integrates

8



9 CHAPTER 2. THEORETICAL BACKGROUND

at least daily - leading to multiple integrations per day. Each integration is
verified by an automated build (including tests) to detect integration errors
as quickly as possible. Many teams find that this approach leads to signif-
icantly reduced integration problems and allows a team to develop cohesive
software more rapidly." - Fowler, 2006 [5]

Another definition given is:
"Continuous Integration is the practice of making small well-defined changes

to project’s code base and getting immediate feedback to see whether the test
suites still pass" - Deshpande, Dirk (2008)[12]

Continuous integration originates from the Extreme Programming de-
velopment process and is one of the main principles and practices. This
practice says that integration and testing of software should be done several
times a day. The need for finding a new way to develop software heritages
from to issues and risks of previous software development approaches [13].

"Extreme Programming is a software development discipline that ad-
dresses risk at all level of the development process. Extreme Programming
is also productive, produces high-quality software, and is a lot of fun to exe-
cute" - Beck, and Kent (2000) [13]

Integration of software used to be long and unpredictable procedures
which lead to research of performing this in a better way. Continuous in-
tegration is not the result of complex and expensive tools, but rather an
practice of frequent updates of software. This practice is performed by
the members of the project and are done towards a controlled source code
repository [5]. According to Povlo et al. (2006) [14], continuous integration
allows the software developers to identify errors as they occur. The software
developer can in turn respond to the error directly which is far more benefi-
cial than waiting for software bugs to be detected before the software release.

There are several stages identified to perform continuous integration [5].
To begin with, each individual within the project group needs a copy of the
mainline, which is the source code of the software to work with on the local
machine. This copy can be obtained by using any source code control system
(i.e. Git). It has been shown that it is easier to practice Continuous Integra-
tion using a Continuous Integration server. When the local copy has been
obtained, the developer performs the changes or additions to the code that is
necessary to complete the given task. Continuous Integration requires that
automated test tools are used. The developer may also be required to add
or change automated test which are integrated into the software. Duvall et
al. (2007) [11] also argues for this stage within the Continuous Integration
process and states that private builds of the software should be run in order
to make sure that the changes made by the developer does not break the

9



2.2. CONTINUOUS INTEGRATION 10

mainline code. Once the local source code has been updated, an automated
build is created on the local machine. The source code is compiled and is
seen as good if there are no build or test errors. When this is completed, the
developer is allowed to commit the changes to the remote repository. This
should be done at least once a day [11]. This stage brings an issue regarding
changes that may have occurred to the mainline code while the local version
of the source code has been updated. The developer should update the local
copy with the changes made in the mainline before committing the code. It
is possible for clashes to occur with the new changes to the mainline, and
Fowler (2006) [5] argues that it is the developer’s which is about to commit
code responsibility to handle these clashes. This stage is to be repeated un-
til a successful copy is built. When the commit is successful, another build
needs to be done on the integration machine which is based on the mainline
code. This stage also contains the risk of clash between the mainline and
the local build by the developers. This is usually detected in the earlier
stage mentioned, else it is taken care of by the integration machine. The
developers task is seen as done only when the commit is successful on the
integration machine. It is important to take care of the bugs that are de-
tected as early as possible in the software development process. It has been
shown that the cost of fixing a bug is proportional to its age [14]. Fowler
(2006) [5] concludes that all developers involved in a project uses a shared
stable code base where every developer do code updates that are close to
this base. This results in a stable price of software that works properly and
contains few bugs.

"Less time is spent trying to find bugs because they show up quickly" -
Fowler, 2006.

The intentions of Continuous Integration is not to spend more time and
focus on integrating software, but rather the opposite. The goal is to make
integration a nonevent that completed quickly which leads to more time
being spent on developing software [11]. Continuous Integration is said to
be one of the key elements for supporting an Agile Software Development
environment. Agile Software Development incorporates numerous values,
principles and practices for software development. This concept is further
explained in chapter 2.4.

Using continuous integration brings several benefits to, where some of
them have been mentioned above. Fowler (2006) [5] have identified the
following benefits that comes with the usage of continuous integration in
software development projects;

The main benefit that is described in the literature is that Continuous
Integration removes the time spent on bug tracing. Large integrations often
lead to bugs in code which causes clashes between two or more developers
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code. This is a great benefit since finding these bugs is difficult and takes
valuable time for several developers. The age of the bugs can vary, which
increases the time it takes to detect them. This benefit is strengthen by
Pavlo (2006) [14] which presents a finding of a correlation between the cost
of fixing a bug and the bugs age. Continuous Integration allows bugs to be
detected the same day as they were introduced which leads to quick fixes
of that bug. Duvall et al. (2007) [11] has concluded that various types
of software quality problems and project delays occur when integration of
software is left to be done in late stages of the project. It is also easier to
find the bug since the area of where the bug has occurred greatly reduced.
A important thought to have in mind is that Continuous Integration relies
on testing which does not prove absence of errors.

The literature concludes that the productivity is increased by reducing
time spent on finding bugs, the costs are lowered by fixing the bugs at
early stages and that time the developers can spend more time on actual
development of software rather than integration. [5] [11] [14]

2.3 Resource utilization
There are different business processes in each organization in which each
business process utilizes some resources to perform its related activities [15].
Testing is a crucial phase of software development and is approximated to
take up to 50% of a software projects total resources [16]. This opens for
the potential to optimize the allocation of test-resources and therefore save
a lot of time and money for software companies. According to Huang et al.
(2005) [17], there are two different problems with software testing resource
allocation. These problems are connected to the amount of test-effort and
the reliability. The first problem described regards the minimization of the
number of faults remaining in software given a fixed amount of test-effort
together with a reliability objective. The second problem is to minimize the
amount of test-effort given the number of remaining faults, and a reliability
objective. Software reliability is an important aspect and is defined as fol-
lows:

"Software reliability is defined as the probability of failure-free software
operation for a specified period of time in a specified environment" - Huang,
Lyu (2005)

According to Haeri et al. (2014) [15], organizations invest significant
amounts to acquire, maintain and develop resources. Organizations cannot
reach their goals without utilizing resources, which means that resources are
the tools used to perform business activities and reach organisational goals.
Resource utilization is an important issue in which organizations invest a
large amount of money. In order for this investment to be beneficial for
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the organization, the resources should be utilized efficiently. [15] Resource
utilization efficiency can be defined in various ways, one given definition is:

"The efficiency of resource utilisation is a measure that investigates the
relationship between the amount of resource used and the output of the con-
sidered business process" - Haeri et al. (2013)

The size and location of the organization facilities brings different com-
plexities and challenges to the resource utilization problem. A larger site
brings a broader range of constraints and variables which increases the com-
plexity and amount of challenges [18]. There are different types of con-
straints and variables which all affects the complexity, i.e. communication
means, workforce rate, skill level, working culture etc. Haeri et al. (2014)
[15] propose a work-flow which contains steps to achieve efficient resource
utilization. The first two steps are to identify the main business processes
of the scope as well as the resources which are needed to produce the con-
sidered output. The third step is the data collection in which each resource
should be given an efficiency factor (EF) for a given business process. By ob-
taining the utilization of a given resource in a business process, an efficiency
measure calculation can be done which is the fourth step in the proposed
approach. According to Haeri et al. (2014) [15] it is important to define dif-
ferent resource utilization measures. The physical resource efficiency factor
for a business process can be obtained by dividing the EF with the number
of physical resources that are utilized by that business process. The last
three steps are to detect inefficient resource utilization, and then propose
and prioritize improvements and costs.

2.3.1 Overall Equipment Effectiveness
Overall Equipment Effectiveness (OEE) is an performance measure which
measures the overall equipment efficiency. Performance measurement is im-
portant for organizations and is used as an basis for improvement of activities
[19]. According to Hansen and Robert (2001) [20], OEE was recognized as
a fundamental method for measuring plant performance in the early 1990s.
OEE was often seen as a vague defining measurement. This picture was
changed as the method was practiced by more and more people. Today,
OEE is seen as a standalone and primary method for measuring true perfor-
mance by merging three performance indicators; availability, efficiency, and
quality. In order to apply OEE, bottlenecks, critical process areas and high
expense areas are identified on which OEE is appropriately applied. OEE
is defined as following by De Ron, and Rooda (2005) [19]:

OEE =
Theoretical production time for effective units

total time
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OEE has three generic elements as mentioned above; Availability Effi-
ciency (AE), Performance Efficiency (PE), and Quality Efficiency (QE).
Together, these three gives a total score of the OEE. Availability Efficiency
measures the effectiveness of maintaining tools in a state in which they are
capable of running products, in other words the up-time of the tools. The
Performance Efficiency consists of Operational Efficiency (OE) and Rate Ef-
ficiency (RE) which measures the how effective equipment is utilized. The
Quality Efficiency measures inefficient equipment usage due to low quality
of the items. This is to eliminate scrap, rework and yield loss. Figure 2.1
illustrates the different states which equipment can take in OEE. These are
important in order to understand the elements mentioned above. The states
that are classified as effective states are called productive state, scheduled
down state, and unscheduled down state. [19] [20] [21]

Figure 2.1: OEE equipment states

De Ron, and Rooda (2005)[19], Hansen (2001) [20] and Pomorski (1997)[21]
present definition for these generic elements as well as for OEE which gives
an further explanation of the metrics and their intentions. Theoretical pro-
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duction time means production time seen with strictly theoretical efficient
rates without efficiency losses.

OEE = AE ·(OE ·RE) ·QE where

AE =
Equipment uptime

total time

OE =
Production time

equipment uptime

RE =
Theoretical production time for actual units

production time

QE =
Theoretical production time for effective units

Theoretical production time for actual units

2.3.2 Derived Equipment Effectiveness

According to De Ron, and Rooda (2005) [19], the OEE metric includes the
effect from other equipment when measuring the effectiveness of a certain
equipment.

"Metric OEE measures the effectiveness of equipment including effects
from other equipment in front of and at the end of the equipment of interest.
This means that OEE does not monitor the equipment status but a status
consisting of effects caused by the equipment of interest and other equip-
ment." - [19]

This issue can be addressed by using the derived equipment effectiveness,
called E. The derived equipment effectiveness measures the effectiveness of
the equipment itself. The metric E is defined as following: [19]

E = Y ·R ·A where
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A is the availability which is measured by the fraction between T0 and
Te. The production time T0, which is the amount of the time the equipment
to be measured is actually performing its task. The total effective time Te

is the time which also covers scheduled and unscheduled down time.

A =
T0

Te

The rate factor R is the throughput of equipment compared to the maxi-
mum throughput of that equipment. Effective state of equipment is achieved
even though the equipment to me measured is producing output according
to the specification but at a lower rate than the maximum possible. The
throughput of equipment, N is compared with the maximum throughput of
equipment, Nmax.

R =
N

Nmax

Yield, Y is the fraction of total items that are qualified. Some output
which is given by the equipment may not reach the specification of the prod-
uct in manners of quality. This means that the equipment was used without
yielding any output and therefore not used effectively. NQ is the amount of
items with fulfilled quality.

Y =
NQ

N

OEE may give the same value for different equipment while the value
will differ for E. Depending on the purpose of the measurement, the appro-
priate metric should be chosen. According to Pomorski, Tom (1997) [21],
OEE takes the whole manufacturing environment into account rather than
a specific equipment availability.

2.3.3 Measurement methods
In order to investigate the questions in matter and reach a conclusion which
reflects reality, it is important to measure the important factors of the sys-
tem or software. According to ISO, and IEC (2001) [22], measurement is a
primary tool for system and software life cycle management, as well as mon-
itoring the activities in the project connected to the feasible project plans.
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The software measurement process consists of multiple processes; data col-
lection, analysis, evaluation, and information of project metrics, product
measurement and measurement [23]. In order to understand the word mea-
surement in the given context, the following definitions are important to
have in mind.

"Measurement is a set of operations having the object of determining a
value of measure" - ISO, and IEC (2001)[22]

"A measurement method is a logical sequence of operations, described
generically, used in quantifying an attribute with respect to a specified scale"
- ISO, and IEC (2001)[22]

"A measurement process is an process for establishing, planning, per-
forming, and evaluating measurement within an overall project, enterprise
or organizational measurement structure" - ISO, and IEC (2001)[22]

It is not always trivial what to measure, and in order for an measure-
ment process to give relevant results, it is important to define measurement.
ISO, and IEC (2001) [22] defines three different types of measurements; Base
measure, Derived measure, and Indicator. A base measure is the most ba-
sic way of understanding a measure. It is simply the measurement of an
attribute together with the method of quantifying it. This means that a
base measure only captures information about a single attribute and is in-
dependent of other measures. An example of a base measure can be the
amount of bugs in a given software. A derived measure is dependent on
other measures since it is defined as a function between two or more values
of base measures. These values can be from two or more different attributes,
or from different entities in one attribute. It is often in great interest to use
derived measures to compare different entities. The last defined measure-
ment is the indicator which estimates specified attributes derived from the
model which depend on the defined information needs. The indicator is the
measurement which is to be presented to the measurement users and is used
as a bases for analysis and decision-making. Jacquet, and Abran (1997) [1]
presents an approaches for the measurement process. The general context
of the processes is described as well as a more in-depth explanation for each
step. The process is divided into four steps

2.3.3.1 Step 1: Design of the measurement method

This step is performed before the measurement is done. This step is very
important since it lays the foundation for the entire measurement process.
According to ISO, and IEC (2001) [22], the type of the measurement method
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depends on the nature of the operation used to quantify an attribute. The
design of the measurement method has been divided into four substeps (see
figure 2.2). The first substep considers the matter of knowing what to mea-
sure before designing the measurement method. Therefore, the definition of
the objectives has to be declared. These objectives contains the definition
of what to measure, from which point of view, and the intended uses of
the measurement method. This is strengthen by Zhang (2014) [23] whom
states that an important part of the measurement process is the measure-
ment plan which contains identification of what to measure. The second
substep is to decide on a meta-model which represents the software or sys-
tem in question. This could be a set of reports or lines of code. The entity
types which describes the software must be described in the meta-model as
well as the rules that allow the identification of the entity types. The third
substep is to clearly characterize the concept to be measured. A concept can
be defined differently depending on its nature, wheres some are trivial (i.e.
distance between point A and B) while other brings difficulties (i.e. qual-
ity). In the latter, the concept should be divided into sub-concepts in which
each sub-concept plays a role in the concept. These sub-concepts should
themselves be defined and clarified how to be measured. The fourth and
last substep is to define numerical assignment rules which are based on the
characterization of the concept and the proposed meta-model. This is done
in order to be able to determine if the measurement model is consistently
build. According to ISO, and IEC (2001)[22] there are two different types of
measurement methods; subjective method which is a quantification involv-
ing human judgement, or objective method which quantification is based on
numerical rules. These rules may be decided on through human interaction
or automated means.

17
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Figure 2.2: Measurement Process - Detailed Model [1]

2.3.3.2 Step 2: Application of the measurement method rules

The method that is designed in the first step is applied to software or system.
In order to apply the measurement method the three substeps in figure 2.2
should be followed. The first substep regards the knowledge of the software
or system to measure. Therefore, the first step is to gather documentation
of the software or system. This step is important to carry out in order
to model the software or system. A measurement model is a model which
describes how the software or system to be measured is represented by the
measurement method. The construction of the model uses the meta-model
and rules from the design step in the process as basis. The third and last
step is to apply the numerical assignment rules which are gathered from the
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design step (first step) in the process on the constructed model.

2.3.3.3 Step 3: Measurement result analysis

When the second step is performed, the measurement method produces a
result which is analyzed in this step. This is thanks to the application of
the numerical assignment rules. It is important to document the results in
order to evaluate them. These results should then be evaluated according
to the measurement method defined in order to decide on the quality of the
results.

2.3.3.4 Step 4: Exploitation of the measurement result

The last step in the measurement process is use the results in a desired
way. Since the results might not have been foreseen during the design state,
different ways of using the results may occur. The last step in figure 2.2
shows a set of possibilities to use the result.

2.3.4 Measurement construction
ISO, and IEC (2001) [22] presents a document (see figure 2.3) which can
be used when constructing instances of the measurement model. Figure
2.3 presents the different attributes of the measurement construction model
and what they should contain. The model is constructed by starting off
with agreeing on what information is wanted and what measurement con-
cept to use. This is strengthen by [1] whom also identified these steps as
the first ones in the measurement process. The base measures are agreed on
early and are used as base to define the derived measure and the indicator.
The measurement method involves activities such as counting occurrences
or observing the passage of time. One measurement method may be applied
to several attributes, but each combination of attribute and measurement
method produces a different base measure. The measurement method is
used to measure the base measure. As mentioned earlier, the type of mea-
surement method can be either subjective or objective. A subjective mea-
surement method involves human judgement in quantification, while the
objective measurement method is based on numerical rules. However, these
rules may be implemented via human or automated means. [22] In order
to measure, a scale must be defined together with the type. The derived
measure uses at least two values of base measures and creates a function.
The last defined section in the model is the decision criteria which identifies
thresholds or patterns which are used to determine the need of action or
further investigation of the issue. The decision criteria can also be used as
a description of the level of confidence in the result.
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Figure 2.3: Measurement construct model with examples
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2.4 Agile software development
A software development method or process can be described as the process
of steps that is taken through the process of creating a software. The goal
is to improve the quality of the software where usage of different methods
improves this aspects in different ways. The idea is thus to i.e improve devel-
opment speed, lower the risk involved, improve bug finding ability, improve
maintainability, reduce cost, and improve overall testability. [24]
Agile development was found as a response to earlier development methods
shortfalls and weaknesses, i.e. the waterfall method. Developers wanted a
method that was good at handling change. The waterfall model follows a
sequential design process and works well when the costumers know what to
expect out of the project. The waterfall model is document oriented which
causes decrease of possible impact of sudden workforce disappearance and
new workers can quickly jump into the project. Waterfall method is docu-
ment oriented in the sense that it emphasis the documentation of each task
before thy are started. This method did not fit everyone as fast development
and quick feedback was more important in some areas. Agile method is a in-
cremental method that focuses on quick feedback and many implementation
phases. After each phase the implementation is evaluated and tests are per-
formed. As each phase is small, bugs can be found early which makes them
easier to correct. After each phase it is also easy to get customer feedback
and possible ambiguities between the team and customer can be cleared. [25]

The agile manifesto is a collection of values and thoughts agreed upon
during a software development and methodology conference 2001 and is used
as a basis for agile development. It all started with several different inde-
pendent developers, finally agreeing on four points that underline the Agile
software development methodology. [26]
The key concept of Agile development state the importance of communi-
cation between co-workers and customers. It is the more important that
developers produce working software rather then creating documents. Fur-
ther it is more important to keep a good customer relation and be open for
changes then being a contract slave and focus on negotiating the terms of
the contract. Being open minded and be open for changes leads to better
risk management and is preferred over strictly following a plan. [27]

There are several reasons why to go agile. Researchers has seen a posi-
tive impact on productivity, maintainability and communication. As testing
is done throughout the development, bugs will be found and taken care of
between each phase making development both more likely to work correctly
and that it is delivered at time. Another benefit is that bugs will not be
found just before the release of the project, but rather throughout the whole
project development cycle. After each phase, priorities for project can be
evaluated and changes can be made to ensure customer satisfaction. Cos-
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tumer input and changes are not frowned upon but expected, and can lead
to a better relation between customer and development team. As phases are
kept small, changes and new features can easily be added to meet market
changes. [28]

There are some aspects of agile development that has potential of dampen
the software development process. As there is a big aspect off specifying
properties of the design in late stages, it can be problematic in some indus-
tries with imposed regulations. It can also be a problem if the customer
changes mind all too often. Requirements can in agile development be col-
lected through so called user stories. A user of a system describes their
problems and activates. A solution too this is then proposed and developed.
This can result in narrow systems that has no abstractions. As features
are added incrementally, it is not always easy to track dependencies in the
design and can make the system harder to understand. Agile promotes self-
organized teams which is according to teams which has used the method
very effective. The aspect of not being document heavy when going ag-
ile might speed up the development process. However, a lot of customers
requires extensive documentation and verification that a program follows
certain standards. [29]

Four of the larger software development methods that embraced the ag-
ile principles are, Extreme Programing (XP), Lean Software Development,
Scrum and Crystal.

Extreme programing is in essence the first agile method and started the
thinking on possibilities of an agile environment. The main idea is to in-
crement and then simplify. The method has lost its golden age as the light
has moved more towards the scrum method. Many of the practices that
originated from XP are common in other methods. The idea of tests as a
resource and preforming continuous integration has come from XP. Extreme
programing is extreme in the sense that it leaves nothing for compromise,
what is stated in XP should also be done. The reason for XP was that peo-
ple noticed how good of an idea it was to do code review, leading to the use
of pair programing and continues review. The positive impact of testing was
also highlighted, making developers to us unit tests and test driven develop-
ment. Additionally the idea that a good design should be used throughout
the system lead to the re-factoring idea. XP further advocates an open work
environment and collective code ownership. [29]

Scrum has become one of the bigger agile methods in later years. The
usage of scrum at companies differs from each other and from the main
idea with the regards of implementation of concepts from XP. The subject
of Scrum is widely researched and there are many tutorials and notes on
scrum available from Scrum Alliance. In Scrum the main concept is that
change is only allowed between each iteration. In Scrum, so called sprints
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are planned where each day starts with short daily meetings to make track-
ing of process easy. Additionally it is important to define when a task is
done as to make sure clear progress traceable. The process is also tracked
through a task board and a burn-down chart. After each sprint the process
and the sprint is evaluated as to prepare for the next sprint. [29]

Crystal is an agile development method that describes projects through
two dimensions, its size and its critically. A central part of Crystal is com-
munication. The idea is an environment where problems can be answered
quickly through its communication. Project members are encouraged to
give opinions and to question co-workers. Crystal lays emphasis on frequent
deliveries, meaning that runnable code is showed to user, as to get feedback
and improvement input. These users are preferably expert users, which is a
user with the knowledge of the domain. The crystal methodology believes
in focusing on one task at the time, making participants focus on one thing,
instead of dividing the attention on many. [29]

The idea behind Lean software development came from Toyota’s imple-
mentation of lean manufacturing. The idea of both is to reduce the waste
in production. In the sense of software development waste implies on things
that is not used or delivered to the customer. Additionally Lean-advocates
believe that unnecessary detailed documentation, extra features that are
unlikely to be used, waiting time created from other teams and unnecessary
management activities is seen as waste. In Lean it is important to learn
through trial and error. To lower the impact of late change in a project,
Lean methodology-advocates believe that design decisions should be done
as late as possible in the process. Fast delivery is also a Lean principle and
entails, as all agile practices, to make small iterations and produce workable
code that can be showed and generate feedback. As in agile, keeping the
team independent with low involvement of managers is motivated. [29]

2.4.1 Ericsson and Agile Software Development
At the studied department at Ericsson, the users of the system under eval-
uation works in either one and a half or two week sprints. These sprints
can be in different phases of the development process. A project usually
starts off by doing some sort of pre-study to the case in which the team is
going to work with. The purpose of the pre-study is for the team to get a
general understanding and increased knowledge of what to implement. The
pre-study contains analysis and reading of project specifications, project re-
quirements, project constraints, test plans, and other relevant documents.
The pre-study can be done by the whole team or by a few members. The
next phase conducted, is to create user stories, which can be used as a basis
for the created tasks. The teams creates strategies and plans the implemen-
tation and testing of the user-stories. The tasks that are derived from the
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user-stories can be implementation tasks or testing tasks. The next phases
are sprints where a number of the different tasked identified are completed
in each sprint.

2.5 Qualitative or quantitative research
There are two types of research categories which uses different approaches
and have different purposes. These two categories are qualitative research
and quantitative research. The qualitative research is an approach that ex-
amines people’s experience in detail regarding a subject by using a specific
set of methods [30]. There are various methods that can be used, i.e. qual-
itative interviews and observations which are explained in chapter 2.7 and
2.8. Hennink et al. (2010) [30] argues that it takes more than practicing
these methods to perform qualitative research. The main features of qual-
itative research is that it allows the researcher to understand and identify
issues from the participants point of view [30]. This is called the interpretive
approach where the researcher needs to be flexible, open-minded and willing
to listen to the participants story in order to derive necessary information
[30]. Bryman (2012)[31] describes qualitative research as "a research strat-
egy with focus on the words rather than numbers in data collection and
analysis". The objective of conducting qualitative research is to get detailed
understanding of underlying reasons and motivations regarding an issue [30].

Quantitative research is the opposite of qualitative research and aims
to gather as much numeric data as possible. To conduct quantitative re-
search, different methods could be applied. Typical methods are structured
interviews (explained in chapter 2.7) and surveys which are very effective
for gathering large portions of numeric data. Different from qualitative re-
search, quantitative research is done on a portion of participants with the
objective to quantify data and draw conclusions of the results. The purpose
of quantitative research is to measure and quantify a problem with the ex-
pectations that the result can be generalized to a broader population [30].
Quantitative research is by some described as an empirical or statistical
study Some researchers argue that one does not have to chose one of these
approaches, but rather sees the approaches over an interactive continuum
which allows researches who are in need of both quality and quantity [32].

2.6 Reliability and validity
An important aspect of the conduction of an research is the construct(s)
that are connected to the research. Constructs are labels of the social real-
ity and are seen as important, i.e. culture, lifestyle, structure, intellect etc
[31]. Researchers aims to measure these constructs in some way. A good
example of this the IQ measure which is a measurement for intellect. These
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constructs can vary depending on the area of field the research is to be con-
ducted in. Reliability and validity are two different and important criterion’s
when evaluating social research and the measurements of constructs [31].

Reliability can be split into a number of important factors. The first
one is stability or consistency. This criteria evaluates the consistency of a
measurement, which means that the result of a research should be similar if
it is conducted twice [33]. The stability can be tested by performing "test-
retest" which allows a group perform a test at two different points in time.
If the result of the test deviates too much between the two points in time,
it is seen as unstable and therefore the data collected from the participants
is seen as unreliable and vice versa [31]. This way of evaluating reliability
brings some issues and challenges. If the difference in time between the
"test-retest" is too big, changes in the environment or about the topic on
which the test is conducted may have changed which in fact should generate
different answers from the participants [31]. This means that the reliability
may not be affected by the answers being different. Inner reliability is an-
other factor which concerns the scale or index of the questions asked during
the data collection. These indexes may not be related and the results are
therefore difficult to aggregate [31].

