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Sammanfattning 

Detta examensarbete är en analys av utvecklingsprocessen för tre utvecklingsnoder på en 
produktutvecklingsavdelning inom Ericsson, kallad PDU IMS. Arbetet har baserats på en 
kartläggning av arbetsprocessen, en ledtidsanalys samt en kartläggning av de wastes som finns 
inom avdelningen. Syftet med arbetet är att effektivisera utvecklingsprocessen och därmed 
förkorta ledtiden. För att Ericsson ska vara ett konkurrenskraftigt företag krävs en snabb respons 
från kundkrav till färdig produkt. Inom industrin har det blivit vanligt att man använder sig av 
Agila metoder, bland annat Lean Software Development. 

Examensarbetet har fokuserat på att analysera och förbättra utvecklingsprocessen. Arbetet 
bygger på en grundlig förstudie där bland annat metoder för att mäta ledtider och Agila 
arbetsmetoder har undersökts. Även metoder för att identifiera och analysera olika typer av 
wastes har undersökts. Datainsamlingen har till största del baserats på intervjuer med 
nyckelpersoner. För att kartlägga arbetsprocessen har även befintliga utvecklingsmodeller 
studerats. Vid ledtidsanalysen har även data från två interna databaser använts, för att 
sammanställa statistik. För kartläggningen av de wastes som uppstår vid utvecklingsprocessen 
har även befintligt material studerats.  

Resultatet visar att det finns potential för att effektivisera utvecklingsprocessen och därmed 
minska ledtiden. Flera wastes har identifierats inom de fyra olika områdena inom Ericsson PDU 
IMS. Resultatet har bland annat visat att större delen av ledtiden används för testning av 
produkterna. Resultatet visade även att en stor del av utvecklade produkterna aldrig kommer till 
användning hos en kund. 

Denna studie visar att Ericsson har stor potential för att minska ledtiden för utveckling av nya 
produkter och därmed öka sin konkurrenskraft. Slutsatsen är att Ericsson bör fortsätta med denna 
typ av undersökning och kartläggning för att kontinuerligt förbättra och effektivisera 
utvecklingsprocessen. En rekommendation är att Ericsson bör använda sig av ett verktyg där all 
status för alla krav och features rapporteras, vilket ger en total överblick över 
utvecklingsprocessen. Ericsson bör även införa en Agile utvecklingsmodell i full skala.  
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Abstract 

This master thesis is an analysis of the development process for three different node 
development organizations at a product development unit at Ericsson in Stockholm, called PDU 
IMS. This work is based on a mapping of the work flow, a lead-time analysis and a mapping of 
the wastes within the organization. The purpose of this master thesis is to make the development 
process more effective and thus shorten the lead-time. To maintain its competitiveness Ericsson 
is required to have quick customer responsiveness from a requirement to a developed product. 
Within the industry, Agile methods are the latest trend addressing this issue, including Lean 
Software Development.  

This master thesis has focused on analyzing and improving the development process. The work 
is based on a comprehensive theoretical framework where e.g. methods for lead-time analysis 
and Agile methods have been studied. Methods for identifying and analyzing different types of 
waste have also been studied. The data collection is primarily based on interviews with key 
persons. For the mapping of the work flow, existing models have also been studied. The lead-
time analysis was also based on data from two internal databases, to create statistics. For the 
waste mapping, existing material was also studied. 

The result shows that there is a potential for improving the development process and thus shorten 
the lead-time. Several wastes have been identified within the four areas of Ericsson PDU IMS. 
The results have shown, inter alia, that a majority of the lead-time is spent on testing the 
products. The results also indicated that a large proportion of the developed features are never 
used by an end-customer. 

This study shows that Ericsson has a great potential to shorten the lead-time for developing 
products and thus increase its competitiveness. The conclusion for Ericsson is to continue with 
this type of investigation and mapping to continuously improve the development process. A 
recommendation for Ericsson is to use a tool were the status for the requirements and features 
are reported, which gives a total overview of the development process. Ericsson should also 
adopt a full scale Agile methodology. 

 
 



  



Expressions 
 
Agile    Software development methodology 
 
Customer   The customer in this case is a fixed or mobile network operator 
 
Development   The process where the features are developed and designed 
 
Defect    A defect within the code that creates an error  
 
DVA Deployment Verification Activity, the implementation test where 

Ericsson acts as a first customer 
 
End-to-end   Defines the start and stop for a process  
 
FOA    First Office Application, the implementation test at a customer 
 
Implementation The process where the product is implemented and tested at the 

first customer 
 
IMS    IP Multimedia Subsystem 
 
IP    Internet Protocol  
 
Lead-time   The time between the launch of a process until it is completed 
 
Legacy    Backward compatibility 
 
NDO    Node Development Organization 
 
Node    The development unit 
 
PDU    Product Development Unit 
 
Requirement handling  The process where the requirements are studied 
 
Tier 1-3 test   A three step test process at Ericsson PDU IMS 
 
Waste Anything that interferes with the product development process and 

thus prevents it from working optimally 
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1. Introduction 
This master thesis analyses the work flow and processes at a product development unit, PDU, called 
IMS at Ericsson. By using an Agile way of working, with focus on Lean Software Development, the 
intention is to make the work process more efficient. In this chapter a brief description of the company 
and its product is presented. Subsequently, the definition of the problems that are the main cause of 
this thesis is presented. The purpose, hypothesis and delimitations are also presented. 

1.1 Background 
IMS stands for Internet Protocol (IP) Multimedia Subsystem and is a generic architectural 
framework for offering Voice over IP (VoIP) and IP multimedia services. IMS was first 
specified by third Generation Partnership Project (3GPP/3GPP2) as a vision to evolve mobile 
networks beyond GSM. It is now being embraced by other standards bodies, such as TISPAN 
and ETSI. 1,2 Multiple access types are supported by IMS, including mobile access (e.g. GSM 
and GPRS), fixed access (e.g. cable modem and Ethernet) and wireless access (e.g. WLAN). 

Services that are offered by IMS include an all-IP person-to-person and person-to-content 
communication in several varieties. This includes one or any combination of voice, text, 
pictures and video. Ericsson offer a complete end-to-end solution for fixed and mobile 
network operators with standardized services such as IMS Multimedia Telephony (e.g. IP 
Telephony), IMS Push to Talk and IMS Messaging. Beyond the standardized services 
Ericsson also offer operator-specific innovations on existing IMS solutions. A more detailed 
description of IMS can be found in chapter 3.1 IMS. 

To increase customer responsiveness and to maintain competitiveness, Ericsson must have 
state of the art end-to-end ways of working. There are several methods addressing this, and 
Agile is one of the latest trends. At Ericsson several improvement programs are ongoing but 
within IMS there is currently no study covering end-to-end. By using an Agile way of 
working, the intention is to increase customer responsiveness and make lead-time and 
development process less time-consuming. 

The term “Agile software development” was coined in 2001 when the Agile manifesto was 
formulated (Agilemanifesto). It refers to a group of software development methodologies, and 
Lean Software Development is one of them. 

The master thesis is being done at Ericsson PDU IMS, Product Development Unit working 
with the IP Multimedia Subsystem. The unit has multiple sites all over the world, but the 
master thesis is being done at the office at Telefonplan, Stockholm. 

1.2 Definition of the problem 
The problem definitions that are the main cause of this master thesis are: 

• What is the current work flow process and how well is it being implemented? 

• What other studies or Agile implementations have been made at Ericsson? 

• What is end-to-end within Ericsson PDU IMS i.e. what is the start and end point for 
this study?  

• What kinds of measuring points are suitable for the lead-time analysis? 

• What is the current lead-time end-to-end? 
                                                 
1TISPAN: Telecoms & Internet converged Services & Protocols for Advanced Networks 
2 ETSI: European Telecommunications Standards Institute 
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• What are the current types of waste within the entire development process? 

• What changes are possible to make to shorten the lead-time and make the work flow 
process more effective? 

The study shall result in an end-to-end study covering a lead-time analysis and identification 
of waste as well as to propose changes in the way of working. The result should be a part of 
an ongoing improvement program at PDU IMS, called the Kaizen program, and should be 
used for future improvement actions. 

1.3 Purpose 
The main purpose of this master thesis is to get a better understanding of the work flow 
process at Ericsson, what the current lead-times are and what types of waste there are. The 
data will be analyzed and will result in suggestions for improvements of the current way of 
working.  

1.4 Hypothesis 
There are mainly two hypotheses for this master thesis. 

1. By mapping the work flow and performing a value stream map, it should be possible 
to identify suitable areas of improvements and identify areas with waste. 

2. By performing interviews based on the seven wastes of Lean Software Development, 
unacquainted waste should be identified and minimized and thus shorten the lead-
time. 

How to perform a value stream map is described in chapter 3.6 Value stream mapping of the 
lead-time. The seven wastes of lean software is described in chapter 3.4 The seven wastes of 
Lean Software Development. 

1.5 Delimitations 
Since Ericsson IMS is a very large business unit with multiple sites all over the world, it was 
not possible to study the entire business unit. Therefore it was necessary to limit the scope to a 
realistic size that is proportional to the time and resources that were available. The following 
delimitations have been made with the consent of Ericsson: 

• The work is only being done at the product development unit (PDU) with its four 
areas: requirement handling, development, Tier 1-3 test and implementation. This 
study does not take any considerations regarding the market unit, sales, support or 
other areas which are outside Ericsson PDU IMS. 

• Not the entire product development unit will be studied, only three NDO’s.3 These are 
all located at Telefonplan, Stockholm. 

• Only the work process will be studied, neither will any technical improvements of the 
products itself or financial calculations be made. 

• The study will be focused on lead-time, not the amount of man-hours spent. The lead-
time analysis will be presented in percent. 

• Since the master thesis will be an official document and thus available outside 
Ericsson, some details have been omitted concerning the names of the interviewed, the 
names of the nodes and the exact dates and lead-times for the work flow process.

                                                 
3 NDO: Node Development Organization, the development unit. 
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2. Methodology 
In this chapter several methodologies are described as well as the motivations to why certain 
methodologies were used. The purpose is to find the method that is most suitable for this study and 
that provides as many answers as possible. To start with, a description of the basic steps of a study is 
presented. Subsequently, methodologies for the purpose and approach are presented. Thereafter a 
brief description of the theoretical study is presented as well as for the empirical study. For the 
empirical study, the order and delimitations of the study is presented. Methods and sources to collect, 
analyze and maintaining a high quality of the research is also presented. 

2.1 Background 
When writing a master thesis it is important to have a clear and well motivated method. This 
is to ensure that the information will be gathered in a correct and efficient way to maintain 
focus and make sure that nothing is omitted during the entire work. 

Regardless of the object being studied, there are several steps in a research process that are 
necessary to include (Patel & Davidsson, 1991, p. 30). These steps are identification of the 
problem, review of literature, clarification of the problem, selecting the structure for the 
research, selecting the group to be studied, selecting the method for gathering information, 
implementation, process and analysis, and finally reporting. Following this order could be an 
ideal process, but usually it is not possible. This is due to there are no harsh boundaries 
between the steps and new knowledge and experiences are usually gathered during the 
process. In many cases it might not even be an optimal order. 

Given that the problem was already specified by Ericsson, but on a basic and overall level, 
research had to be made to give a more specific definition of the problem. To start with, a 
comprehensive research for relevant literature was made. The literature was later studied and 
analyzed to give a broader knowledge regarding Agile methods, principles and ways of 
working. Before the lead-time analysis and the interviews concerning waste could start, the 
work flow process had to be mapped and fully understood. A mapping of similar activities at 
other parts of Ericsson was also made, to give ideas and when possible to take benefit from. 
When this had been accomplished, research regarding lead-time was made. During the lead-
time mapping, some ideas concerning waste and obstacles were identified. These were added 
to the interview guide, one for each area of the work flow process, see Appendix 1. 
Subsequently, the interviews were performed with suitable persons for each area of the work 
flow process. 

2.2 Research purpose 
According to Patel & Davidsson (1991, pp. 8) there are two kinds of research, depending on 
the type of problem; applied research and basic research. Applied research is suitable for 
practical problems that require practical results. The goal is to achieve enough knowledge to 
quickly apply actions to solve the problem. If there are deficiencies in our knowledge or if we 
want to broaden our knowledge, basic research is more suitable. For basic research, the 
objective does not have to be to immediately solve the problem, instead gaining new 
knowledge and producing the ability to solve the problem in the future could be of key 
interest. 

Patel & Davidsson also presents the possibility to divide the research into three different 
groups, depending on the present level of knowledge. These are usually being done 
individually but can be combined in larger projects. 

• Exploratory research: When there are deficiencies in our knowledge, the research is 
going to be exploratory. The purpose is to gain as much new knowledge as possible 



2. Methodology 
 

4 
 

regarding a given area. Inventiveness and creativeness is important as well as using 
several different techniques to collect information. 

 
• Descriptive research: When there is a certain amount of information that already has 

been gathered and possibly even systemized in models, patterns or relationships, the 
research is going to be descriptive. It is suitable to narrow the scope to just a few 
aspects of the entire phenomena, to make research as comprehensive and detailed as 
possible. Usually only one technique is used to gather information. 

 
• Hypothesis confirming research: When the amount of knowledge has become even 

more comprehensive and several theories already have been developed, the research is 
going to be hypothesis confirming. The objective is to create hypotheses based on the 
current knowledge for the given area. It is required to use a technique that produces as 
accurate information as possible.  

 
Since one of the main purposes of this master thesis is to gain more knowledge and to be of 
use for future studies and improvements at Ericsson, this will be a basic research. As there has 
not been any similar study at Ericsson PDU IMS and the lack of experience of the author, this 
study will primarily be an exploratory research. 

2.3 Research approach 
In all fields of research, one of the main purposes is to create new theories that give as much 
knowledge as possible (Patel & Davidsson, 1991 p. 20). A central question is how to relate 
theory and reality to each other. With this in mind, research can be conducted into two 
different approaches: deductive research and inductive research. 

• Deductive research: Based on existing theories and principles, conclusions are being 
drawn regarding a specific phenomenon. Existing theories can be used to create new 
hypotheses which are empirically tested for the actual phenomenon, called 
hypothetical-deductive. 

  
• Inductive research: New theories are formulated based on empirical findings from 

observations and studies of a specific phenomenon. Existing theories can be used to 
assist the research, but not necessarily. 

A third approach called abductive approach is presented by Huovila, Pulkkinen, Rohweder 
and Ylikerälä (2007). For this approach, theory should not be considered as a hypothesis. 
Instead it should be considered as a guideline to understand the real scenario. For a deductive 
research approach, the theoretical framework should be distinct with as precise theory and 
hypotheses as possible. For an abductive and an inductive research approach, the theoretical 
framework is broader. The purpose is to create a preliminary understanding for the subject.  

There are several theories regarding Agile, lead-time analysis and minimizing waste, but they 
are general and have to be adapted before they can be applied to Ericsson PDU IMS. Because 
of the complexity of the business unit, no literature or theory will describe an identical 
scenario. Although, as many theories as possible will be taken advantage of. These theories 
will be used both as a guideline to understand the work flow, the processes and the way of 
working. The theories will also be applied to the greatest extent when performing the waste 
analysis. Therefore the research approach for this study will be a mix of both an abductive 
and deductive.  
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2.4 Theoretical study 
The main purpose of the theoretical study was to obtain the knowledge that is available for 
Agile and Lean principles and ways of working. Since Lean is a well known method, a lot of 
literature is available. Originally, Lean was intended for product manufacturing and 
development of physical products and they share several similarities with software 
development. To avoid misconceptions and to maintain a high efficiency, only literature for 
Lean Software Development was studied. Most of the literature that has been found only 
describes small scale development with less complex organizations and products than 
Ericsson has. Agile software development is widely documented and has been proven to work 
well for small teams, but large scale development still remains as an active research area and 
several large organizations have difficulties adapting to an Agile method (Wikipedia: Agile 
software development, 2009). This makes it impossible to make a theoretical study that 
thoroughly describes a suitable method for Ericsson. In addition to the literature study, a 
search for documents at Ericsson’s intranet was also performed. 

As mentioned in the previous chapter, Agile refers to several software development 
methodologies.4 The main reason that Lean was chosen was because of the lead-time analysis 
and the value stream mapping was a requirement from Ericsson. Since value stream mapping 
is a Lean technique and one the cornerstones of Lean Software Development, it was natural to 
keep the theoretical study focused on Lean. Given that the time and resources were limited, 
and to keep a high quality, studying and comparing other Agile techniques was not possible. 

2.5 Empirical study 
Since the organization and work process for Ericsson was unknown for the author, the 
empirical study had to be made in a specific order. The description beneath describes in what 
order the empirical study was performed: 

1. The empirical study started with a mapping of the current work flow and a mapping of 
similar activities performed at Ericsson. The mapping of the current work flow 
resulted in several diagrams describing how Ericsson PDU IMS is organized and the 
life-cycle of requirements. The mapping of the current work flow identified suitable 
points for measurements for the lead-time analysis. The study also confirmed that it 
was suitable to perform the waste mapping divided into the four different areas of 
Ericsson PDU IMS. As no similar study or activity was identified at Ericsson, the 
mapping of similar activities only resulted in statistics of the most commonly used 
Agile practices in development teams within Ericsson.  

2. Subsequently, the mapping of the lead-time was performed. The mapping resulted in 
statistical data of the lead-time for each area within PDU IMS. To present it in a more 
lucid manner, charts were created. The lead-time analysis also assisted in the waste 
mapping, as it identified areas with waste. 

3. Finally the waste mapping was performed. It was performed by interviewing 23 
employees. These were employees from the four different areas, identified in step 1, 
the mapping of the work flow. A list of the interviewees is presented in TABLE 1, 
chapter 2.5.3 Sources for data collection. The waste mapping was achieved through 
interviews and resulted in the identified wastes being mapped and grouped into seven 

                                                 
4 Agile Modeling, Agile Unified Process (AUP), Agile Data Method, DSDM, Essential Unified Process (EssUP), 
Extreme programming (XP), Feature Driven Development (FDD), Getting Real, Open Unified Process 
(OpenUP), Scrum  
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different types of wastes, identified and described in chapter 3.4 The seven wastes of 
Lean Software Development. 

As seen in Figure 1, the first steps of the study were the theoretical study as well as studying 
the work flow at Ericsson PDU IMS. Subsequently, the lead-time analysis was performed, 
which to some extent overlaps with the previous steps. The mapping of the work flow was 
performed for the four areas of PDU IMS separately. This was also the case for the lead-time 
analysis, which is why there is an overlap. During the interviews, different types of waste 
were often mentioned by the interviewees. This is why there is an overlap for the waste 
mapping. As seen in the figure, there were also interviews that were held solely to identify 
waste.  

Mappingof the 
work flow

Theoretical
Study

Mappingof the
Lead‐time

Waste mapping
 

Figure 1. How the study was performed 

According to Patel & Davidsson (1991, pp 60) it is important to consider two aspects when 
interviews are being performed. These are the structure and the standardization of the 
interviews. During an interview with a low degree of standardization, questions are often 
formulated during the interview and asked in an order that is deemed appropriate during the 
interview. For an interview with a high degree of standardization, the order and the questions 
are prepared before the interview. The same questions are also asked to the different 
interviewees.  

For a completely structured interview, there are few answering alternatives for the questions, 
and they can often be presumed. These answering alternatives can be “yes” or “no”. For an 
unstructured interview, the interviewee is given a great freedom of choice. The questions 
should therefore be structured as e.g. “what is your experience of…”.   

