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Abstract

In today’s business world, a world where globalization, theoptimization of processes and

workflows, and the maximization of profit is commonplace, thebasic question ‘Did the

customer get what he wanted?’ is still not sufficiently solved.

Several well known quality standards, such as ISO 9001 or theCapability Maturity Model,

have been developed and it has been observed, that every company has developed their

own strategy for planning and developing new products. Despite all of these quality stan-

dards, products are still postponed or even canceled. With the result that customers often

have to cut back on their expectations and requirements and often remain unsure to get

the desired product.

This diploma thesis focuses on the difference between management and engineering.

These two disciplines use different models, which obviously have different fields of exper-

tise and due to this specialization use a different languageeach with their own terminology

and idioms - especially engineering.

Management, for example, uses models like the Boston Consulting Group Matrix or a

Strengths Weaknesses Opportunities and Threats (SWOT) Analysis. These models are

located in the business layer of the company. Using these strategic models, management

tries to lead the company into a direction which achieves a maximum of profit for the

company.

Engineering, on the other hand, uses models such as the V-Modell XT, the Software Pro-

cess Improvement and Capability Determination model (SPICE) or SCRUM, which are

located at a lower, technical layer of the company. These models are employed especially

during development and reside mainly at the project-level.

Mostly the differences in the vocabulary used and their different focus easily lead to mis-

understanding between management and engineering. The problems in successfully com-

municating often manifest themselves in delayed products or products that fail to fall

within the desired specifications.

The goal of this diploma thesis is to combine management and engineering processes

in using one model. Therefore a meta-model, which is then mapped onto an existing pro-

cess model, is developed. This meta-model has defined processes and defined interfaces

between management and engineering. There are also defined requirements and deliver-

ables for both - management and engineering.

One of the current models is the V-Modell XT, which on one handalready has protocols
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on how a software-system should be developed on the project-level but on the other hand

in the current version has no mechanisms for product management, is chosen to map the

developed meta-model to. Both models are broken down into small phases, and the roles,

products and activities of each phase are analyzed and compared to determine their equal-

ity or to point out their differences. The result is an extension to V-Modell XT, which

completely covers the product planning process.

The second part of this diploma thesis covers the application and integration of the pro-

posed extension into already existing processes and projects of a small development team.

The application and integration are tested in a case study, which is performed in a software

development project in an academic context. As a result, theteam and also companies,

who use this extension, would have one model, which covers the whole procedure, start-

ing from the idea for a new product to the final rollout. All these steps are covered in this

model and ensure a certain level of quality.

The main benefit for companies using this extension of the V-Modell XT is, that they

can continue to use their well established development models, for example Extreme Pro-

gramming, apply a mapping model to their projects, and therefore are able to make their

projects V-Modell XT compliant.

An additional benefit of this model is the simplification of communication and as a result

a decrease of misunderstandings within a company.

While this diploma thesis focuses on the software industry which chronically suffers from

delayed products and to which the resulting model is appliedto, the proposed extension

can easily be transfered to other industries. Every company, which has a product man-

agement or a product management department, are most likelyto have their own product

management model and therefore will be able to use this extension to the V-Modell XT.

The quality managers, software developers, project managers or product managers are the

target audience of this diploma thesis. They are the ones whoadapt and establish this ex-

tension in their companies, to further assure the development of excellent products, which

are delivered on time and within budget.
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1 Introduction

In the last years the consequence of globalization and convergence of markets are more

and more effecting industries. Thus the optimization of processes and workflows and the

maximization of profit has become a ever more challenging task for companies regard-

ing the global and emerging markets. Currently the industries and even more the highly

volatile software industry has to anticipate the rapidly changing technologies. A manifes-

tation of a crisis in the software industry during the 1960ies spawned the area of software

development processes. But the basic question, which can beexpressed as ‘Did the cus-

tomer get what he wanted?’, still remains to the present day.

Several well known quality standards, such as ISO 9001 or theCapability Maturity Model,

have been developed to address this problem and it has been observed, that every company

has developed their own strategy for planning and developing new products. Despite all

of these quality standards, software products are still postponed or even canceled. With

the result that customers often have to cut back on their expectations and requirements

and often remain uncertain to get the desired software product.