The purpose of the validity criteria is to determine if the research truly
measures what it intended to measure [33]. It also determines how truthful
the research is. Bryman (2012) [31] draws the parallel to students who
claim that their answers on an exam does not reflect on whether the course
syllabus was achieved or not. This would mean that the validity is low.
According to Bryman (2012)[31], there are several different types of validity
which all measures the validity of an research in different ways. The face
validity is an intuitive process which is specially necessary when developing
new measurements for constructs or research. Experts within a certain area
can be consulted to find out if a certain measure seems to reflect the area of
the research or construct. Concurrent validity adds a criteria in which the
participants of the research differs from one another. This criteria has to be
relevant for the research and is seen as a potential measurement for a specific
construct in a research. For the researcher to determine the concurrent
validity of the added criteria, correlation between the results of the criteria
and the results is extracted. This correlation is used to answer if the criteria
actually measures the construct. A version of concurrent validity is the
predictive validity where the researcher uses a future criteria to measure a
construct. The construct validity determines the validity a measure which
is deduced from a theory. This is one of the main types of validity which
is based on the basic definition of validity. The last type of validity is the
convergent validity where the validity of a measure should be determined
from an comparison with other measures of the same construct.

A summary of these two types of evaluation of measurements;
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"Reliability is the extent to which results are consistent over time and
an accurate representation of the total population under study is referred to
as reliability and if the results of a study can be reproduced under a similar
methodology, then the research instrument is considered to be reliable." -
Golafshani (2012)

"Validity determines whether the research truly measures that which it
was intended to measure or how truthful the research results are. - Golafshani
(2012)

2.7 Research interviews
The interview has a common occurrence in the daily life and it is recognized
by most people. There are many different types of interviews which takes
place in different situations. This report focuses on the research interview.
The research interview is an eminent data-collection strategy which aims to
elicit all manner of information, such as ways of working, norms, etc. and
is a technique used to understand the experience of the participants [31].
There are different types of research interviews which all have benefits and
drawbacks. The most used and well-known type is the structured interview
which is mostly used for survey studies with a purpose to achieve quantity
rather than quality. The structured interview uses an interview schedule
which is created by the interviewer. This schedule is to be followed for each
interview that is to be conducted where each question is asked in the same
order with the same context given to the participant [31]. The questions
that are given to the participants are usually very specific and the answers
that can be given to a question are usually in a fixed range. These types
of questions are called closed choice questions. This method brings several
benefits which makes this method effective to use for quantitative research.
One of the main benefits using structured interviews with closed questions
is that the variation in the participants answers can be reduced. Using this
method also allows the interviewer(s) to not focus on writing down every-
thing the participant says in order to get an answer on the question. It also
eliminates the issue of misinterpretation of an answer that is given by the
participant. Another benefit that is very important is that closed question
significantly reduces the time to process the collected data. [31]

On the other hand, this method brings a set of drawbacks which makes
this method useless in some cases. In a qualitative interview, the partic-
ipant is free to discuss and respond to the question in different directions
because this gives the information that is most relevant and important to
the participant regarding a specific question. In a structured interview, this
is mostly seen as a disturbance which should be avoided [31]. This also lets
the interviewer to know less about the expected answers from the partici-
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pants and can focus on gathering as much information as possible which can
be processed after the interview. Another issue with the structured inter-
view is that the participant responds to the question in a manner of what
is "social desirable", which means that the responses tend to be controlled
by the participants perception of what is desirable [31]. This can affect the
results of the interview which may not reflect the reality. [31]

Another major type of interview is the qualitative interview which is
less structured than the structured interview and is often use for qualitative
research. There are two common types of the qualitative interview; the un-
structured interview and the semi-structured interview. The unstructured
interview is often described to be similar to a regular conversation. The
interviewer decides on a number of themes which are to be asked during the
interview. The participant can associate freely and respond to the question
in any direction wanted [31]. The interviewer responds to the interesting
points made by the participant with a follow up question to gather more
information about what the interviewer finds most relevant to the research
[31]. The semi-structured interview has a more specific set of themes that
the interviewer wants to cover. The questions do not need to be asked in
the same order and the interviewer can ask follow up questions which are
not planned before [31]. The semi-structured interview has an order that
is predetermined to some degree but at the same time ensures flexibility
which allows the participant to respond freely. [34] These types of inter-
views catches the participants perception regarding an area rather than just
an answer to a specific question.

In qualitative interviews, the answers from the participants are usually
much longer and can contain a lot of information which may not be written
down during the interview. It is therefore important to record the interview
which allows the interviewer(s) to go back and listen to what has been said
during the interview [31]. Qualitative interviews brings benefits and draw-
backs which makes them more suitable in some scenarios than others. There
are several benefits, where some of them have been mentioned. One of the
main benefits is that qualitative interviews provides reliable and comparable
qualitative data [35]. This type of interview also allows for the interviewer to
ask follow-up questions to interesting points brought up by the participant
which may otherwise have been left out from the data that is being collected.

The drawbacks that comes with using this method is the processing of
data which usually takes longer time than using a structured interview. It
also allows for misinterpretation by the interviewer which can give false data
to the research. This method is usually more expensive regarding time which
in turn costs more money. These type of interviews are usually conducted
on a small group of people. Some researchers argue that this makes the
study difficult to generalize with the argument that only a small group of
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people in a specific setting take place in a study and therefore the result can
not be generalized [31]. The drawbacks of qualitative interviews goes hand
in hand with the drawbacks of qualitative research which are mentioned in
chapter 2.5. [31]

2.7.1 Formulation of interview questions
Formulating the right questions before an interview can mean the success or
downfall of an interview session. Participants can outright leave the room
if questions are not thought through and formulated in the right way [36].
When designing questions for an interview, the first choice will be to deter-
mine if the questions should be of open-ended or closed character. With a
closed question, there is a fix number of answers the participant can give.
With an open-ended question, the participant has more room to give an an-
swer [31]. However, the participant may decide to respond to the question
in a way which is not wanted for the interview, which can result in spread
answers between the participants and it might be hard to aggregate the
results. The answers of these types of questions also have the tendency to
become long and take up a lot of the allocated time [31]. Leech (2002) [36]
recommends the interviewer to act knowledgeable but not more so then the
one being interviewed. Leech (2002) [36] further states that it is important
to remember that the participants are likely to be more nervous then the
interviewer. The participant might never have been in an academic research
before and she states that, approaching the participant in an open and as
nonthreatening way as possible can ease this nervousness.

After each question has been answered, it can be wise to go through the
answer in one sentence as to make sure the answer is not misinterpreted. If
there are uncertainties of what the participant mean it is better to ask what
the usage of the subject in question is, rather then what the participant
mean by the statement. The order questions come in can also have an im-
pact on the responsiveness of the participant. Asking the easy questions first
will get the participants warmed up and make the more difficult questions
easier to be answered. If the interest lays in creating a demographic rep-
resentation of the participants, it is best to leave this information until the
end of the interview in order to not make the participants uncomfortable.
If there is a question of sensitive character it is recommended to ask these
types of questions in the later stages of the interview. Grand tour questions
invite the participant to take the interviewer on a tour on a typical day or
within a subject they know well. This has the positive effect of giving a lot
of information and is still fairly structured. When preparing the questions
for an interview, it is not recommended to ask questions that are easily re-
search able. This can alienate the participant. These type of questions are
only good to use in the case of verifying the reliability of used sources. [36]
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When doing interview questions it is important to ask one question at a
time. Asking multiple questions at a time can have the effect of only getting
one of the questions answered. If a question is too general, participants
might not know what to answer as the question can generate a number of
different types responses. As the goal for an interview is to gain a correct
representation of a given field it is important to not ask questions that lead
the participant towards a view on the subject. It is also important to avoid
negations in the question as this can easily create uncertainties and misslead
the participant. Further it is good to think about the level of language the
participant handles. As such, it is recommended to use everyday language
and not a technical language. [31]

2.8 Observations
There are many types of observation techniques used in social research cir-
cles. The main concept though entails an researcher observing the behavior
of, people or system under study, first hand, instead of through secondary
accounts in the form of questionnaires [31] . Observation also makes it pos-
sible in the conjunction of interviews to make sure that the data collected
form interviews represents the reality. Observations also provides the re-
searchers an opportunity to gather information that is otherwise difficult to
collect. The observer has a choice of what to observe making data gathered
somewhat bias [37]. Even though new important information can be found
there is the constant disadvantage of not being able to control the environ-
ment and variables that can affect the data (Bailey, Kenneth, 2008).

The observer can either participate in the environment in so called par-
ticipating observations, or observe the person(s) of interest from a distance,
so called non-participant observation [31]. The observation can further be
divided into structured or unstructured observations [31]. Observation can
either be done with participants knowing that they are observed or it can
be done in secret from the participants. Conducting an observation in its
natural setting, with participants completely unknowing of that they are be-
ing observed is a mean feet. It can be difficult staying in the same room as
a group being observed without questions arising or participants behaving
differently. On the other hand, if participants know they are being observed
can also trigger different behavior. (Bailey, Kenneth, 2008)

In participating observation the researcher partake in activities entailing
the subject of interest. The observer follows the person(s) of interest and
observes their behavior when they conduct the activity and can easily ask
questions to get a deeper understanding. Bryman [31] divided the level of
participation from the observers side into six levels:

• Covert full member: The group of interest has no idea who the
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researcher is. e.g. a researcher covertly work as a fellow office worker.

• Overt full member: Difference to Covert member is that the re-
searcher is known.

• Participating observer: The researcher partake in the core activities
but is not a full member.

• Partially participating observer: The researcher partake in core
activities but also uses other sources for data collection.

• Minimal participating observer: Researcher observes the object
of interest, but keep the participation part of activities to a minimum.
the data gathered may be the main source of data but is often com-
plemented with other sources.

• Non-participating observer with interaction: observes but do
not partake in activities. Interaction is only conducted through inter-
views.

Participating observation has a twofold advantage, the data collected has
the potential of being of higher quality as the researcher can get in contact
with aspects, which is otherwise difficult to get to. This method also works
as a analysis tool as the researcher unknowingly or knowingly is affected by
the experience and thereby affects the interpretation of the data. This is
also a negative aspect as important can be overlooked if the researcher gets
to deep into the participation. The method also takes a lot of time as work
has to be done beforehand as to make a smooth insertion. There is also
the aspect that intervening in activities may lead to activities directed in a
direction which is otherwise unlikely to occur. [38]

In non-participating observation the researcher does not participate in
activities. This are good if it is crucial to not intervene in activates but will
automatically have the drawback that unclear actions can not be clarified.
Structured observation are often conducted as non-participating observation
where the researcher uses strict rules when observing behavior. Each round
of observation follows the same rules as to make sure that the data collected
can easily be converted into numerical data. Following rules also makes it
easier for researchers to identify the behavior they should be looking for.
This method has not become overly popular and is mostly used in specific
research areas. An example on a good use case is when observing inter-
action between school pupils and when they interact with their teachers.
Structured observation has been criticized for not registering the context
of a behavior, more on that the behavior has occurred. The data collected
tends to be fragmented making it harder to get a good picture. The method
also has the potential of creating a narrow and wrong representation of the
subject of interest, epically if the subject in question is unknowing by the
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researchers. [31]

Unstructured observation does not use the same rules as structured. This
method aims to put the observer in a situation with no predetermined mind-
set of what can be expected to be observed. This technique does not require
as much preparation time as structured but requires more time afterwards
when analysing the data collected. This data in turn can be massive, and
knowing what data is relevant has its difficulties.

According to Bailey, Kenneth (2008) [39], observations conducted in nat-
ural environment, are often of the unstructured participating kind. Bailey
further states that none participating observations are good in a more arti-
ficial environment where observers can be undetected.
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Chapter 3

Method

The methods chosen for the qualitative data-collection was semi-structured
interviews and participating observations. Further, the measurement con-
struction model presented by ISO, and IEC (2001) [22] was chosen in order
to plan the measurement process. Since the purpose of the thesis was to
measure the utilization of a single resource type, the derived equipment
effectiveness measure was chosen over the OEE-model.

3.1 Choice of method
A crucial part of this thesis was to acquire the correct information about
the system and how it is utilized today. The data-collection consists of dif-
ferent stages, which require different methods. The qualitative research was
acquired through interviews and observations with expert users. In order to
set a basis for the data-collection, the measurement process, and the per-
formance measurement had to be defined. This section will motivate the
choice of measurement methods and how they are constructed. To con-
clude, to gain the necessary data required for this thesis it was decided to
use semi-structured interviews with the help of recorder and notes, comple-
mented by participating observation. The performance measurement model
that was chosen was the Derived Equipment Effectiveness (E) which is com-
plemented by the measurement construction model presented by ISO, and
IEC (2001).[22]

3.1.1 Interview
Deciding on what methods that suits the situation best and doing the nec-
essary pre-work can be as crucial as doing the data collection, with no foun-
dation the house is unlikely to stand. The goal with the interviews was
not to get a numerical value to some expected behavior, which ruled out
the usage of quantitative interviews as method of choice. Further our pool
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of possible participants could be argued as being to small. Making use of
follow up questions to participants answers opened up the possibility to get
a deeper answers from the interviewed people. Having no structure at all,
and letting the participants talk completely freely did not seam as a viable
options due to the lack of control of the answers all together. Even though
this could have worked there was questions that should be answered during
the interview, regarding resource utilization, which necessitated some sort
of structure, to make sure all participants answered those questions. As the
answers can get long, notes would be complemented with a recording of each
interview.

3.1.2 Observation
During the research project at a department at Ericsson, no predetermined
expectations regarding way of work nor knowledge about the environment
existed beforehand. Due to this, conducting a systematic observation could
quickly be ruled out. This left the alternative of doing some sort of partici-
pating observation. This choice could further be justified from the possibil-
ity that different actions and behaviors conducted by the developers at the
studied department at Ericsson, best could be answered through a direct
question. The goal of the observation was to gain an understanding of how
the people at the studied department at Ericsson used the system and not
to prove an earlier stated hypothesis. The level of participation has been
chosen to fall into the category "partially participating observation". This
choice has been made as to require low pre-knowledge of the system but still
have a good ability to ask questions when those arose. Doing an observation
completely overt seamed as inefficient as it requires a lot of preparation and
would be hard to conduct, as tests can be performed from all around the
world.

3.2 Implementation of method
As mentioned earlier, the formulation of the questions that are asked during
an interview is important and will reflect on the outcome. Therefore, a
presentation of the questions asked during the interview with a motivation
is covered in this section followed by the conduction of the interviews.

3.2.1 Interview questions
A semi-structured interview was chosen since the goal was to get an qualita-
tive data-collection without having an deep understanding about the system
and environment in question. The questions that were asked during the in-
terview were the following:

• "How does the software development cycle look like in your
project group?" - This question was asked to get a general picture
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of the participants way of working as well, how their testing phase
looked like.

– Does this effect the way of booking and using a TCU03/DUS?
- This was interesting to know in order to see if the general way
of developing software affects the issue of resource booking and
utilization.

• "How do you experience the situation regarding the booking
and utilization of a TCU03/DUS?" - This question allowed the
participant give his/hers general opinion on the situation.

• "How would you define utilization of a TCU03/DUS"? - In
order to evaluate and create a tool which measures the actual resource
utilization, a definition was needed. Therefore it was interesting to get
an understanding of the users view on the matter.

– Is there any process or activity that is always performed in the
beginning and at the ending of a test case? - This was very helpful
for the measurement phase.

– Is there any relevant information regarding the utilization of a
TCU03/DUS that can be extracted from the logs? - This was
also important information for the measurement phase

– Are you always logged on to the DUT when you are using it?

– Is the test case always executed from JCAT or can it be done in
a different way?

• "What is the general thought-process and planning when
booking a TCU03/DUS?" - It was interesting to understand the
participants way of thinking when booking test tools in the test lab.
This question was asked to gather cases such as over-booking etc.

• "What is your general understanding of the utilization of
a TCU03/DUS in comparison to the booked time?" - The
participants may or may not experience that the test lab was over-
booked. This question was asked to get their understanding of the
actual utilization of the test resources.

• "What is your thought of the booking system and booking
rules that are used to book a TCU03/DUS?" - There are rules
to follow when booking resources at the test lab. It was interesting to
get an understanding of how these rules are followed, and how they
affected the booking process in the development teams. It was also
interesting to get an understanding of how the outlook of the current
booking system affected the booking process.
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• "Do you experience any bottlenecks in the process of booking
and using a TCU03/DUS?" - The users might experience bottle-
necks in different parts of the process which may be difficult to measure
from the outside.

• "How often do you reinstall/restart a TCU03/DUS?"

• "How would you describe a test session which yields qual-
itative information to you?" - The importance of this question
is connected to the derived equipment effectiveness where the yield
Y is measured by the amount of output from the resource meets the
expected quality requirements.

– What information is important?

3.2.2 Conducting the observation
As mentioned earlier, the choice of observation method was a participating
observation with a low level of participation. The basic idea was to let the
participant show a typical use-case scenario of a DUT. Since the level of
knowledge of the subject was low, there was no predetermined categories to
observe but goal was rather to collect as much information as possible. Since
the goal of the observation was to acquire information of how a DUT was
typically used, some questions were asked during the observation. The data
was recorded with notes and complemented with added information about
the observed behavior. The focus of the observation was on understanding
how the testing was conducted with a DUT. The information acquired was
complemented with the information gained from the interviews in order to
get a general picture of the matter.
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3.2.3 Constructing the measurement model
In order to identify the actual information needed to be measured together
with the important aspects needed to acquire this information, the method
of choice was the measurement construct presented by ISO, and IEC (2001)
[22] (see figure 3.1. The main information needed from the measurements
was to understand the actual utilization of the resources in Ericsson’s test
lab. Since the test lab consists of a large set of different test resources, the
scope had to be reduced in order to make the measurement process realiz-
able. Therefore, the concept to measure was the utilization of specific test
lab resources. Two relevant entities were identified in order to acquire the
wanted information. The first one was to understand the actual utilization
of a booked DUT, and the other one to understand how the booking of a
DUT looked like. These entities were relevant since the measurement of the
utilization of a specific resource needed to be put in relation to the book-
ing of the resource in question. The attributes are a characteristic of the
entity and are intended to quantify the entities that are defined. In order
to understand the utilization of a booked resource, the time of user sessions
or the time of traffic being uploaded was recorded. This reflects on the two
first attributes defined in the measurement construction. The third and last
identified attribute was the amount of booking entries and their time length.
This attribute reflects to the second entity.

A base measure is a measure defined in terms of an attribute together
with a method of giving it a value. Therefore, one base measure have been
assigned for each attribute. The first one is the user time logged in on a
DUT. This was intended to measure the user sessions on booked resources.
The second base measure had the same intentions as the first one with the
only difference of what to actually measure. The second base measure, mea-
sured the amount of time traffic was uploaded from a DUT. The last base
measure corresponds to the third attribute, and measured the amount of
sessions together with the session lengths of a DUT. This information was
needed in order to receive relevant results. Knowing the time a DUT is
booked was important and relevant because the intentions of the measure-
ment was understand if booked resources are not used. As presented in
the literature, there are two types of measurement methods. The choice of
method type for this measurement process was objective, since the quan-
tification was based on numerical rules rather then on human judgement.
The type of scale chosen was ratio, because the values have equal distances,
which correspond to equal quantities of the attribute. Since time was mea-
sured in each of the attributes, the unit of measurement is hours. When
measuring the time of uploading traffic, the traffic itself must be measured.
The derived measure was an important factor of the measurement construc-
tion and creates a function of two or more values of base measures. The
interesting information to measure was the resource utilization of a booked
DUT. Therefore, two functions of measurement were defined. Each function
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takes on values from two attributes. The first one was to divide the time of
a user session during booked time, with the total booked time by that user.
These values came from attribute 1.1 and 2.1 (see figure 3.1). The other
measurement function was a division between the time of uploaded traffic
during booked time and the total amount of booked time. These were val-
ues from attribute 1.2 and 2.1 (see figure 3.1. The indicator is the basis for
analysis and decision-making. Since a DUT is used in many different occa-
sions, in which each actual utility differs, the indicator was defined as the
average utilization. The model for the combined derived measures was the
average utilization which is an value that corresponds to the average time
of utilization of a DUT given the total booked time of a DUT. The last field
in the measurement construction is the decision criteria, which determines
numerical threshold which are used to interpret the results. If the average
utilized time of a DUT was to low in comparison to the booked time of a
DUT, actions are called for.
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Figure 3.1: Measurement model for the utilization of a DUT
38



39 CHAPTER 3. METHOD

3.2.4 Performance measurement
The theory presented two different approaches of measuring performance.
OEE is an approach which measures the overall equipment efficiency, which
means that the metric includes the effect from other equipment when mea-
suring the effectiveness of a specific equipment. The scope of this thesis has
been set to measuring the utilization of a specific resource which means that
this way of measuring the performance would require the inclusion of effects
from other resources as well. The other approach presented by [19] was the
Derived Equipment Effectiveness, called E which measures the effectiveness
of the equipment itself. Since the purpose of the thesis was to identify the
actual utilization of the test lab, in comparison to the time booked of the
resource, the definitions of the proposed performance measure has to be
modified. The derived equipment effectiveness was defined as following [19]:

E = Y ·R ·A where

A =
T0

Te

The definition of the availability, A, is slightly changed in order to pro-
vide the correct measurement of the performance. The production time, T0

is still the amount of time the resource in question is actually utilized. The
total effective time, Te on the other hand is the total time the resource is
booked by a specific user or unit group.

R =
N

Nmax

The rate factor uses the same definition as given by De Ron, Rooda
(2005). [19] The throughput, N is the amount of tests cases conducted in a
given time unit by the given resource which is compared to Nmax which is
the theoretical maximum of test cases given for a time unit.

Y =
NQ

N

In order to decide on the effectiveness, it is in great interest to understand
the quality of the output given by the specific resource. Since the resource
in this case does not yield a concrete product, but rather conducts test cases
which can either succeed or fail, the definition must be edited. A resource
which performs a set of test cases on given software is not necessarily used
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ineffectively if the software does not pass the test. Therefore, NQ is redefined
as the number of test cases that needs to be remade because of inconclusive
results or other reasons for not being able to interpret the results.
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3.3 Evaluation of method
The theoretical background included several different methods for different
areas of the thesis in which different results and findings could be found
depending on the chosen method.

3.3.1 Reliability and validity in the conducted inter-
views

In order to evaluate the interviews, the reliability and validity criterion’s of
the interview results must be presented and discussed. There were a total
of twelve participants in the interviews, where all were currently stationed
in Linköping. Ten out of the twelve participants worked with Product De-
velopment (PD) while the other two worked with System Verification (SV).
The participants were from different teams, had different tasks and different
experiences. In order to evaluate the reliability of the interviews, it must be
understood that there where no time or other available resources to perform
a test-retest. The consistency of the interviews can be seen as quite high,
since the issue has existed for a longer period of time where the developers
and managers at the studied department at Ericsson wanted this problem to
be investigated sooner. This is the only indicator which tells that the iden-
tified problem still remains. The consistency can therefore be assumed to
be high. An important factor to take into account is that the entire project
in which the participants work in is getting more and more stable with time
and the amount of DUTs in the lab is increasing. These factors are the
main reasons of why the participants experiences that the whole situation is
slightly improving over time. This would probably mean that the answers
from the participants would be a bit different in six months, but would be
because of the changes in the environment. The inner reliability concerns
the index or the scale of the questions asked during the interviews. The
conducted interview was semi-structured with open-ended questions. The
participants had the liberty of responding to the question in any way wanted
within the boundaries of the question-theme. The responses where therefore
easy to aggregate and connect to each theme presented in the results (see
section 5.2).

The purpose of this thesis is to understand the current ways of booking
and utilizing the DUTs and to create a software tool which is used to measure
the current utilization of them. The purpose of the interviews was to get a
the developers understanding of the issue, and their current way of booking
and utilizing the resources. The questions where highly connected to the
purpose of the thesis with the goal to retrieve this information (see section
3.2.1). The validity metric determines whether the research truly measures
that which it was intended to measure, and how truthful the research results
are. Since the questions targeted to understand and acquire the opinions
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on the actual users of the system, the research can be understood to truly
measure what was intended. The participants of the interview are in big
need of having the identified problem improved and hopefully solved. This
means that they have no interest in giving a false image of the reality. The
developers at the studied department at Ericsson would have a great benefit
of eliminating the current issue of under-utilized lab equipment and were
therefore very helpful. The result can be viewed as trustful since the partic-
ipants described the situation as serious where they included misbehaviour
from their own part as well. This increases the validity of the result. The
participants would have nothing to gain from describing the situation as
better or worse than it is which incites them to tell the truth. Another
factor which increases the trustworthiness of the results is that the answers
from the participants were quite similar, even though they worked in differ-
ent departments, different teams, and had different tasks. The resources are
shared with employers at several sites across the world. The trustworthiness
of the results would increase even higher if the research included employees
stationed at different locations.

3.3.2 Evaluation of the interviews
The participants in the interview study where all voluntarily participat-
ing and most from the Linköping office. The other sites are therefor not
represented by these interviews. All the interview participants had good
knowledge of the booking system and devices in the lab, making them a
good source of data. The participants had the time and interest necessary
to participate which creates a possibility that each question was answered
thoroughly and without stress. The answers collected by this way has the
potential of being deeper and more informative, as time is given for contem-
plation.

The data collected from the Linköping site was informative enough that
the main objective with them was deemed completed. Through the inter-
views ideas of how utilization can be defined was derived which was the main
objective with them. Tools and methods that can be used to measure this
usage was also collected and adding to this by interviewing developers from
other sites was deemed redundant. Something that was defiantly missed by
not interviewing the other sites was their way of working and their thoughts
why there is a obvious overbooking of the DUTs.

The number of interviewed participants was only twelve but most of
the answers was quite similar. Additional interviews could have given more
data about possible special use-cases of a DUT but the decided definition
of utilization covers most of the possible usages of a DUT. Taking care of
every special case of usage would be a bigger task then allocated for a mas-
ter thesis and perhaps impossible. There might be possible solutions to the
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utilization problem that have not been highlighted but this is not the main
goal of the thesis.
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The environment at Ericsson

The resource which was studied in this thesis is a small part of an software
development environment at Ericsson, and it is therefore important to get a
general picture of the layout. The resource under investigation is a so called
DUT which aggregates RBS site traffic. In order to get access to a DUT,
a software tester or team must book the DUT through a booking system
which contains a set of booking guide lines. JCAT and Jenkins are two
important tools which are used when testing software.