During the interviews, there were several questions that were asked to all of the interviewees, 
such as what they experienced as the largest waste. Because of the interviewees had different 
positions, it would not be possible to ask exactly the same questions to all of the interviewees. 
There was also new information that was gained during the interviews, which led to new 
questions being formulated during the interviews. The interviews had therefore a mixed 
degree of standardization. Since it was most suitable to achieve the interviewee’s views and 
opinions, the focus was on unstructured interviews. 
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2.5.1 Delimitations of the empirical study 
As mentioned in chapter 1.5 Delimitations, one of the delimitations from Ericsson was to only 
study the product development unit, PDU IMS. The front-end and back-end of the entire 
Ericsson IMS organization was therefore not studied, seen as the grey areas in Figure 2. The 
colored areas show the four areas which PDU IMS can be divided into; requirement handling, 
development, Tier 1-3 testing (a three step test process) and FOA/DVA implementation.5 This 
empirical research therefore starts when a requirement reaches PDU IMS, supplied by the 
product management. It ends as features that have been implemented in FOA/DVA tests, 
which is later proceeded to the market unit and support unit.  

 

 
Figure 2. Ericsson IMS, entire chain. Areas in grey was not studied 

  
Ericsson PDU IMS is also divided into several NDOs, but as mentioned in chapter 1.5 
Delimitations, one of the delimitations given by Ericsson is to only study three of them.6 
These three NDOs are the backbone of Ericsson PDU IMS, and the majority of the features 
that are developed involve one or more of these NDOs. As seen to the left in Figure 3, a 
requirement can affect one or several NDOs depending on its complexity. A requirement can 
also create one or several features (middle in Figure 3), or the opposite, several requirements 
can create one feature, as seen to the right in Figure 3. For requirements that affect several 
NDOs, only the part of the requirement that affect the three given NDOs was taken in 
consideration. 

 

 
Figure 3. Three examples of the distribution between requirements, nodes and 

features 

   

                                                 
5 FOA: First Office Application, DVA= Deployment Verification Activity 
6 NDO: Node Development Organization, different development units 
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2.5.2 Research approach 
An empirical study can be oriented towards a quantitive or qualitative approach, depending on 
how the collected information is being processed and analyzed. The majority of all research 
uses a mix of both approaches (Patel & Davidsson, 1991, pp. 12). 

• Quantitive approach: This approach is suitable for problems such as “where?”, 
“when?”, “what are the differences?” and “what are the relations?”. In this case, 
statistical methods are used to analyze data. 
 

• Qualitative approach: This approach is suitable for problems such as “what is this?” 
and “what are the underlying patterns?”. In this case, verbal methods are used to 
analyze data. 

 
The empirical study used both approaches, but it was more of a qualitative approach. To map 
the current work flow, data existed but required explanations and discussions to be fully 
understood. Since there has not been any similar activity at Ericsson PDU IMS, it was not 
possible to collect extensive amounts of statistical data for the lead-time analysis. Therefore 
verbal methods were required to complete the analysis. The mapping of the current work flow 
and the lead-time analysis was therefore a mix of both approaches. The lead-time analysis 
facilitated the waste analysis since it identified the major areas for improvement. But to 
complete the waste analysis it required an in-depth research with verbal interviews to 
understand the underlying patterns i.e. a qualitative approach was most suited. 

2.5.3 Sources for data collection 
When executing an empirical study, data can be collected from several different sources. Yin 
(2009, pp. 101) presents the six most commonly used sources for case studies, but they are 
relevant to other studies as well. The six sources are: documentation, archival records, 
interviews, direct observations, participant-observation, and physical artifacts. Patel & 
Davidsson (1991, p. 54) presents other methods for collecting data, such as: journals, 
questionnaires and attitude scales. Which method or methods to select for data collection 
depends on what is most likely to give as much information as possible, in proportion to the 
amount of time and resources available. 

Observing and following up an ongoing project would probably be ideal since it would give 
direct and real-time information regarding the work flow process, lead-time and waste. But as 
the time and resources were limited, it was not possible to perform such an observation within 
this master thesis work. The main sources of information were existing documents, journals 
with data for past events and interviews. Since the research requires information from several 
persons from different areas and with different competences, interviews were more suitable 
than questionnaires or attitude scales. 

When the interviews were performed at Ericsson, it was important to interview employees 
from all of the four areas of PDU IMS as well as project managers with a more general 
overview. There were also Ericsson employees outside PDU IMS that were interviewed, for 
the research for similar initiatives. The interviewees were identified during the discussions 
with the supervisor at Ericsson as well as during prior interviews. A list of the interviewees 
and their positions are given in   
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TABLE 1. Due to delimitations given by Ericsson, names and precise titles are not given. The 
list is divided into the different areas, and is not in any priority order. There were also brief 
discussions and e-mail conversations with other than those listed.  
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TABLE 1. List of interviewees 

# Area Position 
1 Requirement handling Worked as a requirement handling manager for a 

project with internally generated requirements. 
2 Requirement handling Worked as a requirement handling manager for a 

customer ordered project. 
3 Requirement handling Worked with requirement handling. 

      
4 Development Worked with improving the development process. 
5 Development Worked with improving the development process. 
6 Development Worked as a development manager. 
7 Development Worked as development manager for node A. 
8 Development Worked as development manager for node B. 
9 Development Worked as development manager for node C. 
10 Development Worked with test during development. 

   
11 Tier 1-3 Worked as a test and tools manager. 
12 Tier 1-3 Worked as a Tier 1-3 test manager. 
13 Tier 1-3 Worked as a Tier 1-3 test coordinator. 
14 Tier 1-3 Worked as a test coordinator, Tier 1 and Tier 1 

baseline. 
15 Tier 1-3 Worked with Tier 1-2 test. 
16 Tier 1-3 Worked with Tier 1-2 test. 
17 Tier 1-3 Worked as a test process manager. 
      
18 Implementation Worked with implementation test. 
19 Implementation Worked with implementation test. 
20 Implementation  Worked as the manager for an implementation test. 

21 PDU IMS, general Worked as a project manager. 
22 Outside PDU IMS Worked as a manager for implementing Agile

methods. 
23 Outside PDU IMS Worked with implementing Agile methods. 

 

When the data was collected from databases, Ericsson’s internal database was used as well as 
Google books (http://books.google.se), Google scholar (http://scholar.google.se/) and KTH’s 
library (http://www.lib.kth.se). The most common keywords were: Agile, lean, software 
development, lead-time and waste. 

A detailed description of how the data for the empirical study was processed and collected for 
the different working areas is presented in chapter 2.5.5 Quality of the research.  
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2.5.4 Processing the collected data 
When doing a qualitative research, such as the interviews for identifying waste, the main goal 
is to understand and analyze the total situation, (Patel & Davidsson, 1991, pp. 99). The 
difference between quantitive and qualitative data processing is the frequency of the data 
analysis. When performing a quantitive data analysis, the analysis is usually performed at the 
end when all the data has been collected. For a qualitative data analysis, the analysis is 
performed continuously. This will lead to new ideas constantly emerging throughout the 
research. It is also important to frequently document all thoughts and ideas throughout the 
research. 

In the fifth chapter, Analysis, referrals are made to the chapter were the information can be 
found instead of to the author. This is to facilitate the possibility to make cross-references. 
The Agile Manifesto by Beck et al (2001) will only be referred to as the Agile Manifesto. The 
same applies for the seven wastes and seven principles of Lean Software Development by 
Poppendieck (2003a, 2007). This is to minimize the risk of misconceptions.  

2.5.5 Quality of the research  
According to Yin (2009, p. 44) it is possible to judge the quality of a research according to 
certain logical tests. These tests include trustworthiness, credibility, confirmability and data 
dependability. Four tests have been commonly used to establish the quality of a case study 
research, but these tests are relevant to other types of research as well. Two aspects are used 
in these tests; validity and reliability. Validity refers to whether the research actually measures 
what it is meant to, and reliability refers to whether the research is accurate and free from 
errors. 

According to Yin there are three kinds of validity; construct validity, internal validity and 
external validity. 

• Construct validity: Whether the measurements are sufficient and correct i.e. they are 
really measurements of the objects being studied and not the subjective impressions of 
the researcher. 

 
• Internal validity: Whether the researcher actually concludes the correct relationship 

between two events, without missing a third factor that can affect the relationship. 
 

• External validity: Whether the findings of a research are possible to generalize beyond 
the immediate study.  

 
The fourth test for judging the quality is reliability. One example of reliability would be if a 
later investigation would be made that would follow exactly the same procedures, the results 
would be similar (Yin, 2009, p. 45). Reliability is strongly linked to the interviewer and 
observers ability to evaluate the answers or observations (Patel & Davidsson, 1991, p. 87). A 
condition to maintain high reliability is to be well prepared and it is an advantage to use 
standardized interviews and structured observations. Efforts to increase the reliability include 
an extra person present at the interviews or voice recordings of the interviews. 

According to Patel and Davidsson there is a clear link between validity and reliability, 
therefore it is required to concentrate on both aspects. There are three rules in relation to the 
two aspects: “High reliability does not guarantee high validity”, “Low reliability leads to low 
validity” and “Total reliability is necessary for total validity”. 
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To ensure that high reliability and validity were maintained during the entire master thesis 
work, continuous reconciliations were made with suitable key persons. The mapping of the 
current work flow started with interviews with suitable persons from each area within the 
PDU. Identification of suitable persons was made in consent with the supervisor or previously 
interviewed persons. All of the interviewed persons were able to provide diagrams and 
describe how the work process flow worked in their area. Because there were no diagrams 
that completely described the work flow and all of its relations, new diagrams had to be 
created. To verify the reliability of these diagrams, they were presented to suitable staff 
members for approval e.g. managers or other responsible persons. 

The lead-time analysis, presented in chapter 4.3 Mapping of PDU IMS lead-time, has been 
based on both data from databases and through interviews. Since the databases only covers 
parts on the work flow process, it is not possible to make a full end-to-end lead-time analysis 
using only the information from the databases. When the lead-time analysis for the 
requirement handling was performed, it was possible to take advantage of the large quantity 
of data available in the requirement handling databases. By using exact dates for all of the 
different activities of the requirement handling, it was possible to maintain high reliability. 
For development and Tier 1-2 testing, there were no databases to collect information from. 
For the Tier 3 testing, a statistical study of the lead-time already had been made, which were 
taken advantage of and was analyzed. To maintain high reliability of the data, persons from 
different NDO’s, but in the same working area were interviewed. They had a good knowledge 
regarding their working area and were in most cases able to create statistics from internal 
documents. Although they are working in different NDO’s, their activities are similar. This 
makes it possible to compare the result to ensure high reliability. When analyzing the lead-
time for implementation, data existed but were limited in quantity. This is because such 
implementation projects are very comprehensive, containing a large amount of features and 
were seldom performed. To ensure high reliability, this was discussed with suitable persons to 
see if there were any abnormalities in the implementation projects that were included in the 
study. 

For the waste analysis, presented in chapter 4.4 Waste mapping, the data collection was 
mainly based on interviews. Results from earlier studies performed at Ericsson and the results 
from the lead-time analysis have also been used. The study that had been performed at 
Ericsson PDU IMS only covered one of the four areas, implementation. By studying the 
results from that study, knowledge was gained and facilitated further research. The interviews 
that where performed during the work where in as many cases as possible personal, face-to-
face and was a mixture of structured and semi-structured since new questions always 
appeared during the interviews. A structured method made it possible to perform the 
interviews in the right direction and to keep focus, i.e. maintain high validity. In those cases 
where it was not possible to have a personal face-to-face interview, the interviews were 
performed using rooms with special equipment for telephone conference. 

To maintain as high reliability as possible during the waste analysis, data was double-checked 
whenever it was possible. If there were any doubts from past interviews, new ones were held 
or the information was confirmed in other ways, e.g. e-mail or phone calls. Verifications were 
also held continuously during the interviews; the noted opinions were presented by the author 
and then approved by the interviewed. Since this study analyses three different NDO’s in the 
same organization, similar opinions in the same areas were identified which increases the 
reliability. When mapping the wastes according to the seven wastes presented by 
Poppendieck (2003a, pp. 5, 2007, pp. 73) they were made by the author and not by the 
interviewed. This is to reduce the risk of misunderstandings and confusions, since most of the 
interviewed had little knowledge regarding the seven wastes. During as many interviews as 
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possible, other Ericsson employees were also present taking notes. As soon as possible after 
the interviews, the notes were compared. If any possible uncertainties were identified, they 
were checked with the interviewed person. 

2.5.6 Sources of error 
For the lead-time analysis, stored data for measure points was used to the greatest extent to 
create statistics. These dates were stored in two different databases. In some cases, the dates 
for the same activity could differ between the two databases, which obviously cause a risk of 
an error. Given that the time and resources were limited, it was not possible to measure and 
clock the lead-time for the parts were no stored data was available. This resulted in interviews 
with people from the affected areas of the organization. Since these times are the 
interviewee’s perceptions and estimations, it was inevitable to avoid errors for these areas in 
the lead-time analysis. These areas were Tier 1-2 testing and development for two of the three 
nodes. Another thing that is likely to cause an error in the lead-time analysis is that some of 
the end-dates haven’t occurred yet. Obstacles may occur in the future that may cause delays, 
taking account of this is impossible. 

The waste mapping was based on interviews which consisted of the interviewee’s perceptions 
of waste and obstacles. There is a risk that there were wastes that none of the interviewed 
were aware of. It is also possible that the interviewee’s perceive the problems as more serious 
than they actually are, or the opposite. The interviewee’s were not involved in the mapping of 
the identified wastes as regards to the seven wastes by Poppendieck. 
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3. Theoretical framework 
In this chapter the most important findings of the theoretical study is presented. Even though this study 
is not about making improvements on the product, this chapter starts with a description of IMS to 
increase the insight of the study. Subsequently the underlying patterns and principles of Agile and 
Lean Software Development are presented. These underlying patterns and principles are used to 
increase the knowledge in this area which is necessary to perform this master thesis. This knowledge 
is fundamental for the empirical study, when the work flow is being analyzed and waste is being 
identified. A method to map the lead-time, value stream mapping, is also presented as well as the 
seven types of waste which will be used in the empirical study. 

3.1 IMS 
As mentioned in chapter 1.1 Background, IMS stands for IP Multimedia Subsystem. It is a 
connectivity architecture that enables streaming of multimedia content to and from end-users 
over mobile, fixed and wireless networks. IMS provides a joint framework for everything 
over IP and it is developed to interwork with existing networks. It is the only standardized 
way to deliver IP-based services, which is enabled by one common core and control 
(Ericsson, 2007). The IMS framework doesn’t directly implement applications; it is primarily 
an enabling technology that offers a standard layer for applications to run on, as seen in 
Figure 4. 

 
Figure 4. IMS platform (according to Symbian Developer Network, 2008) 

Brief descriptions of different parts of IMS are presented below: 

• IP addressing: Since IMS supports several access types and devices there will be 
different IP addresses between them. Additionally, when using e.g. WLAN, the IP 
address changes when you go from one hotspot to another. To transport a VoIP call, 
the IP address must be known. The registry that IP addressing uses is usually made per 
service, but IMS offers a single registry per network operator. This can be accessed in 
a standardized way with a single point of contact.  

• Identification and authentication: There is also a need for identifying and 
authenticating to control access for the users, as well to charge them. For this purpose, 
IMS also offer a standardized way. 
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• Quality of service: IMS also offers a guaranteed minimum bandwidth. Usually the 
delivery is made by ‘best effort delivery’, which can be a disadvantage for e.g. TV 
broadcasting. IMS makes it possible for the networks to differentiate between different 
types of sessions, which make it possible to reserve network resources for demanding 
applications. 

• Differential charging: Since IMS is an IP based service, it is a packet-switched 
network. IMS makes it possible for the operators to examine the data packets and 
control the content, to differentially price the content depending on what category it is. 

• Roaming: Operators are geographically restricted, which makes it difficult to access 
services on your home network while roaming abroad. To solve this, IMS offers a full 
specification to handle inter-network routing of data and communication. 

• Interworking: IMS offers interworking between different access types. E.g. it is 
possible to make a call from a cell-phone while connected to the home WLAN, as 
though the phone would be connected over GSM. 

 
While having a voice session, consumers are able to seamlessly combine multimedia 
elements, e.g. sharing a video while talking. It is also possible to change communication 
mode without having to break the call and make a new one, e.g. switch from voice on a cell-
phone to video on a TV. The users are able to use presence symbols, e.g. ‘online’ and ‘on a 
meeting’. The same presence and group list will automatically be available on the cell-phone, 
computer, TV etc. During certain statuses, it is possible to automatically decline or accept 
calls from specified users.   

Several applications that IMS offers and enables already exist, such as Push-To-Talk, Voice 
over IP, Instant Messaging and presence symbols. But IMS offers a better, unified platform 
that makes it easier to develop new mobile internet applications (Symbian Developer 
Network).  

3.2 Agile methods 
Agile software development is an approach that is common for several Agile methods. One of 
the most important philosophies of the methods is to be able to handle changes efficiently. By 
being more flexible instead of using too many rules and regulations, more successful projects 
might be achieved. Agile software development is not a system development methodology in 
itself; it is rather a set of values, attitudes and principles (AgileSweden).  

During the 1990’s several lightweight methodologies were independently developed because 
of the earlier, more heavyweight methodologies were perceived as slow and too 
comprehensive. In 2001, 17 leading representatives from different lightweight methodologies 
gathered for a conference.7 They shared a common idea; a lightweight alternative over a 
documentation driven and heavyweight software development process. During the conference 
they coined the term Agile and created the Agile ‘Software Development’ Manifesto 
(Agilemanifesto).  

                                                 
7 Lightweight methodologies: Extreme Programming, SCRUM, DSDM, Adaptive Software Development, 
Crystal, Feature-Driven Development and Pragmatic Programming 
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3.2.1 Agile Manifesto 
The Agile Manifesto was founded by Beck et al (2001) and it consists of four values and 
twelve principles. In the four values presented below, Agile Manifesto values the bold items 
on the left more than the items on the right. 

1. Individuals and interactions over processes and tools  

Modeling and diagrams are appreciated, but only if they are of use and are not only 
archived and becomes obsolete. There is also a need for someone, preferably the 
customer, who the people in the team can ask for clarifications. 

2. Working software over comprehensive documentation 

Although documentation has to be done, it should not be done in excessive amounts. 
There is no need for documents that are several hundred of pages if they are rarely or 
never used. Early working software enables collaboration between customers and 
developers. This is necessary for ensuring that the right things are being done and that 
issues and mistakes are identified at an early stage. 

3. Customer collaboration over contract negotiation 
The development time should be shorter than the time it takes for the environment to 
change. This reduces waste and increases customer responsiveness. Commitments 
should not be made too far ahead; a detailed scope far ahead has high uncertainty 
which increases the risk of delays. Committing to requirements that are so far ahead 
that the team feels it is difficult to handle will also have negative effects on 
motivation. Fewer commitments also make it easier to handle new incoming 
requirements.  

4. Responding to change over following a plan 

Planning has to be done, but the limits have to be known when planning in a turbulent 
and changing environment. The development should be aimed towards a prioritized 
list of requirements. If there are new requirements incoming, they can be put at the top 
of the list. This increases the chance that they can be delivered, even if they arrive 
close to a release. 