4.1 Resource under investigation
The test lab at the studied department at Ericsson contains a large set of
different test equipment. The resource which was under investigation in this
thesis is referred to as a Device Under Test (DUT). The DUT is booked by
a software tester or by a software development team and is available dur-
ing the booked time. The DUT can be configured and is restarted and/or
reinstalled during a test in order to test the new code. The DUT is simply
explained as a unit which provides transport network connectivity and is
designed to aggregate multi-standard Radio Base Station (RBS) site traffic.
This means that it aggregates several RBS’s into a single up-link of an RBS
site. The RBS site can contain RBS’s for GSM, WCDMA, LTE, CDMA etc.
The RBS are Ericsson’s base stations and are used in the context of telecom.
The DUT is used to realize a common transmission node for WCDMA, LTE,
and CDMA. It is used in cases where high traffic throughput is required and
gives efficient use of the transport network. Each RBS has allocations of
the DUT. The DUT can be described as a router with a set of ports which
provides different functionality. The DUT is described as providing the fol-
lowing functions:

• Supports backhauling of multi-standard RBSs (including WCDMA,
LTE, and CDMA) over Ethernet with advanced QoS.
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• Shapes traffic functionality, minimizing the requirements on the trans-
port network.

• Provides IP interfaces to RBSs that do not have a native IP interface.

• Provides timing information for the synchronization of RBSs.

The software provides a Managed Object Model (MOM) which is a soft-
ware model of the resource in a node. An instance of the MOM for a
particular node at a particular time can be instantiated by a Management
Information Base (MIB). The MOM can be defined as a set of classes which
represent the configuration and a set of actions which represent the oper-
ations which can be invoked by the user. The MIB provides information
about the status and configuration of the network element together with
the means to configure and monitor resources.

There are several indicators for a DUT which are used to acquire different
information. These three indicators are; Integrity Performance Indicators
(PIs), availability PIs, and Retainability PIs. The Integrity PI shows the
impact on service quality, while the Retainability PIs shows the quality of
resource connectivity. The difference between these two is that the Integrity
PI shows the degree to which a an obtained service is provided without
excessive impairments while the Retainability PI provides information about
the ability of a service to continue to be provided under given conditions
for requested duration. The most interesting indicator for the thesis was
the Availability PI which shows the resource utilization. There are several
formulas which can be used as PIs for availability which provides different
information.

4.2 The participants of the research
There are a number of different departments that uses the booking sys-
tem. Each department consist of teams where the teams consist of around
five people and has different areas of assignments. Areas of assignment can
be implementing features, implement standard-support, creating test cases,
creating new products and testing support functionality etc. The usage of
the lab consist of many parts where developers work differently with the
DUTs.

The interview participants were from different teams, of different age
and had various years of experience at Ericsson. All participants had good
knowledge of how the lab of evaluation worked. There are two of the depart-
ments represented in the interviews, namely, project development(PD) and
system verification(SV). The roles the participants had, differed somewhat
between each participant and represents a wide use-scope of the lab and
booking system. The SV team conduct testing and mostly manual testing.
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In PD the participants are both developers and testers where the code writ-
ten often gets tested by the one creating it. Many of the participants had
additional assignments in the organisation and not just being a developer
and tester. Some of these roles where scrum masters, test leaders, test coor-
dinators, standardizer of JCAT and teacher of how to write good code. The
tests created in PD teams are added to the Jenkins pool whereas software
is integrated in the final product.

4.3 Tools used at Ericsson
There is a large set of tools used at the studied department at Ericsson
within this area of field. The usage of these tools at Ericsson are necessary
to understand in order to get a relevant picture of the environment which is
evaluated. A CI tools that is used at the studied department at Ericsson is
called Jenkins and is used to display current and recently executed builds.
As it looks today, the studied department at Ericsson is about to use a new
booking system. The evaluation of the booking system was done on the
booking system and guidelines currently in use as the new one was not yet
deployed.

4.3.1 LTTng
LTTng(Linux Trace Toolkit next generation) is a tracing tool for Linux based
systems, that is widely used in today’s software industry. The tool works
well with Java and allows developers to get information about components
and their interactions. It is designed to strain system resources as little as
possible and works for all major Linux distributions. [40]

At Ericsson, LTTng is used by some teams to gain test results from a
DUT. The buffer logs are saved in is a circular buffer, meaning that the data
saved is limited and when that limit is reached, oldest logs are overwritten.
According to observation done, the buffers at Ericsson saved around one
hour of logs before being overritten.

4.3.2 JCAT
JCAT (Java Common Auto Tester) is an internally used testing tool for
automated tests in Java that all Ericsson developers can use and contribute
to. JCAT is a tool developed internally and is therefore an internal product.
The tool can be used to test functionality on every level of the product. The
framework provides developers with test cases which can be used or modified.
The main value in JCAT is the community which consists of test automa-
tion experts. The test cases which exists in JCAT can be used by anyone,
therefore the test case developers are also users. The JCAT community is
described as a inner-source community which is similar to a open-source
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community, but within Ericsson. Ericsson had identified two main goals
which are central to the JCAT community, called "share and reuse" and
"align". Share and reuse is important and time saving for the community.
A problem which occurs for a developer is most likely to be solved by some-
one else, and can be reused. The java world consists of plenty open-source
solutions, and so does JCAT which provides inner-source solutions within
Ericsson. The same principles follows for sharing solutions to new problems
which can easily be found and reused by co-workers at Ericsson. The other
goal within the community that is mentioned above is align. Common li-
braries are created from the generalization of a problem which developers
can work on together in order to find a solution. Once a solution is found,
it should align with the community way to avoid the issue of having home-
made solutions to common problems. JCAT helps developer at all levels,
meaning everything from unit testing to testing entire networks. [41]

The JCAT framework consists of a set of components. The main compo-
nent is the JCAT Core, which consists of the libraries which the JCAT users
can use for test automation. There are different versions of JCAT, where
the current stable version is called R3. JCAT R3 provides seven extensions
which can be divided into two groups. The first group provides an API which
is mostly used by developers performing automated test cases. The other
group provides APIs for developers which are responsible for creating and
maintaining the product specific JCAT extension library. Another impor-
tant JCAT component is the Test Statistics, which is a tool that is used as a
central repository of test execution results. The Test Statistics component
also provides an interface which can send the data to a database. JCAT
also offers the use of CatLog which is a web application which preserves
the valuable logs and shares them with others. CatLog shares database
with Test Statistics. If the developer uses both CatLog and Test Statistics,
JCAT offers an mobile app, called JMobile which allows the users to view its
recent test executions. The graphical user interface component in JCAT is
called Dynamic Suite Manager (DSM) which provides an interface to build
a dynamic test suite using drag and drop of already existing test resources.
DSM provides functionality to start, monitor, and check the results of a
test. The mentioned components are only a subset of the total amount of
components. Each component has a component champion, which is a per-
son who is responsible for driving the development and maintenance of the
component. [41]

4.3.3 Jenkins
When conducting continuous integration with automated tests, the infor-
mation gathered from those tests need to be displayed somehow. One way
to get feedback is to receive a mail where the output is displayed. This way
is not used in Jenkins though, which collects all outputs and displays them
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in an interface. The idea with Jenkins is to provide an continuous integra-
tion system that allows developers to integrate changes to a project, this is
believed to increase the productivity. Jenkins originally only worked with
java, but plug-in support has made it available in different languages as well.
By creating a plug-in, the companies’ own tools can work with Jenkins. [42]

At the studied department at Ericsson, Jenkins is the most used contin-
uous integration tool and is used to display current and recently executed
builds, in a easily accessible tool. The tool also lets Ericsson monitor execu-
tions done on remote machines. Meta data collected can easily be searched
in order to find a specific build quicker. [41]

4.3.4 Current booking system
In the booking system there are seven tabs. Each tab, the so called main
groups, are designated for one or a number of DUT’s. The DUT is where
new software is installed, configured and then tested. Each tab contain a
number of different resources needed to test the DUT in different aspects. A
resource can be booked by pressing a free slot in the matrix that is contained
in each tab. On the X axis, the date is displayed, defaulted to monthly
view, and on the Y axis the names of the available DUTs. When holding
the mouse over a slot, a presentation of the time it is booked and what team
or person that has made the booking is shown. Resources can be booked
from the start of a day, 00:00, to the end of the day at 24:00. To search
after a specific resource, there is a search field in the upper right corner of
the tab. As it looks today, the booking guidelines in section 4.3.4.1 are not
implemented in the booking system, which means that bookings which does
not follow the rules can be made. A new version of the booking system is
under construction which will force the users to follow the rules, and is left
outside of the scope of this thesis.

4.3.4.1 Booking guidelines

When using the booking system, to allocate a DUT, there are a number of
guidelines that shall be followed as to make the resources accessible by all
parties. These guidelines was created as a response to the lack of available
resources at the time. The guidelines are described below and are quoted
from [41]:

• Equipment marked CI shouldn’t be booked by anyone except CI even if
there is no booking present!

• Booking is done at SIU (Site Integration Unit) Booking web page.

• Remember to book all equipment that you need, extend your booking
if end date is expired and shorten your booking if you are done before
end date. Don’t remove used bookings!
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• Each team is only allowed to book 2 units for a longer time than one
week. Use team name as booker.

• If you need to book a unit you will use your signum as booker and a
max of 1 day.

• Your are not allowed to book more than one day in advance, that means
you can book today for a unit tomorrow and 1 day ahead.
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Chapter 5

Results

Several steps have been made in order to come to a result. Observations
and interviews have been conducted which yielded into a large amount of
data. This data had to be aggregated and analyzed. Since the interviews
contained a set of questions with different themes, the data was aggregated
with these themes as basis in which the general thoughts and responses given
by the participants are presented. The measurement process also contained
a set of different steps and measurement methods which provided different
information.

5.1 Observations
In order to get a understanding of how people work when booking a sys-
tem a participating observation was conducted. The observation consisted
of observing the participant, how the person and the team worked when
writing test cases and using the lab system, and at the same time described
thoughts when doing so. Questions was asked to get a deeper understanding
in some areas.

It was observed that the team worked pairwise with a number of DUTs
allocated to the team which was further divided internally in the team. The
pairs wrote some test cases and tested the code on the DUT and the cycle
repeated. The participant said that there sometimes are hours between each
usage of the DUT. As the DUT is assigned to the team, they did not feel
the need to change the booking at all when done with it, stating that they
sometime stand idle quite some time. When showing the booking system
the participant stated that it is a common occurrence that users overbooks
the resources as to not risk being without when it was actually needed. In
the participants team they where quite happy with the resources allocated
to them but the participant has recognised that it can be problematic when
new teams is created or when other teams need more resources.

50



51 CHAPTER 5. RESULTS

Further it was observed that the team often used pre-existing tests from
JCAT, after some modification. A typical use case of the resource was de-
scribed as writing a test case, run it on the DUT, collect logs and data from
the tests and the DUT. The participant stated that resource were occupied
while tests were written, meaning the DUTs stood idle meanwhile. The
reason behind this was that developers want instant access to a DUT in
order to be able to test the new use-case at once. when tests was run, the
tests seldom took much time, often around five minutes. The participant
stated that the team uses the DUTs to test new test cases which then gets
implemented into the CI system if the software passes the tests.

When showed the JCAT process it was asked how those logs could be
accessed. The participant stated that the logs are saved locally and would
be hard to get. The participant sated that it would be recommended to
implement something in the "build up" and "tear down" section in JCAT
that could send data eg. timestamps, to some server that is easily acces-
sible. The participant futher recommended that looking on time between
tests and how often software is being installed could be used to define some
sort of utilization.

The participant logged in on a DUT and used LTTng to gain logged in-
formation from that DUT. These logs contained amongst other starting and
finishing times stamps of a test case. The logs was saved in a circular buffer
that can contain around one hour old logs before being overwritten. The
buffer is also reset when the DUT is restarted. According to an estimation
by the participant, eighty percent of the time requires the user to be logged
in on the DUT. when asked if it indicate usage, the participant stated that
it is depending on the test case and might not be the best stand-alone indi-
cator of actual utilization.

During the observation it was highlighted that a team member was trying
to create a team internal pooling system on the team allocated resource.
This system would allocate a DUT when a JCAT test was started and then
release it again once done. The pool could allocate a resource for a time
and if more time is needed, the developer could lengthen the booking with
a press of a button.

5.2 Interviews
In order to present the result from the interviews, the answers were aggre-
gated into a set of themes. These themes represent the most central topics
that were encountered during the interviews. There were twelve participants
in total which all came from different working teams and had different tasks
(see 4.2).
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5.2.1 Testing in the Software Development Cycle
As mentioned in 4.2, the participants of this interview have different tasks,
works in different teams and have different experiences. There is an overall
way to divide the participants from their way of working. The majority
came from the Product Development (PD) department and had a bigger
experience with writing source code which is later tested. The other par-
ticipants are from the System Verification department which strictly tested
the software manually and had quite a big need for hardware resources dur-
ing the different phases in the software development cycle. One thing that
both of these departments had in common was that they use the Agile way
of working. The PD teams work in sprints that are one and a half week
long, while the SV teams have two week sprints. Each PD team has two
team-allocated DUTs which are long term booked by the team, while the
SV members had access to one each most of the time.

The PD teams had a rather similar way of working, with some inter-
nal differences in the teams. The project usually starts off by doing some
sort of pre-study to the case which the team is going to work with. The
purpose of the pre-study is for the team to get a general understanding
and increased knowledge of what to implement. The pre-study contains
analysis and reading of project specifications, project requirements, project
constraints, test plans, and other relevant documents. The pre-study can be
done by the whole team or by a few members. This phase usually requires
less or sometimes no hardware resources. The next phase is to create user
stories which is used as a basis for the created tasks. The team also creates
strategies and plans the implementation and testing of the user-stories. The
tasks that are derived from the user-stories can be implementation tasks
or testing tasks. This means that the need for hardware resources depend
on the task that is currently in work. When the user-stories are created,
the need for hardware resources is quite low. When the sprint in which
the team starts to work with tasks start, the need for hardware resources
increase. There are different scenarios which all depend on the user-stories
and the task which a developer is working with. In some cases, a sprint can
be very implementation-heavy and require less hardware resources because
the developers spend pretty much the entire time to write source code. On
the other hand, there are tasks which are test-heavy and requires a DUT for
the most time. A participant also mentioned that there are cases in which
the team works in parallel. This means that some developers are writing
code and working with the feature, while some are developing automated
test-cases. This would mean that the team is in need for DUTs during this
time. The general consensus between all the teams seems to be that the
need for DUTs increase as the time goes within the project.

The developers want to test the code that they have written as soon as
possible. The problem is to know when this will happen. The most par-
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ticipants agree that it is very difficult to speculate and predict when the
need for a DUT will come. Each task can look different and require differ-
ent amount of time to implement or to test. This has led to the fact that
the developers sees high value in knowing that a DUT is available to use
when ever they need it, rather than booking one to use at the exact moment
they need it. The participants also states that testing is an action which
is performed continuously, and that there is no phase in their software de-
velopment cycle which is entirely left for testing. The implementation tasks
can sometimes take longer time than expected and not be finished within
the planned sprint. This would mean that the need for DUTs is low or even
in-existent during an entire sprint. This is on the other hand also very dif-
ficult to predict.

As mentioned earlier, each team within PD is allocated two DUTs. The
majority of the participants agree on the fact that these two DUTs are
enough for the most of the time to perform their tasks. It is most often
that the team can communicate and work effectively without having three
or more developers which want to test at the same time. This is of course
not true in every case, and there are situations which require developers to
book a DUT through the booking system. About the half of the participants
which worked with PD stated that they performed some sort of regression
testing during the night. These tests could vary in time, but usually took
a few hours. The regression testing was performed during the whole night,
but was only done on one of the DUTs which means that the other one is
not utilized for large portions of the day. A general conclusion regarding
the PD department is that testing is performed during the entire software
development cycle, but in different amounts. This results in a varying need
for hardware resources.

The Software Verification department has a different way of working
which also affects how they utilize their hardware resources. The testing
that is performed is purely manual. If the testers identify a test case which
can be automated, they pass it further to a team which handles this. The
testers in SV are not developing any new code which means that testing
is performed during the entire project. The team starts of by checking for
new features in the upcoming release of the software. A test plan is created
together with requirements and specifications for the tests. The need for
hardware resources differs between the testers in the team, and is depend-
ing on the specific task. The software is installed and tested during the
entire project. When a new software upgrade is available, the software is
reinstalled and retested. The amount of re-installs are therefore higher in
the early stages of the project, where the software is unstable and a work
in progress. The need for hardware resources is quite high during the entire
project, but increases in the later stages. In order to perform the tests, the
testers are in need for other equipment as well as the DUT.

53



5.2. INTERVIEWS 54

All participants within the PD teams used JCAT as a tool to write
and run tests. A minority of the participants also stated that there were
some other tools that could be used, but it was not very often that this
occurred. The participants that worked with SV did not use JCAT since
they only worked with manual tests. There were different tools to use which
all depended on the specific task. Examples of tools that could be used
are traffic tools, which are used to simulate real traffic, or security tools to
simulate different types of attacks.
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5.2.2 Booking and Utilization of the DUT
The thought process and the way of booking resources differed depending
on the individual. There is a general understanding that there is a large
issue regarding the utilization of the booked resources. All participants ac-
knowledged the issue of having to struggle in order to get a hold of a free
DUT. Most participants agreed that the issue of finding free DUTs has im-
proved lately. The reason for this is mostly that the number of DUTs in
the test lab has increased and that the entire project is starting to get more
stable. Some participants were worried of how the issue would expand when
the number of employees increased. The way of booking differed quite a lot
between the PD participants and the SV participants. The biggest reason
for this was the amount of DUTs that were allocated to their teams.

The PD teams has two team-allocated resources which are always avail-
able to use. This requires good cooperation and communication between the
team members in order to use as efficiently as possible. According to the
majority of the participants, the team-allocated resources were most of the
time available to use when they needed it and was therefore sufficient enough
for the team. But there were situations where several developers needed a
DUT at the same time which caused problems. The recent change of having
fewer DUTs available for each team to book for a long time has lead to an
increased need for short-term bookings of the shared DUTs. When three or
more members of the team are in need of a DUT at the same time, one of
the team members has to get a hold of a DUT in some other way. This can
be done through the booking system in which each team member is allowed
to book a resource one day in advance for twenty-four hours. The majority
of the participant states that the booking system is pretty much full all the
time and that it is very difficult to find a free DUT when you need one. A
few participants mentioned that the booking system usually has free DUTs
early in the morning and that one has to be quick to book them before some-
one else does. An issue that is identified by the majority of the participants,
including the SV members is that DUTs that has not been booked for a
longer period of time look suspicious and are believed to probably not work
as they should. There are occasions in which an employee books a resource,
try it out and realize that it does not work and then cancel the booking
without creating a ticket regarding the error. Another way of finding a free
DUT to use is to send a mail to all the other teams asking if there is anyone
who is willing to let you borrow it for a period of time. According to the
majority of the participants, this usually works fine. On the other hand, it
never happens that a team contacts the other teams and informs them that
their resources are free to use for a specified period of time.

The SV teams has a different way of working and a different amount of
team-allocated resources which affects the way they book their resources.
The participants stated that the need for a DUT depends on the task that
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the tester is working with. Most of the time, the tester needed a DUT pretty
much all the time. When the tester is not physically at the workstation per-
forming manual tests, the DUT is used for longer tests, i.e. throughput-tests.
This has lead to the need for each team member to have a DUT allocated
to themselves. There are tasks which are not in the same need for a DUT
all the time, but might at some points be in need of booking a DUT. The
need for DUTs to be booked through the booking system or by asking other
teams to use theirs occurs when the tester receives a side-mission or when
some other problem occurs which was not taken into account. Otherwise,
the SV participants agree that the team-allocated resources are enough for
the most of the time.

As mentioned earlier, the thought process of booking DUTs differed a lot
depending on the individual and the team that they worked in. The general
understanding which was agreed on by all the participants was that they
wanted to have access to a DUT whenever they needed one. The optimal
solution from the participants point-of-view would of course be to allocate a
DUT to each developer. This is of course impossible to accomplish because
it costs to much money. The PD teams had no predetermined testing phase
in their software development cycle and the need for a DUT could hardly
be predicted. A majority of the participants stated that this is a reason for
booking resources the way it is done. The participants also states that it
can take up to several hours to find a free DUT which could otherwise be
used productively. The developers are working in sprints where the goal is to
deliver complete parts of the feature at the end of each sprint. If a developer
has to spend several hours a few times within the sprint, there is a risk of
not being able to deliver the product in time. A minority of the participants
state that the situation has improved thanks to the teams that are stationed
in South Korea. These teams are better at canceling their bookings when
they are done using the DUT which opens up for the possibility for other
teams to use the it. There is usually no problem in finding a free DUT
early in the morning. The majority of the participants agree that the way
of booking looks different and that the answers will be different depending
on which developer you ask. There are often occasions where a developer
knows that testing will have to be performed at some point during the day,
and therefore books a resource for twenty-four hours to guarantee access
to the DUT whenever it is needed. The other type of thought process is
to actually look for a DUT to book at the point where you really need it.
This would on the other hand lead to situations where there are no available
DUTs and the developer might lose several hours of work while trying to
find one. The majority of the participants are willing to acknowledge that
they rather book a DUT for an entire day to make sure that it is available
to use when the developers wants to. The developers do not know when
they want to test and how long time the test session will take. All the team
members have been encouraged to only book a DUT when they really need
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it, which is most often followed for a week or two. The usual scenario is that
someone or some team starts to do longer bookings of DUTs which leads
all the other teams to start doing the same. A minority of the participants
also stated that it is rather the booking and availability of the DUTs that
affect the software development process, not the other way around. The
developers plan their work and book DUTs according to that. The avail-
ability of the DUTs will determine when this work can be done, since some
task are dependent on having a DUT. The participants agree that there is a
possibility of improvement regarding the canceling of booked DUTs in order
to make them available for others to use. The team-members rarely think of
how they use the DUT, the only important thing is to know that you have
one.

There is a difference in how the PD teams and the SV teams actually
utilize the DUT. The PD teams develop code as well as creating and running
test-cases while the SV teams perform manual testing only. The participants
which belong to PD teams identified quite similar activities which required
a DUT. When the developers wants to test some software, a test-case is
written which is going to test the behavior of the feature. During the devel-
opment of the test-case, the developers want to make sure that the test-case
works as intended, which requires a DUT. During implementation tasks, the
developers write source code for a specific feature. As soon as this feature
is implemented, the developers want to test that it works as intended. The
software is installed on the DUT and tested by using JCAT. The developers
are interested in the test reports which are yielded from each test. The
logs are retrieved manually by logging in to the DUT and performing the
actions that are wanted by the developer. The majority of the participants
stated that most of the actual utilization requires a user to be logged on
to the DUT. Running JCAT, doing manual trouble shooting in the lab or
checking logs all requires a user to be logged in. The configuration on the
DUT is always changed by the developer and is most often performed di-
rectly when a user logs in. On the other hand, the participants stated that
there are cases where the DUT is utilized without having user logged in. A
quite common scenario is when a developer wants to do some sort of system
test where traffic is sent through the DUT for a longer period of time. The
developer has to log in to setup the configuration needed for the test, starts
the traffic and can then log out. The PD teams in which the participants
take part in have a common view of how the JCAT tests are to be executed.
In order for a developer to perform a test, a configuration has to be setup.
This action is performed before each test in a so called "setup" method.
When the test case is executed, the configuration has to be reset to default
in order to make it easier for the next developer to use. This action is per-
formed in a so called "tear-down" method. The participants which work
with SV stated that they do not have any traditions of resetting configu-
rations. There are cases in which the tear-down method is not performed
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which can cause problems for the next user of the DUT. These cases can also
show false-positives regarding the utilization of the resource. The majority
of the participants mentioned that there are situations where the developer
wants to manually enter the DUT and perform some actions. In order to
save time, the developers use configurations from the already implemented
test-cases where they insert a break-point in the test to enter debug mode.
The developer appears to be logged in and use the DUT while in reality, the
DUT was only used for a short amount of time and the developer forgot to
end the test. This may also create problems for the next user of the DUT.
It is in great importance for the developers to know that the DUT is in a
good state and that all related tools in the lab, such as switches and virtual
machines. Another way for the teams, both within PD and SV to utilize
the resource is to perform regression testing or throughput-testing during
the night. These tests are according to the majority of participants which
perform regression testing setup as jobs in Jenkins. The tests are scheduled
and run automatically without having a developer to start the test session.

There are several actions which all take time for the developer to perform
when getting a DUT. First of all, the environment in which the developer
wants to work needs to be setup. The time this take varies depending on the
size of the environment. According to some participants, the environment
can take up to several days to setup. The participants in the SV teams had
special cases of environments which simulates a real mobile network and
takes about two to three weeks to setup. In order to test the new features of
some software, the software must be installed to the DUT. This is accord-
ing to all participants very time-consuming and takes about ten minutes.
Some participants would even argue that installing software is a bottleneck
because new software is installed quite often. The amount of re-installs vary
on the task and in which phase of the software development cycle the team
is currently in. A general statement given by the participants is that they
perform more re-installs in the early stages of the software development cy-
cle. This can be even up to five times a day. As mentioned earlier, each test
cases starts with setting up a configuration. According to the participants
which work with SV, there are other points in the DUT that are in need of
investigation and optimization of the actual usage.

All participants believe that the DUTs are strongly under-utilized and
that there are a lot of room for improvement. The team-allocated resources
are booked to the team twenty-four hours a day, even though the office hours
are approximately from 08.00 to 17.00. As mentioned earlier, some teams
perform regression testing during the night. This is done on one of the DUTs
which means that the other one is left to idle for a large portion of the day.
The SV teams states that the utilization of a DUT is different depending
on the task the specific tester has. Some testers utilize their DUT pretty
much all the time while others have room for improvement. The majority of
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the PD participants would estimate that the actual utilization-to-booking
ratio is around 20-30%. They argue that it depends on which DUT it is
and that the short-term booked DUTs probably have quite higher utiliza-
tion since they are mostly booked when actually needed. The short-term
booked resources are estimated to be utilized to about 50% by the major-
ity of the participants. The scenario where a short-time booked DUT is
not utilized is when it is booked for an entire day or even a few days, and
the developer forgets to cancel the booking when finished. By making the
DUTs available to use over night, teams stationed in other countries which
work in different time-zones, i.e. South Korea could utilize the resource and
increase the actual utilization of a DUT. It is important to add that these
estimations were quickly approximated by the participants. The SV partici-
pants stated that some DUTs have an utilization of almost 100% while some
were down at 25%. It all depended on the task which the tester worked with.