Besides the four values, Agile Manifesto also consists of 12 principles. These are: 

1. Our highest priority is to satisfy the customer through early and continuous delivery 
of valuable software.  

This requires a frequent delivery of working software to the customer. Procedures for 
deliveries and upgrades should not be time consuming for the developers or the 
customers. A risk with newly created teams is that they are not good at estimating how 
much time they need to develop a feature. As a result, the risk for delays increases. By 
using iterative development with continuous deliveries, better architectures and 
designs can be achieved.  
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2. Welcome changing requirements, even late in development. Agile processes harness 
change for the customer's competitive advantage.  
By only working with one feature at the time and towards a prioritized list of 
requirements, it is easier to implement new requirements or change existing 
requirements. This also requires that commitments should not be made too far ahead. 
 

3. Deliver working software frequently, from a couple of weeks to a couple of months, 
with a preference to the shorter timescale. 

To succeed in implementing Agile, implementing continuous integration and short 
development cycles are necessary. 
   

4. Business people and developers must work together daily throughout the project.   

Avoid as many strict handovers as possible, of e.g. documents. Instead have more 
meetings face-to-face. Physical relocation might also be necessary, to facilitate direct 
communication within the teams. 
 

5. Build projects around motivated individuals. Give them the environment and support 
they need, and trust them to get the job done.  

Everyone in the team should be as involved as possible with e.g. planning and 
committing to the scope, to increase the motivation. Otherwise, there is a risk that the 
team as a whole will not be as committed as desired to achieve the goal. It is 
recommended to only work with one assignment at the time. Task-switching costs 
time and can decrease motivation when the team can’t work without interruptions. 
People should not be moved around teams too much, since it takes time to get to know 
each other which makes the work and team environment less effective.  
 

6. The most efficient and effective method of conveying information to and within a 
development team is face-to-face conversation.  

By using more face-to-face conversations instead of handovers, it is possible to reduce 
lead-time, documentation and waste. Face-to-face conversation is also a better method 
to transfer information than documentation. This reduces the risk of making the wrong 
assumptions, since documents are not a good communication medium. 
 

7. Working software is the primary measure of progress.  

Time spent on a project or feature does not provide reliable progress information. 
Daily and visible progress information is desired to increase predictability. Short 
development cycles with short feedback loops are required to succeed with an Agile 
implementation. 
 

8. Agile processes promote sustainable development. The sponsors, developers, and 
users should be able to maintain a constant pace indefinitely. 

Since software development demands creativity, putting pressure on the developers 
does not help. This only increases the risk of making mistakes or lowers the quality. 
At the end, the time spent on fixing the mistakes can cost more time to fix than gained 
at the beginning. 
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9. Continuous attention to technical excellence and good design enhances agility.  

The best architectures and designs are not developed up front. They emerge through 
iterative development, reviews and code refactoring.8 
 

10. Simplicity – the art of maximizing the amount of work not done – is essential.  

Agile methods have short iterations and regular deliveries. Better architecture and 
design emerge from iterative development, this will minimize waste. 
 

11. The best architectures, requirements, and designs emerge from self-organizing teams.  

Self-organizing teams are more productive. This is due to a higher motivation caused 
by increased team commitment and authority. In a self-organizing team, everyone will 
be part of the planning which minimizes the pressure and the risk of having more 
commitments than they can handle. 
 

12. At regular intervals, the team reflects on how to become more effective, then tunes and 
adjusts its behavior accordingly.  

Having regular reflections is fundamental for continuous improvements. It drives the 
progress of Agile adoption and ensures long-term success.  

 
As the Agile Manifesto states, implementing and adopting to an Agile way of working is a big 
change for the entire organization. Since these principles and values are meant to be used as 
guidelines, there is no Agile implementation that can be copied and implemented to the 
organization. Although Agile might be a suitable method for the organization, if it’s not 
implemented properly it will not live up to the expected results. According to Holler and 
Culling (2008) several issues can occur when a large organization adapts to an Agile method. 
Since adapting to Agile is a big change, it is important to train the entire staff and involve the 
entire company when implementing Agile in a large organization. Even though Agile is a 
software development methodology, too much focus should not be put on the development 
teams. By using Agile on a larger scale, it is necessary to have a shift in infrastructure and 
corporate culture. One example of this is that e.g. business unit leaders are more involved in 
the development teams when using an Agile development process. When adapting to a new 
development process, it might feel natural to introduce new policies, management layers, 
checkpoints and additional processes. But as the first value of the Agile Manifesto states, 
individuals and interactions are preferred before processes and tools. By adding excess 
management with e.g. heavy documentation and extra processes, the idea of an Agile 
implementations is overlooked. This should not be done, since simplicity is of one the success 
factors for an Agile implementation. 

A problem that can occur for larger organizations is that different teams within the 
organization might use different Agile methodologies. This can result in the different units 
within the same organization uses different practices, tracking and reporting systems. For a 
large organization this can lead to difficulties in integration, tracking and for productivity. 
This can be facilitated with the use of a reference team, which acts as a body of knowledge.  It 
is also important to have the right tools for infrastructure to share the information throughout 
the organization. The tools should provide real-time information for all projects during the 
entire development process. For smaller, co-located teams a simple tool e.g. a whiteboard 

                                                 
8 Code refactoring: Changing the source code to improve the attributes of the software 
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might be enough. When the information has to be transferred between several team members, 
across teams, departments and business units, more sophisticated tools for infrastructure has 
to be used. The tool should assist all stakeholders, such as project managers, product 
managers, executives, users, developers and testers.  This can be a challenge for an Agile 
development process, since too many tools easily creates inefficiencies. But a tool that can be 
accessed worldwide by all employees is a necessity for success.  

3.3 The principles of Lean Software Development 
Software development can be described as the ability to create products based on ideas. 
According to Poppendieck (2007, p. 21) there are two different methods on how to 
accomplish this. The first method is called the “deterministic school of thoughts” and it starts 
by creating a complete definition of the product. The final result of the development will be a 
complete realization of the product definition. The second method is called the “empirical 
school of thoughts” and starts with a high-level product concept instead of a complete product 
definition. During development, new ideas emerge to meet the specified requirements in the 
best possible way. When developing around a changing environment the best choice is an 
empirical process, because it is more efficient when adapting to new changes. Software 
development should be able to adapt to changes both during the development process and 
over its entire lifecycle, which is why software development is most suited for an empirical 
method. 

Good software architecture requires that the software is easy to change. Over half of the 
software is developed after first release to production. On the other hand, as time goes on, 
modifying software gets more expensive and difficult. Changes to software add complexity 
which is why many companies discover that their software gets difficult to manage after a 
while. To solve this, the products need to have development processes and software 
architecture that tolerates changes implemented to the code.  

According to Poppendieck, “Principles are underlying truths that don't change over time or 
space, while practices are the application of principles to a particular situation.” The 
principles are constant, but the practices, processes and ways of working may change and 
differ from one situation and environment to another. If you are going to implement new 
practices, you could first study the underlying principles, or immediately start studying and 
implementing the practices. The first method is called an understand-before-doing approach, 
where the first step is to really understand the underlying principles and use it to develop new 
practices for the specific situation. The other option is called learn-by-doing approach, where 
you adopt a set of practices. The idea is that it eventually will lead to understanding the 
principles behind them. This usually leads to a result that is far from optimal. To get the best 
possible result, it is necessary to understand and study the underlying principles, i.e. an 
understand-before-doing approach. It is necessary to see lean as a management system with 
minimizing waste as the prime target. 

3.3.1 The seven principles of Lean Software Development 
Poppendieck explains how to understand and implement Lean Software Development by 
following and understanding the seven principles of Lean Software Development. These are 
the cornerstones of Lean Software Development, and it is required to study them for a 
successful implementation of a Lean way of working. The following principles by 
Poppendieck (2003a, pp. 1, 2007, pp. 19) are not written in priority order or any other type of 
order. 
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Principle 1: Eliminate waste 

Taiichi Ohno was the father of the Toyota Production System which later became Lean 
Manufacturing. He was asked how it worked and he answered: “All we are doing is looking 
at the timeline from the moment a customer gives us an order to the point when we collect the 
cash. And we are reducing that timeline by removing the non value-added wastes", 
Poppendieck (2007, p. 83). With Lean Software Development the goal is identical, but the 
start and stop of the timeline, end-to-end, might be modified. Waste is anything that doesn’t 
add any value. To eliminate waste it is required to first recognize and identify it. To 
understand value, there is no substitute for developing an understanding of what customers 
value and actually will value once they start using the software. This might be a problem in 
the software industry, since customers usually don’t really know what they want when the 
order is placed. When customers later see the product in action, they usually get new opinions 
and ideas. According to Poppendieck, great software development organizations develop a 
good sense of customer value and continually delight them, such as Google (Poppendieck 
2007, pp. 23) 

When you have a good understanding of value, the next step is to understand and see waste. 
Anything that interferes with giving the customer value at the right time and place is waste. 
This means that anything that is done that doesn’t create customer value, or delays that keeps 
customers from getting value in time, is waste. 

In the next chapter, 3.4 The seven wastes of , a more detailed description of the different types 
of waste is presented. 
 

Principle 2: Build quality in 

The goal is to build quality into the code from the start, not by testing and modifying it at a 
later stage. Effort should be put in avoiding making mistakes in the first place, instead of e.g. 
putting known defects in a defect tracking system. If a defect or bug is found, it should be 
fixed immediately. Testing should be about preventing defects, not finding and fixing them. 
Finding defects should be an exception, not a rule. According to Poppendieck there are two 
types of inspection, inspection after defect and inspection to prevent defect. To achieve the 
highest possible quality, inspections should not be made after defects have been found. 
Instead, defects should preferably not exist at all. For the situations where this is not possible, 
inspections should be made after each small step. This makes it possible to find the defects as 
soon as possible and fix them immediately. This could be done with TDD (test-driven-
development) where the tests are written before the associated code. Then both the code and 
tests are integrated to the system as often as possible to see that no new defects have been 
created. If a defect is found, no new code is written until the problem is solved. Usually, a 
larger and more complex test is run every night and an even more comprehensive test is run 
during the weekend. According to Poppendieck, organizations that have adopted this process 
have low defect rates and short timeframes to find the cause of the defect. 

Another important aspect is to start thinking of code synchronization as early as possible, 
even before any code has been written. The longer the code has been separated, the more 
complicated it will become to merge them (Bielicki, 2009).  
 

Principle 3: Create knowledge 

In waterfall development models, an aspect is that requirements are separate from and only 
exists prior to coding and development. When using a lean development model, an overall 
architectural concept will be sketched before development, but the detailed design occurs 
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during the development. This is because it is almost impossible for an early design to 
anticipate the complexity and take advantage of the feedback that might occur during the 
development of the software. A prediction far ahead will most likely be inaccurate if it’s too 
detailed, complex and about an uncertain environment. A development process based on 
creating knowledge should evolve during the development with the aid from customer and 
stakeholder feedback instead of locking the process prematurely. 

Alan MacCormack, a professor at Harvard Business School, has identified four practices to 
successful software development, Poppendieck (2007, p. 30): 

1. Early release of a minimum feature set to customers for evaluation and feedback 
2. Daily builds and rapid feedback from integration tests 
3. A team and/or leader with the experience and instincts to make good decisions 
4. A modular architecture that supports the ability to easily add new features 

According to Poppendieck there is another important element for companies to establish 
excellence in product development, to generate knowledge by experimentation and spread 
that information to the entire organization. The difficulty with software product development 
is that a lot of the knowledge that has been created from design, experiments and testing is 
tacit knowledge. Tacit knowledge is knowledge that has been gained from experience and not 
studies, such as insights and intuitions. This kind of knowledge is hard to transmit to others. 
To facilitate the distribution of tacit knowledge, Toyota’s Product Development System 
creates concise one-page summaries to try to make the tacit knowledge into explicit 
knowledge. 

The development process should encourage systematic learning during the entire development 
process, but the process should also be systematically improved. In a complex environment 
problems will often arise, and a lean process should be able to constantly improve to handle 
these issues. 
 

Principle 4: Defer commitment 

A critical decision should be made as late as possible. Irreversible decisions should be 
scheduled at the last responsible moment because this is when the most information will be 
available. The most important thing is to keep the development in the right direction, since the 
goal might be known but not the exact way or method to achieve it. The optimal solution is to 
have decisions that are reversible so they can be made and easily changed if required. This is 
important when developing the early features of a system to avoid making a decision that will 
lock the design and make it difficult to adjust. As mentioned earlier in this chapter, more than 
half of the software is developed after the first release. According to Bielicki the components 
of the code should be coupled as loosely as possible, to enable implementation of the code in 
any order. 

A common issue is that many like to get the tough decisions out of the way as early as 
possible, for example to reduce the number of problems or ambiguities. A better and more 
successful approach is to handle the problem with different solutions that are learned during 
development and make the decisions as late as possible. 
 

Principle 5: Deliver fast 

The main aspect is to deliver as fast as possible, so fast that the customers don’t have time to 
change their minds. Making changes takes time and costs money. Companies that develop on 
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a time basis and trying to decrease it, have a significant cost advantage. By reducing the time, 
they have reduced waste. Another impact is that these companies have superb quality, since 
low defect rates are necessary for an effective process. This leads to deeper customer 
understanding, because being fast makes it possible to make experiments and trying new ideas 
and learn what works. 

A quick and responsive development process requires that the people working with it are 
engaged, thinking people who are able to make good decisions by themselves. These people 
are expected to solve problems and adapt to changes, even if there hasn’t been time for 
approval. As reported by Bielicki, work should be done in small increments, with reduced 
project size and shortened release cycles. 
 

Principle 6: Respect people 

Poppendieck explains with three cornerstones, what respecting people actually means: 

• Entrepreneurial leader: Employees wish to work with successful products, and 
successful products are usually traced back to excellent leaders. Leaders make sure 
that the employees are engaged, motivated, self-going and thinking people. The leader 
should be able to assist when problems occur. To maintain competence, team-leaders 
should get the training and guidance that is necessary for them (Bielicki).  

• Expert technical workforce: The greatest competences are built within the company, a 
company that often uses consultants or buys its competence doesn’t have an advantage 
compared to its competitors; if the company can buy it, their competitors can as well. 
Teams should always include staff with the needed expertise to accomplish their 
goals.  

• Responsibility-based planning and control: Teams should be self-organized and only 
be given general plans and reasonable goals. They are trusted to self-organize to meet 
the requested goals. Instead of telling people what to do, the managers should find the 
right person for the task and listen to the developers and aid them to take the actions 
that are needed. Responsibility and decision making should be made at the lowest 
possible level (Bielicki). 

 

Principle 7: Optimize the whole  

According to Poppendieck, the software industry is well-known for its tendency to sub-
optimize. If an organization optimizes something less than the entire value-stream, it’s almost 
certain that the entire value stream will suffer. This can often be seen when identifying the 
largest delays in value streams, the delays are due to handoffs of responsibility from one 
department to the next, with no one responsible for the cross-over between the departments.  

A lean organization should optimize the whole value stream, from the time it receives the 
order from the customer until it is delivered. It is also very important not to divide the value 
stream into silos and optimize them separately one by one. This will result in the overall 
system being sub-optimized. This leads to another challenge, to optimize the entire value 
stream if parts of it are outsourced to external companies. The outsourced company might not 
be eager to optimize the whole value stream since it could be a sub-optimization for them.  
Companies that maintain a single management system during the entire value stream will see 
a 25-30 percent cost advantage over its competitors. 
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An additional risk when optimizing is that it is not possible to measure everything, there is a 
risk that some important things will be missed. This could, in worst case, lead to decreased 
final results for the company. 

3.4 The seven wastes of Lean Software Development 
The seven wastes of Lean Software Development originally derive from the seven wastes of 
manufacturing, by Shigeo Shingo, one of the masterminds behind the Toyota Production 
System. According to Poppendieck (2003a, pp. 4, 2007, pp. 73), categorizing waste increases 
the habit of identifying waste. By being aware of the different types of waste, it is possible to 
find waste at places that otherwise would have been overlooked. The ability to see waste is 
the first step in making a breakthrough with Lean. The purpose with identifying and 
eliminating waste is to reduce the lead-time and make the development process and products 
more effective. Anything that does not directly create value as perceived by the customer can 
be classified as waste. The seven wastes of software development are presented below: 

 
1. Partially done work 

Requirements, design and code that may never get finished is a huge waste and risk. If 
the work never gets finished, effort has been invested but no real value has been 
achieved. If work is put on the shelf, the risk of becoming obsolete increases. This 
makes it more likely that the code needs to be changed, or in worst case, it becomes 
worthless or gets lost. For work that has been put on the shelf there is no guarantee 
that it will work at the end, since it has to be integrated and fully tested with the entire 
system. For larger systems, where the code is written in parallel development, the code 
must be synchronized frequently. The longer they are separated, the more difficult it 
will be to synchronize and merge them. 
 

2. Extra processes and relearning 

Documentation can often be seen as an extra process. It has to be done, but only value-
adding documentation should be produced. Although documents might be a required 
deliverable, it does not mean it creates value in the end. Therefore, documentation 
should be short and at a high level. Often all design decisions are documented, but 
rarely or never looked at again. A lack of a process could also create inefficiency. The 
definition of relearning is to rediscover something that was known before, but has 
been forgotten. 

 
3. Extra features 

Adding extra features, features that are actually not needed to get the customers current job 
current job done, is the worst waste of the seven wastes. Everything that has been developed 
developed requires tracking, documentation, integration, testing, maintenance and support. 
support. Too many features also increase complexity, create risks and increases the time to 
time to market. When working towards a speculative goal, there is a big risk of creating extra 
creating extra features. It is important to understand what customers actually values. As 
As mentioned in chapter   
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3.5 Software development productivity, only 20-25% of all features are often or 
always used. According to Poppendieck (2007, p. 25) this should be solved by a 
process that is able to develop the features that gives 80% of the value in only 20% of 
the time. When this is done, the rest of the features should be developed in priority 
order. Note that the features that give 80% of the value are not the same as 80% of the 
features. 
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4. Task Switching  

Switching between projects or tasks increases lead-time. When working with several 
tasks, it takes time to adjust between the tasks. By doing one task at the time, it is 
possible to get them quickly delivered one at a time. When working with several tasks 
simultaneously, there is a risk that all of the tasks will be delivered at a later date. 
Poppendieck recommends that a team remains with its product over its entire 
lifecycle, to increase motivation and to create defect-free code. 
 

5. Waiting & delays 

Delays keep the customers from getting value as soon as possible. Waiting for people 
that are working in other areas is a large waste. Developers often make critical 
decisions every 15 minutes. Sometimes the developers don’t have enough knowledge 
to make the decision or the information needed is not available in documents. If no 
one is around to answer, the programmer has to guess, switch task or stop and try to 
find the answer. This is solved by complete, co-located teams and short iterations with 
feedback. 
 

6. Motion & handovers 

Finding information costs time which adds lead-time. Every handover to a colleague 
leaves some of the knowledge in the originators mind, called tacit knowledge. This 
knowledge is very difficult to transfer to other people through documentation.  The 
more handovers, the more knowledge is left behind. Complete cross-functional teams 
will decrease the number of handovers. This makes it possible to use better methods 
for communication that does not leave as much tacit knowledge left behind. These 
could be face-to-face discussions, direct observations, simulations and interactions 
with working software.  
 

7. Defects 

Defects can be caused by insufficient skills of the developers or the lack of tools, 
inspections or filtering.  Defects should be found as early as possible and make sure 
they never happen again. The amount of waste is equal to the impact of the defect 
multiplied with the time it goes undetected.  If defects are frequently found during 
final verification, then the process is defect. Inspections to find defects are a waste but 
inspections to prevent waste are required.  
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3.5 Software development productivity 
Traditionally, software productivity has been measured as thousand lines of code per labour 
hour, called kloc. But a more correct definition of productivity, which is the key process of a 
development activity, can be seen as the ability to transform ideas into products 
(Poppendieck, 2003b). Therefore, for companies that develops and sells software, 
Poppendieck defines productivity as the revenue generated per employee. There are three 
basic approaches to increase software product productivity: 

• Reduce software development effort. This will reduce product costs. 

• Streamline processes and eliminate inefficiencies in development, delivery and 
support. This will reduce indirect costs. 

• Add more value to a product so customers will pay more for it. This will increase 
revenue. 

 
Reduce software development effort 

As presented in Figure 5, a study performed by the Standish Group reported by Jim Johnson 
(Kniberg, 2008) showed that only 20% of all features are frequently used and almost two-
thirds, 64%, are rarely or never used. Although these numbers came from a limited study, 
they can be seen as a benchmark according to Poppendieck (2007, p. 24). A similar study 
performed by DuPont presented by Martin Fowler (2002) showed that only 25% of all 
features are really needed, compared to 20% by Standish Group. These numbers show that the 
major opportunity to reduce the time and work spent on software development is to limit 
overproduction of unused features. 

 
 

Figure 5. Features used in a typical software product, percent (according to Kniberg, 
2008) 

The features that are not frequently used are generated by a software development process 
that attempts to decide the features in a system too early in the development process. If 
customers are asked in the beginning of a project what features they want, they want to make 
sure that they will include all features and not miss any. This leads to a feature list with far 
more features than necessary (Poppendieck, 2003b). The problem could also be that the 
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customers are expected to decide before they have the necessary information to make an 
accurate decision (Poppendieck, 2003c). 

Another cause of creating unused features could be a software development process with too 
many handovers between the different areas in the development process. Every handover 
increases the risk of misunderstandings which may change the original specification of the 
requirement. This increases the risk for not meeting the customer needs. Handovers also 
increase the lead-time which could make the feature obsolete.  

Another approach to reduce software development effort is to use automated test cases that 
are developed at the same time as the underlying code. By continuously testing the code, bugs 
and errors can be found earlier. The second approach is to continuously perform code 
refactoring. By modifying the codes internal structure, quality improves and keeps the code 
simple and clean, without modifying its external functionality. 
 
Streamline processes and eliminate inefficiencies  

According to Poppendieck, the maturity of an organization can be measured depending on the 
speed which it can reliably and repeatedly execute its key processes. The more mature an 
organization is the quicker and more reliable it can transform customer needs into products. A 
rapid software development process is often equated with poor work. But the fact is that 
several successful companies spend a lot of time on improving and streamlining their 
processes. One improvement could be to replace the sequential development process with a 
concurrent development process. This has shown to improve quality, cut costs and reduce 
development time. By streamlining a process, the process is usually simplified in order to 
improve its efficiency (Wiktionary: Streamline, 2009). There are three main techniques to do 
this (Poppendieck, 2003b):  

• Value stream mapping: Is a proven and accurate approach to streamline processes. A 
value stream map of the current state shows waste and a value stream map of a desired 
future state can be used as a roadmap for process improvements. A more detailed 
description of value stream mapping can be seen in chapter 3.6 Value stream mapping 
of the lead-time. 

• Kaizen events: Is also called Kaizen blitz and is a short-term project focused on 
improving a process. It includes training, analysis, design, and if needed, re-
arrangement of a process or area (Strategos Inc). A Kaizen event usually takes 2-10 
days and is a typical implementation to streamline a process. 

• IPT – Integrated Product Team: The IPT team is used to assist and understand the 
information flow across a development team. This team includes architects, designers, 
developers, and people responsible for deployment, operations, customer support and 
maintenance.  

 
Add more value to a product 

Understanding how the customers will use the software to create value for themselves is a key 
to increase software development productivity. In most cases, it is not possible to just ask the 
customers how this can be accomplished. To increase the software’s value proposition it is 
necessary to identify customer value. This can be accomplished by using these three steps, 
(Poppendieck, 2003b): 
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• Iterative development: By using iterative development it is possible to have frequent 
releases which create short feedback loops between customers and developers. Early 
releases and early deployment limits the development of unnecessary code since the 
most prioritized features can be released first. The smaller the increment or the 
delivery is, the quicker it is to decide what is needed and then get it developed, tested 
and deployed. 

• Understanding the customer’s key processes: Learning the customer’s key processes 
or mapping their value stream could be used to understand how the customer’s create 
value for their customers. 

• Organizations through partnership: The management of organizations should be 
linked economically instead of legally and focus on productivity of the combined 
partnerships. This makes it is possible to create a cost advantage of up to 25-30%. 
When working towards a mutual benefit instead of optimizing the organizations 
individual results, an increase in productivity can be achieved.  

 
3.6 Value stream mapping of the leadtime 
As mentioned in chapter 3.3 The principles of Lean Software Development, Taiichi Ohno 
summed up the Toyota Production System as “All we are doing is looking at the timeline 
from the moment a customer gives us an order to the point when we collect the cash. And we 
are reducing that timeline by removing the non-value-added wastes”¸ Poppendieck (2007, p. 
83). This timeline can be drawn by creating a value stream map, which is a tool that is 
regularly used in lean initiatives. According to Poppendieck (2003a, pp. 9), mapping the value 
stream is a good first step in discovering waste in the development process. By using value 
stream mapping as a tool, it is possible to achieve a deeper insight and knowledge about the 
internal processes and how they work or don’t work. Poppendieck claims that the reason why 
value stream mapping is so effective is that it focuses on products and their values to 
customers. Other methods usually focus on organizations, processes, assets, technologies and 
career paths. Value stream maps by themselves don’t add a lot of value; they are more of a 
diagnostic tool that aids to identify waste. 

Poppendieck claims that a value stream map can be done in just 30 minutes as well as it can 
be performed without any special software. It is also stated that it can be easily performed 
with a paper and pencil while asking around in the organization. It is preferred not to only ask 
what happens, but to collect the data and analyze and find out for yourself. The process steps 
should be drawn as well as the average time necessary to complete each step. It should 
contain the major events and decisions that occur from end-to-end. The timeline could also be 
divided into work time (value) and wait time (waste). The relationship is called process cycle 
efficiency, as shown in Figure 6. The process cycle efficiency presented in the figure, 33%, 
can be seen as an efficient process. An inefficient process can have a process cycle efficiency 
as low as 1%. According to Poppendieck, value stream maps should be made from a 
customer’s point of view, since the mission is to provide customer value. Therefore, they 
should start and end with a customer. The start point should therefore be when the customer 
places the order or when a customer need has been identified by the market unit. The end of 
the value stream mapping should be when the product is successfully deployed. In new 
product development, the value stream map is sometimes started when the product concept is 
approved. This does not take in account the front end of the development, so if possible the 
timeline should start when marketing recognizes the need or the requirement has been 
submitted. It is also preferred to map the average process and not a single event. 
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Figure 6. Value stream mapping (according to Poppendieck, 2007, p. 86) 

When the value stream map has been completed, it is suitable to start looking for delays and 
churn.9 Churn usually indicates a timing problem, and for requirements this means that they 
are detailed too soon. For test and fix cycles, this is because of the tests are being developed 
and executed too late in the development process. The most common cause of delays is long 
queues, usually because the organization tries to handle too much work. This also generates 
an unnecessary waiting time for resources, which increases the delay. When the work is 
adjusted to the capacity of the organization, the development process can progress smoother 
and quicker. Another cause of delays is barriers between different areas of the organization. 
This is caused by the receivers not being sufficiently prepared and involved prior to the 
handoff. Such failure to synchronize creates unnecessary delays. Delays can also be created 
by an approval process that is too complex, with too long periods between meetings and 
decisions.  

Poppendieck also recommends that there should be an owner for the value stream mapping 
with a complete overview. This is because the biggest issues often can be found at 
organizational boundaries. When no one is responsible for the customer’s request, there is a 
risk that there will be sub-optimizations on each side of the boundaries. People try to optimize 
their own efficiency without thinking of the whole.  

                                                 
9 Churn: Activities that is undesirable, excessive or unproductive.  
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4. Empirical study 
In this chapter the most important findings from the empirical study are presented. First the research 
for similar studies is presented. Subsequently, a mapping of the entire development process at 
Ericsson PDU IMS is presented. The mapping of the development process is fundamental for the 
following results, the lead-time and waste mapping. A study of the frequency of requirements that are 
cancelled and features that are not used by the end-customers are also presented.  

4.1 Similar studies at Ericsson 
As mentioned in chapter 1.2 Definition of the problem, a research for similar studies and 
initiatives at Ericsson had to be made. Since no similar studies had been made at the PDU 
IMS department, it was necessary to look outside the organization. Although, the research 
was limited to Sweden and the search for suitable activities was performed through the 
Ericsson intranet. 

4.1.1 Results from the research 
The internal Ericsson search engine was used to identify similar studies. From the research, 
several Agile initiatives were identified throughout Sweden. Video recordings from a 
nationwide conference for improving processes, methods and tools were also found. These 
recordings gave an overview of what initiatives that was ongoing. A telephone interview was 
held with an Agile manager (interviewee #22) who had very good track of what Agile 
initiatives were ongoing in Sweden. But no study was actually covering full end-to-end with 
the same scale that was intended for PDU IMS, even though the study was limited to product 
development units only. 

Two different product development units were chosen for study and comparison. Both of 
them were very similar, considering the practices and methods that had been implemented as 
well as the results. The information was retrieved through the intranet, emails and telephone 
conferences with the Agile manager (interviewee #22) and another employee who had been 
working on implementing Agile methods (interviewee #23). A brief description of the major 
Agile initiatives that were implemented by both product development units are described 
below. 

One of the most important changes was to use a prioritized list of requirements with in-
scoping of new requirements. This list was frequently overlooked and reprioritization was 
made if necessary. If an incoming requirement had a high priority, it was possible to put that 
requirement on the top of the list for development. Another important change was to reduce 
the size of the iterations for development. By having shorter iterations it was possible to make 
more frequent deliveries of working software and achieve a quicker feedback loop. The 
structure of the development teams was also rearranged. Smaller, self-organized and cross-
functional teams were used. This led to fewer handovers due to more functions in the same 
team and more face-to-face communication. To increase the quality of the code, test-driven 
development (TDD) was used. When using TDD, the test cases are developed before the 
actual coding, which makes it possible to continuously test the code. Both product 
development units had solution planning meetings on a regular basis. These meetings 
included persons from several responsibilities, including market unit, sales and support. When 
the Agile methods were introduced, Agile coaches and consultants were used to train the pilot 
team, but not for the entire department. 

The results for both product development units were positive. The employees felt that the 
Agile methods were often taken advantage of and was adding extra value during the product 



4. Empirical study 
 

31 
 

development phase. The general opinion regarding the lead-time was that it had decreased, 
but no detailed lead-time analysis has been made. 

4.2 Mapping of PDU IMS development process 
The mapping of the development process and work flow for PDU IMS was divided into the 
four separate areas, as shown in Figure 7. The results will be presented individually for each 
area, with a summary of all areas at the end. 

 
Figure 7. The four areas of PDU IMS 

4.2.1 Determination of the start and end point 
As mentioned in chapter 1.2 Definition of the problem, one of the specified problems was to 
determine suitable start and stop points within Ericsson PDU IMS. As mentioned in chapter 
3.6 Value stream mapping of the lead-time, it is optimal to start when the customer places the 
order or when a customer need has been identified by the market unit. If this is not possible, a 
suitable start point is when the concept has been approved. As presented in chapter 1.5 
Delimitations, one of the delimitations is to only study PDU IMS, which does not include the 
market unit. Therefore it was not possible to take part of the front end of the entire 
development process. The start point for this study was consequently decided to be when an 
incoming requirement has been brought up at a requirement request board within PDU IMS, 
and has been approved. This will give the requirement the status R-PD0, which will be 
described with more details in chapter 4.2.2 Requirement handling. A suitable end point, 
according to the theory, should be when the product is successfully deployed. The end point 
for this study was therefore decided to be when the product has been deployed and passed the 
implementation test at the first customer. This gives the status called PRG which will be 
described with more details in chapter 4.2.5 Implementation. 

4.2.2 Requirement handling  
When the process for the requirement handling was studied, interviews and discussions were 
held with two requirement handling managers (interviewee #1-2) as well as brief discussions 
and e-mail conversations with other employees. Several diagrams existed for the work flow, 
but they needed explanations and discussions to be fully understood.  

The R-PD0 status grants that a more detailed study of the requirement should be done, called 
a Quick Study. The R-PD0 decision does not take any considerations concerning if resources 
are available to perform the study.  The purpose of a Quick Study is to make a high-level 
break down of the requirement, investigate the technical feasibility and to make a cost 
estimate in technical hours. This could be performed by a unit called the Pre-study Machine. 
If they performed the study, an additional objective of the study was to identify suitable 
NDO’s for further studies and development. For some requirements it was known in advance 
that only one NDO would be affected. In those cases, the Quick Study could have been 
performed by the system management of that NDO. 

With the input from the Quick Study, a new decision has to be taken whether an even more 
detailed study should be performed or not. If the decision is positive, the requirement reaches 
a new status called R-PD1, as seen in Figure 8. The R-PD1 status grants for a Pre-study to be 
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made. In some cases, for smaller requirements, the Pre-study can be skipped and the 
requirement can proceed directly to development. Before the R-PD1 status is approved, 
resources for the Pre-study and development were assured.  

When the Pre-study is finished, a third decision has to be taken for the requirement. A 
positive decision gives the requirement the status CBP.10 This decision is whether the 
requirement is going to proceed to development or not. Before this decision can be made, a 
discussion with the customer is usually held, to assure that the cost and technical solution 
corresponds to what the customer desires.  

 
Figure 8. Work flow for requirement handling 

The requirement handling consequently contains two different studies, with three changes for 
the status. A detailed process flow for a requirement from market unit to product can be found 
in Appendix 1. 

4.2.3 Development 
Since there were three different NDO’s that were studied, with different responsible persons, 
individual interviews and discussions had to be held. Although they use a similar 
development process, interviews with interviewees #6-9 was held to confirm this. Brief 
discussions and e-mail conversations were also held with other employees. 

When the requirement has reached the CBP decision the development unit is next in line to 
proceed with the requirement. When a requirement has been developed, it is called a feature. 
As mentioned in chapter   

                                                 
10 Committed By Provisioning  
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2.5.1 Delimitations of the empirical study, several requirements can create one feature. It is 
also possible for one requirement to create several features. The feature can also affect more 
than one NDO.  

The outcome showed that none of the nodes had a 100% identical work flow for development. 
Although on an overall and general level they were very similar. The development teams also 
performed daily stand-up meetings, were the team members meet standing around a table and 
discuss their work and issues for 10-15 minutes. A general work flow process for the three 
NDO’s is presented in Figure 9. The first step, a quality door, is called QD1 and is reached 
when the requirement is handed over to the development team. Before the actual design and 
coding can start, a feasibility study is made. This includes a detailed implementation proposal 
and basic specifications for testing of the feature. When this is done, the requirement reaches 
the status QD2 and design and coding starts. Once the design is finished, it reaches the status 
QD3. Then the feature is tested individually on a smaller scale to ensure that the code is 
executable and is working. If the feature passes the node test, the QD4 status is approved and 
the feature is ready to be delivered to the LSV test.11 The LSV test is a test harness that is 
executed on a regular basis over the weekend that includes other features from the same NDO 
that are tested together. Features from other nodes are not included in the LSV test. The main 
purpose of the LSV is to ensure backward compatibility, called legacy. There are also smaller 
tests that are performed every day, to keep the code as error free as possible. Because PDU 
IMS has a large and complex product, these smaller tests do not take the entire system in 
consideration.  

 
Figure 9. Work flow for development 

4.2.4 Tier 13 test 
For the Tier 1-3 test process, several internal documents exists that describes each step. In 
addition to the documents, several interviews were held with test managers and test 
coordinators; interviewees #11-14. When the feature has passed the LSV test, the feature 
enters a three stage test process, Tier 1-3 test, as seen in Figure 10. In this test process, the 
features were tested with other features from all NDO’s of PDU IMS. 

 
Figure 10. Work flow for the Tier 1-3 test process 

The Tier 1 test focuses on functional testing and multi node legacy functionality, to assure 
backward compatibility with previous functions and performance. The target is to run the Tier 
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1 test in a highly automated manner to minimize the lead-time, but manual testing is 
necessary as well. Passing Tier 1 assures that the new feature does not affect the other features 
and assures quality before entering the next step. The intention is to reduce the lead-time for 
the following Tier tests, due to increased quality. When the feature has passed Tier 1, several 
features are integrated and merged to a multi node baseline creation, as seen in Figure 11. 
This multi node baseline is tested with the same procedures as for Tier 1.  

 
Figure 11. Work flow process for Tier 1-3 test  

When the multi node baseline creation has passed the test, it is ready for Tier 2 test. As seen 
in Figure 11, several multi node baselines are merged and tested in Tier 2. This means that 
after the Tier 1 test the features are not tested individually, but rather as a group of several 
features. This test offers a limited characteristic verification to assure interworking 
functionality for new features. The purpose of the Tier 2 test is to verify new multi node 
functionality before entering the Tier 3 test. Both automated and manual test cases are 
performed. 

The Tier 3 test is performed when the Tier 2 test has been passed. This test verifies the impact 
on system and network characteristics in a large system. One thing that distinguishes Tier 3 
from Tier 2 is that the Tier 3 test is performed with a customer like traffic, i.e. with a high 
load. Stability is tested as well as robustness, the ability to withstand errors, bugs and 
variations with minimal losses and maintained functionality. The Tier 3 test is also subject for 
overload. Both manual and automated tests are performed. When the Tier 3 is passed, PRA 
status is achieved. This status is granted for an entire node release, consisting of several 
features. 

If bugs or errors are found during the Tier 1-3 test process, the features can be returned to the 
NDO for corrections, depending on the severity. It was identified that the bugs and defects 
often were put in a queue in a tracking system by the nodes. When the code was returned to 
the NDO for correction, the correction was often not performed immediately. Instead it was 
performed when their current work had been finished. 

4.2.5 Implementation 
For the implementation process, several internal documents exist. Interviews and discussions 
were also held with responsible persons to fully understand the process. To map the 



4. Empirical study 
 

35 
 

implementation work flow, it was sufficient to interview the employee who worked as a 
manager during an implementation test, interviewee #20. 

The implementation phase consists of a test that is performed at a customer, called FOA, First 
Office Application. In this test phase, an entire product solution is tested, i.e. a product that is 
sold to a customer consisting of features from several NDO’s. As seen in Figure 12, the test 
preparations start sometime before the Tier 3 test has finished and reached PRA status. This is 
done to reduce the lead-time. When the test has been accepted, it reaches the status PRG. This 
status is given separately for each node and is the final status within PDU IMS. 

 
Figure 12. Work flow for the implementation phase 
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Sometimes a suitable customer can’t be found, e.g. there is no customer that is willing to test 
a sufficient amount of features in the product release. In those cases, a simulated test can be 
performed. This test is called a DVA, Deployment Verification Activity. For this activity, an 
organization within Ericsson called BUGS acts as a customer and they are able to test the 
entire product solution in a simulated live environment.12 When this test has passed, the PRG 
status is achieved. 