The general responses given by the participants is that it is difficult to
predict when the access to a DUT is needed. There is a huge value in know-
ing that a developer has a DUT ready to use whenever it is needed and is the
reason for the thought-process of booking resources. There is not a single
way to define utilization of a DUT or to determine which actions are counted
as using a DUT, but the participants stated that writing test cases, testing
source code, manually entering the DUT to check logs or troubleshoot, and
running system tests where traffic is generated are common ways of using it.
There is a general agreement between the participants that the DUTs are
under-utilized and that there is a lot of room for improvement. The overall
utilization is estimated to around 20-30% in comparison to the total time
booked.
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5.2.3 Ways of measuring utilization
As stated earlier by the participants, there is no single way to define the
utilization or a single action that can be measured to understand the uti-
lization of a DUT. This is the main reason of why there is not a single
parameter that can be measured, but rather has to be a combination of
several actions. The majority of participants agreed that they actual utilize
the DUT when they write test-cases, run tests on source code, run system
tests which generates traffic, or manually checking logs and troubleshooting
the DUT. Throughout the interviews, all participants argued that it can be
rather easy to detect when a developer is starting to use a DUT, but much
more complex and difficult to find out when the usage actually stops. There
are scenarios where the developers starts to test a piece of code, interpret
and analyze the results, start to fix the problems if any occur and then go
back to testing the software again. This would mean that the actual uti-
lization of the DUT will vary in time. According to the participants, the
difficult part to generalize and measure is when the utilization stopped and
for how long time it was idle before used next time again.

There are several types of logs available for the developers to read and
understand. All PD participants used JCAT as a tool to develop and run
test-cases. Each time a test-case is run, the developer can access a test-
report which gives all information about the test together with the result.
Information such as time stamps for each line of code that has been run, the
setup and tear-down methods, and if the test passed or not can be found in
the test-reports. The JCAT test-reports are stored locally on the developers
computer and cannot be accessed from the outside. All the participants
agreed that measuring the time for each test case could be a good indicator
of how much the DUT was used. These results can be difficult to access since
they are stored locally at the developers workstation and needs somehow be
sent to a location which is easy to access. Some of the participants stated
that some sort of script could be created which sends the time-stamps to
a global repository. The participants also mentioned a number of methods
which were provided by JCAT that could be used to detect the start and the
ending of test cases. An example that was given was listeners in JCAT which
could be set right before and after a test case. The information gathered
from this could then be sent to a global repository and used to measure the
actual utilization. A few participants suggests to ask a set of developers to
send their JCAT logs and allow for the data to be analyzed. JCAT will only
log the time taken for the automated test-cases which leads to a possibility
to leave out the tests that are done manually. The PD participants only
uses JCAT to write and run tests, but are sometimes in need to perform
manual operations which will not be seen in the JCAT logs. Most partici-
pants state that it is not as trivial to know what to look for when trying to
detect manual testing by the developer. Manual testing is difficult to detect
because the actions that the developer perform are very different depending
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on the situation and do not follow any certain pattern. The SV participants
are only performing manual tests and there is therefore no JCAT log to read
in order to detect active testing. The time of a test case can also be mis-
guiding in some cases because some developers use automated test-cases in
JCAT to setup a configuration and use a break-point to enter debug mode
to manually operate the DUT.

The participants stated that they are logged in to the DUT to about 80-
90% of the time they actually utilize it. This also means that log in sessions
would give a quite good indicator of the actual utilization. There are other
logs which can contain valuable information. There are several logs and it
is therefore important to understand what information to look for as well
as what information that each log provides. A majority of the participants
mentions the LTTng logs which can be found in the DUT. These logs con-
tain a lot of information, i.e. when a user logs in and out. There are two
types of users which can be used as log in to the system; expert and root.
These types of users bring different functionality and are most often used
in different situations. Some participants state that expert is mostly used
when running test cases and setting up configurations, while root is used
when a developer manually wants to perform some operations on the DUT.
In order to run a test-case, a user must be logged in which indicates that the
information might be somewhat redundant with checking the time test-cases
were executed. Log in sessions are more likely to show indications that a
user has performed some manual operations which is otherwise missed by
only inspecting JCAT logs. Some participants mentions that it might on the
other hand be relevant to measure both of these times in order to get a more
accurate picture. A reason for this is to get a better indication of when the
utilization stops. When the DUTs configuration is set to default, the system
has a user time-out period which is quite low. According to the majority
of the participants, this time-out period is only a few minutes long which
means that a user which is not actively using the DUT will be timed-out.
This increases the trustworthiness of using log in sessions as a measure for
actual utilization. The user time-out can be overwritten in the configuration
and set to a length of choice. This can lead to some false-positives regard-
ing the actual utilization. An example given by a few of the participants is
when a developer manually wants to perform some operations on the DUT.
The configuration is setup through a already existing automated test-case
in JCAT together with a break-point somewhere in the test to enter debug
mode. This configuration may involve an extended user time-out time. If
the user does this for some reason has to leave the workstation, it would still
indicate that a user is logged in and therefore using the DUT while in reality
it is not used. The logs also provide information regarding when and how
the configuration has been updated. When a developer wants to use the
DUT, some configuration has to be setup. The majority of the participants
states that it is very difficult to know how long time the DUT is used by
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checking the time of the configuration. In order to change the configura-
tion, a user must be logged in and this information is therefore gathered by
checking the times of log ins and log outs.

As mentioned above, there are situations in which the developers use the
DUT without being logged in. The majority of the participants mentioned
that there are some cases where they are in need of doing system testing
which can be done without staying logged in. In order to start the traffic-
test, the user still needs to configure the DUT which requires a logged in user.
The traffic-tests are usually performed for a longer time, all between a few
hours up to several days. When a developer has setup the configuration, the
traffic-stream can be started and the user must no longer be present at the
workstation. The participants also stated that the user can log out, or just
leave it to time-out without interrupting the traffic-stream. There are cases
in which the developer wants to log in at some points to check the status of
the test and log back out. The majority of the participants pointed out that
the traffic-information will not show in the logs and suggested to measure
the increase in the packet-counters. There are different counters located in
different sources which could all indicate that some sort of activity is going
on. The most common suggestion given by the participants was to somehow
monitor the Ethernet-counters in the DUT. This counter is well developed
and counts the amount of packets going through the DUT. The alternative
to this was to monitor the counters in the access switch that is included in
the DUT of the DUT. The main issue with this was that there are some links
that are directly connected to the DUT and will not go through the access
switch. This means that important information would be lost. In order to
monitor the counters, a connection to a DUT which is already in use must
be done which creates the risk of disrupting the test or inserting some sort
of error or false data into the result. The majority of the participants could
not guarantee that it would be safe to monitor a DUT which is under use
but were almost sure that it would do no harm to the on-going test. There
might be some very rare cases in which the user of the DUT wants to test
the users connecting to the DUT, or wants to carefully trace the log on the
DUT. Connecting to the DUT and monitoring the counters may perhaps
affect the test or the tester in some way, but the majority agreed that there
should be no problem to measure in most cases. Some functionality could
be added in which the user of the DUT can disallow monitoring of traffic
during a period of time in cases where the tester believes that this action
would affect the outcome of the test. A suggestion given by the majority
of the participants was to create a script which monitors the counters and
sends the data to a log which is placed in a global repository. The activity
is suggested to be checked each ten to fifteen minutes, where an increase on
the counter should indicate that some activity is going on. The participants
mentions that there are some packets which are difficult to detect or sort
out. The DUT will send ARP-packets continuously which will increase the
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counter but does not mean that the DUT is being used. The amount of
ARP-packets is not very high but still needs to be taken into account. A
developer can do short ping-tests on the DUT which can be done without
being logged in. A ping-test only sends one packet which would increase the
Ethernet-counter. A minority of the participants stated that the ping-tests
are only done for a short amount of time and are used to check the response
of a DUT. The general opinion from the participants is that traffic-counters
would be a good point to measure, but where the issues with ARP-packets
and ping-tests needs to be addressed and taken care of somehow.

The majority of the participants also mentioned other points and ac-
tions to measure, but in which they saw big flaws and believed would not
really reflect the reality. As mentioned earlier, the developers perform a lot
of software re-installs during a project, where it can be re-installed several
times a day in the early stages of a project. Most participants agreed that a
software upgrade on a DUT would most often indicate that a DUT is used.
The logs contain time-stamps of when the software is installed and for how
long it has been in use. The problem with measuring the up-time of a DUT
is to detect when the usage ends. By measuring the up-time of a DUT, there
is no way to tell if it is being used for the entire time until the next install
of new software or just used for a short period of time. This is the main
reason for the scepticism by the majority of the participants of using up-
time to measure the utilization. The majority of the participants discussed
that the CPU usage of the DUT could perhaps be used to indicate some
sort of utilization of a DUT. The participants had quite different opinions
and belief in this method of measurement. A few participants stated that
the CPU usage could be used to indicate the utilization of a DUT by some-
how finding the CPU usage when the DUT is idle then measuring when this
value is elevated. The participants mentioned that there are some processes
that are active when the DUT is used which are quite large and CPU-heavy.
If these processes can be detected, the DUT can be assumed to be used.
The majority of the participant were quite sceptic to this way of measuring
the utilization of a DUT for several reasons. A few participants stated that
there are ways of using the DUT which would result in a small spike in the
CPU usage and would after that be difficult to detect when the usage stops.
It would be difficult to analyze what is going on with the DUT simply by
checking the CPU utilization. It would also be difficult to take the small
raise in CPU usage when the DUT is in a idle state which would occur as
the time goes. There are also several activities on the DUT which would
not affect the CPU usage shown in the Linux system, but rather affect the
network processor. This would mean that the network processor also needs
to be taken into account which makes the problem even more complex. The
majority of the participants which mentioned CPU usage as a possibility
believes that it would be too difficult to conclude if it is actually used or
not.
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The participants mentioned several different approaches and thoughts
of how the utilization of a DUT could possibly be measured. The ways
of measuring which was most entrusted by all participants was user log in
sessions and traffic going through the DUT. In order to get a even more
accurate picture, most participants suggested to measure the time of the
JCAT tests, even though a user has to be logged in to run a test.

5.2.4 Issues with giving up a DUT
In order to improve the situation, the developers will have to share the
DUTs with one another. As it looks today, the developers experiences that
there are some difficulties and frustrations which comes with sharing the
DUTs with each other. The majority of the participants identified a set of
situations which were experienced as frustrating. As mentioned earlier, the
biggest reason to overbook DUTs is to make sure that you have one avail-
able when you really need it. When a developer is left without a DUT, it
can take several hours to find a new one which creates frustration and takes
valuable time from the developer.

The majority of the participants identified the installing of new software
as a bottleneck. Each time new software has been developed, the developer
has to install the software to the DUT in order to test it. It takes about
ten minutes to install new software, no matter how much code that was
actually added, removed, or changed. Sometimes a developer is performing
some tests on a software and detects errors that have to be addressed. These
errors can be in the test-cases which leads to error-tracing and re-writing of
the test-case in order to try it out again. If the DUT is used by someone
else during this time, the developer has to re-install the software again in
order to try the new test-case. If this happens several times a day, hours
can be lost by just installing the same piece of software over and over again
which would otherwise not be necessary. The developers already experi-
ence frustration and that valuable time is lost be installing new software,
and this frustration increases if the same software has to be applied several
times. A minority of the participants mentioned that it may happen that
the developer does not realize that the DUT was used with different soft-
ware, and tries to run tests on wrong test cases which results in wasted time.

As it looks today, it is very difficult to get a hold of a DUT outside
the team-allocated ones. It is therefore more convenient to always have a
DUT booked which allows the developers to use them whenever they need it.
This was stated by the majority of the participants which had this mentality
when booking a DUT. A few participants mentions that this way of thinking
can be seen as a bottleneck. The teams usually priorities themselves and
wants to make sure that they have enough resources available whenever it is
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needed. If everybody would book a resource exactly when they need it, and
return it when they are done using it, the problem would be much smaller
or perhaps not even exist. The majority of the participants believes that the
communication between the teams and the developers could be improved.
When a developer is in need of a DUT and there are no available DUTs in
the booking system, the developer has to send e-mails or go to other teams
and ask to borrow a DUT for a period of time. On the other hand, there
are no occasions in which a team contacts other teams when they realize
they wonât use their resource for period of time. The problem of develop-
ers wanting to ensure that they have a DUT available needed was mainly
brought up by the PD participants. The SV participants have different ways
of working and experience that they can usually get access to a DUT when
they need. There are cases in which the need for a DUT is not anticipated
and the tester is left without.

The biggest frustration that was mentioned by all participants was re-
garding the environment and status of the DUT that they work with. As
mentioned earlier, setting up the environment can take long time and would
be too time-consuming to give up. The SV participants mentioned that
there were special cases in which the tester wanted to setup a real mobile
network environment which could take up to several weeks. If the tester was
to give up the DUT, all this work would have to be done again. If the devel-
oper which borrows the DUT is working within an area which requires a very
different configuration and environment, the developer will have added time
in tracing and understanding the environment. It is in great importance for
the developers to know that the DUT works as it should and that there is
no need for time to troubleshoot the DUT. As mentioned earlier, there are
several occasions in which a developer books a DUT, realizes that it does not
work properly, and returns it back without writing a ticket. This has lead to
the existence of DUTs which are not working as intended and therefore not
used. A few participants stated that the importance does not lie in having
your own DUT, but rather to trust the environment and the well-being of
the DUT that the developer is going to work with. The participants states
that it is therefore easier to have DUTs long-term booked because the de-
velopers in the team usually look after the DUTs better and can trust the
environment. The majority of the participants also experience frustration
when having to find all the information regarding the IP-addresses, switches
and to other relevant parts in the DUT. It all comes down to the fact that
it is very time-consuming to change DUT often and that this issue needs
to be addressed in order for the improvements of the usage to not affect
the productivity of the developers. The majority of the participants agree
that it should be possible to keep a DUT for a longer time in cases where
special environments have been setup. If a developer is able to get access
to a DUT when really needed, and the DUT is working as it should, there
would be no problem to share DUTs with other developers and teams. The
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biggest frustration lies in having to spend time to either wait for a new DUT,
or to waste time on troubleshooting, configuring, and setting up the right
environment on the DUT.
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5.2.5 Opinions on booking system and guidelines
All participants thought that the booking system worked alright and did
what it was supposed to do, but could use some improvements. It was
stated that it was a little problematic to find the correct day to book a
resource because of the size of the scheme. In the current system, the dates
are present at the top, but when scrolling down the dates does not follow
which makes it hard to know which day is represented by which box. The
user of the system then has to go back up and then hold the mouse at the
right date and then scroll back down and intersect it with the right device.
It was also stated that the booking system could show free DUTs rather
than showing a large scheme of all DUTs. This could make it easier to
find an available DUT which will therefore save time. Another possibility
could be that the system recommends a DUT when logged in, depending on
predefined preferences. Additional functionality that was requested was the
possibility to be able to search on team names. The result would show all
bookings done by the team members. This would help the developers to see
if there are additional DUTs booked by the team, opening for the possibil-
ity to ask to borrow this from that team member. Some participants also
requested a way to easily get the configuration of a booked DUT in the book-
ing system, as to not have to find it in the network plan. This would make it
easier to see which ports, switch etc. to connect to as well as the limitations.

Knowledge of the current guidelines in use amongst the participants var-
ied. Some of the participants could cite current rules quite well but others
did not know them at all. There is also a third aspect; the SV teams had
other rules in their booking. SV did not feel that their rules was problem-
atic. An overall consensus though was that the rules were not followed. It
might be followed to a start but when someone books a DUT for a longer
time other teams gets affected which results in miss-behavior by many. Ac-
cording to the majority of the participants, the situations regarding the
booking of DUTs has improved lately. There is nothing that hinders the
users of the system to brake current guidelines. Most participants believed
that implementing the rules in the booking system, making it impossible to
brake them, could help in solving the issue of over-booking resources. But
some believed that it would be to inflexible and that it would not take all
developers opinion into account. It was also stated that it could make the
developers work more difficult to preform. The general consensus though
was that if the rules where implemented the amount of team allocated DUTs
could be lowered which would lead to having easier-to-access DUT and hope-
fully there would be some available all the time. If a developer requires a
DUT for a longer time then allowed, permission should be asked for by an
administrator.

Some participants felt that there should be some rules regarding the
state in which a DUT can be returned. If a resource has been available for
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two weeks in the booking system, it looks suspicious. People tend to book
a resource, try it and realize that it does not work correctly and instantly
return it and book another resource. As there is a possibility to delete the
old booking, and no real obligation to report a broken DUT the problem
consists. This has been seen as a potential bottleneck since developers are
afraid to book them with the reason for not knowing if the DUT worked as
it should. It takes a long time to troubleshoot a device. Some participants
stated that the reason for not reporting DUTs was that it was bothersome,
time consuming and that it was easy to just book a new and remove the
old booking. To handle this problem three possible solutions was proposed
by the participants. One possibility was to have some sort of lock which
only allowed developers to book one resource under some time, which would
hopefully make the developers spend time on reporting the DUT. Second
suggestion would be to implement some easily accessed button in the book-
ing system, making the reporting only one click away. Participants believed
that this could perhaps help in swaying users to report broken DUTs. Last
solution would be to have some sort of diagnostic tool that automatically is
run when a DUT is returned. If there was a problem it automatically report
it or even fix the problem itself. As the booked time was quite long for
system verification teams, they requested that the booking system should
automatically send out reminders that the booked time is about to expire.

Even though the booking system is perceived as doing what it should
there are some improvements the different teams would like to be imple-
mented. A big problem that has been mentioned is the state of a DUT
which lead to the request of some tool to fix and set the DUT back to de-
fault sate. Knowledge about to rules was mixed from different participants,
they believed that they are followed to start with but later gets ignored.
Most participants believed that some sort of implementation of the rules in
the booking system could handle some of the availability issue.

5.2.6 Quality of information yielded from the test cases
The majority of the participants mentioned that there were a number of
different possible sources of information which did not reach the quality re-
quirements. There were no differences between the two departments. The
overall thought by all participants was that it would be difficult to measure
and that the different scenarios where the quality of the information could
be questioned seldom happened. The participants thought that it was very
rare that a test is interrupted or that they give no information at all. They
agreed that most usage of a DUT yielded some sort of useful data. They also
did not think that creating a test by making small changes between running
a test case as unnecessary. The SV teams let’s their DUTs run almost all the
time. By doing this they hope to find rare bugs such as memory leaks and
evaluate the performance over time. A general consensus was that trying
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to automate detection of cases where the information from the tests did not
yield anything would be near impossible.

There were a number of different possible cases put forth by the par-
ticipants, where the data might be unusable. It was stated that reusing
code was common and using a test case for a feature which was originally
intended for another one may give no relevant information. But this was
stated as almost impossible to detect as it might also work as regression
testing. It was stated by some participants that tests which are not passed
can sometimes contain false-negatives, and test cases which pass can con-
tain false-positives. If this false data can be filtered out somehow, relevant
data can be acquired. This was stated as incredibly difficult to do and as it
happened seldom, it was voiced as nothing to take into account. It was also
mentioned that sometimes different factors affect the outcome, such as the
lab components, package duplication or loss etc. But all this can happen in
real life and it is therefore good to know.

One of the participants did say that some things could be simulated and
therefore not require the usage of the DUT, but that it is difficult to measure
and hard to say exactly when it would be possible. The usage of the DUT
would then be used anyways to make sure that the test actually work, and
therefore believed that it is easier to develop the tests on the DUT from
the start. Another participant said that each Git-commit starts a regres-
sion test. The participant thought that when a commit only change a unit
test or adds a comment, it can sometimes result in unnecessary usage of a
DUT. On the other hand, the participant argued that it is extremely rare
that a DUT is used for no reason at all as even the unnecessary tests will
use the DUT and in some way test its tolerance. The relevance of making
these test could be argued but might be difficult to measure. A solution
presented to this problem was to implement a check for irrelevant commits,
i.e. by assigning flags, and if they are detected a regression test will not be
triggered. Sometimes, it can happen that developers forget to change prop-
erties that specify which DUT to run the test on, which can cause tests to
crash. This can sometimes happen once a day, but it is very difficult to trace.

Trying to create a automated tool to take the different possible cases of
in-qualitative data into account is according to all participants an almost
impossible task. These rare cases are difficult to define and happens seldom.
Even though some tests could be run on simulated hardware, it was per-
ceived as easier and better to use the real hardware. Some of the regression
tests might test unchanged code but this was seen as testing the tolerance
of the DUT.
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5.2.7 Improvements and potential solutions
During the interview, possible improvements and solution to the availability
problem and resource efficiency was presented by the participants. A solu-
tion that would solve the availability problem, that all agreed upon, was the
possibility of every developer having their own DUT. The possibility of this
happening was stated as impossible and not expected by anyone.

A solution to improve the resource utilization that was presented by
the most of the participants was some sort of pooling of the DUTs. Some
participants thought that this system should still allow team bookings but
others thought that it should not be allowed. This DUT-pool would book
a random free resource automatically when requested. This could be done
when a developer wants to start a test case with JCAT, which then has the
possibility of releasing the resource when the test session is completed. If
specified, the system could give the developer time to use the system after
testing in order to perform manual operations on the DUT. Another way
of allocating resources from the DUT-pool would be through some sort of
script. When a user runs the script, it asks for a resource with a set of
parameters. The DUT-pool allocates the user a resource, together with all
necessary information (IP, switch, VLAN, configuration etc.) which can be
pasted into some sort of properties section. As to make sure no resource
is allocated and then forgotten, the resource would only be requested for
a limited amount of time, and the developer would then have to manually
request for more time if needed. Both the possibility of getting a mail that
reminds the user of the time left of the DUT or having a pop-up message
with this information.

The DUT-pooling system has some potential problems that has to be
overcome in order to become useful. The participants thought that to short
timed bookings where new software has to be reinstalled all the time could
be time consuming and problematic. Reason for this being a big problem
was that installation and configuration could take more then ten minutes.
In order to make the improved utilization as time efficient as possible, han-
dling of this would be required. As mentioned earlier, a problem stated was
that people usually donât care for DUTs that they have for a short time.
The DUTs that they use for a longer time is often better taken care of. The
DUT pool could probably contain a lot of not working DUTs after some
time. To address this problem, it was recommended to implement some sort
of script where the DUT is put back to a default state after it is released.
The participants also thought that the allocated time should not be set to
low as this would result in constant reminders and be a big stress factor.

Some of the teams used their team allocated DUTs during the night.
These teams most often only used one of the DUTs during the night, for
regression testing or system testing where traffic is generated. Most of the
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participants believed that the DUT that stood idle during the night could
be used by teams on other sites, while some participants were not as positive
to this idea. A requirement for this would be to leave the resource as it was
taken, which some thought as difficult to do in practise. If this was to be
implemented it was requested that the sharing team-allocated DUTs should
not be obligatory as tests could be continued when users got back to work
the next day.

It was stated that a major issue of why people do not free their resources
is because they forget. A possible solution would be to visualize the current
picture of the booking system which show current state of DUT-availability.
Most teams have a display close to their workstations which could show
the DUT-availability and thereby remind them of releasing resources they
currently donât use. Additionally users of the system could be required to
actively request more time with the DUT instead of releasing it to make
sure it is not forgotten. It was proposed that a reminder is sent via mail as
to remind that the user have a upcoming booked DUT. This to make sure
that the developer uses a DUT that has been booked but somehow forgot-
ten about. A additional request was to have a script at hand, which could
be run to check the status of the DUTs and repair/reset them if something
were wrong. This would eliminate the issue of letting someone else use your
DUT and remove time required to troubleshoot the DUT, thereby making
the usage more productive.

Something that was proposed by some participants was that the test
cases which are not passed would automatically fetch the logs and then
show them to the developer. This would save valuable time for the develop-
ers. As it looks today, the developer has to manually fetch the logs after each
test, which takes time. This would mean a more effective usage of the DUT.
Installing new software on the DUT was described as a time-consuming task
and improving this would result in saving time the DUT is required. A pos-
sible solution that was presented to this problem would be to implement an
easier way to add patches to the current installation. This was stated as
somewhat problematic as there are a number of installations in circulation.
Another time-consuming problem that was highlighted is the lack of physical
access to the lab. Some of the participants were used to have access to the
hardware they test. They felt that the current system and organisation was
somewhat irritating and time consuming. This was usually the fact when
some test cases require special connections which require a lot of changes in
the physical connections to the ports etc. The process takes a long time to
get done since the developers themselves do not have physical access to the
test lab. A request must be sent, which can take a few days to be handled.
Sometimes, the need for going down to the lab and just reconnect a cable is
necessary, but can take several hours just because a request must be made
for someone else to do it. Time could be saved by improving this, but the
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participants thought that it was good that someone else handled the overall
maintenance of the lab.

Most participants believed that a DUT pool would solve some of the
utilization issue, but there are some problems that has to be overcame in
order to make it a possibility. Another possible solution that was not as
popular was letting other sites use the DUT during night. The possibility of
not being able to quickly continue yesterdays work and uncertainties about
the returned DUT state was the biggest concern with this proposal. Some
sort of reminder-system would improve the issue as many times it is simply
forgotten that users has a allocated DUT that is not being used. In the case
of a broken DUT, a diagnostic and repair tool was requested to fix these
broken DUTs.
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5.3 Definition of utilization
The word utilization has a general meaning and can be used in many dif-
ferent contexts. The way the word is understood usually depends on this
context and it is therefore important to give a definition of utilization in the
given situation. The purpose of this thesis was to understand the current
ways of working at the studied department at Ericsson in order to analyze
different methods of measuring the utilization of a resource and then create
a measuring tool. In order to measure the right actions, interviews with
developers and testers from different departments and teams at the studied
department at Ericsson was conducted (see section 5.2). The result of the
interviews are used as a basis for the definition. The developers at the stud-
ied department at Ericsson work with various tasks and each new feature
that is to be implemented can result in different ways of working. Since the
Agile Software Development practice is used at the studied department at
Ericsson, the features are divided into user-stories which is in turn broken
down into tasks. The use for hardware resources vary and are dependant on
the type of the task. Since there is no predetermined phase in the software
development cycle at the studied department at Ericsson that is dedicated
for testing, the focus was to identify the actions which the participants of
the interviews recognized as actual utilization of a resource. The results of
the interviews where a further explanation of the participants view on the
matter are further explained in section 5.2.