4.2.6 Summary of the four areas 
All of the four areas described earlier in this chapter are summarized in Figure 13, with the 
decision points, quality doors and the corresponding status levels. This information was used 
when the lead-time analysis and the value stream mapping were performed. The start and stop 
point for each area is the first and the last status level according to the figure. 

 
Figure 13. The entire work flow for PDU IMS 

A detailed process flow showing the correlations between the product solution, nodes, 
requirements and node requirements can be found in Appendix 2. 

                                                 
12 BUGS: Business Unit Global Services 
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4.3 Mapping of PDU IMS leadtime  
The mapping of the lead-time was performed for all of the three nodes and was divided into 
the four separate areas; requirement handling, development, Tier 1-3 test and implementation. 
To facilitate the visualization of the result, the end results of the lead-time mapping will be 
presented as a value stream mapping as presented in chapter 3.6 Value stream mapping of the 
lead-time. The four areas will first be presented separately, with a summary at the end. As 
mentioned in chapter 1.5 Delimitations, the lead-time will be presented in percent. The lead-
time mapping will not analyze specific features or requirements, it will be an average. 
Because of the lack of available information, the results will not be consequently presented. 
The amount of details will hence vary for the four areas. 

4.3.1 Leadtime for requirement handling 
There were two databases for the requirement handling, with dates for status changes of the 
requirements. Therefore it was easy to find data for the lead-time mapping. The databases do 
not have an automatic function to create value stream maps or to summarize the lead-times. 
Therefore the lead-time had to be calculated manually for each requirement individually, and 
with that data a statistical average could be calculated. During the interviews with the 
requirement handling managers (interviewees #1 and #2), they were asked what the average 
lead-time was. But the interviewee’s were usually only able to provide lead-time for the 
studies, not the lead-time for decisions and delays, i.e. waiting time. Due to this and the fact 
that the databases provide exact dates, the databases were considered as a more reliable source 
of information. The lead-time mapping is consequently only based on the data from the 
databases. In the databases it is possible to see dates for these statuses: R-PD0, Quick Study 
(start and finish), R-PD1, Pre-study (start and finish) and CBP. A disadvantage is that there 
are often one or more fields that are blank, but it is possible to see the start and end dates. This 
lead-time mapping is an average of requirements that were up to two years old.  

Since the databases contained dates for the different activities and decisions, it was possible to 
measure the efficiency of the process. As describes in the theoretical framework, the time is 
divided into value-adding time and non value-adding, i.e. waste. For the value stream map, 
waiting time for e.g. a decision or a delay for e.g. resources is seen as waste. 

For node A, 18 requirements were used to create the statistical data for the value stream map, 
as seen in Figure 14. The process cycle efficiency is 53%, i.e. 47% waiting time and delays. 

Figure 14. Value stream mapping for node A 
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For node B, 35 requirements were used to create the statistical data for the lead-time that 
created the value stream map, as seen in Figure 15. The process cycle efficiency is 48%, i.e. 
52% waiting time and delays. 

 
Figure 15. Value stream mapping for node B 

For node C, up to 19 requirements were used to create the statistical data for the lead-time that 
created the value stream map, as seen in Figure 16. The process cycle efficiency is 46%, i.e. 
54% waiting time and delays. 

 
Figure 16. Value stream mapping for node C 

The average process cycle efficiency for the three nodes is 49%. The lead-time in relation to 
all of the four areas is presented as a stacked bar graph in chapter 4.3.6 Summary. 

4.3.2 Leadtime for development 
When the lead-time mapping for development was performed, there was unfortunately no 
database available. Therefore the information was held through interviews with the 
development managers at node A, B and C (interviewee #7-9). The interviewees had access to 
local data which made it possible for them to see the lead-time and provide an average. 
Unlike the requirement handling, the entire development was performed by the same team. 
Therefore the status levels presented in Figure 9 can be seen as for internal use only, intended 
for the development teams. The development process can also be seen as a constant work 
flow, due to it is performed by the same development teams i.e. no handovers and no waiting 
time for decisions. Thus for the value stream map, the entire development phase can be seen 
as value-adding. As a result, the only measure points of interest are QD1 and LSV.  

Since the development teams are almost always involved in the execution of the Pre-study, 
they are well prepared for development. Therefore the lead-time between requirement 
handling and development, CBP to QD1, is negligible. When the development is finished, it is 
almost immediately submitted to the Tier 1 test unit. Therefore the lead-time between LSV 
test and Tier 1 test is also negligible. 

4.3.3 Leadtime for Tier 13 test  
For the Tier 1 test process, there was no database available. The information was 
consequently retrieved through interviews with testers, test managers and test coordinators 
(interviewee #11-16). They were able to provide their perceptions of the lead-time. This 
included both Tier 1 test and Tier 1 baseline creation. The results for the three different nodes 
were similar. Therefore they are not presented individually as seen in  
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Figure 17 below. The defects and bugs that have been identified in Tier 1 test are fixed almost 
immediately, thus that lead-time can be seen as negligible. The lead-time for the Tier 1 test in 
relation to the Tier 1-3 tests is presented as a stacked bar graph in the figure. For the Tier 1 
test, most of the identified defects are quickly fixed. Therefore the lead-time for fixing defects 
is seen is negligible. 

The lead-time data was collected from the same interviewees for Tier 2 as for Tier 1, due to 
no database existed. During the interviews a difference between the Tier 1 and Tier 2 test 
emerged. The lead-time for correcting the identified bugs and errors was a lot longer for Tier 
2, with an average of 75% of the total lead-time. 

For the Tier 3 test, there were no databases as well. But an earlier study had been made, with 
the purpose to measure the lead-time for the Tier 3 test process. That study covered the four 
latest Tier 3 tests. This was taken advantage of and was used for this lead-time mapping. Due 
to the complexity of the Tier 3 test and the lack of traceability, it was not possible to maintain 
reliable data for the lead-time to correct defects and bugs for the Tier 3 test. Consequently the 
lead-time for the Tier 3 test will only be from start until the test has passed.  

 
Figure 17. Stacked bar graph for the Tier 1-3 test process 

4.3.4 Leadtime for implementation 
There was no database with information regarding dates and lead-time for the implementation 
phase. Therefore the information was achieved through interviews with the implementation 
manager, interviewee #20. The interviewee was able to provide documents with dates which 
made it possible to calculate the lead-time. The implementation project, called FOA, is a 
project that is seldom performed. This is due to the fact that it is tested at a real customer, 
covering several features from all of the involved NDO’s. This resulted in only the latest FOA 
project was studied, to maintain as accurate information as possible. According to the 
interviewee, it was a typical FOA project. It could be seen as a good average with no major 
deviations. The lead-time that was studied was between PRA and PRG status. The 
preparations that are made earlier were not taken into account for the lead-time analysis, since 
it was performed simultaneously with the Tier 3 test. 

As mentioned in chapter 4.2.5 Implementation, a DVA project is performed when no suitable 
customer has been identified. Therefore the lead-time for the most recently performed DVA 
project was also studied. The information was retrieved from a document that was received 
from the implementation manager, interviewee #20. The lead-time analysis showed that a 
DVA project only requires about 2/3 of the lead-time compared to a FOA project. 

4.3.5 Difficulties with performing a value stream mapping 
There is only one database with dates for the different points, and it is for the requirement 
handling. Even though there is a database for the requirement handling, there is no function to 
calculate the lead-time. The lead-time has to be calculated manually which increases the time 
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to make a lead-time analysis. Since there is only databases for the requirement handling, 
analyzing the lead-time for the other parts than requirement handling requires manual work. 
Since there is no unified database were everything is stored, a lot of the necessary documents 
are stored locally at e.g. the development managers computers. There might also not be 
obvious who has the necessary documents, which requires discussions or e-mail conversations 
with others before it is even possible to get hold of the appropriate person. The results is that 
several persons has to be asked and a lot of manual work has to be done, even if it is only one 
requirement or feature that is being analyzed.  

4.3.6 Summary  
The results of the lead-time analysis generated a value stream map which illustrates the 
distribution of lead-time between requirement handling, development, Tier 1-3 test and 
implementation. This is presented in percent, since it was one of the delimitations that were 
given from Ericsson. The results are presented for the three nodes separately, with an average 
value stream map for the three nodes as well, as seen in Figure 18. The value stream maps 
only include the FOA for the implementation, and not the DVA. This is because a FOA 
project is originally intended for implementation. The handovers between the different areas 
are usually made immediately. But the value stream map does not take into account any 
eventual delays between the different areas of PDU IMS, e.g. between requirement handling 
and development. This is because a value stream map is intended to illustrate the average and 
most common work flow. The main purpose of this value stream map is to illustrate the 
distribution of lead-time between the four areas of PDU IMS.  

 
Figure 18. Value stream map for the three nodes and an average 

  



4. Empirical study 
 

41 
 

In addition to the value stream map with the distribution of lead-time, an indexed lead-time 
chart is shown in Figure 19 below. In this chart, the lead-time for the three nodes is compared 
with each other and with the average lead-time. The average lead-time for the three nodes is 
set as the index, with the value 100.  

 
Figure 19. Value stream map with average as index=100 

4.4 Waste mapping  
The waste mapping was based on interviews with key persons with suitable responsibility. 
Since an earlier study had been performed for the implementation unit, the results from that 
study were analyzed to increase the knowledge. The results will be presented for each area 
separately, with a summary at the end. A study was also performed which analyzed the 
frequency of cancelled requirements during the requirement handling process as well as 
features that were not used by the end-customer. In Appendix 3 the results from the 
interviews and the earlier study are divided into the seven types of waste as described in 3.4 
The seven wastes of Lean Software Development. 

4.4.1 Requirement handling 
The value stream map showed that there were a lot of waiting time and delays within 
requirement handling, which there are several causes for. When a decision has been made, 
e.g. R-PD0 for start of a Quick Study, the resources has not been secured. Therefore there was 
an obvious risk of delays. Waiting time and delays were discussed with the managers 
responsible for the requirement handling in a project (interviewee #1-2). For one project, it 
was estimated that 15-20% of the total lead-time for the project was spent on waiting for 
resources that were working in other projects. The interviewee also estimated that 10% of the 
total lead-time was spent on discussions and renegotiations with the customer. This was due 
to the requirements were not specified well enough from the beginning. The other 
requirement handling manager who was responsible for the requirement handling of another 
project was asked the same question. It was estimated that up to 30% of the total lead-time 
was spent on waiting time for resources, discussions and renegotiations with the customer. 
Another employee who had a general responsibility for the requirement handling (interviewee 
#3) explained that when a Pre-study has been finished, the customer has to accept the solution 
and the cost for the feature. The customer has to ensure that it is within budget and that it 
complies with the demands. This usually takes a lot of time and is a great cause for delays. 
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During the development of a Pre-study, the requirement handling managers (interviewee #1-
2) mentioned that no test specifications or test cases were developed. The Tier 1-3 test unit 
was not involved in the development of a Pre-study, but they take part of the information. 
According to a test process manager (interviewee #17), the input from the Pre-study to the 
Tier 1-3 test unit should be improved. This was because the test preparations for e.g. Tier 2 
test were sometimes performed too late, which adds lead-time. The requirement handling 
manager (interviewee #2) also mentioned that there was no efficient way to handle partial 
features, features that are released over multiple releases. For these partial features, it was also 
difficult to handle and divide the complexity. This creates a risk that the most complex and 
time consuming parts are being postponed to the last release. This could lead to a total lead-
time for the development process that is longer than expected. 

According an employee who worked with improving the development process, interviewee 
#5, there could be more involvement of employees with different responsibilities during the 
requirement handling process. It was also mentioned that more reprioritizations should be 
performed to increase the strengths of an Agile work process. This would reduce the risk of 
developing features that will not be of use by the customers. On the other hand, the 
requirement handling manager (interviewee #2) felt that the requirements were reviewed 
continuously with extra meetings if necessary. Even though, requirements became prominent 
due to too much workload had been committed.  

A big difference between the projects that the two requirement handling managers worked 
with was that one was generated internally (interviewee #1) and the other was customer 
ordered (interviewee #2). The requirement handling manager explained that an advantage 
with a customer ordered is the possibility to have a dialog with the customer. This also leads 
to increased motivation of the employees which leads to increased efficiency. A disadvantage 
is that the requirements often have been adapted to specific requests, which might not suit 
other customers. When other customers want to use the product, new adaptations has to be 
made. During a brief discussion with a product manager, the cancellation rate for Quick Study 
and Pre-study was discussed. It was very high when working on a project with only internally 
generated requirements. During such a project, approximately 2/3 of all requirements were 
cancelled during the requirement handling process. For the project which was ordered by a 
customer, the amount of cancelled requirements was 14%. In Figure 20 it is shown where in 
the requirement handling process these 14% were cancelled for the customer ordered project. 

 
Figure 20. Distribution of cancelled requirements, project ordered by customer 

4.4.2 Development  
When the teams start working on a feature, they use the input from the Pre-study. The teams 
divide the work into several iterations to facilitate the development and work more Agile. 
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This was told by both a development manager (interviewee #6) and an employee who worked 
with improving the development process (interviewee #4). The iterations were usually 
between 2-20 times shorter than the scope that was described in the Pre-study. Therefore the 
information from the Pre-study has to be further processed by the development teams. This 
could also increase the difficulty for the prioritization of the requirements. The employee who 
worked with improving the development process (interviewee #4) also mentioned that the 
developers have little or no contact with the customer. Instead, the information is passed 
through the market unit. For the cases were the developers have direct contact with the end-
customer, it has worked very well. 

Several interviewees mentioned the waste that can occur with documentation. Sometimes 
there is too much documentation. An interviewee who worked with node test (interviewee 
#10) mentioned a test documentation that was more than a thousand pages, which was rarely 
or never looked at. This is due to that meetings and discussions are preferred before reading 
documents and there is often not enough time to read all of the documentation. If any 
information is needed it is more likely to go and ask the responsible person. However, 
documentation can be good for the customer and is sometimes required. It was also 
mentioned by the interviewee that there can be a lack of documentation and instructions. 
Sometimes the documentation was also written after it was actually required.  

There was also waste identified during the test process within the nodes. The interviewee who 
worked with node test (interviewee #10) said that the purpose with the node system test varies 
because it is not sufficiently specified. More defined activities could increase the efficiency. It 
was also mentioned that towards the end of the tests, the developer have started working on 
new features. Therefore the testers obtain little or no help from the developers, which could 
increase the lead-time for the test. If the developers assist the testers, they have to interrupt 
their current work. This would increase the lead-time for the development of the new feature. 
For bugs and errors that have been identified, the Tier 1-2 tester (interviewee #15) said that 
the testers write a report which is handed over to the developers for recoding. I.e. the testers 
does not fix the identified defects, they hand over the work to the developers. The other Tier 
1-2 tester that was interviewed (interviewee #16) said that for the LSV-test, which has several 
work packages from the same node merged, there is a lack in traceability. When a bug has 
been identified, it is difficult to determine what it was that actually caused the bug.  

4.4.3 Tier 13 test 
For the Tier 1 test, the nodes often deliver too late, which is told by the two test coordinators 
(interviewee #13 and #14). The nodes might deliver the code so late to the Tier 1 test that 
there is no time left to fix the identified bugs. This means that the code that is tested during 
the following test, the baseline creation phase for Tier 1 test, is exactly the same code as 
earlier. However, a list of identified bugs is supplied. It also happens that the nodes deliver 
the code during the baseline creation phase for Tier 1, making it impossible to perform the 
prior Tier 1 test. This could lead to even more issues if there are dependencies and 
relationships to other features, i.e. other nodes could be delayed as well. One such example 
was identified during an interview with a project manager (interviewee #21). A feature was 
developed by two nodes. One node was already finished with the development and was ready 
for testing, which had to include the code from both nodes. At that moment, the other node 
had not even started developing the feature. This obviously caused delays and the lead-time 
for the feature was increased significantly. The project manager thought that this was due to a 
severe lack of communication between the two nodes. 
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The number of automatic test cases for the Tier 1 test is too low to verify legacy. The Tier 1 
test coordinator (interviewee #14) estimates that there only exists about 40% of the required 
amount of test cases. Therefore manual testing has to be performed as well. An interviewee 
who was responsible for the Tier 1-2 test (interviewee #16) told that the automated test cases 
were not updated sufficiently. When changes have been made, the test cases have to be 
updated, which they sometimes are not. It was also mentioned that when a change has been 
made that interferes with legacy, the information does not reach all concerned. A line 
manager told that this is sometimes first discovered during test, because the test fails. This 
leads to that new test cases have to be developed, which increases the lead-time. According to 
the interviewee this is because of a lack in communication. For the development of the 
automated test cases, consultants were often used. At the same time, the Tier 1-3 test manager 
(interviewee #12) explained that the most difficult part of automation is to understand the 
entire Ericsson IMS system, not the actual coding of the test cases. The Tier 1 test coordinator 
(interviewee #14) estimates that the most common cause for an error during Tier 1 test 
involves documentation. There could be a lack of documentation, the documentation is of 
poor quality or inadequate, or there is not enough time to read the documentation. This could 
lead to wrong parameter settings or that incompatible changes are made, which increases the 
lead-time. 

The Tier 1-3 test coordinator (interviewee #13) and an interviewee responsible for Tier 1-2 
testing (interviewee #16) explained that the nodes could be more involved during the tests, 
especially for Tier 1-2. The testers have to ask a lot regarding the nodes and functions, which 
the developers are good at. The developers could also assist in determining which test cases 
are necessary and what the test cases cover.  

The outcome of the interviews showed that there is a problem with getting closure during the 
Tier 1-3 test process. For the bugs and errors that have been identified during the tests the 
corrections are often delayed, or sometimes never corrected or completed. This leads to 
features that are not complete or with lower quality. This issue is mentioned by two test 
coordinators (interviewees #13 and #14). One of the test coordinators gave an example 
regarding the Tier 2 test. According to the Tier 2 process, the lead-time should be divided into 
25% testing, 50% recoding and fixing bugs, and 25% verification. The lead-time for testing 
and verification is held, but for recoding and fixing bugs it is on average three times more 
than it is supposed to. For the Tier 2 test, it has also occurred that the test has been made on a 
build that is not the latest. This means that bugs might be identified during Tier 2 test though 
they have already been fixed in the latest build. 

The lead-time study for Tier 3 that had already had been performed at PDU IMS also included 
an analysis of the fault slip through. These defects should have been identified at an earlier 
stage and thus not have passed to Tier 3. The average fault slip through according to this 
study, which included three projects, was 60%. 

The test and tools manager (interviewee #11) perceived the entire Tier 1-3 test process as it 
might not be completely finished. The process specified by Ericsson is not always complied 
with and estimations are often made by the testers. 

4.4.4 Implementation 
For a project with internally generated requirements, a problem with finding a FOA customer 
is that there were no customers what would cover all features. This was according to the 
employees who worked with the implementation test, interviewees #18 and #19. This means 
that some features will not be tested by the customer. This is because not all features attract 
the customer. If there are too few features that attract the customer, it could be difficulties 
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finding one. With the right features, it would be easier and quicker to find a FOA customer. 
The customer would also be willing to test more or all of the features. Before the 
implementation test can start, all of the nodes must have achieved the PRA status, which 
means that they have accomplished the Tier 3 test. But these predetermined dates are not 
always held. As a result, buffers are being used which in turn leads to increased lead-time. 