There are several situations in which the developers and testers are in
actual need of a resource. There are also special cases which are not very
likely to happen, but may occur in special situations. The definition of
utilization is therefore limited to the actions which all the participants of
the interviews described and stated to be very common. The definition of
utilization used in this thesis is based on the following actions:

• A user writes a test-case and wants to test it

• A user has developed/received source-code and wants to test it

• A user wants to perform manual operations on the DUT, such as
troubleshooting, reading logs and others

• A user wants to perform a system test which generates traffic through
the DUT for a period of time

This leads to the following definition:

"A DUT is utilized when a developer tests source-code or test-cases, per-
form manual operations, or performs system tests where traffic streams are
sent through the DUT for a period of time"
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This definition is used as a basis for the decision of the measurement
methods. It may also be mentioned that there are rare special cases which
are not taken into account in this definition. The reason for that is that
these cases are too difficult to predict and generalize.
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5.4 Measurement methods
The information gathered from the interviews, observations, and research
provided a large set of potential measurement points. In order to decide
on which of these points provide relevant information and could be used to
show the real utilization of the DUTs, a more in-depth research had to be
done. This in-depth research contained steps as a further understanding of
what the different logs in the DUTs could provide, and if the measurement
would reflect on the real world. In order to see how the different measure-
ment methods would provide accurate information, manual operations were
performed on a DUT. The information provided by the different methods
were later analyzed to understand if it would be relevant to use or not.

5.4.1 User login sessions
From the interviews that were conducted for this research, all participants
mentioned user login sessions as a potential way to detect the usage of
a DUT. This was the primary reason for choosing this as a measurement
point. According to a estimation by the interview participants, they are
logged in to about 80-90% of the time they actually utilize the DUT. This
would mean that a great part of the utilization would be identified by find-
ing the login time of users. There are several different ways for a user to
login which brings the need to detect all these types of login in order to get
data which represents the real world. Using the standard Linux root login
is a common way to utilize the DUT which allows the developers for a large
set of functionality. The Linux root login will be disabled for the develop-
ers in the future, but this point of time was not not decided and the need
for detecting this type of usage was therefore relevant. Each DUT provides
a set of command-line-interfaces’ (CLIs) in which different functionality is
available for the developer. The standard Linux CLI provides functionality
to check CPU usage, uptime, and user login sessions. The user login sessions
which can be detected in the Linux CLI are Linux logins and was therefore
not sufficient enough to use as a standalone measurement. The Linux CLI
also provides a set of logs which shows the activity in the other CLIs. The
coli and the COMCLI login activity could be shown in different logs and
therefore give a more accurate picture of the total login activity. Since the
Linux CLI is to be disabled for the developers, it would not be sustainable
to retrieve this kind of information from this CLI.

In order to detect other type of user login sessions, the other CLIs and
logs had to be studied. The DUTs provides a CLI called coli which is also
commonly used by the developers. This CLI had a set of different logs
which could be used. The currently active root users were easy to detect,
but with no possibilities to see recently active users. As mentioned earlier,
the plan is to disallow the developers from accessing the Linux CLI. This
was therefore important to keep in mind in order to separate the Linux CLI
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from the other CLIs provided by the DUT. In order to get Linux users the
implementation used, to begin with, past activity on the Linux CLI. The
information provided by checking if there are any currently active Linux
CLI users would be redundant since the Linux CLI already provides a way
to detect currently and previously active users. This was altered late in
the project as a log required to do this was removed in preparation to go
over to the secure devices. This resulted in late change to only checking
current activity after Linux users. The coli CLI provides a way to check
the currently active COMCLI users, which is a third CLI provided by the
DUTs. This CLI is also commonly used by the developers in which the
developers can configure and setup the DUT as wanted. The coli CLI does
on the other hand not provide a way detect the recently logged in users on
the COMCLI. This would therefore mean that no information regarding the
utilization for a period of time could be identified. The third and last CLI
is the COMCLI in which developers can configure the DUT and retrieve
relevant information by reading logs. There is a large set of logs in which all
provide different information. These logs could provide information such as
the coli and COMCLI login activity. The authentication log shows all the
authenticated users, but without a time stamp of the user logging out. The
security log provided information such as all sessions started and ended in
both coli and COMCLI. All the logs can be exported through SFTP to a
given location in which the logs can be inspected.

5.4.2 Traffic counters
The interview participants agreed on being logged in to one of the CLIs
when utilizing a DUT to about 80-90% of the time which leaves for some
situations which would not be detected by only looking at this information.
The most participants mentioned traffic counters which would indicate that
some activity is going on. Some utilization would require a developer to
configure the DUT and then run traffic for a specified period of time which
does not require a user to be logged in. The DUTs and the switches within
the DUT have traffic counters which provide information about the traffic
going in and out. The counters in a switch shows all the traffic going in
and out through that switch. There are situations in which the DUT is
directly connected to some device, rather than be connected through the
switch. This would mean that the traffic counters on the switch would not
be affected and therefore some usage of a DUT would be missed. The traffic
counters on the DUT are accessed through the COMCLI. In order for the
traffic counters to be accessible, the DUT needs to have configured Ethernet
ports. Each Ethernet port has its own counter in which information such as
packets going in and out could be retrieved.

The traffic counters will increase independent of the type of packet which
is going through, which means that ARPs and other broadcasts will show.
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The counters provides information for broadcast and multicast packets go-
ing through the DUT which can be taken into account. In order to be able
to take a decision based on the traffic counters, an understanding regarding
the amount of non-relevant packets going through a DUT during a period of
time is crucial. The traffic counters present separate values for traffic going
in and out which introduces an aspect of having to know their differences
and similarities. A further research and investigation of the traffic counter
function showed that there are a smaller set of interesting parameters pro-
vided. As mentioned earlier, there are two specific parameters, both for
traffic going in and out, which shows the amount of broadcast and multicast
packets. A further research and showed that both of these packet types are
irrelevant regarding the matter of utilization since these types of packets
can go through the DUT at any point in time. These parameters also in-
clude ARP requests. Other relevant parameters are octets going in and out,
which does not represent the amount of packets going through the DUT. In
order to use the octets parameter, a definition of the amount of octets that
are contained in a packet would be needed. This definition would require
packet sniffing for a longer period of time in which these packets would be
analyzed. Using a average value would introduce the opportunity for mak-
ing the wrong decisions. It would also require the broadcast and multicast
packets to be transformed into octets which would in turn require a aver-
age value to be used. Using this method would introduce several points in
which a fault decision would be taken and was therefore not stable in the
longer term. The traffic counters also provide the amount of unicast packets
going in and out. A further investigation showed that this value shows the
amount of octets excluding the broadcast and multicast packets. Using this
value would therefore give a much more accurate picture of the utilization
and mitigates the disadvantages which would otherwise exist when only us-
ing the octets. The traffic counters also provide other information, such as
errors and unknown tags which is irrelevant for this study. To conclude, the
traffic counters can give a quite accurate picture regarding the utilization
of the DUT by monitoring the unicast packets going in and out. In order
to make a decision, the currently measured value must be compared to the
previous one which means that it takes two values for each decision taken.
This means that it should be more efficient to check for login sessions first.

5.4.3 JCAT test-cases
One of the major tasks which is performed by the developers when using a
DUT is to test the developed test cases or source code. The tool which is
used is JCAT which provides a set of logs and other information for each
test that is performed. In order for a developer to run a test, the DUT needs
to be configured which is done through the COMCLI. The most common
way for a developer to configure the DUT is to do it within the start-up
method in JCAT. Each test case has a start-up and tear-down method in
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which the configuration is built up and set back to default. The developers
may also use the start-up to setup a configuration which is desired to man-
ually perform actions in the DUT. This is done by adding a break-point in
the test case after the start-up method. The developers are interested in
various types of logs after the test which requires them to login to different
CLIs and fetch logs, read counter values or other relevant information. The
JCAT test also creates a test log after each test which is stored locally in
the developers workspace. These logs contain information regarding the test
case, such as if the test passed and the time the test took to run. Since each
test requires a DUT to be configured, the JCAT tests will also bee shown
in the user login logs in the different CLIs. The operations which could
be manually performed in the DUT also requires a user to log in which is
therefore detected in the user login logs. Information that would be relevant
to retrieve is the exact time the JCAT tests are actually run. As mentioned
earlier, this information is provided in the JCAT test logs which are stored
locally. This was the biggest issue with this method. In order to be able
to use the information which is provided by the JCAT test logs, a separate
script or program would be needed which sends the JCAT test logs to a
global directory which can be accessed from desired locations at Ericsson.
This would be too time consuming and require several bureaucratic deci-
sions together with the acceptance by the developers to share their JCAT
test case results. The size of the logs are relatively large and would therefore
create high traffic.

If the JCAT test logs would be accessible, the JCAT test case time would
be accessible and therefore introduce cases where utilization can be detected.
In order to check the traffic counters or user login logs, the DUT needs to
be entered and a set of operations would be performed which creates the
possibility to interrupt or disturb the ongoing test case. The JCAT tests
would not require an invocation on the DUT and therefore eliminate this
risk. The JCAT test cases are stored in files which could easily be parsed
for relevant information. Even though the great benefit which could be
brought by using JCAT test logs, it was believed to be too complex and
time-consuming to get the needed access, setup a server and create the
script which fetches all logs and sends them to this destination. Another
big challenge would be to get all developers to use this script when running
their tests. Since there are situations in which a user uses the DUT without
JCAT, i.e. running traffic or manually doing some operations on the DUT,
this would require to be measured as well. The JCAT usage is also showing
in other logs and would therefore bring redundant information.
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5.4.4 CPU and NPU usage
The activity on the DUT was by a set of participants believed to affect the
Central Processing Unit (CPU) usage. When a test case is run, or some
other activity is being performed in a CLI, the CPU usage should show
some increase and was therefore believed to be easy to monitor. On the
other hand, a large portion of the activity would not affect the CPU, but
rather the Network Processing Unit (NPU) which is not as easy to monitor
according to the interview participants. The CPU usage is easy to detect and
monitor through the Linux CLI in which the current percentage is shown.
In order to make a decision regarding the CPU usage, two values would be
compared where a pre-defined minimum delta value would indicate on some
sort of usage. The biggest issue with this method is that there are cases
in which the CPU will not be affected even though the DUT is being used
which will introduce false-negatives. There are also situations in which the
CPU might spike in usage and then go back to normal. These cases would
most likely be missed since it requires that the measurement occurs exactly
during the spike. Since the Linux CLI is to be disabled for developers at
Ericsson for safety purposes, relying on a measure which explicitly comes
from the Linux CLI is not viable. The CPU will overtime have an increased
stable value which will force the measurement algorithm to take this increase
into account.

The NPU will be affected by several use-cases according to several inter-
view participants where these use-cases would on the other hand not be seen
on the CPU usage. The NPU is built in an underlying system and difficult
to monitor. The NPU usage will not be affected by all types of usage which
will also lead to false-negatives and false-positives regarding the utilization.
The same issues as with the CPU exists in the NPU.

5.4.5 Uptime
Uptime was an additional method presented in the interviews where some
participants believed could be used to measure the utilization. The partici-
pants mentioned that there are some cases in which a DUT is not reinstalled
for a longer period of time and deriving a decision from this was agreed to
be impossible. Ericsson previously monitored the uptime to indicating that
a DUT was being used. A longer uptime then three days was believed to
indicate that a DUT is probably unused. A potential way to retrieve the
current uptime could be found in coli where a command can provide this
information. As most of the use-cases of a DUT require some sort of lo-
gin, either through direct usage or when the DUT is being configured, other
methods that collects login session covers almost all possible scenarios where
uptime would be interesting to know.

79



5.4. MEASUREMENT METHODS 80

5.4.6 LTTng
Something mentioned during the observation and some of the interviews was
to use LTTng to trace user sessions and specify certain events e.g. user logins
into a trace file. This trace file could then be collected and parsed to get
the information needed to make decisions on the usage. This tool could also
be specified to trace other user activities that could determine the usage.
This felt as unnecessary and redundant as user login is easier to specify and
would as mentioned in the interview cover 80-90% of the usage. To be able
to use LTTng it would be required that a trace is up and running all the
time. As the tracing session is restarted when someone restarts a DUT,
the information traced but not collected would be lost and information that
should have been traced before the tool is started would also be lost. One
possible solution to this is to collect the trace often and implement some sort
of start-up process which all developer has to do before they start working.
As the tool should work without any interaction from the developers, this
would not be possible to implement. Another disadvantage with this method
is that a tracing session would be required to be running constantly. This
method would potentially result in bigger impact on performance then other
evaluated methods for collecting relevant data.

5.4.7 LDAP server
Every DUT looks up the user information and qualifications in the LDAP
server as to make an authentication. Every user session is logged and saved
locally in the LDAP server with information about who requested the look
up. A potential way to gain login information would therefore be to gain
access to this log. This would mean that there would be no need to login
into the DUT to gain this information and would guarantee no impact on
tests that the developers are running as no interaction with the DUTs would
be necessary. This method was not seen as viable as it would be hard too
gain access to this log as access to the server would be needed. The server
contains all Ericsson credentials and other information which is sensitive
and classified. This method would be fast and but was not possible due to
security issues and bureaucratic reasons.

5.4.8 Choice of measurement methods
By combining the possible ways of measuring login sessions, the recent login
activity in all CLIs could be detected. The methods chosen were checking
currently active users in the coli CLI, recently active Linux root login ses-
sions, and the security log which could be retrieved in the COMCLI. This
information would together show both the current and the recent login ac-
tivity in all three CLIs and therefore give a accurate picture of the real login
sessions. As mentioned earlier, traffic counters provide information which
is relevant to identify utilization of a DUT. In order to give the most accu-
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rate picture of the utilization with a minimal risk of giving false-positive or
false-negative information, the unicast in and out packets were chosen as the
parameters to monitor. According to the majority of the interview partici-
pants, most of the utilization require a user to be logged in, where common
activities which does not require a user to be logged in would generate traf-
fic. Even though a user have to be logged into the device, re-installing the
device will remove all information from the logs. To handle situations where
the device is re-installed after usage, up-time of a DUT was also included.
These were the major reasons for only choosing these three methods. The
JCAT test logs would be a effective way to measure utilization of a DUT.
The time stamps of the test cases provide information which shows the exact
amount of time that a test is being run and therefore indicates on actual
utilization. This method would not require invocation on the DUT and
therefore eliminate the risk of disturbing a ongoing test. The drawbacks
of using this method was as mentioned earlier the complexity of getting it
accepted by the supervisors, get a shared directory, and create the script
and get the developers to run it. Since the information is somewhat re-
dundant with user login sessions and traffic generated in the DUT, and is
therefore not necessary to measure. Using LTTng would allow to trace any
activity that is wanted and could therefore bring a large set of relevant data
to be analyzed to make a decision regarding the utilization. As the majority
of the participants mentioned during the interviews, a DUT is re-installed
rather often which would in turn close the trace file and leave periods of
time with no information. The developed tool should be independent from
interaction with the developers and is a major reason for this method to be
to inefficient. Having a trace file running for each DUT would also create
high amounts of traffic and therefore affect the system performance more
than other evaluated methods. The LDAP server registers all user sessions
and and would be a effective source to identify user login sessions. This
method would require no invocation in the DUTs and therefore eliminate
the risk of disturbing ongoing tests. As mentioned earlier, the LDAP server
contains large amounts of sensitive data which is the major reason for this
method being non-viable. The CPU and NPU usage was identified as a good
possible measurement point by the majority of the interview participants.
After further research and understanding of the CPU and NPU usage, it
was shown that it would require too much work to get information which is
in the most cases not reliable. The CPU is also retrieved through the Linux
CLI which is to be disabled for the developers in the near future.

To conclude, the methods chosen to use is to measure the utilization by
monitoring the various user login logs for each CLI together with up-time
and the traffic going in and out. These methods combined were expected
to catch the most use-case scenarios without providing any redundant in-
formation. The disadvantage of these methods is that the DUT needs to
be invoked and a set of operations would be required to perform. It was
therefore crucial to make sure that the time inside a DUT was minimal and
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that the operations performed had no impact on the ongoing tests.

5.5 Development of RCI-lab utilization tool
RCI-lab utilization tool is a tool developed in Java used to measure the
real utilization of a set of test-hardware labs at Ericsson. The utilization is
evaluated every hour and will run on up to 600 devices. The tool connects to
each DUT through a number of interfaces and creates or exports logs from
each CLI. The tool will go through these created logs and derive if the DUT
is used or not. If some activity is identified at any point in the program-
flow, the tool reports that the DUT is used, and no further measurement
for the given DUT and interval is necessary. The tool also consists of a
database which stores all the results, and provides necessary information for
the application to run. The results are presented in a web-interface which
also allows admin users to handle the system. Figure 5.1 shows how the
mentioned parts work together.

Figure 5.1: Overview of system

5.5.1 Java application
The Java application is responsible for connecting to the resources, retrieve
the relevant information and determine its utilization. It works towards a
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database which provides necessary information to perform the measurement,
and later store the results in a table.

5.5.1.1 Collector component

The RCI-lab utilization tool consists of several larger components which are
used together in order to connect to a DUT, collect the data, parse the rel-
evant information and create an accurate decision regarding the utilization.
The collector component is a large component which handles the connection
and collection of the data in the DUTs. All the data is retrieved through
the different CLIs provided in each DUT which are accessible through SSH
from the server on which the tool is operated. Since the DUTs are located
in different labs, the server needs to be able to connect to each DUT in-
dependent of the lab. Java provides an API called Java Secure Channel
(JSch) which allows for simple SSH connections to be established in which
commands could be sent. JSch creates a SSH connection to a given host
which is the IP-address of the DUT. Each CLI requires a different set of
commands to be performed in order to get the information which is needed.
This called for a class which creates all the necessary information and sends
it to the connector. The connector is divided into three parts in which all
have different responsibilities. The connection class provides three methods;
to connect to the CLI, perform the commands, and to disconnect from the
CLI. The initial way which was implemented was to send the needed user
information to the connect method which created a specific file to read and
write to depending on the CLI. The commands were iterated and the infor-
mation was stored in the files. The JSch API had a few drawbacks which
was the reason of changing API to the Ericsson remote-cli API. JSch did
not provide a way to set the prompt which created difficulties in retrieving
information from the coli CLI. The Ericsson remote-cli API addresses this
issue by allowing for a specific prompt for each CLI to be defined. A bot-
tleneck which was quickly identified was reading and writing to files. This
required unnecessary file creations which could be done more effectively by
reading and writing in a string buffer. In order to export the security log,
an SFTP connection needs to be opened to a specific destination where the
file can be placed. The reason behind this decision was that the security log
is not possible to print out in the CLI, but rather has to be exported. The
Ericsson remote-cli API also provides a simple way of sending commands
and retrieving the results and was therefore more effective to use. A draw-
back with the Ericsson remote-cli is that the it compares each read line to
the prompt which slows down the execution of the program as the logs grow.

The collector handles the collection of data which is retrieved from the
different CLIs. As mentioned earlier, each CLI requires for its own com-
mands to be executed in order to get the desired data. Since all the different
types of DUTs which are included in the scope of this report contain similar
software, the data could be retrieved in the same way independent of the
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DUT type. In future cases where other types of resources will be added,
an own implementation of the collector needs to be created. The different
commands that are to be executed and the user information needed are di-
vided into different methods. These methods are used in order to create
input to the connector. Each type of CLI has their own ID which indicates
on which prompt that should be used. The RCI-lab utilization tool has its
own database (see chapter 5.5.1.4 which contains all the needed information
to perform the necessary tasks.

The collector is responsible for managing the connection to the resource
and to provide the data which is necessary to get the desired information.
It is therefore important to have a good knowledge of what information is
relevant to collect, and in what way this can be done. These are the major
parts which should be handled by the collector.

5.5.1.2 Parser component

The collected data from a DUT through the Collector component can con-
tain a lot of irrelevant information that cannot be used to determine the
utilization status of the DUT. It is important to decide what can be used
and what will yield no relevant information. It is the parser components’
task to go through the output collected and make the data into a usable form
so that the evaluator component can make a decision on the data collected.
Each output from the different CLIs are of different format and necessitates
the need for different parsers depending on which part of the tool is being
evaluated. Each parsing session works down the input into smaller parts
and returns only the information necessary to make a decision if the DUT
is used or not.

When an input is given to a parsing session, first step is to collect every
line containing a specified keyword. This keyword is chosen in such a way
that only lines that can be used to determine usage is returned. These lines
still contain a lot of information that is irrelevant and the next step is to
remove this filler text. It is in this step each paring session start to deviate
from each other. Depending on what input is given, the parsing session will
use different parsers in order to remove this irrelevant text and only return
time stamps. A time stamp is either the time of login or logout. The last
time stamp collected when reading the log from the COMCLI is always the
time stamp created from the login performed by the utilization tool. This is
a key part of the implementation as the local time on a DUT can be different
from the time of the tool and used in order to make sure that the decision
is only derived from a given interval and is not derived from the same data
twice. In this log both login and logout is present. in order to check if there
are any current activity in the interfaces a login and logout has to be paired
together and is done so by creating login sessions where each session has
a start time and an end time but can contain a undetermined number of
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stamps there in. This is done as it is only interesting to know if a user is
logged in or not, and makes it possible to say that the DUT is unused in
the time that does not fall into the session. The next step of the parsing
consist of only returning the time stamps in a given interval. It is here the
tool require some sort of time stamp to start from. The last time stamp,
the tools time stamp, is rewind according to the interval and where each
time stamp is compared to it. If the rewind time stamp happened before
the compared time stamp it belongs to the interval and is returned. When
all time stamps belonging to the interval has been identified the output can
be sent and used in the evaluator component in order to determine if it is
used or not.

The Linux data that is collected was to start with done in the same
way as the Log collected from the coli export but due to removal of the log
containing information regarding past activity the parsing process had to
be redone. As the log was removed in preparation to go over to the secured
devices as earlier mentioned, the tool can no longer detect past Linux users.
Instead the parser only receive the current active users from the collector
component. The Usage of the Linux CLI does not have a timeout as both
coli and COMCLI has, and requires the same handling of timestamps as
the log collected from the COMCLI. A lot of the preexisting code could be
reused but the filler text parsing and the method for gaining the device time
had to be altered somewhat. The time associated with the login time of the
tool is present but does not have specific location in the list of connected
users. The only stamp associated with the tool is the login time which can
easily be collected by checking the IP. Checking the IP was not possible in
the coli log where the log can be clogged with login belonging to the tool
itself. When the filler text has been removed the parser compares each time
stamp with the stamp belonging to the tool in order to make sure if the
login sessions found are old or not.

The data collected from the coli login is parsed and unnecessary filler
text is removed in much the same way as every other session of parsing. As
the information gathered is the current active users and there is a timeout
that should prevent users from forgetting to log out, there is no need to
compare these timestamps with the current local time. As this is the situa-
tion no further parsing of the stamps is necessary when filler text has been
removed and the stamps created will be sent to the evaluator.

Parsing of the current up-time is done in a similar way as the other pars-
ing sessions where the parser sends an integer to the evaluator for evaluation
describing the current up-time.

In the case where the counter values has to be parsed in order to remove
all the filler text the flow starts similar as when login data is parsed. A device
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can have many Ethernet ports configured where each port contain a number
of different counters describing different types of data and whether the data
is received or sent. Depending on what counter is considered to contain
interesting data, only those lines are sent for cleanup. Once the cleanup is
done only integer values remains. In this case no knowledge about local time
is required and the parser sends each counter value, separated, for evaluation.

When logging in to the different DUTs in order to collect data, it is im-
possible to measure without creating activity in one of the logs. In order to
not derive the usage on the tools own login sessions and always draw the con-
clusion that the DUT is used, this had to be handled. All log entry contains
the IP address of which has connected to it. The way the tool handles this
problem is that it have a unique IP address that is removed early in the pars-
ing process but leaves the last time stamp as it is needed in interval creation.

As in many projects there have been many iterations of different imple-
mentations which also affected the parsers and their functionality. In the
early stages of the project, the parsers used files as input. But as mentioned
earlier, this had some drawbacks which resulted in the initial file handling
part of the parsers to be removed. Instead the tool now uses an input
string. The parsers were originally longer methods but through continues
implementation each parser has become smaller and now consist of methods
that are reused in different parsers. As no output from the DUTs containing
usage information can be predicted, new resource types inserted will require
additional parsers.

The Parser component is responsible for deriving usable information from
the input given in the collector component. This information is the foun-
dation for the decision taken in evaluator component. Each part of the
tool require a distinct parsing session as output collected in the DUT is
completely different.
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5.5.1.3 Evaluator component

The evaluation of a resource is one of the most impotent parts of a session.
If this is left out there is no possibility to know if a DUT is used or not.
This is the main reason behind the Evaluator component. This component
contains the methods that decides if a DUT is used or not but also contain
functionality for comments creation and other functionality, i.e to determine
the amount of traffic going through a DUT which used to derive the deci-
sion. There are three main different evaluators used in the tool created, a
evaluator using user login sessions, one using up-time and one deciding on
difference on two consecutive counter values. The login evaluator makes a
decision on whether it gains a user login session time stamp from the parsers
or not, and reports to the database if the DUT is used. In the case where
the evaluator does not receive a time stamp it will let the program continue
into the next step in the flow-chart. If the evaluator finds a usage while
checking login session the program will report how and what it has found.
Once any activity that can be determined as used is detected the tool will
not continue unto the next part in the flow but go to the next device that
is to be tested.

The second evaluator gets an integer from the parser describing the up-
time and determines if the value is within the current interval. If the integer
value is less then the interval the tool will return used. The last evaluator
derives usage from two consecutive counter values where the the usage is
derived from a difference of the two values. As two values from different
times is required to derive if the device is used, this necessitate that the tool
checks the usage of the devices at least twice for each decision taken. if there
is no earlier counter values the tool will mark the device as "NOT USED"
and waits for next check of counters to override that decision. Each device
can contain many configured ports where each port is compared separately.
Depending on what state the port is, different decisions is taken and usage
is determined.

When a decision is made a relevant comment is created, it can contain
traffic sent, the number of users the decision was made on and in what
part of the flow-chart the decision was made. The comment crated contains
different information depending on what part have found the device ’used’.
The comment section was created as to make it possible to know in what
part of the tool flow the decision was made, both for the end user of the
system but also as a debugging tool. The layout and content of the comment
has been edited and changed throughout the development process to reflect
the requests presented by supervisors. Each decision and comment is stored
in the utilization database for later presentation in the web-interface. It is
the web-interfaces task to determine the usage of the device for a given time
period where every decision within that time period is used to determine
the usage. The device is determent as used throughout the interval if any
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of the measurement points reports used.

5.5.1.4 Database component

The database is an important part of the complete tool solution, not just
for the Java implementation but for the web-interface as well. The database
is created in MySQL Workbench and is a pure SQL database located at the
server on which the tool is running. An ER-diagram over the database can
be seen in figure 5.2. The database contains a set of different tables which
are all used to store and provide data for different purposes. The database
contains a set of stored procedures which are used in order to insert, up-
date, and select data from each table. There are several benefits with using
stored procedures rather than creating a specific query for each situation.
It is common to be interested in different type of information in the same
table, where a stored procedure allows in-parameters and can therefore be
specified for each call. The main reason for using stored procedures in this
tool is to use transactions which guarantees ACID (atomicity, consistency,
isolation, and durability). Since the application will be multi-threaded (see
chapter 5.5.1.5), multiple reading and writing to the same location of the
database could occur in different threads which would cause errors. Stored
procedures are one way of protecting against these types of issues. It is also
used to create an independent MySQL API where underlying table structure
can be changed without affecting the application itself. The initial structure
of the database contained all DUT information, such as IP-address, name,
and type in a table. This information was retrieved before each execution
where each DUT was measured. This method would during deployment of
the tool require manual adding of all relevant information to the database
which would be inefficient when the amount of DUTs increase. The stud-
ied department at Ericsson has a database called the Network Plan (NWP)
which contains information regarding all hardware resources. By combin-
ing the RCI-lab utilization database with the NWP, a more efficient way
of adding DUTs and retrieving information is introduced. This also elimi-
nates the need for redundant information. The only information that would
be needed in the database is the name of the device, which will later get
all other necessary data, such as IP-address and passwords to the different
CLIs. The NWP provides an API with stored procedures to get the rele-
vant information, where the only in-parameter needed is the name of the
device. As mentioned earlier, this information is stored in the database, and
if new resources are installed to the lab only the name of the device would
be needed. Adding resources to the database is handled by a web-interface
admin which can add, remove, and allow DUTs to set a flag which would
indicate that a major test is going on and that it should not be measured
at the given time (see chapter 5.5.2).

The resource information table also includes other important information
for each DUT in the table. In order to calculate a delta value of the traffic
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counters, the current measured value needs to be compared with the value
from the previous interval. Each time a traffic counter value is retrieved,
this will be stored in the database as the value for the previous interval.
When the delta value is to be calculated, this value is then selected from
the database and compared to the value given from the current interval.
The time stamp for each interval is stored in the database which indicates
on the time when the selected row was updated. This is primarily used to
know how old the previous counter value is. An other important value which
is stored in this table is the flag which is set to retry the connection to a
DUT. If the application was unable to connect to the DUT for some reason,
the flag for retrying the connection will be set to true and will therefore be
added to a list of DUTs to retry. The tool tries to reconnect to these DUTs
one more time which is done when the initial set of DUTs have been looped
through once.

The database also contains tables with settings, namely the global set-
tings and the type-specific settings which are needed in order to run the
application. The default interval length is thirty minutes, which means that
each decision which is presented per hour will be decided upon two mea-
surement points. If this value is to be increased or lowered, the variable
is changed in the database. In order to make the parsing as effective as
possible, the server on which the tool is run has its IP stored in the global
settings table, which is retrieved when needed. This is used to remove the
login activity which is created by the tool itself. The different port numbers
for each CLI, the minimum delta value on the traffic counters and the max-
imum check back time in the root log are also stored in the database.

In order to present the results in the web-interface, all the decisions made
together with their comments need to be stored. The database contains a
results table which shows the decision made together with a comment for
each measurement performed. The decision and comment is connected to
the DUT. Each decision will come with a time stamp which is used to show
the utilization for a period of time in the web-interface. The comment
provides information regarding how the decision was made and how many
active users was found during the given interval.
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Figure 5.2: ER-diagram over the RCI-lab utlization tool database

5.5.1.5 Threading

An important quality of the application is to keep it scalable since the
amount of resources in the different labs will grow which will in turn cause
the total run time to increase. It is crucial to make sure that the total run
time, even though the amount of resources increase, is lower than the in-
terval between two measurements. This interval was set to thirty minutes,
but is also modifiable by the application admins. In order to keep the run
time requirements, the application had to run on several threads. A sim-
ple but expensive way to solve this problem would be to allow for thread
creation until the maximum amount of available threads was reached. This
approach would result in a significant memory management overhead since
thread objects use a significant amount of memory. Another important fac-
tor which had to be taken into account was how the application affected
the labs. Having all resources measured at the same time would result in a
large amount of traffic created in the labs which could somehow affect the
ongoing tests. The solution had to take both the run time requirements
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and the affects on the lab into account. The chosen approach was to intro-
duce a thread-pool in which all resources are queued and executed when a
thread is returned to the pool. Java provides a simple way to create a fixed
sized thread-pool which minimizes the overhead due to thread creation. The
memory management is therefore more efficient by constantly allocating a
certain amount of memory. The thread-pool takes the next resource in the
queue and executes the application with the specific settings and parameters
for the given resource. This approach also allows for new types of resources
to be introduced without affecting the main-program. If all threads are in
use, the resources are simply in a queue waiting for a thread to be ready.
This approach will therefore create a way to meet the run time requirements
by measuring several resources at the same time, but with the constraint of
not affecting the labs too much by measuring all resources at the same time.

5.5.1.6 Possibilities to extend

A very important quality of the application was to make it as generic as
possible and easy to extend. The limitations of this thesis was to create
an application and later measure and analyze the real utilization of a small
set of resources in the labs. The goal with the application is to use it for
all resources in the labs which puts several requirements on the application
and how it should be built. As mentioned earlier, the Java application
consists of three components, namely the collector, parser and, evaluator.
Since different resources may need different ways of measuring its utilization,
the application was built with these three components in consideration. The
main idea was to create a application which required these three components
to be implemented for each resource type. There are currently four different
resource types within the scope of this thesis, but since they are of the
same sort the possibilities was opened to create a single collector, parser,
and evaluator component which handled all four resource types. In the
matter of adding a new resource type to be measured, the java application
must have these three components implemented for this type and possible
tables in the database which would be identified as required to have by the
developer. This also called for keeping the rest of the application generic and
independent of the resource type. When the three components of the new
resource have been implemented, a new class named after the resource type
is to be implemented which contains a callable. This callable represents
the main method for each resource type in which the developer needs to
implement how to use the collector, parser and evaluator. The main method
of the program simply retrieves the name of the resource type and tries to
run the call method in the class for the given resource type. The reason for
this is to separate the general logic of the application from the type specific
implementation and therefore making it easier to extend for new developers.
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5.5.1.7 Tool flow

The tool created, will be triggered according to a predetermined interval.
In order to minimize the time needed to run all DUTs and strain put on
the lab, the tool created has implemented the program flow seen in figure
5.3. The first step which is performed by the tool is to connect to a coli
session on a DUT under evaluation. The coli provides information regarding
currently active users in the COMCLI. If the tool finds that there are any
currently active users, the tool will mark the DUT as used and complete
its evaluation. The reason behind checking for login activity in the coli CLI
first is because it provides information to identify active users of the more
commonly used CLI. It also provides the information in the CLI itself with-
out having the need to fetch any logs which minimizes the time inside the
DUT. The coli CLI is used in a smaller scale and more commonly used for
manual debugging and should not put any strain on the DUT. By checking
active users in the COMCLI in coli, the tool can quickly determine if the
DUT is used and exit without further usage of the resource. This will lessen
the potential of inserted errors in ongoing tests. If no active user is found
in coli, the tool will go onto the next step.

The second step is to check the Linux CLI where the tool will connect
to a Linux session and check current users of the Linux CLI and read the
information from the CLI output. This step will be skipped if the DUT
has no access to this CLI in the case of secured devices. The tool will first
check if there are any currently active users shown in the CLI output. Once
activity has been discovered the tool will check if each of the login times
happened within a given interval. This is necessary as the Linux CLI does
not have a timeout as the other does which can result in really old stamps
that can be determined as a user forgetting to log out. If there are any
currently active users within the allowed time, the status will be set as used
and the tool will disconnect from the DUT. If the tool can find no indication
on activity in Linux CLI, it will proceed to connect to the COMCLI. The
COMCLI provides a way to export a log where time stamps for all COM-
CLI and coli CLI sessions are stored. The process of exporting and reading
this log results in some higher CPU activity, generate increased traffic, and
takes longer time relative to the previous steps in the flow-chart. This step
is therefore only performed if the previous measurements in the flow-chart
found no activity. The tool will go through the security log and determine if
any activity has happened during the specified interval. If activity is found
the tool will report it and exit.

In the case where the tool can’t find activity in the security log, no login
activity have been detected for a given DUT and interval. As a device can
be left without login after a re-installation, where all logs are emptied, the
current up-time is used which can be gathered through connection to the
coli CLI. The current up-time is checked whether if is less then the interval,
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which determine the usage and the tool either exit or continue in the flow.
In order to catch the other possible use-cases in which a user login is not re-
quired, the next step in the flow-chart is to check the current traffic counter
values on the DUTs Ethernet ports. In order to be able to make a decision
on the traffic going in and out, a delta value has to be calculated. The delta
value is retrieved by comparing the current values presented by the traffic
counters with the values given from the previous interval. Current counter
value is saved and the tool will wait until this step is reached once again in
the next interval. When this this step is reached once again the tool will
calculate a delta value and make the decision on that data. The delta value
is only saved for one cycle and as such require two consecutive runs to not
find any login sessions. Since each decision regarding the utilization of a
DUT is based on several measurements, there will exist no cases in which a
delta value can yield no usage data. In the case where a delta value is not
obtained, other activity will be detected in the earlier step of the flow-chart
and therefore not result in false-positive or false-negative utilization data.
Once this is done the tool has gone through all steps in the flow and will
start from the top when the next instance of the tool is triggered.

Figure 5.3: The flow implemented into the tool
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5.5.2 Web-interface
The RCI-lab utilization tool comes with a web-interfaces which works with
the database and is separated from the Java application. The web-interface
provides a simple way to get an overview of utilization of the resources in the
labs. Each resource can also be inspected in which more detailed informa-
tion, such as utilization for each hour together with a comment of how the
decision was taken is provided to the user. The web-interface also provides
a admin interface which is used to maintain all resources and settings for
the tool.

5.5.2.1 Concept

The main purpose of the web-interface is to present the data which is re-
trieved from Java application. There are several goals with the RCI-lab
utilization tool, where a few of them is to improve the utilization and to get
information of the real utilization and use it as a basis for future investment
decisions. In order to achieve this, a decision was made to create a simple
overview of all resources where the user has to possibilities to filter or search
on a specific resource (see figure 5.4). The overview shows the utilization for
the last two weeks, in which the user can go back in time and check previous
weeks. The utilization is shown in percentage where 100% utilization would
indicate that a resources has been used in each measurement point. Each
day in the view consists of twenty-four hours, where 100% utilization would
indicate that the given resource has been used for twenty-four hours that
day. In order to make the overview even easier, each day is marked with a
color depending on the utilization percentage that day, i.e. red would indi-
cate low utilization while green indicates very high utilization. The overview
also presents an average usage for the given resource over a two week time
span. An important feature in the web-interface is to compare the utilized
time of a resource with the time the resource was booked. This is impor-
tant for several reasons, where one of the major ones are for the application
admins to get an understanding of how much of the utilized time of a re-
source occurred on unbooked time. This ratio is important because its seen
as "bad usage". Making this type of usage a habit could result in several
users trying to use the same resource since it is marked as unbooked in
the booking system and could therefore create different types of problems
for all parts involved. One of the main problem statements of this thesis
was to understand why a booked resource was not utilized. It is therefore
important to understand how often this occurs, and to what degree. The
overview which contains booking statistics shows the total utilized time, and
total booked time over twenty-four hours. In order to see if a resource was
utilized and booked for a specific hour, the specific day can be chosen where
this information is provided.
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Figure 5.4: View for resource overview in the web-interface
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Each day for each resource can be clicked which leads to a new view
which provides more information for that specific day (see figure 5.5). The
view presents an hour for hour table in which the utilization decision to-
gether with a comment is presented. The comment is created in the Java
application and stored in the database for each decision. This gives the user
information about how the decision was made and can be useful for both the
users and the admins. The day-view also provides booking information for
the given day. This allows for admin users to detect any "bad usage" and
handle it if needed. The day-view also provides the possibility to get graphs
for the utilization and booking time over a period of time. This information
can be used to see trends and use them as a basis for future investment
decisions, or just to get a more clear view over the utilization for a specific
resource over a given period of time.

Figure 5.5: View for a specific day for chosen resource

The overview of the resource utilization and bookings presents all the col-
lected information and is the interface which the users of the web-interface
will be most familiar with. A crucial part of the web-interface which is not
accessable for the regular users is the admin feature (see figure 5.6). This
feature provides a complete interface to maintain all resources and the nec-
essary settings for the application to work correctly. As the Java application
should be easy to extend where new resource types are to be added in the
future, the web-interface needed to be generic enough to handle all possible
scenarios. The web-interface needs to be independent of the resource type
in all possible ways to ensure that adding a new resource type in the future
would still allow both the Java application and the web-interface to work as
intended.
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Figure 5.6: Admin main menu in the web-interface

The resources menu (see figure 5.7) is the main feature to add, update,
or delete all resources which are to be measured. The add function simply
allows an admin user to add a new resource of an already existing resource
type where the view looks like the edit resource view in figure 5.8. An im-
portant part of the application is that the developer needs to specify what
information is needed when adding a new resource. This is added to the
database through the web-interface and dynamically added as a required
field to the "add resource" form. All the existing resources are shown in
a overview list, with information showing if the resource has the measure-
ment flag set as enabled or disabled. Each resource can be edited or copied.
The copy function copied all the information for a specific resource except
the resource name to make the process of adding resources more convenient
(see figure 5.8). As mentioned, adding a new resource requires the resource
type to be specified first. The reason behind this is that the developers
may specify all required parameters for a resource type in order for their
java implementation to work. To fulfill the requirements of having a generic
web-interface, the admin which adds or edits a resource may choose to man-
ually enter the required information, or tell the Java application to perform
a set of queries to the NWP which will provide the necessary data.
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Figure 5.7: Resource overview in the admin feature of the web-interface

When editing or copying a resource, a new view is provided to the user
where all the existing information for each field is shown (see figure 5.8). The
resource name, the disable measurement check-box, and collections selection
are generated for all types of resources, while the other fields are dynamically
added from the database. These fields are as mentioned earlier defined by the
developer when a new resource type is introduced to the application and are
required in order for the measurement process to work. A form value which
is written inside curly brackets ("{" and "}") indicates a variable name in
the NWP for the Java application to fetch through a stored procedure. As
mentioned earlier, the resources are stationed in different labs at different
locations and it is therefore important to be able to add a resource to the
correct lab. There are some resources which is shared between different labs
which creates the need to be able to link a resource with multiple labs. A
identified use-case of the system was where an admin user wants to monitor
a set of resource for a longer period of time, where these resources are of
different type and belong to different labs. This lead to the creation of
collections. A collection could be a lab, or just a set of resources which are
in interest for the admin users. This creates a M to N relationship where
each collection can contain several resources and a resource can be a part of
several collections.
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Figure 5.8: View for editing a chosen resource in the web-interface

There are several different types of resources in the labs which may all
work differently. In order to be able to measure a new resource type, a
developer must implement the needed Java components as well as adding
the required parameters to the database. The parameters to add can vary
between the different types, and it is up to the developer to identify which
parameters are needed in order for the Java application to work. The web-
interface provides an interface to add, edit, and delete resource types and
parameters for each type (see figure 5.6). Selecting an already existing type
will show all the parameters for that type, where the admin user can edit a
specific parameter (see figure 5.9). Each parameter has a title and a alias.
The title represents the name of the parameter which will be shown to the
admin user when adding or editing a resource. The alias is used for the Java
application to identify the given title, and connect it to the value given when
adding or editing the resource. This allows for more explaining parameter
names, without having long variable names with unwanted characters. Edit-
ing a parameter for a given type will simply allow the admin user to change
the title and/or the alias of that parameter. When adding a new resource
type, the admin user is not required to add a parameter as there may be
situations in which the Java application is independent of them. In order to
keep the database free from old data and child-elements without parents, all
resources, parameters, and type-specific settings are deleted when a resource
type is removed.
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Figure 5.9: View for editing the parameters for a chosen type in the web-
interface

As mentioned earlier, the resources to be measured may belong to mul-
tiple collections, where a collection can represent a lab or a set of resources
which are of interest for the admin users. When adding a resource, all the
collections which the resource should belong to is specified. The collection
feature is important for all users, which allows them to keep better track of
the resources and enables convenient filtering to monitor a set of resources.
The collection feature in the admin main menu (see figure 5.10) provides
a interface to add, edit, and delete collections. Editing a collection simply
allows the admin user to change the name of the given resource. As men-
tioned earlier, each collection may have several resources. When adding a
new collection, all the existing resources are shown in a multi-selection box
where the admin user can add the wanted resources to the collection as the
collection is created (see figure 5.10). As the resource can belong to multiple
collection, removing a collection will only result in removing the collection
itself and the link between the resources to the given collection.
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Figure 5.10: View for adding a new collection in the web-interface

There are different types of settings which is important for the appli-
cation to work as wanted. The settings feature in the admin main menu
(see figure 5.6) is divided into two subsections, namely the global settings
and the type-specific settings. The global settings are the settings which
are independent of a specific type, and are required in order for the Java
application to work for any given resource. As shown in figure 5.11, there
are two settings currently which are necessary for the application. The
IP-address represents the IP of the server on which the application runs on.
This is needed i.e to detect traffic or other information which indicates usage
created by the application itself and therefore not take into account when
determining if a resource is utilized or not. The "m_freq" setting stands for
measurement frequency which determines how often the application will run.
At the current state of the application, a measurement is performed every
thirty minutes. As shown in figure 5.5, the usage is shown per hour which
means that each decision is based on two measurement points. The global
setting feature allows for adding, editing, and removing settings in similar
ways as previously presented features. Adding or editing a global setting
requires for a setting name and a setting value to be inserted by an admin
user. The setting feature also provides a convenient way of adding, editing,
and removing settings which are type-specific (see figure 5.12). These types
of settings are only connected to the specific resource type and does not
affect the other types. Both the settings and the parameters are necessary
for the application to work as intended. The difference between settings
and parameters for a type is that the parameter value for each resource may
differ, while the settings are general for an entire type, and therefore not
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necessary to set when adding a new resource. As for the global settings,
adding or editing an type-specific setting requires the admin user to insert
the setting and a value.

Figure 5.11: Global settings view in the web-interface

Figure 5.12: Type-specific settings view in the web-interface

Within the scope of this thesis, the resource types in question are in need
of storing the traffic counter value when performing a measurement. This is
necessary in order to retrieve a delta value which represents if there has been
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any activity on the traffic counters since the last measurement. This value
is specific for each resource which called for some sort of cache functionality.
From a database point of view, storing each necessary cache parameter in
the resource table would require a new table to be inserted every time a new
cache parameter was identified. The reason behind this was that a resource
may need several cache parameters. As mentioned in section 5.5.1.4, the
developer may create a cache table when implementing a new resource type
to the Java application where necessary information can be stored. The
admin main menu in figure 5.6 also provides a cache parameter feature
where all cache parameters for each resource can be handled (see figure
5.13). All resources currently in the system are listed where the respective
cache parameters can be viewed (see figure 5.14). Adding a new cache
parameter for a given resource only required the title of the parameter to
be inserted where the implementation in the Java application will handle
the rest. Editing a cache parameter requires the same information as for
adding one. When choosing a resource, all the cache parameters for that
given resource will show in a table (see figure 5.14). As mentioned earlier,
this allows for a resource to have multiple cache parameters in a simple way
without making the database more complex.

Figure 5.13: Cache parameters view in the web-interface
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Figure 5.14: All cache parameters for chosen resource in the web-interface

The last feature in the admin main menu (see figure 5.6 is the admin
users feature. The goal with this functionality is to allow for the admin users
to simply add, edit, or remove admin users from the system. The admin
password is stored with MD5 hash in the database to ensure secure storage
of the passwords. All admin usernames are listed in a table where each
admin can be edited (see figure 5.15). In order to edit an already existing
admin user, the old password of the chosen user must be inserted (see figure
5.16).

Figure 5.15: Admin users view in the web-interface
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Figure 5.16: View for editing a chosen admin user in the web-interface

5.5.2.2 Implementation & design of web-interface

In order for any application to be successful, the users of the system must
understand the functionality and know how to use it. There are different
types of users where they might have different or shared interests of what
information to retrieve. The developers at Ericsson whom book and uti-
lize the resources might have the interest to see how different resources are
utilized in order to perform some actions to address the issue of low utiliza-
tion. One of the main purposes with this application was to retrieve the
real utilization of hardware resources and use this information as a basis
for future investments. This means that managers at Ericsson will be in-
terested in seeing average utilization over a longer period of time or detect
trends which is used to make various decisions. The user type which will
use most of the functionality of the web-interface, not only the lab overview,
are the admin users. As presented in section 5.5.2.1, the admin feature con-
tains different functionality to maintain the application from a admin user
perspective. The admins are also in need of the utilization information in
order to make the correct decisions of how to address the various problems
on a lower scale. The web-interface is a PHP-developed website using the
CodeIgniter framework, together with HTML5, JavaScript and CSS3. The
main focus of development was on the functionality and making it robust
rather than focusing on the design.

As mentioned earlier, the implementation of the web-interface had to
be generic and was expected to work well for any given resource type that
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could be added in the future. The requirements on the system was therefore
higher, with challenges to implement a system with an outlined structure,
but at the same time keeping it generic enough to fulfill the specification.
To increase the robustness of the system, input validation was developed on
both the client and the server. Client-side validation contains of HTML5
functionality where the user is reminded to fill out an empty field which is
required as well as JavaScripts with listeners which enables submit buttons
when they are filled in. This means that the client-side input validation only
focuses on disallowing users to leave required fields empty. The server-side
input validations handles the cases in which the user input contains disal-
lowed characters or would result in duplicate entries in the database. Since
the developed application, including the web-interface, requires a user to be
connected to Ericsson’s network, the chances for someone to try to attack
the application are quite small.

The Java application performs the utilization measurement and stores
the decision in the database. The current implementation runs the measure-
ment process every thirty minutes while the smallest time-interval that the
web-interface can show utilization is per hour. This means that the web-
interface it self needs to determine if the resource has been used during the
past hour or not with the result information retrieved from the database.
The lab overview (see figure 5.4) reads all decisions taken from the database
within a given time interval, and is set as used if any of the decisions were set
as used. The given comment from the respective decision is also retrieved
in the day-view (see figure 5.5).
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5.6 Measurement results
From the day of deployment of the RCI-lab Resource Utilization Tool, the
utilization of resources currently in the system was monitored. The amount
of resources which were measured increased as time went on which gave
different amounts of data for different resources. The results which are to
be presented are from measuring 117 resources of three different types and
the graphs show the result over a 15-days spectrum. Figure 5.17 presents
the average utilization for all resources per day. As the graph presents, the
average utilization varies between 6-55% which represents 1 - 13 hours per
day. The graph shows the lowest utilization during a weekend which can be
expected as most people are not working. The most common way of usage
during weekends which was detected by the tool was traffic going through
a DUT. It is also interesting to point out that the second weekend on the
graph, which was May 9-10th had much higher average utilization than the
first one.

Figure 5.17: The average utilization for all resources per day in the system
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Figure 5.18 presents the average bookings on all resources for each day.
As the figure shows, the average bookings of resources lands between 40-
78%, which would mean somewhere around 9,6 - 19 hours per day. A normal
workday is 8 hours which means that resources are in average always booked
longer than this. It is important to mention that each day of measurement
contained at least one or more resources which were unbooked.

Figure 5.18: The average booking for all resources per day
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One of the major problems identified by both the stakeholders and the
interview participants was that the resources were overbooked. Figure 5.19
shows the amount of twenty-four hour bookings out of the total bookings
for each day. As the graph shows, about 41-68% of all bookings made are
twenty-four hour bookings. It is also interesting to point out that the ma-
jority of all bookings are twenty-four hour bookings for eight out of fifteen
days. The graph also shows that the average 24-hour utilization’s are drasti-
cally lower than the average 24-hour bookings. This indicates that majority
of 24-hour bookings are over-bookings.

Figure 5.19: Percentage of 24-hour bookings out of total bookings
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The current application is built to measure three types of resources,
namely the DUS52, TCU03, and DUS32. The majority of the resources in
the system belong to the two first mentioned types. Figure 5.20 presents
the utilization level for each type and the overall average utilization for all
resources over a fifteen-days spectrum. As the graph shows, the utilization is
similar between the different types, with a bit larger average for the DUS32
type. It is important to notice that there are only 11 resources of the DUS32
type in comparison to 50 and 56 of DUS52 and TCU03. The overall average
utilization was measured to 33% which would indicate a utilization level of
eight hours per day.

Figure 5.20: The average utilization for each type together with the overall
average utilization

110



111 CHAPTER 5. RESULTS

In figure 5.21 the average measured utilization and average booked time
is compared. The utilization level and booked time curves follow the same
pattern, where utilization and booking during weekends can be tracked as
dips in the graph. It is interesting to point out that the average booking
level is always higher then the average utilization level, which indicates that
the resources are in average always under utilized.