The results from the earlier study showed that there was a lack of documentation and internal 
templates for the implementation process. The lack of internal templates leads to procedures 
that were re-invented, even though they have been performed at an earlier stage. This 
increases the lead-time for the implementation project. The detail level of the entire 
implementation scope is sometimes also too low. To get the scope clarified, a lot of time is 
spent on trying to get hold of the responsible persons, which increases the lead-time. It would 
be preferred if the input from the product owners and product management would be 
improved. There was also a lack of documentation covering multi-node features, which made 
it possible to understand the effect on other nodes. For example, it was difficult to understand 
the settings for the parameters. This was solved by getting hold of the responsible persons, 
which could mean extra work.  

For the deployment and installation of the system, there was no unified method or tool 
available. This increases the lead-time as well as the risk for an imperfect installation. The 
system was also very complex, which increases the difficulty and thus the lead-time of an 
installation or an upgrade. This is to some extent because of the amount of bugs and defects in 
the IMS nodes, which have not been fixed. The system is also difficult to troubleshoot, which 
increases the lead-time. The identified bugs and errors were also reported multiple times. It 
was difficult to know if they already were reported, because of problems with searching for 
identified bugs. There were also a lot of configuration options for the parameters, which does 
not have a constant value. The parameters also have dependencies to other nodes and features, 
which increases the difficulty. When the parameters have to be changed, due to a new release, 
this had to be done manually. There was no tool that could handle this, which increases the 
risk of manual mistakes which in turn could increases the lead-time. 

It was obtained that there is no specific criteria to exit an implementation project. Therefore, it 
is possible to pass the implementation and achieve the PRG status without the majority of the 
identified bugs fixed. These exemptions are sometimes granted without fully understanding 
how the end-customer will use the product. The consequences could be that some of the 
expected features will not be available or have a lower quality. This was due to the difficulties 
with extracting the information from huge documents. The traceability between what the 
customer orders, what the customer gets and what is verified was poor as well. There were 
also delays in making the decision for the PRG status, to end the implementation. This 
increases the lead-time and was a result of meetings that are held to rarely. 

4.4.5 General 
The results from the interviews, as shown in Appendix 3, were used to create statistics to 
illustrate the frequency of the seven types of waste. In Figure 21 a summary of the three nodes 
and all four areas is presented. As shown in the figure, the second waste of Lean Software 
Development, extra processes & relearning, is the most common waste. In Appendix 3, a 
more detailed figure is presented which is divided into the four different areas separately. 
These wastes have been mapped and grouped by the author and not by the interviewee’s. 



4. Empirical study 
 

46 
 

 
Figure 21. Amount of identified waste for the three nodes 

4.4.6 Requirements and features not used  
A study was performed with the purpose to analyze the frequency of cancelled requirements 
during the requirement handling process. These requirements had achieved the R-PD0 status 
which indicates that they are ready for further studies, but were cancelled during the 
requirement handling process. The study also included where in the requirement handling 
process they were cancelled, as seen in Figure 22 below. The total amount of features that 
were included was 86, and out of these 12 were cancelled which gives a frequency of 14% 
cancelled requirements. The study was achieved by studying the database for the requirement 
handling process. During the interviews, several interviewees mentioned that the cancellation 
rate was around 60-70%, which was based on a two year old study. At that time, most of the 
requirements were generated internally. The lack of customer feedback was given as the main 
reason for the high cancellation rate. For the requirements that were included in this study, the 
requirements were customer ordered. There was no automatic function to generate this 
statistics; this had to be calculated manually by studying each requirement separately.  

 
Figure 22. Cancelled requirements during the requirement handling process 
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A study was also performed with the purpose to analyze the frequency of features that were 
not used by or implemented to the customers. These features were fully developed and tested, 
and have passed through the entire PDU IMS development process. The study was performed 
through analyzing existing documents obtained from the implementation unit, from 
interviewee #18. The data included in these documents made it possible to create statistics. 
The documents included nine IMS nodes, including node A and node C. Unfortunately there 
was no data for node B. Because of the lack of databases and traceability of features, it would 
be very difficult to perform a manual study for node B. There was also a huge amount of 
features which would make the study extremely time consuming. Although one of the 
delimitations was to only analyze three of the nodes, data from all of the nodes was used to 
create statistics for the entire PDU IMS. It was also intended to illustrate that the frequency of 
used features differs from node to node. The results showed that for node A, 25% of the 
features was never used by the customers. For node C, the result was a lot higher with 55% of 
the features. The total average for the nine nodes was 44%. Reasons for a high frequency of 
unused features were requirements that easily were approved and features that had a very low 
interest at the end-customer. The results for all nodes and an average is shown in Figure 23. 

 
Figure 23. Frequency of IMS features not used by customer 
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5. Analysis 
This chapter starts with an analysis of the similar initiatives that were identified at other Ericsson 
product development units in Sweden. Subsequently, the work flow, lead-time and the waste mapping 
are analyzed. This analysis and the results are solely performed by the author and not by the 
interviewees. The main reason for the mapping of the PDU IMS development process was to gain new 
knowledge and thus facilitate the lead-time and waste mapping analysis. Additionally, the mapping of 
the development process is closely related to the lead-time analysis. Consequently, these are presented 
together. The analysis of the waste mapping is presented separately. As in the previous chapter, the 
analysis is divided into the four areas of PDU IMS. 

5.1 Analysis of the similar initiative at Ericsson 
The research for similar studies at Ericsson revealed that most of the earlier Agile initiatives 
had only concentrated on the development of features. The requirement handling and testing 
had not been studied to the same extent. The seventh principle of Lean Software Development 
states that the software industry is well known for its tendencies to sub-optimize. Therefore, 
according to theory, there is a risk that the earlier initiatives at Ericsson could have led to sub-
optimizations. Consequently, according to theory, the entire value stream should be studied 
and optimized. According to the eighth Agile manifesto principle, software development 
demands creativity and putting pressure on the developers might have a negative impact on 
the total lead-time.  

As stated in the theoretical framework, adopting and implementing an Agile way of working 
is a large change for the entire organization. Besides, according to theory there is no method 
that can be copied directly to the organization. The principles and ways of working have to be 
developed to suit the organization. Since an Agile adoption is a very big change, it is 
important to train the entire staff.  The interviews showed that when adopting an Agile way of 
working, the pilot teams usually work with an Agile coach and receives the training that is 
necessary. During the next step, where the methods are being adopted by the rest of the 
organization, no consultants were used in the cases that were studied. According to theory, if 
an Agile method is not properly implemented it will not live up to the expected results. 
Because of this reason it is important to make an extensive study of the different principles 
that are suitable to the specific situation. This was described in the theoretical framework.  

5.2 Analysis of the development process and the leadtime 
The first principle of Lean Software Development states that one of the cornerstones of Lean 
Software Development is to look at the timeline end-to-end and continuously trying to reduce 
the timeline. According to theory, as mentioned in chapter 3.6 Value stream mapping of the 
lead-time, a value stream mapping could be performed in just 30 minutes. But to perform a 
value stream mapping at Ericsson in only 30 minutes while maintaining an acceptable 
accuracy would be very difficult. This is due to several reasons. One of them is mentioned in 
chapter 4.3.5 Difficulties with performing a value stream mapping, which describes the 
problems with obtaining data for the value stream mapping. Since there is no universal source 
were data can be obtained, it is necessary to ask several persons, which add lead-time. As 
mentioned in chapter 3.2.1 Agile Manifesto, it is important to have a tool to share the 
information throughout the organization. Such a tool should provide information for all the 
projects that currently are under development. Since there is no such tool, a lead-time analysis 
cannot be performed within the timeframe as described by Poppendieck. 
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5.2.1 Requirement handling 
According to the theory in chapter 3.6 Value stream mapping of the lead-time, it is preferred 
to perform the value stream mapping when the customer places the order. As mentioned 
earlier, this is not possible due to the delimitations of this study which only covers the 
development organization, PDU IMS, and not the market unit. The value stream mapping 
consequently starts when the status R-PD0 is given, though the requirement has reached PDU 
IMS earlier. The requirement is in a queue waiting to be brought up at the requirement request 
board. But since R-PD0 is the first official status that is approved, it was decided to start the 
measurement at that point. Since the requirements have not been given any status, it would 
also be very difficult to track them at an earlier stage. The total lead-time for the requirement 
handling is thus longer than presented in the value stream mapping. 

The value stream mapping showed that the process cycle efficiency is 49% in average for the 
three nodes. This can be seen as a rather good value compared to the theory described in 
chapter 3.6 Value stream mapping of the lead-time. But the lead-time is rather generously 
calculated because the entire lead-time between e.g. Quick Study start and finish is seen as 
value adding. If the work that has started was put aside due to other prioritizations, or the 
work was only performed at a 50% pace, the lead-time is still seen as value-adding. This is 
due to the status for the requirement maintains the same in the database. It is also mentioned 
in that chapter that requirement churn is a sign of requirements that are specified too late. This 
can be seen in the value stream mapping between the Pre-study ready and CBP status, which 
range from 8-24% depending on the node. For the Pre-study ready status, the pre-study is 
actually finished, but verification has to be made with the customer. More changes or 
supplements leads to increased lead-time. Thus a high lead-time between Pre-study ready and 
CBP can be seen as a sign of requirement churn.  

5.2.2 Development 
The value stream mapping indicated that only 13% of the total lead-time was spent on 
development, which is the shortest lead-time of the four different areas within PDU IMS. 
During the mapping of the process it was also identified that except from creating new 
features, the nodes were also responsible for fixing the bugs and defects that were identified 
during the following processes, Tier 1-3 test and implementation. The lead-time to fix these 
defects is not included in the lead-time for development. The effort was spent on creating new 
features, and not fixing the defects. As described in the second principle in chapter 3.3.1 The 
seven principles of Lean Software Development, defects should be fixed immediately and not 
put in a tracking system. Putting known defects and bugs in a tracking system is also a cause 
of delays for test, which is the fifth waste of Lean Software Development, according to 
chapter 3.4 The seven wastes of Lean Software Development. As the value stream mapping 
indicated, almost 60% of the total lead-time was testing. This includes Tier 1-3 and 
implementation. Test within the nodes i.e. node test and LSV is not included.  

5.2.3 Tier 13 test 
The value stream mapping indicated that the Tier 1-3 test process has the largest proportion of 
lead-time for all of the three nodes, in average 35%. The second principle of Lean Software 
Development states that testing should not be about finding defects. This should be an 
exception and not a rule. The Tier 1-3 test process consists of three separate test cycles. A 
Tier 3 test is more expensive and complex compared to a Tier 2 test, in the same way as a 
Tier 2 test is to a Tier 1 test. When finding a defect, it is also easier to track it to the source in 
a less complex test, i.e. easier in a Tier 1 test than a Tier 3 test. At Ericsson, the idea with the 
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Tier 1-3 test process is to find as many defects as possible before the code reaches the next 
step. According to the theory in chapter   
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3.5 Software development productivity, tests should be performed continuously and in an 
automated manner. Even though, the waste analysis indicated that there were not enough 
automated test cases to secure the quality of the code. Due to the complexity of PDU IMS, it 
would not be possible to execute e.g. a Tier 3 test for every new line of written code. 
According to the theory in chapter 3.6 Value stream mapping of the lead-time, test and fix 
churn indicates that tests are being developed too late, i.e. the bugs are identified too late. The 
second lean principle states that the goal is to build quality into the code from the start. The 
quality should not originate by testing the code, finding defects and then fixing the code. 
Unfortunately this seems to be the case since many defects are found late in the test process. 
At Ericsson, a handover was made to the development teams for corrections which could be a 
waste according to the sixth waste in chapter 3.4 The seven wastes of Lean Software 
Development.  

The analysis of the lead-time for Tier 2 test indicates that the time for fixing defects was on 
average 75% of the total Tier 2 lead-time. This lead-time consists mostly of queuing time in 
the tracking system, even though the actual recoding might be very quick. The cycle process 
efficiency could therefore be as low as 25%, which is generously calculated though the entire 
testing and verification time is seen as value adding. The process cycle efficiency is seen as 
25%, it is a rather good value compared to the theory in chapter 3.6 Value stream mapping of 
the lead-time. 

5.2.4 Implementation 
The lead-time for the implementation test is on average 23% of the total lead-time. This is due 
to defects that are being found even though the features have passed the Tier 1-3 test process. 
The seventh waste, defects, as mentioned in chapter 3.4 The seven wastes of Lean Software 
Development, states that defects should be found as early as possible. The amount of waste is 
equal to the impact of the defect multiplied with the time it goes undetected. Therefore, 
according to theory, the consequences are more severe if the defects are found during an 
implementation test compared to e.g. a Tier 1 test. This increases the total lead-time 
drastically. According to theory, if defects are frequently found during final verification, the 
entire development process is inadequate.  

5.3 Analysis of the waste mapping 
The first principle of Lean Software Development is to eliminate waste. This could be done 
by looking at the timeline by e.g. creating a value stream map. The next step is to remove the 
non-value adding wastes. To do this, it is necessary to recognize and identify the waste. In 
this chapter the results from the waste mapping is compared to theory. The analysis is divided 
into the different areas, even though some wastes occur and depend on two or more areas. 

5.3.1 Requirement handling 
As mentioned in chapter 3.3 The principles of Lean Software Development, it is optimal to 
start with a high-level product concept instead of a complete product definition. At PDU IMS, 
the requirement handling process is currently executed continuously. Therefore there is no 
complete product definition were all of the requirements are being studied at the same time. 
Instead, the requirements emerge during the entire product development process. This enables 
the software development process to be able to adapt to changes. As described in the third 
principle of Lean Software Development, a prediction too far ahead would also decrease the 
accuracy. One example is the project that was based on only internally generated 
requirements, based on speculations of future demands. According to theory, this would 
increase the risk of creating inaccurate requirements compared to a customer ordered project. 
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This is also one of the aspects that differs Lean Software Development from a waterfall 
model. 

5.3.2 Development 
Everyone in the team should be as involved as possible with the planning and when 
committing to the scope, to increase the productivity and the motivation. This is stated in the 
Agile manifesto, in the fifth and eleventh principle. When the Pre-study is performed, it is 
usually performed by the node. But not everyone is involved, usually only one or two of the 
6-10 team members. According to the sixth principle of Lean Software Development, the 
teams should be self-organized and only be given general plans. Since some team members 
are involved in the development of the Pre-study, they are involved with developing the 
details. Before the development of a feature starts within the team, the team also makes a 
further breakdown of the Pre-study, a feasibility study. For this study, the entire team is 
involved.  

In PDU IMS the teams are self-organized and responsible for the delivery of a feature. The 
fourth and sixth principle of Agile manifesto states that it is important to avoid as many 
handovers as possible and instead have as much direct communication as possible. At least 
within the development teams this is met since they had daily stand-up meetings. According 
to the third value of Agile manifesto, teams should not commit to requirements that are too far 
ahead. Since they only work with and commits to one requirement at a time, this is not an 
issue. This decreases lead-time according to theory since fewer interruptions occur. But when 
a bug or defect has been identified during the subsequent test procedures, the code is sent 
back to the development teams. Since the teams have started working on new features, fixing 
the defects and bugs means task switching which is a waste according to theory. The results 
from the interviews showed that it was more likely that the identified defects were put in a 
queue in a tracking system within the development unit. According to the second principle of 
Lean Software Development, new code should not be written until the problems are solved.  

The eighth principle of the Agile manifesto states that the development teams should not be 
put under pressure. This is because there is a risk that the quality of the code decreases. The 
time spent in the following test and fix cycles could therefore be longer than it was first 
gained. Since most of the earlier studies have only focused making the development process 
more effective, there might be a risk that the rest of the development unit was sub-optimized, 
according to theory. 

The second lean principle states that it is important to start thinking of code synchronization 
early. This was obviously not the case for the two features that was described in chapter 4.4.3 
Tier 1-3 test. In this case, the first feature was developed and ready for testing, but the 
development had not even started for the second feature. The second and third principle also 
states that it is important to test the code frequently, which is the case at PDU IMS. This 
increases the quality and gives a quicker feedback to the development teams.  

As stated by the fourth value and the second principle of Agile manifesto, the development 
teams should work towards a prioritized list of requirements. This is the way the development 
team’s work at PDU IMS. This was also mentioned as the most important change for the 
other Ericsson organizations who had adapted an Agile way of working. The development 
teams at PDU IMS also works with iterations, with small work packages. According to the 
first principle of Agile manifesto, this facilitates better architectures and designs. The seventh 
principle of the Agile manifesto states that short development cycles generate short feedback 
loops which is necessary to succeed with an Agile implementation. 
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5.3.3 Tier 13 
The first value of the Agile manifesto is that individuals and interactions are more valued than 
processes and tools. The waste mapping revealed that for e.g. Tier 1-3 process, the process is 
not always complied with which results in that estimations are being done. According to 
theory, models are embraced, but only if they are of use. 

According to theory, the second principle of Lean Software Development, defects should not 
exist at all in an ideal environment. To minimize the amount of defects and the lead-time, 
PDU IMS have several different test phases. As the waste mapping revealed, there are not 
enough automated test cases to verify legacy and quality before the code enters the next test 
phase. Therefore it would be impossible to find all defects. One example is the fault slip 
through to Tier 3, which is 60%. According to theory, the test cases could be created before 
the coding starts, called test-driven development. As mentioned in the theoretical framework, 
inspections should be made to prevent defects, not after they have been identified.  

According to the seven principles of Lean Software Development, good software architecture 
requires that the software is easy to modify. As the time goes on, the code becomes more 
complex and is more difficult to modify. If a defect or bug is found at an early, automated test 
phase, it is easy to verify the new code. At a later and more complex test phase with e.g. live 
traffic, it is a lot more difficult.  

According to the sixth principle of Lean Software Development, the greatest competence is 
built within the company. Therefore consultants should not be used. As the waste mapping 
indicated in chapter 4.4.3 Tier 1-3 test, consultants are seldom used except for creating the 
test cases used in test automation. At the same time, the waste mapping showed that what is 
most difficult with test automation is to understand the entire IMS system, and not the actual 
coding. In other words, the work at Ericsson is performed in a way that is not recommended 
by theory. 

5.3.4 Implementation 
The project that was ordered by a customer was released over several smaller releases. The 
third Agile manifesto principle states that it is necessary to have continuous and frequent 
deliveries to succeed when implementing an Agile way of work. According to the third Lean 
Software Development principle, an early release of a feature set gives early feedback. 
According to the second Agile manifesto value, early working software enables collaboration 
between the customer and developers. This is necessary to ensure that the development is kept 
in the right direction with the right features being developed. The first principle also states 
that when a customer sees the product in action, they usually get new ideas and opinions. This 
facilitates changes and modifications of features that are released over multiple releases. It is 
also optimal to make the most critical decisions at the end, according to theory. By releasing a 
feature over several releases some decisions can be made at a later phase which would be 
beneficial. According to the first Agile manifesto principle, early and continuous delivery 
satisfies the customer. To achieve this in the best possible way, according to theory, 
procedures for upgrades and deliveries should not be time consuming. But according to the 
waste mapping, the existing procedures and guidelines were not good enough.  

The waste mapping indicated that a FOA implementation takes a lot of time due to all of the 
defects, even though the code has passed all of the earlier test phases. According to theory, 
testing should be performed continuously and with as many automated test cases as possible. 
This is not possible for implementation test, since the code is tested with the customer’s 
hardware and requires customer feedback.  
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5.3.5 General 
The seventh principle of the Agile manifesto states that time spent on a project or a feature 
does not provide reliable progress information. The primary measure is working software. It 
is also desired to have daily and visible progress information which increases predictability. 
Within PDU IMS the projects were followed up on a weekly basis. But this was done 
manually and did not include functions such as lead-time, test cases, amount of defects 
identified etc. Only if the features were on or off track was included. As the first lean software 
principle states, the most efficient way to reduce waste is to look at the timeline and remove 
the non-value adding activities. Without clear and visible progress information, such as a 
frequently updated value stream map, reducing waste would be difficult according to theory. 
It is also important to have the right tools for infrastructure to share the information and to 
assist synchronizations throughout the entire organization. The tool should be accessible 
worldwide by all employees. According to theory, it is very important to frequently 
synchronize the code and synchronize between the different areas of the organization. An 
example from the waste mapping is that the development teams suggest that the Tier 1-3 test 
unit should be more prepared for their code. At the same time, the Tier 1-3 unit suggests that 
the developers should be more involved during testing. According to theory, a lot of waste is 
due to handoffs between areas where no one is responsible for the cross-over between the 
areas. 

The 12th Agile manifesto principle states that having regular reflections is fundamental for an 
Agile implementation. These reflections are intended to increase the efficiency in the teams 
and thus shorten the lead-time. But during the waste mapping, it was revealed that reflections 
were not performed at Ericsson. When an assignment was finished, they immediately started 
with the next. The first principle of Lean Software Development states that it is important to 
remove the non-value adding wastes. To identify waste, it is required to first recognize and 
identify it which is difficult if no actions were taken doing this. Reflections would aid in 
identifying waste and would make it possible to perform continuous improvements. 

5.3.6 Requirements and features not used 
As shown in chapter 4.4.6 Requirements and features not used, 14% of all requirements were 
cancelled during the requirement handling process, due to they have been identified as 
unnecessary. Therefore there has not been any development, testing or implementation for 
these features. For features that have been fully developed and passed through the entire PDU 
IMS organization, the average cancellation rate was 43.5%. According to theory, the industry 
average for features that are not used is 45%. The result for PDU IMS is very close to the 
industry average. Extra features is the third waste of the seven wastes in chapter 3.4 The 
seven wastes of Lean Software Development. The main reason why features are not used 
within a customer ordered project is because the customers are afraid to miss any features. 
Therefore they add more requirements to the list, just to be on the safe side, according to 
chapter 3.6 Value stream mapping of the lead-time. For a project with only internally 
generated requirements, it is difficult to make predictions that are far ahead. According to the 
third Agile value, predictions far ahead have a high uncertainty. Without a customer, it is also 
impossible to fulfill the Agile principles, such as continuous delivery of software to increase 
the feedback. 

As mentioned in chapter 3.6 Value stream mapping of the lead-time, requirement churn is a 
sign of requirements that are being specified too early. If the requirements are being changed 
too much and too late in the development process, the original specifications which the 
features are based on will obviously not be applicable for the customer. 
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6. Conclusion 
In this chapter the most important conclusions are summarized. Because of the close relationship 
between the conclusions of lead-time and waste, it is natural to present them together. As in the 
previous chapters, the results are divided into the four areas of PDU IMS with a summary. At the end 
of this chapter, conclusions for the requirements and features that are not used are made. 

6.1 Conclusions of the similar initiatives at Ericsson 
As stated earlier, the majority of the initiatives at Ericsson that have been performed were 
aimed to increase the efficiency for the development process. At the same time, there has not 
been any initiative or measurements which cover the entire lifecycle end-to-end. There have 
not been any detailed lead-time measurements or analyses of the frequency of features not 
used by the end-customer. The measurements that have been made are the perceptions of the 
employees working with the new Agile implementations. Even though they have positive 
perceptions, there is no guarantee that the Agile implementations have positive effects on the 
entire organization. As mentioned earlier, sub-optimizations are very common. 

6.2 Conclusions of the work flow and leadtime 
At Ericsson PDU IMS it is not possible to follow up and make an accurate lead-time analysis 
within the 30 minutes timeframe as described in the theoretical framework. This is because 
there is no tradition at Ericsson to measure the lead-time. The lack of tools also makes the 
lead-time analysis very time consuming due to a lot of manual work has to be done. At the 
same time, according to theory, it should be easy to trace and follow up projects and features. 
If Ericsson is going to implement Lean Software Development successfully, this has to be 
changed. This is because continuously looking at the timeline and reducing it is one the 
cornerstones of Lean Software Development.  

As mentioned earlier, the benefits from a value stream map does not come from actually 
creating a value stream map, it has to be analyzed. As for value stream maps, there is no 
tradition in analyzing and trying to identify waste at PDU IMS, such as reflections after a 
project. This is also a procedure that has to be performed, according to theory, to successfully 
implement Lean Software Development. 

6.2.1 Requirement handling 
The value stream mapping indicated that the process cycle efficiency is 49% for the 
requirement handling. This means that the majority of the lead-time is waiting time and 
delays. The process cycle efficiency is also generously calculated, since all of the time spent 
working is seen as value adding. For instance, a working moment that has taken two weeks 
does not have to mean that those two weeks actually were value-adding. It is possible that the 
work could have been done in just one week. Since it is not possible to determine this, the two 
weeks are seen as value-adding. Even though the process cycle efficiency has a good value 
compared to theory, the process cycle efficiency does not give an accurate value for 
efficiency. What is noteworthy is that if there would be no waiting time or delays within 
requirement handling, the requirement handling process would thus be made in less than half 
the time. Since requirement handling contributes to 29% of the total lead-time, the total lead-
time would consequently decrease with 14.5% to ~85%. However, it would probably not be 
possible to eliminate all the time spent on waiting and delays. As mentioned earlier, there are 
some waiting time that is spent because the customer has to approve the requirement and the 
specifications from the Pre-study. This could either be due to the Pre-study is specified too 
late, or the customer’s process for approving a requirement is ineffective. 
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As mentioned in the theoretical framework, speculations on requirements far ahead are 
usually inaccurate. Having a customer creates the ability to have direct customer feedback, 
which is desired according to theory. However, a delay for the customer creates a delay for 
Ericsson, which could increase the lead-time. Internally generated requirements could 
therefore have a shorter lead-time between e.g. Pre-study ready and CBP, which ranges from 
8-24% of the total lead-time. A disadvantage would be the lack in customer feedback. 

6.2.2 Development 
The lead-time for development is very low, only 13% of the total lead-time. This is less than 
half of the lead-time for the requirement handling process and almost 1/5 of the total test 
process, which includes Tier 1-3 and implementation. Within PDU IMS, the focus is to 
increase the efficiency of creating features. As theory states, putting pressure on the 
developers could have negative effects such as lower quality. If the quality of the features 
would increase, the lead-time for testing would decrease. This is because fewer defects mean 
a shorter lead-time for testing. If the development lead-time is decreased, i.e. more features 
can be created within the same timeframe, there is no guarantee that the lead-time for the 
subsequent test phases would decrease. To verify this, continuous lead-time measurements 
have to be performed, which was not the case at PDU IMS. This could lead to the same 
scenario as indicated by the waste mapping. The developers focus on creating new features 
instead of fixing defects. This leads to more features are being produced, but for some 
features the defects are never fixed or they have a lead-time which is far from optimal. This 
obviously increases the total lead-time within PDU IMS.  

In addition to the defects, bad synchronization between development and Tier 1-3 test was 
another reason to increased lead-time. As mentioned earlier, everyone should be as involved 
as possible during planning and when committing to a scope. The importance of direct 
communication instead of handovers was also mentioned. This was achieved within the 
development teams. However, the Tier 1-3 test unit was not involved during the planning or 
when committing to a scope. Since they do not work together, there was a handover between 
the two areas, which is not optimal according to theory.  In addition, theory also states that 
most waste occur between the handovers of two different areas.  

As mentioned in the empirical study, the development teams only work with one feature at the 
time. Compared to the test phases, several features are tested together, which was necessary to 
verify the quality. This is a reason why the lead-time for development is a lot shorter than it 
was for the Tier 1-3 test phase. 

6.2.3 Tier 13 test 
The Tier 1-3 test process accounts for 35% of the total lead-time within PDU IMS. This 
depends on the amount of defects that are found and the time it takes to fix them. This means 
that a lot of time is spent within the nodes, in queues waiting for recoding even though the 
features are supposed to be tested within the Tier 1-3 test unit. Therefore it could be a bit 
misleading to include the queue and fix time within the Tier 1-3 lead-time.  

Even though, according to theory, finding defects should be an exception and not a rule. As 
mentioned earlier, there were not enough automated test cases to ensure the quality. This 
increases the lead-time for the subsequent test phases, due to those tests are more time-
consuming and it was more difficult to trace the defects to the source. This is one of the 
reasons for the test and fix churn that occurs, because the defects are found too late. As 
mentioned earlier, there was a fault slip through of 60% to Tier 3, which is the most time-
consuming test phase within the Tier 1-3 test phase. If these defects would have been 
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identified at the earlier test stages as supposed, the Tier 3 lead-time would decrease. Since 
Tier 3 is the most complex of the Tier 1-3 tests, finding and fixing the defects would be 
quicker in an earlier test phase. Therefore the entire lead-time would decrease.  

6.2.4 Implementation 
The lead-time for the implementation process, which accounts for 23% of the total lead-time, 
is mainly due to bugs and defects that are being identified during the test process. This is 
despite the fact that the features have passed all of the earlier test stages. This is a sign of that 
the earlier test phases are not effective enough. As mentioned earlier, it is possible to end an 
implementation test with the majority of the identified defects not fixed. In addition, the Tier 
1-3 test and implementation lead-time is almost 60% of the total lead-time end-to-end. As 
mentioned in the waste mapping, the Tier 1-3 process is not followed as planned. This leads 
to a situation where the defects that are being found during the implementation process should 
have been identified at an earlier stage where it would have been easier to fix them. As 
mentioned earlier, the amount of waste is equal to the time it goes undetected multiplied with 
the impact of the defect. Therefore the consequences are more severe which makes it even 
more important to be able to identify the defects at an early stage.  

6.2.5 General 
As mentioned earlier, lead-times were not measured at PDU IMS. Features were only 
followed to the extent to see if they were on track or not. The initiatives that had been taken to 
make the work processes more efficient were usually aimed at only e.g. development. At the 
same time, according to theory, the biggest waste usually occurs between the boundaries of 
the different areas. In addition, the software industry is also known for its ability to sub-
optimize. This concludes that if any Agile initiative is going to be made, it has to focus on the 
entire value stream within PDU IMS. Additionally, a value stream map should be performed 
to ensure that sub-optimizations are not being made. 

6.2.6 Requirements cancelled and features not used  
As mentioned in the empirical study, 14% of all requirements were cancelled during the 
requirement handling process. This is because they have been identified as unnecessary. The 
frequency of fully developed features that are not used by the end-customer was 43.5%, 
because they are of no interest for the end-customer. These requirements and features have 
one thing in common, they are seen as unessential. But there is one big difference between the 
two. For the requirements that have been cancelled during the requirement handling process, a 
lot less resources have been spent compared to the fully developed features that are unused by 
the end-customer. 

It was also indicated that it could be difficult to find a suitable first customer for the 
implementation test. This would only be the case for a project with internally generated 
requirements, since a customer ordered project automatically has a customer to perform the 
first test on. Additionally, a project with only internally generated requirements lacks the 
feedback from a customer, and thus increases the risk of developing features that no end-
customer will use. This concludes how important it is to work towards a customer’s 
specifications with continuous customer feedback. 
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7. Discussion and recommendation 
In this chapter, a discussion of the most important results from this study is presented. It also includes 
an example of how of much the lead-time could be decreased with lower waste. Several 
recommendations to Ericsson are also presented. These recommendations are intended to increase the 
efficiency of the development process and thus shorten the lead-time.  

7.1 Discussion 
The title for this master thesis states IMS Agility for customer responsiveness. To increase the 
customer responsiveness, the development process has to be improved and thus the lead-time 
is shortened. This chapter discusses the causes and possible solutions to increase the 
efficiency within PDU IMS.  

As mentioned earlier, the lead-time for waiting and delays was 51%. It would probably be 
easier to decrease the time spent on decisions and resources than making the working 
moments more efficient, e.g. decrease the lead-time for the development of a Quick Study. At 
the end, the results on the lead-time would be the same, e.g. cutting one week on the time to 
make a decision or one week on the development time for a Quick Study or Pre-study. 

As the empirical study showed, the frequency of cancelled requirements was 14%. It is 
difficult to say what a good value would be. Obviously 0% would mean a shorter total lead-
time, but at the same time this could have negative effects as well. This is because not enough 
risks have been taken and some requirements might have been missed. Therefore 14% is 
probably a rather good value. The frequency of features not used by the end-customer, within 
the entire PDU IMS, is 43.5%. This can probably be improved. Although it is lower than the 
industry average, it is still a very high value. Especially when considering the fact that the 
features have passed through the entire PDU IMS organization. As for the cancelled 
requirements within the requirement handling process, 0% would probably not be an optimal 
value as well. As one of the project managers estimated, a value between 10-30% is probably 
possible to achieve, with the lower value being the desired. It is possible that the features had 
to be developed to obtain a customer contract. Although the customer does not use the 
features, Ericsson had to develop them. As mentioned in the theoretical framework, customers 
are often afraid to miss out on any features, and therefore include more features. What is 
noteworthy is that the 43.5% of features that are not used by the end-customers are fully 
developed and tested. If these could have been identified at an earlier stage, such as during the 
requirement handling process, it would shorten the total lead-time drastically. Therefore, 
cancellations should be made as early as possible, such as during the requirement handling 
process.  

For development, which has the shortest lead-time, it might actually be a good idea to 
increase the resources. This is because it could lead to increased quality i.e. fewer bugs and 
defects. Considering that the lead-time for the test phases is almost five times longer than for 
development, it could have very positive effects on the total lead-time. It would also be 
possible to fix the identified bugs and defects, instead of putting them in a queuing system. It 
should be considered that for e.g. the Tier 2 test, only 25% of the lead-time is actually spent 
on testing. The majority of the rest of the lead-time is spent on waiting in queues. Therefore 
there are big opportunities to decrease the total Tier 1-3 lead-time, if it is possible to cut the 
waiting times. 

Another reason for the long lead-time within Tier 1-3 test is because of all the defects and 
bugs that are passed to the next test phase even though they should have been identified at the 
earlier stage. As mentioned earlier, for the Tier 3 test the average fault slip through is 60%. If 
these 60% would have been identified at an earlier test stage, or at least the majority of them, 
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the total lead-time would decrease drastically. This is due to the complexity increases for 
every test stage. One of the reasons, as mentioned earlier, is the lack of automated test cases. 
At the same time, it was noted that consultants were often used for the test automation 
process. This is done even though the difficulty with test automation is in understanding the 
entire IMS system. It would seem obvious that Ericsson employees would have more 
knowledge regarding IMS systems than consultants. Furthermore, using consultants does not 
give a technical advantage. If Ericsson can buy that knowledge, any other company can do the 
same. Worth considering is that several identified defects and bugs are never fixed, thus the 
time spent on testing and identifying them is therefore a complete waste. 

It is a similar scenario within the implementation process. The lead-time increases due to all 
of the defects and bugs that are identified during this test. These defects, as mentioned earlier, 
are supposed to have been identified and fixed at an earlier stage. Consequently there was also 
a high fault slip through to the implementation test. It was also noted that there were not any 
strict guidelines for the exit criteria’s for an implementation test. Therefore, only a minority of 
the identified bugs and defects could have been fixed, and still the nodes would achieve the 
final PRG status. It is important to note that this could occur even though 60% of the total 
lead-time is spent on testing. If the bugs and defects are not corrected, the time spent on 
identifying them is a pure waste. 

Using this information, an example has been calculated with the intention to indicate how the 
lead-time could decrease if it would be possible to fix some of the identified wastes: 

 If it would be possible to reduce the frequency of features not used to ~15% instead of 
43.5%, the amount of features would only be ~66%. If the amount of features 
developed is seen as proportional to the total lead-time, this would mean that only 
~66% of total lead-time would be spent. It is difficult to calculate an exact proportion, 
due to the complexity and relationships between the features are different. 

 If it would be possible to decrease the waiting time within requirement handling, e.g. 
20% instead of 51%, the total lead-time would decrease to 58%. 

 Currently within the Tier 2 test, the lead-time for fixing the identified defects is three 
times longer than intended. The lead-time for testing is however as planned. If it 
would be possible to fix the defects at the intended time, 50% of the Tier 2 lead-time 
would be spent on testing and 50% on fixing the identified defects. This would 
decrease the total lead-time to 55%. Note that this does not take into account the lead-
time to fix the identified bugs within Tier 1, Tier 3 and during the implementation test. 

If it would be possible to perform these changes at PDU IMS, the total lead-time would 
almost be cut into half. The lead-time for development was as mentioned earlier only 13% of 
the total lead-time. Even if the lead-time for development would double, the total lead-time 
would still only be 66% of the current lead-time. As mentioned earlier, an increase of the 
resources for development would probably decrease the total lead-time end-to-end. Therefore 
the total lead-time would probably be much lower than 66%. 

As mentioned in chapter 2.5.5 Quality of the research, it is important to maintain a high 
reliability throughout the entire research. Because the lead-time differs from time to time and 
between the different projects, the results would vary depending on when the lead-time 
analysis is being performed. One thing that strengthens the reliability for the lead-time 
analysis is that the lead-time for the three nodes is very similar. They are similar in both the 
total lead-time as well as the distribution of lead-time between the four areas of PDU IMS.  
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7.2 Recommendations for Ericsson 
These recommendations are intended for Ericsson, to enable a more effective way of working 
and thus shorten the lead-time and increase the customer responsiveness. They are not given 
in any priority order. 

• Implement Agile at the entire IMS organization: As the research for similar initiatives 
showed, Agile methods were only implemented in a smaller scale. According to 
theory, this is not optimal. If IMS is going to implement Agile, all of the areas and 
nodes have to be dedicated to implement Agile. This includes all of the developers, 
managers, testers etc. The areas that was not included in this study, such as market 
unit, sales and support, should also be included. If not, there is a risk that the work is 
done in small silos which leads to sub-optimizations. 

• Train all of the employees: As mentioned in the waste mapping, the Tier 1-3 test 
process is not always complied with. There have been a lot of resources spent on 
creating the Tier 1-3 test process, as well as developing and documenting it. As 
identified during the waste mapping, most of the employees don’t have enough time, 
or for other reasons, have not studied the process sufficiently. Therefore more 
resources should be spent on training the employees for new processes, instead of just 
creating documents and rely on that it is learned and complied with. It does not matter 
how good a process is, if it is not implemented correctly it will not generate the 
optimal results. During the interviews, it appeared that the employees in general have 
good knowledge regarding their working area. What occurs before or after is usually 
something they lack knowledge of. According to theory it is necessary to look end-to-
end when improvements are being made. Furthermore, the largest waste usually 
occurs between two different areas. At PDU IMS it was difficult to find information 
regarding the work processes; it required several interviews and discussions. If there 
would be more material, such as web forums and documents, it would be easier for the 
employees to find information. There could also be presentations or workgroups held 
to increase the general knowledge of PDU IMS. This could eventually generate more 
ideas regarding improvements.  

• Workshops: From the interviews it appeared that the developers claim that the Tier 
testers could be more involved during the development of the features. At the same 
time, the testers claim that the developers should be more involved during test. 
Carrying out workshops would assist in how this could be solved, with e.g. new work 
processes. One example could be that the Tier 1-3 test would be involved at an earlier 
stage, eventually as early as during the requirement handling. The automated value 
stream map, as mentioned earlier, would also facilitate the planning for the testers. 
This would give an indication of future workload and give an indication on when they 
can expect to start testing the features.  