Figure 5.21: The average utilization vs booked time for each day

Different DUTs are used to a different degree which is presented in figures
5.22 and 5.23. Random chunks of devices were selected, where the data-set
consist of 44 devices. As the graphs show, most DUTs are overbooked with
only a subset of devices reaching utilization levels close to the booked time.
A large set of the resources which have a higher booking level than the
utilization level are used up to 60% of the booked time. There are a nine
devices that have been used more then they are booked, which indicates
that "miss-usage" occurs quite commonly.
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Figure 5.22: The average utilization vs booked time for a random set of
resource

Figure 5.23: The average utilization vs booked time for a random set of
resource
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The performance measurement model chosen, Derived Equipment Effec-
tiveness as described in section 2.3.2, consist of calculating

E = Y ·R ·A
The interview participants agreed that utilizing a resource always yields in
some sort of relevant information. Due to this the Y variable was set to
1. The A variable is calculated by dividing the average utilization each day
by average booking. The variable R corresponds to the throughput, which
in this case represents the average utilization. That is, the utilized time
divided by twenty-four hours. The Graph bellow (Figure 5.24) follows the
same pattern as the average utilization level and the average booking level.
It is interesting to note that the first weekend have a effectiveness level close
to 0%. The overall average Derived Equipment Effectiveness was calculated
to 20%

Figure 5.24: The average Derived Equipment Effectiveness (E) each day
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Chapter 6

Discussion & analysis

6.1 Observations
Observations was a big influential factor of which questions would later be
asked on the interviews as potential use cases was identified through the
observation. It was also through the observation some of the knowledge
regarding usage of tools at Ericsson and basic way of working was derived.
Additional information about some of the logs at disposal further influenced
questions around their usefulness. In this stage and project, only one obser-
vation was conducted. Perhaps additional data could have been collected
and the reliability be higher with a bigger observation basis, but due to small
participation pool and focus on data gathering through interviews, it was
decided to go on to the interviews instead of doing additional observations.

The observation conducted was some sort of partially participating ob-
servation meaning that questions could be asked in order to gain an deeper
understanding of the situation. This worked well with the lack of predeter-
mined expectations, at the start of the project. The data collected could
have looked different if the observations had been done covertly or through
full participation. In regards to covert observation, subconscious usage of the
devices could have been identified, that have been later identified through
behavior found under the development of the tool. Doing a covert observa-
tion was deemed as almost impossible in the environment at Ericsson and
not really considered. This would, like fully participating observer, require a
lot of work beforehand which was identified as easiest to get through obser-
vation itself. By doing full participating observation the knowledge around
how the different interfaces worked could have been easier to understand
and it could have gone faster to learn them in a deep enough to be useful.
The way this problem was solved was by asking for additional help with one
of the interface that was missed while doing the observation. Both of these
observation methods was skipped too save time for all parties, but also due
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to their limited accessibility and believed relative usefulness in regards to
time needed. In hindsight there could have been some merit to do additional
observations but doing so would not have guaranteed that these problems
would have been highlighted. The interface in question is not something
all of the developers use and might not have knowledge about, which might
not have showed up during another observation ether. The same goes for
the usage of the device that was not identified which consisted of users not
being timed out from one of the interfaces as they should. What triggers
this phenomenon has not yet been identified as time has been focused on
other areas, but the phenomenon is handled in the tool and determine usage
of a device regardless of stamps classified as old.

6.2 Interviews
The interviews has been the foundation the utilization measurement tool
was built on. Without the interviews the creation of the tool and iden-
tifying of measurement points would have been time consuming and much
harder. It was also through the interviews data regarding potential improve-
ments was collected, from thoughts and suggestions from the teams working
with the devices at a daily basis. Usage data of the devises and what could
be be measured was identified through the interviews. As it was the de-
velopers with most knowledge about the use cases of the devices that gave
the information, it should indicate some sort of reliability. The interview
basis for the gathered data could arguably have been bigger but as new data
started to run dry towards the later interviews it was decided to not look
for additional participants. The later interviews might not have given much
in regards to new data but worked as a way to validate earlier participants
answers and suggestions.

The Interview questions has been formulated from the problem formu-
lation presented by supervisors at Ericsson, the literature study, but has
also been heavily influenced by the data gathered from the observation con-
ducted early in the work. As earlier mentioned the literature study con-
tained, amongst other, information of how interviews should be conducted
and how questions should be formulated as to not alienate the participants
and get as much information as possible. During the creation of the ques-
tions used in the interview, it was decided that semi-structured interview
questions should be used in order to have a set of base question but also
ask additional questions to get the participant to fill out the answers given.
There are always those people that like quantitative research but doing one
was deemed not possible due to time constraints, geographical distance and
small participation pool. Even if there would have been a possibility to
do it quantitatively, odds are a qualitative research would still have been
done. To ask the right questions in order to get the information needed for
the project in case a quantitative research had been done, more knowledge
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about the usage of the devices, would have been required beforehand. As
structured interviews does not allow for follow up questions during the inter-
view crucial information about the usage could have been lost. Another part
of the literature study that have influenced the questions asked during the
interview is the Derived Equipment Effectiveness model presented in section
2.3.2. In order to gain a more academic depth in the report this model was
decided on. the literature influenced the question to include participants
thoughts on the utilization grade and their thoughts on the yield(fraction of
total time that was qualified to be used) as some usage might not give any
data.

That the collection of measurement points was heavily influenced by
what was collected from the interviews. Even though it did not give a
direct answer in regards to how to measure a specific activity, it gave a
indication on what different activities can and should be measured. The tool
created was announced to the developers during the interview as a way to
measure the utilization of a device they are using. This can have influenced
the willingness of the participants to answer the questions to there fullest
potential as the tool could ultimately show miss usage of a device. This is
a constant factor in a studies such as this, but it is believed that most of
the use cases have been identified through the interviews. The participants
have had an own interest to get the utilization level off a device known as
the problem with lack of resources is a known problem and felt by most,
which further could be argued for a reliable data gathering.

6.3 Tool flow
In order to minimize the time required when connected to each device it was
decided to only keep the connection open for the necessary time. No real
calculations are done during connection, only collection of the data are done.
A big part of the optimization of the time required is the tool flow that is
closer presented in section 5.5.1.7. To name the flow shortly, it consist of
five parts. Firstly the tool checks if there are any active users in COMCLI
through look up in coli. The Second part in the flow is to check if there are
any Linux users active through the Linux CLI. As the Linux session is not
possible to be accessed by all devices coli is checked before Linux. Next part
entail login to COMCLI and export one of the logs present containing past
login and log out for both coli and COMCLI. The forth step is to measure
the device’s uptime. The last part of the flow is to check the counter values
presented in the different ports. In order to minimize the required time on
a device but also the overall time required by the tool itself, the tool follows
this flow and goes to the next device as soon as any activity indicating any
usage is identified. The flow is designed is such a way that current activity,
which takes less time to identify, is collected first. Collecting the current
activity, first in coli and then in Linux CLI should keep any possible affect
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of the devices to a minimal. This have also the positive outcome that time
consuming parsing of big log files can be done only when needed. As men-
tioned the third step is to export a log from the devise. Exporting this log
should be the only CPU altering activity conducted by the tool and depends
heavily on the size of the log exported. How long time it takes to go through
the log file is also dependent on the size of these files and is one of the bigger
reasons to do this as seldom as possible. These logs has been recorded to be
everything between a few lines and up to tens of thousands lines. The forth
step, checking uptime was decided to be put as late as possible as the check
would seldom yield any indication on usage. The forth and fifth step could
have switched places if it wasn’t for the fact that to derive usage from the
counter values data, a delta value has to be calculated. To get this delta
value two consecutive values has to be measured and used. Another factor
is that during the interviews the participants believed that most activity on
the devices could be discovered through some sort of login check. Because
of this the last step was decided to be this counter check in order to get
the activity where data is sent over the device but no one is logged into the
device itself.

As the tool created does not check every step each time the tool is ran,
it can not be used as a tool to measure how the usage of each CLI is.
This feature could be interesting to have in case of removal of one or more
interfaces are under discussion or just for statistical reasons. As the main
goal of the thesis was to measure the utilization of a device and not how the
usage of each device looks this was never in focus and only thought on in
the later stages of the thesis. Another factor as earlier mentioned is the fact
of potentially introducing errors in ongoing test on the device checked, and
is by keeping the flow as it is, kept at to a minimal degree. When a device
is measured the decision taken and a comment containing the information
it took the decision on is sent to the database and later presented in the
web-interface. The comment was mostly a way to debug in what stages the
decision was taken and to determine if the deciding factor was right, but
was later seen as a welcomed feature and kept in the end implementation.
Making the necessary change, so the tool measure in every stage in the flow
would not require to much change in the measuring tool itself but a bigger
change would be required in the web-interface in order to show every flow
step for each hour.

6.4 Measurement model
During the project time there have been different ways to measure the uti-
lization of the DUTs (see figure 3.1). The chosen methods have evolved and
been changed as software in the DUTs and the project requirements has
been altered. The methods chosen has also been slightly altered due to bugs
and special cases where some login data would be lost otherwise. One of the
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biggest software updates in the DUTs which was made late in the project
process was to remove one of the logs that the utilization tool used. This
log was used to measure the Linux CLI user sessions which in turn made
it impossible to measure past activity on Linux. This made it necessary to
re-implement the parser process for Linux CLI access. Another problem is
that some user sessions logouts are not registered in the log as they should
in the security log, which means that the session is seen as still ongoing. The
reason behind this is still unknown to us. This problem made it impossible
to determine if currently active users according to the security log were coli
users or COMCLI users. This was previously believed possible as active
COMCLI usage was checked in previous phases of the measurement flow,
meaning that active users according to this log had to be coil users.

6.4.1 Coli
During the interviews it was highlighted that configuration of the devices
often is done through the COMCLI. As an active user definitely indicate
usage of a device and accessing coli was argued as the least taxing activity
the tool could do on the devices, this was decided to be done first. Through
the coli interface, any current active user of COMCLI can easily be obtained.
As the Linux session is not possible to be accessed by all devices this interface
was decided to be checked before Linux. In the coli, additional information
could be gathered regarding the local time of the system. The local time of
the device is present in the checks that require it and is therefor redundant
to gather.

6.4.2 Linux CLI
From the start there was talk about migrating over to secure devices in the
development and testing of new software. These secure devices would not
allow for connection to the Linux CLI as the end costumer would not be
able to access this CLI. Due to this, it was decided that all data gathering
regarding the Linux CLI should only be done on the this CLI. When trying
to connect to a secure device through the Linux CLI the user receives a con-
nection refused message that is handled in the program and the tool goes on
to the next step in the tool flow. The current implementation can only check
current activity in the Linux CLI as changes to the software was done in
preparation to go over to more secure devices. These changes removed a log
that was used to check past activity of Linux users. As no direct supplement
was found, the solution went from checking past activity to only checking
currently active Linux users. As it is no longer possible to check past usage
of a device there is a possibility that much impotent data is lost as this is a
large use-case. The usage of a device could still be collected through login
detected in the COMCLI log or even still on counter value difference.
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Checking currently active users in the Linux CLI could also be done
through a command in coli CLI which would result in one less connection
to the devices as connecting to the Linux CLI would be redundant. Biggest
reason for not doing this is that coli CLI does not allow for more then one
command to be sent at a time. Even if this would be possible it would
violate the principle of only checking Linux activity on Linux CLI. As most
of the card would go over to the secure variant in the future the checking of
Linux was decided to be kept separate. This also had the positive outcome
that the Linux check could be removed altogether easily and without any
changes necessary for the other CLI checks. Another factor is the fact that
checking something in the program that would not yield any data in many
cases, is in itself unwanted as it would result in unnecessary time connected
to the devices.

6.4.3 COMCLI
To get the past activity of COMCLI and coli there is a log containing these
information available for exporting in the COMCLI. There are some other
logs available in the same CLI but these logs does not give the same in-
formation, either only one of the interfaces or only login stamps. As the
focus of the project was to determine if a device is used or not, no difference
regarding if it is a COMCLI stamp or a coli stamp that has been logged in
the log is taken. In some cases this information could be interesting to know
this information, as it would make it easier to know what CLI the user used
as to make some sort of evaluation on what CLI is used the most. Gaining
this information would require overhaul of the COMCLI parsing process as
the information about what cli has been used is removed early in the parsing
process. Another reason this was not in the original implementation was not
only that only usage was in focus from the start but also that the original
implementation could conclude that a login stamp without a corresponding
log out had to be coli, as COMCLI activity had been checked in one of the
previous steps. This was later discovered as being a faulty conclusion as
somehow the developers could be logged as logged in but did not have the
corresponding out log when using the COMCLI. The trigger for this strange
behavior has not been discovered but old stamps longer then an allowed time
is handled and discarded. In the implementation it has been decided that
stamps should be pared into intervals where each interval marks a start and
an end time. The two stamps do not necessary belong to the same session
as other users can login before the earlier user has logged out. By doing
this the device will be seen as used within the created interval. As the im-
plementation is constructed, no information about how many login and log
outs belonging to a interval is saved, this as focus have been on determining
if a device was used or not and not how it was used. Pairing a login with the
next log out was not seen as a possibility as it could most likely belong to
another usage session. Pairing the login with its right log out was also not

119



6.4. MEASUREMENT MODEL 120

possible as the only differentiating factor between the different stamps is IP
address and from what CLI it has connected. The IP is most of the time
the same, which makes stamps from the same CLI impossible to differentiate.

The log chosen will quickly fill up with timestamps as the tool itself is
logged in it. To handle this the tool removes every time stamp belonging to
a specific IP, expect the last stamp that is the time stamp associated with
checking the age of each time stamp. This time stamp was necessary to save
as the local time on each device is not the same as local time of the tool.
The local time of the device could be acquired in other ways but to minimize
the data collected and time on a device, this information is redundant to
collect elsewhere. That the log exported is continuously filled with both
interesting data and stamps from the tool itself, can theoretically be a big
problem as the tool will become slower with the massive logs. If many of
the devices measured has huge logs, there is the possibility that the tool
is not done when the tool is started once again. As the tool uses specific
path for each thread to save and read the log, there is a possibility that the
tool reads the wrong log if there are two present, meaning that the data
could most likely be wrong. This has been determined as highly unlikely
as most devises is restarted at least once a week, meaning that the log is
also emptied. As the current implementation can have the same amount of
big and time consuming logs as it have threads, the number of threads can
easily be increased if this is noticed as a problem or the program becomes
slow.

6.4.4 Uptime
Late in the thesis process, this measurement was also included in the tool
flow as scenarios where the DUT is re-installed after usage was identified.
When the device is installed, all the relevant logs are reset. If the device
is not used after installation but was used earlier in the interval, usage
information would be missed and a false-negative would be reported. In
order to handle this scenario, the uptime of a device is gathered in the coli
CLI and compared to the interval.

6.4.5 Traffic counters
In each device there are a number of different counter values that could be
used in some sense to measure if data is sent over it. First implementation
used to check every octet sent over the device. After discussion with the
supervisors it was later decided that a counter describing the number of
packages sent was to be used. We where told that this counter should not
contain any broadcast package or other check packages sent between different
devices. It might have been a good idea to evaluate the different counters
from the start but the change did not require that much of a change in the
implementation. As to make sure that no unwanted background packages is
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still present in the packages received a difference has to be higher then a set
value that was discussed forth with the supervisors. This difference value
might have been a good to determine through measuring it as to make sure
that it does not contain any unwanted packages is still slipped past. We
decided that this would not be necessary as when a decision has been taken
on counter values, the difference has either been 0, meaning that it is ’not
used’ or a high value have been measured which definitely indicate usage.

6.5 Real utilization
One of the major problems to answer with this thesis was to understand
the utilization and compare it to the booked time of resources. The stake-
holders at Ericsson wants to be able to make decisions regarding the overall
utilization of all resources of a specific type. As figure 5.17, the utilization
levels are lower during the weekends as expected. The main reason for still
some utilization detected during the weekends is for traffical tests, or the
risk of false positive detection of utilization. The reason for having higher
utilization the second weekend could be for several reasons. One difference
which we noticed was that there were a higher amount of non-traffical usages
detected this weekend which means that more developers had to work over-
time. There were also a higher amount of traffical tests which increased the
overall utilization level. There are a very few occasions in which the average
utilization is over 50% which could indicate that there is rarely the need
for usage over 50% in order to perform the necessary tasks. It is important
to remember that this data presents the utilization over twenty-four hours,
which could mean that there is a higher need during a specific hours. The
last days of the measurement shows a trend in which the utilization is in-
creasing. As the developers work in sprints, the average utilization could
depend on the type of tasks, and where in the sprint the team is. The last
days could indicate on the ending of a sprint which requires a lot of testing.

The average booking of all resources was quite high, with a top of 78%
(see figure 5.18. The lowest amount of time was 9.6 hours which is higher
than the average work day. This also includes bookings made by teams
stationed in different regions working in different time zones. Figure 5.19
shows that the amount of 24-hour bookings keep the same pattern as the
average bookings which is expected. The majority of the days contain a ma-
jority of 24-hour bookings where over-bookings which could be improved.
On the other hand, several resources are team-allocated resources and will
be long-term booked for a given team. This means that there are room for a
lot of improvement on the utilization of the team-allocated resources. This
data also confirms the issue of developers being scared to end up without a
resource, and in turn over-books a resource to be sure to have one when they
really need it. The way of working could also be a decisive factor regarding
the over-booking, where developers work in sprints which contains different
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tasks which require different amounts of hardware resources. The developers
may not know when they will need a resource, and therefore over-book it.
There is also the aspect of insecurity where a developer only trusts one or a
set of resources, and therefore bookings them for a longer period of time to
be able to re-use it later when needed again.

The data presented by figure 5.20 shows that there is a quite similar
utilization across the different resource types, which allows for the assump-
tion that the demand for each one is similar. This type of data may be
interesting for the stakeholders to update in order to determine which type
of resource that needs new investments. The developers which participated
in the interviews gave an estimation of 20-30% average overall utilization
which matches the measured overall average utilization of 33% quite well.
This means that the developers are well informed and well known about the
issue and how low the real utilization actually is. This allows for the ques-
tion to be asked of why the issue is still existent to this level. One possibility
which we strongly believe is that the way of working is one of the main rea-
son for the low utilization level. Each sprint can be very different from the
next one which results in a different need of hardware resources. There is no
way to generalize the work which a developer is to do as the tasks can vary
a lot, which in turn disallows for a more effective and controlled usage of the
hardware resources. The overall average resource utilization also represents
about 8 hours. As there are several resources which are used by teams from
different locations working in different time zones, this can still be seen as
a quite low utilization level. Several resources are also used for a longer
period than 8 hours, while some are not used at all. An interesting finding
was that there were several resources which had no utilization nor booking
for several days. This can be interpreted as a very low need for this resource,
or even this type of resource where the developers finds it easier to access
some resources. It could also mean that the current sprint required less hard-
ware resources for some teams, which opened up for more resources to book.

Figure 5.21 shows that there is a clear correlation between the utilized
and booked time of resources, with the biggest difference of 40% less utiliza-
tion than the booked time. The data also shows that the booked time is al-
ways higher than the utilization which means that the developers over-book
their resources in average. This also strengthens the fact where developers
wants to book a resource to make sure they can use it when they actually
need it. Figures 5.22 and 5.23 also shows that the utilization for a set of
resources are in majority less then 50% used than they are actually booked.
Some interview participants also stated that it is easy to forget to return a
resource which you are no longer in need of. This could also be one of the
reasons of why the booked time is higher than the utilized time.

The overall average derived equipment effectiveness was measured to be
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20%. An interesting notice is that this value is about 13% lower than the
overall average utilization measured by the RCI-lab Resource Utilization
Tool which was about 33%. The main reason for this is that the derived
equipment effectiveness takes the throughput and the booked time into ac-
count. There are also several occasions in which the average derived equip-
ment effectiveness is close to 0% (see figure 5.24. As seen in figure ??, the
utilization drops at a higher rate than the booked time during the same
period as the derived equipment effectiveness gets close to 0%. This is one
of the reasons for a quick decrease in figure 5.24.
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6.6 Error sources in the utilization decision
There are a lot of resources currently in use by developers working in differ-
ent teams, at different locations doing different tasks which results in making
the term "utilization" of a resource quite wide. As seen in section 5.3, we
tried to narrow the use-cases down into a definition which was inspired by
the interview results. This definition is used as a basis for this thesis where
no other type of utilization will be detected by our application. Even though
we managed to create a definition which was tangible and somewhat con-
crete, the result presented cases which we were not prepared for. Early in
the measurement process, we managed to identify that the COMCLI is a
quite common use-case scenario where the developers login to the DUT and
perform a set of tasks. In difference from the Linux CLI, the COMCLI had
a timer where an inactive user was disconnected after a few minutes. This
finding resulted in the assumption that an active COMCLI session would
indicate that the DUT is being utilized. The same assumption was made for
the coli CLI which also had an inactivity timer which resulted in a discon-
nect after a short amount of time. During the Java application development
phase, a set of cases showed up in which the application found several hours,
and even days old coli and COMCLI sessions. After further investigation
and discussion with the developer that used the DUT, we reached the con-
clusion that there are possibilities to both override the inactivity timer, as
well as starting coli or the COMCLI through the Linux CLI which bypasses
the inactivity timer. In order to handle these cases, a type-specific setting
in the database is defined which sets the maximum time in which a logged
in coli or COMCLI session counts as valid. During the last weeks of the
thesis work, the same problem occurred in which a resource had over 250
active coli and COMCLI sessions which caused the program to take over
20 minutes extra time to complete. The reason for the application to get
an increased run-time is that an high amount of active coli and COMCLI
sessions together with a large security log takes long time to parse. There
are several reasons for the security log to reach a size which makes it slow
to process, i.e. high up-time or tests which performs frequent logins and
logouts on the DUT. This is on the other hand not an issue if the amount
of currently active users found is low. The current run-time of the appli-
cation is approximately 1 - 2 minutes which means that this error, on only
one resource, causes the application to take much longer time to run. In
a real-world scenario, with even more resources in the system, this could
result in having an application with longer run-time than the measurement
frequency. It is important to mention that a currently active COMCLI ses-
sion would be detected in coli which is the first stage of the measurement
process. An uncertainty still exists where there might be use-cases with the
COMCLI which will not be shown from coli and therefore still be seen as a
possible error source. Further research and discussion with the developers
stationed at Ericsson in Linköping gave no more information where the de-
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velopers were unsure of any use-case which would result in this behaviour
in a DUT.

At the time when the error was found, the application was measuring
the utilization on 77 resources every thirty minutes. The resources were of
different types, used by different developers working with completely differ-
ent tasks. The error occurred on one of the resources which in turn gave
uncertain data. The reason behind the issue is still not clear, but the most
likely explanation is that there is some sort of test which causes this be-
haviour. Even though the low probability of the error to occur, there might
be serious consequences where entire measurement sessions are interrupted
and contain false data for all resources currently in the system. Since the
source of this behaviour was unclear, a direct solution was impossible to
find. Therefore, the only possible reaction was to mitigate the problem.
By setting a maximum amount of active coli or COMCLI sessions to look
for, the increased run-time of the application can be somewhat controlled.
The current roof is set to 50 active sessions, where the decision is set as
unused if this limit is overstepped. During the interviews, most participants
stated that a resource install is performed several times a week. As the
resource is reinstalled, the security log is reset which allows us to assume
that the size of it will be approximately the same as during the result data
collection. By limiting the amount of coli or COMCLI sessions to look for
in the security log, the utilization for a given resource may contain false
negatives. On the other hand, the other resources in the system will not
be affected by this error which therefore removes this error source. Even
though the resource is set as unused, the users of the system will be able to
notice how this decision was taken by having a special comment for this case.

During the last weeks of the thesis work, a change in the Linux CLI
occurred where the log which is necessary to detect all user activity was
removed for security reasons. As mentioned in the report, the future goal
for Ericsson was to completely remove the Linux CLI options for all devel-
opers as the customers whom buys the resources are disallowed from using
the Linux CLI. A step in this direction was taken during our time at Eric-
sson which resulted in a need for change in our implementation. Previous
implementation of the application allowed us to detect any user activity,
both current and previous, from this log. As this was removed, the new
implementation resulted in the possibilities to only detect a user which is
currently logged in. The application measures utilization every thirty min-
utes, where the time spent in each CLI is not longer than a few seconds.
This means a Linux CLI session needs to be currently active during the few
seconds the application invokes the resource. The Linux CLI does not have
a inactivity timer which means that there is a quite common use-case in
which the developer forgets to logout and is shown as currently active for a
longer period of time. The new implementation contains a time check just

125



6.6. ERROR SOURCES IN THE UTILIZATION DECISION 126

as the old implementation, where user sessions longer than 180 minutes are
discarded. Unfortunately, the new implementation provides insecurity in
the result which can contain false negatives. If a user logs out the moment
before the application measure the utilization of the resource, the utilization
would be marked as unused.

The last phase in the measurement process is to check the traffic counters
in the resource. The resources have up to 11 ports that are configurable in
which each port has a traffic counter to provide information about packets
going in and out. As mentioned earlier, there are different values provided by
the counters where trash packets can be filtered. Even though ARP-requests
and other broadcast packets are filtered, a certain insecurity of what type
of packets are counted. The current implementation requires a delta value
higher than 10 packets. In order to set a correct limit, an understanding
of the packet content is necessary. There are possibilities for false positives
and false negatives in the decisions made from the traffic counters. There
are two scenarios which leads to false data, the limit might be either too
low or too high. In the first case where the limit might be set as too low,
the majority of the resources which reaches this phase of the measurement
process will be set as used. Even though this result might be true for some
of them, the data cannot be trusted since the possibilities for false positive
results are relatively high. In the other case, where the limit of 10 packets
minimum as delta value is too high, the measurement results may contain
false negatives for resources which reaches this phase in the measurement
process. The limit was discussed developers and our supervisors at Ericsson,
where no conclusion was made since there are many different use-cases in
which all affect the traffic in different ways. In order to reach an optimum
limit, several weeks of testing and research would be necessary which is the
reason for this error source to still exists in the application. There is no
way to give an good estimation of how often a false decision will be made
because of the delta value limit, but there is a possibility for it to occur and
is therefore important to take into account.