• An extensive investigation: Since there is no cookbook for implementing an Agile 
method, such as Lean Software Development, it would be recommended to perform an 
extensive study. It would preferably also include the market unit, sales and support.  
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• A tool for automated value stream maps: Since one of the cornerstones with Lean 
Software Development is to minimize waste, it is necessary to identify it. As 
mentioned earlier, value stream mapping is a common method. However, this was not 
performed at PDU IMS or at any other Ericsson product development units in Sweden. 
If a value stream map is going to be performed, a lot of manual work has to be done. 
There was also a lack of traceability, which makes the work even harder. This is 
because the different status levels and dates for the decisions are not reported in any 
database. All dates for different status levels should be reported, in the same way as it 
was for the requirement handling. With all of the dates reported, it would be possible 
to generate a value stream map automatically. This would give an indication on 
progress, for individual features and for entire projects. For an entire project, which 
includes several features, the overview could look like the example in Figure 24. The 
figure gives a quick overview of the overall development status. On a more detailed 
level, e.g. during requirement handling, the overview could look like the example in 
Figure 25. This gives a quick overview of all of the different steps. This would 
facilitate planning and personnel staffing. Other functions should also be added, such 
as the dependencies between different features. E.g. if two or more features have to be 
tested together, the tool could warn if they are out of sync. Other functions, such as 
reporting if legacy is broken, could also be added to the tool. As mentioned earlier, 
this was a big problem due to the lack of communication. Therefore a tool for this 
would be very helpful. If there would be a tool where every decision and status level 
would be reported, it would give a very good insight for everyone that are involved 
during the development process. The tool should also be available for everyone, 
according to theory. Therefore the tool could be web-based since it would not require 
any special software and could be accessed worldwide at any computer. With an 
existing tool, there would also be easier to add more functions at a later stage. E.g. if it 
would be considered important to have easy access to all of the test results. 

 

 
Figure 24. Example of the automated value stream map tool for a project 
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Figure 25. Example of the automated value stream map tool for requirement handling 

• Continuous improvements: As mentioned earlier, there were no reflections when the 
assignment had been finished. Therefore it could be a great risk that a lot of the 
knowledge that had been gained is lost. Having reflections would lead to continuous 
improvements, which is the cornerstone of Lean Software Development. The most 
important learnings should be documented to try to reduce the amount of tacit 
knowledge that else could be vanished. 

• Suggestion database: A lot of the information for the waste analysis has been 
achieved from interviews, where the interviewees have described their perceptions of 
the work flow and development process. They have explained what the perceived as 
the largest waste within their area, as well as what worked good. It came to knowledge 
that there is definitely a lot of knowledge within the organization, but it is probably 
not always taken care of. In addition to the reflections, there should also be someone 
responsible for a suggestion database. This would make it possible for all of the 
employees to come with suggestions for improvements. If the employees would get 
the training mentioned earlier, probably even more suggestions would be sent in. This 
would also lead to continuous improvements being made. 
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Appendix 1 – Requirement lifecycle at PDU IMS 
This figure shows how requirements are processed from a customer until development at 
PDU IMS. A MRD (Market Requirement Description) is written by the market unit, usually 
together with the customer. Subsequently, a MR (Main Requirement) is written, either by the 
node managers within PDU IMS or by the IMS product management. From this MR, several 
node requirements are generated. Before the node requirements are developed, they have to be 
brought up and granted at a RRB meeting (Requirement Request Board). Every node has a 
development project running. The requirements for the project are in a list called MRS (Main 
Requirement Specification). The first version of the MRS is generated by the node 
requirements that were identified from the MR. Later during development, new requirements 
are added to the MRS. These requirements are added after they have been granted in a CCB 
meeting (Change Control Board). All of the developed features are delivered in a product 
release, one for each node. 
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Appendix 2 – Structure of PDU IMS 
This figure is intended to illustrate the complexity of PDU IMS. IMS consists of several 
business solutions, in the figure only one is shown. A business solution consists of the 
different node releases and their features. As this figure illustrates, there is only one business 
solution, one node and one node release that is shown. A node release can contain 80 
requirements or more.  
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Appendix 3 – Interview guide 
This interview guide only includes a selection of the questions that were asked during the 
interviews. New questions were always formulated during the interviews. Since the 
interviewees had different positions, it would be impossible to ask the same questions to all of 
the interviewees. Therefore the interview guide is divided into the four areas of PDU IMS. 

General 
• Describe the work flow and development process at your unit. 

 
• On what is most time spent on? 

 
• Describe the types of waste that you experience. 

 
• What do you think has the biggest potential for improvements? 

 
• What do you experience is working really well? 

 
Requirement handling 

• What was the lead-time and waiting time for making a decision? What was the lead-
time (waiting time) from when a decision had been made until the work started?  

o Or was a decision made when the resources had been secured? 
 

• Were there any reprioritizations of the requirements?  
o How often? On a routine (e.g. every Monday)?  

• Did you experience that as enough? 
o How many and who participated during the reprioritizations?  

• Was it enough?  
• Were there any key persons that were missing?  

 
• During the customer ordered project, the focus was to deliver on time. What effect did 

this have on the requirement handling process?  
o Was any shortcuts made? 

• Was there a risk that this could lead to sub optimizations? 
 
• What was the frequency of cancelled requirements? 

o Where in the requirement handling process were the requirements cancelled? 
o For the customer ordered project, why were there any cancellations? 

• Did the customer receive everything that was ordered? 
 

• Who performed the Quick Study? 
o Was it performed by the nodes (e.g. the development teams)? 
o Were the nodes or development teams identified before the Quick Study was 

performed? 
 

• Who performed the Pre-study? 
o Was it performed by the nodes (e.g. the development teams)? 
o Was the size of the scope in the Pre-study adapted to the iteration size that the 

development teams work with? 
o Were any test cases specified in the Pre-study? 
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• Were there any plans to include the test cases? 
o Was the Tier 1-3 unit involved when the Pre-study was performed? 

• When did the Tier 1-3 unit take part of the information? 
 

• What were the biggest differences with the requirement handling process for a 
customer ordered project and a project with only internally generated requirements? 

o Where and on what did you save most time and resources? 
o Where did you experience the biggest differences in waste? 
o How did this affect the frequency of cancelled requirements? 
o Was there any waste that often occurred? 
 

Development 

• What is the average lead-time for a feature? 
o Are there any measuring points that are suitable for a lead-time analysis? 
o What is the lead-time between these points? 

 
• How does the development team work? 

o Is a requirement broken down into smaller iterations? 
• Is it specified in the Pre-study? 
• Is it performed by the development teams or any other? 
• How is this prioritized? 

o Does it occur that only parts of a requirement are being developed? 
 

• How involved are the development teams with the Tier 1-3 tests? 
o What do they help with? 
o Describe the process from when a defect (i.e. a bug) has been identified until it 

is fixed. 
 

• Describe the Agile methods that you are currently working with. 
 
Test within development: 

• Describe the entire test flow. 
 

• Do you experience any difficulties when the code is handed over from the developers 
to the testers? 

o Do the testers have all the information they need? 
• If they don’t, how do they take part of it? 
• How much time is spent on this?    

o Are the developers able to assist the testers?   
• Or have they started working on new features? 

o Describe the process from when a defect (i.e. a bug) has been identified until it 
is fixed. 

o In what frequency is the code delivered from the developers to the testers? 
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Tier 1-3 test 
• At what moment does the Tier 1-3 test unit take part of the information in the Pre-

study? 
o Was the Tier 1-3 test unit ever involved in the development of a Pre-study? 

 
• Are all of these tests always necessary? Do you ever deliver directly to the customer? 

 
• Describe the Tier 1-3 tests. 

o How are they synchronized? 
o What is the lead-time for the tests? 

• What is the waiting time between e.g. Tier 1 and Tier 2? 
 

• Describe the process from an identified defect until it is fixed. 
o What kinds of defects are most common? 

 
• Is it possible to always perform the tests at the planned date? 

o Do the nodes deliver the code too late? 
• What are the consequences? 
  

• How many automated test cases do you use? 
o Is this enough? 
o Are any manual test cases performed, and why?  

 
Implementation 

• What is the lead-time for an implementation test? 
o Are there any measuring points that are suitable for a lead-time analysis? 

 
• When is the contact with the customer made (the customer were the FOA test is being 

performed at)? 
o Describe what is done if no suitable customer is found. 

  
• Are the customers interested in testing all of the features? 

o How many and why not all? 
 

• Describe the process from when a defect (i.e. a bug) has been identified until it is 
fixed. 

o Are any defects identified that are not linked to Ericsson? 
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Appendix 4 – Results from the interviews 
The results from the interviews are divided into working area and waste category. The 
interviewees were not asked to divide the waste into categories, it has been done afterwards. If 
two or more interviewees have a similar answer, it is grouped as one waste. There is also 
waste that have been identified by studying the results of an earlier research. 

Requirement handling 
1. Partially done work 
– According to earlier research that was performed at Ericsson, only 1/3 of all performed 
Quick Studies led to a Pre-study.  

 
2. Extra processes and relearning 
– Some of the product managers should be more involved, and more reprioritizations should 
be made to increase the strengths of Agile. Note: There might be a risk that unnecessary 
products will be developed if this is not performed. 
 
– In the Pre-study, there were no info regarding test cases and test specifications. However, 
the Tier 1-3 test organization took part of the information. Note: 1. Partially done work as 
well. 
 
– There is no effective method to handle partial features, features that are released over 
multiple releases. It is difficult to divide the complexity. There is a risk that the most difficult 
parts are saved to the last release. Note: Affects development as well. 
 
3. Extra features 
– For the customer ordered project, the requirement handling process (e.g. customer 
negotiation) is suited for the specific customer only. For new customers, this might not be 
suitable. Therefore some customizations might not be optimal for other customers.  
 
4. Task switching 
No waste within this area was mentioned by the interviewees. 
 
5. Waiting & delays 
– The waiting time between Pre-study ready and CBP depends on discussions with the 
customer. The proposed solution has to be accepted by the customer, as well as the cost.  
 
– For the project with internally generated requirements, 15-20 % of total lead-time was spent 
on waiting for resources that were working on other projects. For the customer ordered 
project, 30% of the total lead-time was spent on the same issue. 
 
– For the project with internally generated requirements ~12% of total lead-time was spent on 
discussions and renegotiations of the requirements with the customer. The requirements were 
not specified well enough from the beginning. Note: 1. Partially done work as well. 
 
– Requirements became prominent since there were too many active requirements.  
 
6. Motion & handovers 
No waste within this area was mentioned by the interviewees. 
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7. Defects 
No waste within this area was mentioned by the interviewees. 
 
Development 
1. Partially done work 
– In the product backlog, requirements are seldom changed. But new requirements are often 
added. Several requirements are never developed.  
 
2. Extra processes and relearning 
– There is sometimes too much documentation. One example is test documentation with more 
than a thousand pages, which probably never will be used. If information is needed, meetings 
and discussions are preferred. A lot of the information also exists in multiple documents, 
which increases the risk of an error. However, documentation is required by the customer.  
Note: 1. Partially done work and 6. Motion and handovers as well. 
 
– The purpose for the Node system test varies, it is not well specified. More defined activities 
could make the work more effective.  
 
– The RRB (Quick Study and Pre-study) is not adapted for Agile. The scope in RRB is 
usually between 2-20 times larger, in man-hour, than a development team usually works with. 
This makes it difficult to prioritize in a backlog.  
 
– In the LSV test, code from several work packages is tested. If a defect is identified, it is 
sometimes difficult to identify what it was that caused the defect. The traceability is thus not 
optimal. Note: Better tools are needed. 
 
– At the end of the LSV test, no or little help is obtained by the development team since they 
have started developing new features. This could increase the lead-time.  
 
– In some cases documents and instructions are missing.  
 
– There is no good method to divide the complexity for partial features. There is a risk that the 
most difficult parts are developed for the last release. Note: Could be solved during 
requirement handling. 
 
3. Extra features 
No waste within this area was mentioned by the interviewees. 
 
4. Task switching 
– At the end of the LSV test, the development teams have started developing new features. If 
they have to assist during the LSV test, they have to interrupt their current work.  
 
5. Waiting & delays 
No waste within this area was mentioned by the interviewees. 
 
6. Motion & handovers 
– Testers write a trouble report, which is later handed over to the development teams and then 
the bugs are fixed.  
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– The development teams have very little or no contact with customers, everything is passed 
through the market unit. For the cases with direct contact, it has worked very well. 
 
7. Defects 
No waste within this area was mentioned by the interviewees. 
 

Tier 1-3 test 
1. Partially done work 
– A problem is to get closure; some things are never corrected or completed. E.g. bugs which 
are never fixed.  For some bugs, the corrections are never made. This leads to features that are 
not completed or features with lower quality.  
 
– When a lot of requirements are being developed, there is a risk that not all of them are tested 
sufficiently. Note: 2. Extra processes and relearning as well. 
 
2. Extra processes and relearning 
– For node C, a Tier 2 test has been performed on a build that is 2-3 weeks old. This means 
that bugs that are identified during Tier 2 testing might already been fixed.  
 
– 300 (only 40% of required) automated test cases are used to test legacy in Tier 1 test, but 
this is not enough. It does not exist more test cases. About 800 are probably required. 
Therefore manual test cases are necessary.  
 
– The test automation team is often not updated. When changes has been made, the test cases 
has to be updated, which was not always performed.  
 
– The Tier 1-3 test process was sometimes perceived as not completely finished. The process 
was not always complied and estimations are often made.  
 
3. Extra features 
No waste within this area was mentioned by the interviewees. 
 
4. Task switching 
No waste within this area was mentioned by the interviewees. 
 
5. Waiting & delays 
– In many cases, the nodes don’t deliver in time for the Tier 1 test, usually 1-2 days delayed. 
Therefore there was no time to correct the identified bugs and the same code is used for the 
Tier 1 baseline creation. However, a list of identified bugs is supplied. In some cases, the 
nodes can’t deliver in time for the Tier 1 test. Instead, they deliver during the Tier 1 baseline 
creation phase. This can lead to even more problems if there are relationships and 
dependencies. I.e. other nodes might be delayed as well.  
 
– Documentation of the test flow is required first at PRA status. Sometimes this is too late.  
 
6. Motion & handovers 
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– For test automation, consultants are often used, which leads to less competence within 
Ericsson. Besides, what is most difficult with automation is to understand the complete IMS 
solution and not the actual coding.  
 
– The development teams from the nodes could be more involved, especially during Tier 2 
test. The testers have to ask a lot about the nodes and functions, which the developers have 
good knowledge about. The Tier 1-2 test would be a lot quicker and more effective if the 
nodes were more involved.  They could determine which test cases that are necessary and 
what the test cases covers.  
 
–  Some test cases are not updated after delivery, which make it difficult to know which test 
cases for legacy that actually works or not.  
 
– The information flow for the Tier test is too slow. When a change of e.g. legacy has been 
made, the information does not reach all concerned.  
 
7. Defects 
– For Tier 2, the lead-time is supposed to be 25% test, 50% correcting bugs and 25% for 
verification. But the lead-time for correcting bugs is in average three times more than it is 
supposed to be. Note: 5. Waiting & delays as well 
 
– For Tier 1 test, the most common cause of an error is human. The reason is that there is a 
lack of documentation, or the documentation is of poor quality or is inadequate. Lack of time 
to read the documentation is also a cause. This leads to e.g. wrong parameter settings or 
making changes that are not compatible.  
 
– When the nodes breaks legacy, the information has not been forwarded to the test 
automation team. In many cases it was first discovered at test, which fails. This leads to that 
new test cases have to be developed. The main cause is lack of communication. Finding 
legacy errors is common. Note: 2. Extra processes and relearning as well. 
 
– The average fault slip through for three projects was 60%. (Waste identified by studying the 
results of an earlier study) 
 
Implementation 
1. Partially done work 
– DVA exit criteria are missing. E.g. today you can end DVA with bug fix for only 5% of the 
features. (Waste identified by studying the results of an earlier study)  
 
2. Extra processes and relearning 
– Checklist and internal templates are missing, therefore the “wheel is re-invented” all the 
time. (Waste identified by studying the results of an earlier study) 
 
– Comparison of parameters between old and new release had to be done manually, due to 
missing tools. This increases the lead time and the risk of manual mistakes. (Waste identified 
by studying the results of an earlier study) 
 
– The documentation on multi-node feature level is poor. It makes it hard to understand the 
impact on other nodes. (Waste identified by studying the results of an earlier study) 
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– It is difficult to understand what parameters to change to activate a multi-node feature. 
There is lack of multi-node feature parameter documentation. Also the traceability is poor 
between what is ordered, what the customer gets and what is verified. The lead-time to 
configure and set up the system increases. (Waste identified by studying the results of an 
earlier study) 
 
– Problems with ordering parameters are found late. This leads to that lead time for delivery is 
increased. We can do a work-around, but it means extra work, e.g. to chase people for 
information. (Waste identified by studying the results of an earlier study) 
 
– The system is difficult to troubleshoot. The consequence is that it takes long time to 
troubleshoot. (Waste identified by studying the results of an earlier study) 
 
– There is no unified method & tool for installation. The installation takes longer time, and 
there are risks of faulty installation. Some nodes have started to align to use IMS installer tool 
and its method. But there is different level of usage (if used at all). (Waste identified by 
studying the results of an earlier study) 
 
– The system is too complex to deploy. There are so many parameters, and they depend on 
each other. There are too many configuration options. (Waste identified by studying the 
results of an earlier study) 
 
– During FOA, we have to deal with a lot of non-FOA related questions from the customers. 
(Waste identified by studying the results of an earlier study)  
Note: 4. Task switching as well  
 
– We spend a lot of time chasing people to get the FOA scope clarified. (Waste identified by 
studying the results of an earlier study) 
 
– Lack of input from product owners increases the lead-time and cost for FOA. (Waste 
identified by studying the results of an earlier study) 
 
– Lack of input from node product management regarding FOA scope. (Waste identified by 
studying the results of an earlier study) 
 
– Existing (and known) faults are reported multiple times. It is difficult to know if faults exist 
and are identified, due to problems searching in the database. (Waste identified by studying 
the results of an earlier study) 
 
– Exemption requests are granted without us understanding how the customers will use the 
system (e.g. which features). We have difficulties extracting the important information from 
huge detailed documents. The consequence is that some expected features may not be 
available. (Waste identified by studying the results of an earlier study) 
 
3. Extra features 
– Too few features attract the customers; no FOA client covers all features. With the right 
features, it would be easier and quicker to find FOA customers. The FOA customers would 
also be willing to test more or all of the features.   
 
4. Task switching 
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No waste within this area was mentioned by the interviewees. 
 
5. Waiting & delays 
– The predetermined dates, for example PRA, are not always held. This leads to buffers are 
being used, which leads to even more delays.  
 
– There are too many delays, for example approval of FOA-report for PRG. There should be 
meetings more frequently were decisions can be made. (Waste identified by studying the 
results of an earlier study) 
 
6. Motion & handovers 
No waste within this area was mentioned by the interviewees. 
 
7. Defects 
– It is too complex to implement (upgrade or install) the IMS network. The implementation 
fails. (Waste identified by studying the results of an earlier study) 
 
– There are too many faults in the IMS nodes, which makes it harder to deploy IMS. It 
increases the lead-time. (Waste identified by studying the results of an earlier study) 
 
The figure shows the quantity of waste identified and described above. These are not 
weighted in any order.  
 

 
Quantity of waste, divided into area 
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