Each decision taken by the tool comes with a comment which describes
which phase in the measurement process that took the decision, together
with information about why the decision was made. In order to detect any
activity in coli CLI, and past activity in the COMCLI is to check the security
log. A minor error source which exists with the current implementation is
that we do not give information about which of the CLIs the usage occurred
in. There are mainly two reasons behind this. First of all, the main focus
with the RCI-lab Resource Utilization Tool is to detect if a given resource
is utilized or not. Therefore, the focus of the implementation was to pro-
vide this information, where the exact type of usage was an added feature.
There is also the possibility that a user has been recently active in both CLIs
which requires the comment to provide this information. As other function-
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ality had higher priority, the comment given provides uncertain information
where to the users, which tells that activity in either coli or COMCLI was
detected. In cases where this is important to know, the application does not
provide information that is precise enough and is therefore seen as a source
of error. The web-application works towards the new booking system to
fetch the bookings for a given resource. As it looks today, the old booking
system at Ericsson has not yet been replaced since the new one is still under
development. There are some resources which are booked through the new
booking system, but far from all. The majority of the developers still use
the old booking system, which means that the new one does not contain the
correct data of the bookings. The booking percentage for each resource per
day is therefore not correct for all resources. This error is only existent until
the new booking system gets deployed.

Reinstalling a DUT takes up to 10 minutes where the developer and is
done when a developer wants to test new software. If a measurement is
performed at the time when a DUT is being reinstalled, the DUT will be
marked as not used since it is not possible to connect to it. There is no
way to know that the DUT is being reinstalled, or that connecting to it
is not possible for some other reason, which is the reason for setting the
utilization as unused. In a normal case, the usage will be detected before, or
after the reinstall since each decision is based on two measurement points.
Reinstalling a DUT most often means that the resource is being used which
causes an error source if usage is not detected the other time the resource was
invoked during that hour. In the rare case in which a resource is reinstalled
both the first and the second time where its being measured will result in a
decision of not used for that hour which is a false negative. The probability
of this happening is very low since reinstalling a DUT usually don’t happen
this often. Even though the low probability, it is important to keep in mind
that this source of error is possible.
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6.7 Benefits of using RCI-lab Utilization Tool
Ericsson identified several issues regarding the utilization of hardware re-
sources which needed some solution. Investing in new resources costs a lot
of money and it is therefore important to make the correct decision regarding
when to invest, and how many resources that are needed. Another aspect,
which is related to the investment, is to get an understanding of how well
the current resources are utilized. By gaining a higher utilization amongst
already existing resources, money will be saved by stopping investments of
new resources when they are not needed. Gaining higher utilization will not
only allow for smarter investments of new resources when they are actually
needed, it will also increase the amount of work done by the developers using
the resources. A common problem, and the biggest concern by the majority
of the interview participants was that several hours of work could be lost
unless a resource was booked in advance, for a longer period of time. This
mentality leads to overbooking resources which in turn costs the company
money in resource investments and lowered work throughput.

The RCI-lab Resource Utilization Tool brings several benefits which pro-
vides information for the managers and developers at Ericsson which are in
turn responsible to find different solutions for the given problems. The RCI-
lab Resource Utilization Tool does not improve the utilization in any other
way than providing the necessary information which reflects reality. Several
developers stated that they can easily forget to return a resource which is
unused, or overbook a resource for the reason that everyone else is doing
it. The knowledge of a system which measures the developers activity may
improve the awareness of these two scenarios. It is also easy for anyone
at Ericsson to check if a resource is actually utilized or not by visiting the
web-interface, and thereafter contact the responsible developer to borrow
the resource or ask to return the resource to the booking system. The cur-
rent way of making resource investment decisions is to monitor the booking
system. As it looks today, the resources are most often fully booked which
indicates a need for more resources. As mentioned earlier, overbooking re-
sources is quite common where a developer wants to ensure that a resource
is available when its actually needed. The RCI-lab Resource Utilization tool
provides information regarding the real utilization in which managers can
make the proper action to address the given information. In a case where
the booking system is fully booked, but the real utilization is low, investing
in new resources would be a very expensive way to solve the problem. In-
stead, new booking rules, increasing communication between developers or
implementing some sort of resource sharing pool would be a better way to
address the problem. One of the main purposes with the RCI-lab Resource
Utilization Tool is to provide information about the real utilization which is
used to make better investment decisions and increasing the work efficiency
of the developers. The tool also provides a way to follow trends on utiliza-
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tion and estimate the need for resource investment.

As the utilization is compared with the booked time for a given resource,
information regarding previous investment decisions can be extracted. A
resource which is neither booked or utilized for a longer period of time can
indicate that it is broken, or simply that the resource is not needed. The
booking system was previously used to detect when new resources were
needed, which most likely resulted in expanding the labs too fast. Some
resources could have a low, or even non existent utilization and booking for
a longer period of time. This information can therefore be beneficial to use
as a parameter for future investment decisions.
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6.8 Further work
The research and development of the RCI-lab Utilization Tool was successful
in many ways, but as in most other projects, there is always room for im-
provement and the possibility for further work to be done. Time is a limited
resource in most projects, and was the biggest limitation for this one as well.
As mentioned earlier, there are several steps within the project which could
have been done better, which would perhaps lead to a better result. An ex-
ample of this would be to perform more interviews, with people at different
regions to get an even better understanding of how the resources are utilized,
and what problems the participants identify. This would on the other hand
require more time. During the development phase, several changes occurred
which caused step-backs of the implementation where already working soft-
ware had to be reworked. If these changes were known before-hand, time
could be saved and used on further testing or analysis of the measurement
results. The scope of this thesis focused on four different types of hardware
resources, in which all has similar software and could therefore be measured
in the same way. The future goal for Ericsson is to measure on all resource
types in the different labs, which calls for further work. As mentioned in
section 5.5.1.6, the developers needs to implement the different components
of the Java application in order for the measurement process to be possible.
In order to not overwhelm the application, the first step for further work
would be to implement a completely different resource type than the once
measured in this thesis in order to test how well the application handles this.
If more time was given for this project, this would have been tested. The
only testing currently performed on this matter is is purely analytic from
a design and architectural point of view. It would therefore be necessary
to test the flexibility of the application which is best done by implementing
the mentioned components for a new resource type. The web-application is
built to be generic and be totally independent of the resource types. The
overview feature presents the utilization in percentage for an entire day, or
each hour for a chosen day, which is relevant for the resource types currently
in the system. There is an uncertainty of what types of resources that may
come in the future, where these may not be relevant to present in the same
way. An example could be a switch where the needed utilization information
would be on each port in the given switch. This may not be an issue if the
ports are separateable where the ports are independent of each other. No
matter what, this require further work in either research, development or
both.

The application measures the utilization of all resources currently in the
system every thirty minutes where this timer is possible to change as admin
in the web-interface. The limitation that comes with this approach is that
all resources will be measured equally often which may be negative in sev-
eral ways for different resource types. In the example given above, where
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the utilization of a switch is interesting, the need for measurement may be
every 5 minutes in order to get an accurate number. As the application is
built, this will not be possible for several reasons. First of all, measuring all
DUTs which are the resources within the scope of this thesis would create
large amounts of traffic in the lab where each DUT will be invoked often
and may disturb ongoing tests. A limitation which would not allow this is
run-time of the application. As the amount of resources in the system grow,
the run-time will be increased and risks to be longer than the measurement
frequency. This will probably cause error and the data which is yield from
the measurements would not reliable. On the other hand, measuring less
frequent may cause the result of some resource types which require more
frequent measurement to yield unreliable data. This matter calls for further
work on several points. First of all, an implementation allowing different
resource types run independently from each other and thereby making it
possible to set different measurement frequencies for different types. This
would allow for reliable data for all types, rather than having to "sacrifice"
some resources for other by having the wrong measurement frequency. Sec-
ondly, the run-time of the application could be optimized which would be
beneficial for several reasons. Having a very quick application lowers the risk
of having too many resources and therefore have a slower application than
the measurement frequency. Improving the run-time would also mitigate, or
perhaps even eliminate some of the error sources mentioned in section 6.6.
In the case where a security log gets very large, and the amount of active coli
or COMCLI sessions are found, the run-time would be increased severely.
By optimizing the security log readings, this issue might be non-existent.

The resources in the different labs are constantly booked which makes it
difficult to find one to use. During the development phase, we only needed
one resource to try our implementations. The developers perform tests con-
tinuously where a disrupted test would result in lost work. This limited the
amount of resources which were allowed for us to measure as it was unclear if
our application could somehow cause the ongoing tests to be disturbed. The
measurement data collected was performed on DUTs of different types, dif-
ferent labs used by different developers which still made for a set of resources
which represented reality. The amount of resources measured increased with
time where the majority of the data collection was made on 117 resources. In
order to get even more data, further work would be to increase the amount
of resources which are measured. This would probably lead to an increased
knowledge of corner-cases which exists, but were not found during our mea-
surement data collection. In order to increase the reliability and validity of
the measurement data, further work could include an analysis of the data
after a longer time of measurement. This analysis could include a compar-
ison with the results and conclusions made in this thesis. In order for the
benefits given by using the tool the actually take place, the data which is
collected needs to reflect the real utilization. It is difficult to ensure that all
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data given is correct, at all times since there are a large amount of use-cases.
In order to increase the reliability of the data, all developers that use the
resources could provide information about their usage for a longer period
of time which can in turn be compared with the results given by the tool.
This would also help to improve certain points in the implementation to
get an even better accuracy. This is of course time consuming for both the
developers and the researchers which are to perform the analysis, but would
yield in very useful information which can be used to provide even better
information for all stakeholders.

As discussed in section 6.6, the lowest traffic counter difference currently
used in order to determine the utilization is analytically produced from man-
ual inspection of DUTs, interview results and guidance from our supervisors.
In order to get a limit value which yields the most accurate results, further
investigation and testing would be necessary. This could be done by moni-
toring several DUTs for a longer period of time, where the packets getting
registered by the counters are inspected and their relevance is determined.
This would allow to identify patterns of irrelevant packets which could be
taken into account when setting the limit. As each DUT has several ports
which could be configured, it would be necessary to determine how different
tests affect all the ports. As it is today, the application checks if any of the
port’s value is over the difference. There might be test cases which affect
some ports more than others, and this would require more work to identify
and be able to draw any conclusions.

The web-interface was planned to provide functionality to create graphs
for selected data. The graphs were planned to show both the utilization and
booking is shown for a period of time which is chosen by the user. The main
idea with this feature was to allow managers and other stakeholders to see
trends of the utilization over a period of time. This is left to be done in the
future.
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6.9 Improvement suggestions
During the thesis several improvement points where identified. An improve-
ment that could increase the availability of devices would be to implement
a system where the developer would be required to actively ask for more
time when using the device instead as it is now, free the resource when the
user is done or let the booking run out. In many cases the resource can be
booked for a day but a meeting or something else could likely result in that
the device is not used the last hours. During the time the device is not used,
another user could have used it instead and the utilization would increase.
Another way to help with this problem would be to reminded the developer
if the resource is booked but unused. By sending this reminder, the devel-
oper might release the resource so that other developers can use it. One way
to remind the developer would be to highlight the number of free resources
in the lab or perhaps something else, on the monitors positioned throughout
the compound. By doing this the developer might get an indirect reminder
that the resource he/she has is not used at the moment. Another way would
to implement some sort of mailing service that informs the user that he/she
has a booking upcoming or that the resource has been unused the past hours.

A solution to improve the resource utilization is some sort of pooling of
the DUTs. This DUT-pool could book a random free resource automatically
when requested and could be triggered when a developer wants to start a
test case with JCAT, which then has the possibility of releasing the resource
when the test session is completed. If specified, the system could give the
developer time to use the system after testing in order to perform manual
operations on the DUT and have time to read the result. Another way of al-
locating resources from the DUT-pool would be through some sort of script.
When a user runs the script, it asks for a resource with a set of parameters
where after the DUT-pool allocates the user a resource, together with all
necessary information (IP, switch, VLAN, configuration etc.) which can be
pasted into some sort of properties section. As to make sure no resource
is allocated and then forgotten, the resource would only be requested for a
limited amount of time, and the developer would then have to manually re-
quest for more time if needed. The developer could get a reminder through
mail of the time left of the DUT or having a pop-up message with this in-
formation.

Each team have team allocated resources that is booked for a longer time.
During the night some of these resources stand idle where other are used
for redundancy testing and stability testing. We argue that the resources
that stand idle could be used by other sites during the night. If they are
borrowed however, they must be returned in the same condition as when
they where taken. By doing this the utilization of the resources could be
increased significantly as office hour are at most, only half the day.
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Something that could decrease the time a resource is needed would be if
the logs are fetched automatically and then showed to the developer. This
would save valuable time for the developers. As it looks today, the developer
has to manually fetch the logs after each test, which takes time. Another
time consuming task is the installation of new software on the DUT and
improving this would result in saved time the DUT is required. A possible
solution to this problem would be to implement a way to add patches to the
current installation. At Ericsson there is a diagnostic script in circulation
which diagnose the status of a DUT and repair some set of problems. This
script however can not find every problem that can arise and is able to fix
only a set of the identified problems. By improving on this script so that
more errors are found and repairs can be done, there will be more available
resources and a decreased frustration over broken DUTs.

The new booking system that have been implemented and been deployed
during the work done at Ericsson comes with a number of improvements over
previous implementation. One of the major improvements in this new sys-
tem is that the admins have to give approval if longer booking is to be done.
previously no check regarding the length of a booking was done, which made
it possible to brake some of the booking guidelines. One possible improve-
ment that we think would increase the usefulness of the new booking system
would be to have a link to NWP, where all connection information about
the DUTs are stored. This could also result in less start up time when start-
ing a new testing session on a new device. In order to give the developer
knowledge about the utilization level and knowledge that there is a tool mea-
suring the utilization, a link to our tool or the utilization level itself could
be present where a specific DUT is booked. In the same location the the
current status of a DUT, it’s version and health could be presented from e.g
the diagnostics tool in order to see if a port or something else is broken. If
version is shown, unnecessary time consuming installation could be skipped.
In the old booking system some broken device was never reported as broken.
It was easier to remove the booking on a device and book another one then
reporting the problem to the lab administrators. This problem is somewhat
solved as booked time that have been started can not be removed. In or-
der to make it easier to report if a device is broken, a mechanism for doing
so should be implemented and be easily accessed in the new booking system.

In order to make sure that that a developer have access to DUTs when
one is needed, some of the developer books a resource when they get to work.
It can be because of a number of reasons e.g pressing deadlines. Sometimes
this booking can be for a longer time. Before the new booking system was
implemented this was a big problem. After a major holiday the old system
worked well and available resources was somewhat plentiful but after some
time, more and more resources are booked for a longer time and soon it
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is much harder to get a resource. The newer system does not allow for
this escalating behavior as bookings can not be longer then one day without
approval. However the problem where the resource is booked in the morning
as to make sure a DUT is available during the day still exist. This problem
have no easy solution, but we would recommend that every developer thinks
about their behavior, but also that the organization as a whole, sees this
problem and works together to make a change.
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6.10 Ethical aspects
As the implemented tool is only reachable when connected to the Ericsson
network, there are no real social responsibilities other than how it affects the
developers, managers and other stakeholders which are somehow affected by
the tool. Something that was clear during the entire project was that the
goal was to show the real utilization where this information would be used
to make better investment decisions and to improve the utilization. This
did not include to monitor the developers themselves in order to find and
put out people which are misusing their booked resource in some way. From
an ethical point of view, this matter might be sensitive for many reasons.
First of all, the RCI-lab Utilization Tool performs frequent measurements
which means that the developers which use the resources will have their
work monitored all the time. One of the reasons for keeping the frequency
at a thirty minutes interval, rather than lowering it to 5 or 10 minutes was
not only for performance reasons, but also to not put too much pressure on
the developers. The utilization presented on the web-interface could have
been presented on a 30 minutes basis, or even lower if the measurement
frequency was changed. A clear goal with the tool was to not create the
feeling that the developers themselves are the ones that are monitored as
this could create problems from an ethical and work-throughput point of
view. Knowing that there is a system monitoring all their work may result
in unnecessary stress for the individual developer. It may also affect their
work in a negative way where the focus lies on having high utilization rather
than being as efficient as possible with their work. In order to improve the
utilization with the tool, some pressure needs to be put on the developers,
but rather regarding they way of booking the resource than the utilization
itself. A negative effect would be if the developers keep overbooking their
resources and focus on increasing the utilization by performing unnecessary
tasks on the DUTs. This would result discarding all the benefits which the
tool brings, and the problem will keep on growing. In order for this to not
happen, the tool needs to create confidence amongst the developers where
they feel that the system provides benefits for themselves.

Another important ethical aspect regarding this issue is to have the
courage to address the mentality of overbooking resources as it is done.
An example which was brought up by many interview participants was that
most people tend to book resources correctly at first, but as soon as some-
one starts to do long-term bookings, everyone follows and does the same.
The developed tool, and the research performed may increase the aware-
ness of the issue, where people can remind each other and point out when
a resource has been utilized much lower than its booking time. It can be
sensitive to criticize other peoples way of working, and could possible start
internal conflicts. Even though it is not very likely, there is always the risk of
creating an environment where the developers monitor each others resources

136



137 CHAPTER 6. DISCUSSION & ANALYSIS

and use this information just to point over-bookings done by others. From
a developer point of view, a unused resource which is not booked is not an
issue. For a scenario where the amount of resources with low utilization
and no booking increases, the only conclusion which could be made is that
the investment speed was higher than needed. The management and other
stakeholders will have the information regarding the utilization, where they
can use it as basis for other actions then investment decisions. From an
ethical point of view, it is important how this is presented by the managers.
There is always the risk for creating the environment where the developers
feels over-watched and where bad utilization or booking results in some sort
of punishment. It is therefore important to find the right actions to take,
and to present them in a good way. Another important ethical aspect from
a manager point of view is how to deduce which actions to take from the
given information without creating any negative effects on the developers
mindset
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Conclusion

The data presented in section 5.6 allows for several conclusions to be made.
First of all, the developers which participated in the interviews estimated
the resource utilization to be around 20-30%, which was close to the over-
all average utilization of 33% measured by the developed tool. This shows
that all developers were aware of the problem. The issue of under-utilized
hardware resources has been identified for a longer period of time, but the
issue still persists. A conclusion that can be made is that the low utilization
levels are strongly connected to the ways of working. The developers work
in agile teams with Scrum sprints of 1,5 weeks. As the tasks require different
amounts of hardware resources at different times, the need for a resource
cannot be predicted. Time is a scarce resource in many projects, where a
developer which cannot find an available resource may lose several hours of
work, which may in turn result in delayed deliveries. It is also interesting to
raise the question of how the resource utilization can be improved if there is
no way for a developer to tell when a resource will be needed. Investing in
new resources will not address the resource utilization problem and is not
seen as a possible solution. We believe that the RCI-lab Resource Utilization
Tool will provide accurate information regarding the utilization, but in order
to improve the situation, the stakeholders need to make the right decisions
other than investing in new resources. A resource pool in which developers
can request a specific type of resource for a limited amount of time has great
potential to improve the utilization of already existing resources.

Any agile team that works in sprint may have different tasks in each
sprint in which the task may require for different resources. The question is
how a more controlled resource utilization would affect the work. In some
cases, a more restricted and controlled access to resources may cause a lower
work throughout by the developers. As there are plenty of resources in the
labs, better communication and willingness to cooperate by the developers
would increase the utilization to some degree. The measurement results
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show that the majority of the bookings are 24-hour bookings, while there
is a far lower percentage of 24-hours utilization. This allows for the conclu-
sion to be made that developers want to make sure that they have access
to a DUT for a given period in which they know they might need to use it.
Better communication would allow for this resource to be used by someone
else who needs it while its unused by the developer which initially booked it.

As mentioned earlier, one of the main reasons which affects the utilization
is the way of working. As the teams at Ericsson work in standard agile
teams with short sprints, we can conclude that the agile way of working in
projects which require different amounts of hardware resources may affect
the resource utilization. The developers are pressured to deliver finished
products frequently which requires for constant access to a resource.
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7.1 Answers to problem statements
This section presents a summary and a shorter answer to the problem state-
ments addressed in this report.

1. Why is an booked DUT not utilized?

(a) Which measurement method is most efficient regarding the quality
of data it provides?

(b) How can resource utilization be defined in this context?

(c) How can the resource utilization of a DUT be measured?

(d) How much time of the total booked time of a DUT is not used?

The interviews provided valuable information regarding why a booked
resource is not utilized. The majority of the interview participants
stated that there is a risk of not getting a resource when they really
need it, and its is therefore better to over-book the resource to guar-
antee access when wanted. As there is no real way to tell the resource
status through the booking system, there is always the risk of getting a
dysfunctional resource. This was also seen as one of the major reasons
of over-booking resources which the developers trust, and thereby not
ending up with a broken resource. The interviews also provided infor-
mation to identify certain points of measurement which could yield in
relevant data regarding its utilization. After studying and testing the
different approaches login sessions, uptime, and traffic was proven to
provide most informative information. The exact meaning of utiliza-
tion in this context was quite vague at the start of the project where
we commonly heard that the way of utilizing a resource all depends
on the situation. It was therefore important to come to a definition
which was done with the help of the interviews. The definition used
in this thesis is presented below.

"A DUT is utilized when a developer tests source-code or test-cases,
perform manual operations, or performs system tests where traffic
streams are sent through the DUT for a period of time"

The measurement results provided a lot of valuable information both
regarding the utilization and bookings. The booked but not utilized
time was always higher according to figure ??. The graph varied be-
tween 3-40% less utilization than the booked time. The conclusion that
can be drawn from this is that the resources are always over-booked.

2. What effect does the current way of booking a DUT have
on the utilization of the DUT? The developers at Ericsson work
with Scrum where each sprint is 1,5 weeks long. Each sprint may
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require a different amount of hardware resources. The way of booking
is affected by the tasks for each sprint where a test heavier sprint
requires for more hardware resources. The booking system itself does
not put any limitations to how a resource can be booked other than
providing guidelines. The developers may therefore do as ever they
want to. The developers want to make sure that they have access to a
resource when ever they need it, and that the resource is in a healthy
state. This leads to over-booking resources, which in turn makes it
difficult for other developers which want to book a resource when they
really need it. As mentioned earlier, the utilized time is always lower
then the booked time which means that the way of booking affects the
utilization in a negative way. Another conclusion drawn is that the
way of working also has an effect on the utilization where the sprints
are short, and the developers cannot afford to lose time waiting to get
access to a resource.

3. How can the resource utilization be improved?

The overall average utilization was measured to 33% which allows for
improvement. The interview participants stated that it is quite com-
mon that they forget to return a resource to the booking system when
they are done using it. An improvement of this would be to let the
users actively extend the booked time every thirty minutes, which
would eliminate this problem and create more free resources in the
booking system. The booking system could also provide a reminding
function which simply reminds the developer which booked a resource
to use it, or return it to the system. Another way to improve the
overall utilization would be to implement a DUT-pool where the de-
velopers can request a resource from a pool, which is returned as soon
as the developer is done. This would also require for the possibility
of extending the using time. The team allocated resources are often
inactive during the nights which allows for better cooperation with
other sites which has other office hours, i.e. South Korea. This would
require some restrictions on how a borrowed resource should be re-
turned. Repairing the resources is important since this was one of the
reasons that the developers chose to over-book resources which they
trust. The booking system should have an easy way to detect the sta-
tus of the DUTs, as well as making it easier to create an error ticket
for broken resources. To handle the issue where developers book a re-
source, realize it is broken, and return it without reporting the error,
the booking system should implement a time-out which the developer
needs to wait before being allowed to book another resource. This
time-out could be circumvented by reporting the error. This gives the
developers an incitement to actually report broken resources.
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Chapter 8

Appendix

8.1 Acronyms
• SUT - System under test, is the system on which the test cases are

conducted.

• DUT - Device under Test, is the device on which the test cases are
conducted.

• EF - Efficiency factor

• OEE - Overall Equipment Effectiveness. A performance measure which
measures equipment efficiency and is dependent on the whole system
and now only the equipment alone

• XP - Extreme Programming, is an agile software development disci-
pline

• PE - Performance Efficiency, a measurement of how effective the equip-
ment is utilized.

• AE - Availability Efficiency, up-time of a resource

• QE - Quality Efficiency, Measures inefficient equipment usage due to
low quality of produced outcome.

• OE - Operational Efficiency, measures the production time of the total
equipment up-time

• RE - Rate Efficiency, measures the theoretical production time for
actual units of the total production time.

• E - Derived Equipment Effectiveness, measures effectiveness of the
equipment itself.

145



8.1. ACRONYMS 146

• A - Availability, measures the production time of the total effective
time

• Te - Total effective time, used to measure availability in derived equip-
ment effectiveness

• T0 - Production time, the time where the equipment is actually per-
forming its task. Used to measure availability in derived equipment
effectiveness.

• R - The rate factor, measures throughput compared to maximum
throughput in derived equipment effectiveness.

• N - The throughput of the resource, used to measure the rate factor
in derived equipment effectiveness.

• Nmax - The maximum throughput of a resource, used to measure the
rate factor in derived equipment effectiveness. Also used to measure
the Yield in derived equipment effectiveness.

• Y - Is the Yield, which measures the fraction of total items which
reaches quality requirements

• NQ - The amount of items that fulfill the quality requirements, and is
used to calculate the yield in derived equipment effectiveness.

• CI- continuous integration

• SIU- Site Integration Unit.

• SIU booking web page- references a link to the SIU booking system,
the system used to book DUTs the name of the booking system in use.

• signum- identification name used to identify Ericsson employees.

• TCDB- Test Characteristics Database, used to automatically analyze
and evaluate results from test cases depending on software or product
within automated tests.

• CDMA - Code Division Multiple Access

• WCDMA - Wideband Code Division Multiple Access (3G)

• RBS - Radio Base Station

• MOM - Managed Object Model, software component in TCU03/DUS

• MIB - Management Information Base, software component in TCU03/DUS

• PI - Performance Indicator

• JCAT - Java Common Auto Tester, an internally used testing tool
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• DSM - Dynamic Suite Manager, component in JCAT

• STP - System Test Plant. A predefined topology of the connections,
configurations and nodes available to test a resource, that is, a logical
view of actual hardware in the test lab

• CLI - Command-Line Interface, user interacting with program by us-
ing command lines. In this case, this is represents different types of
prompts.

• CPU - Central Processing Unit. Carries the instructions in a computer.

• NPU - Network Processing Unit. Carries instructions in a network.

• ECUT - Ericsson Common Utilization Tool. Ericsson tool to measure
the real utilization of resources

• NWP - Network Plan. Database at the studied department at Ericsson
with information regarding resources in the test lab is contained.
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