This issue is not completely new to the software industry, already in 1979 David L. Par-

nas described the problems of software development. Parnasaddresses some statements

of software industry in [57].

’We were behind schedule and wanted to deliver an early release with only a proper sub-

set of intended capabilities, but found that subset would not work until everything worked.’

’We wanted to add simple capability, but to do so would have meant rewriting all or

most of the current code.’

’We wanted to simplify and speed up the system by removing theunneeded capability,

but to take advantage of this simplification we would have hadto rewrite major sections

of the code.’

2



A trend analysis [76] performed by the consulting company Infora in cooperation with

meetBIZ & Denkfabrik states, that in the last two years only every fifth software project

is completed according to the requirements. As a reason, Infora states, that the changing

requirements during the project and lack of project management cause the troubles during

the project. This study shows, that the topic is still present. The next passage will give

several examples, which are the result of different approaches to software and product

development.

An example of working respectively non working management models can be taken from

the gaming console industry. The competitors Sony and Nintendo, with their products

Playstation 3 and Wii. Sony chose to use the cell processor and even developed the Blue-

Ray technology for its PS3. At the end of 2005 Sony stated, that the console would be

available only for the japanese market in spring 2006. For the US market Sony stated, that

the PS3 would be available fall 2006. At first the price was estimated to be 300 to 400

USD. Today the actual costs for the PS3 are 599 USD/EUR. The Wii on the other hand

did not focus on the newest technology. Also the costs for theWii, with 249 USD/EUR,

are much lower than the costs for the Playstation 3 [72].

Were the requirements for the PS3 too special? Did Sony overestimate the requirements

for the PS3?

Another rivalry for many years now is the ongoing competition between AMD and In-

tel. It is a fact, that AMD has the better processor design, than their Intel counterparts. If

AMD has the better processor performance [85], why does not everyone buy AMD pro-

cessors? Maybe many customers do not know about this fact? Isthis information made

available to the customer at all? The average user does not have the necessary technical

background. Is Intel’s marketing better than AMD’s? Is there a lack in the product man-

agement process of AMD? Did they cut costs at the wrong position?

Microsoft’s management has to deliver a product - Windows Vista - even if it is not com-

pletely finished and still has major bugs, just to have a new product on the market on

time. This example shows, that it is quite common for management to dictate the require-

ments for a new product, whether they are feasible or not. Is there a mechanism to control

management in its actions? Are there procedures, which haveto be abided to follow a

company wide process? If there is an established process, istop-management responsible

for its faults?

3



Apple’s iPod is another good example for successful productmanagement. While Ap-

ple did not invent the portable MP3 player, the iPod is often used synonymously with

portable music players. The questions that are raised here are:

Why is Apple this successful with their product iPod? Is there a special mechanism or

process for this?

These examples show that companies exist, which have provento be successful in fin-

ishing software projects in time and in managing the development of new products. But

why is it still not possible, to solve this problem in generaland finish every software

project on time and within budget?

This question is often difficult to answer. Most of the time all parties involved in a soft-

ware development project are certain, that they understoodthe customers correctly and

that everybody else is wrong about the outcome of the product. Besides the trouble to get

the user to realize what he wants or what he really needs, there is also a major difficulty

within a company - the difference between management and engineering.

This very problem is nicely illustrated in Figure 1.1, wherethe different views of a prod-

uct are depicted. It can be seen, that everybody involved in the project, from management

to developer or even the customer, must have very different ideas about the vision of a

product. Management and engineering have different modelsand processes, and as a

result use different vocabulary. Not only the difference invocabulary, but also the lack

of communication respectively the lack of qualitative communication is essential for the

failure of software projects.

Overbooking of development resources is common and withouta big picture and every-

body knowing what to focus on, the efforts cannot be systematically replanned or repri-

oritized. Instead the developers have to decide which activities to focus on and which

activities to put on hold. Hence important tasks are not finished as planned. The implica-

tions of the decisions made in a project, cannot be estimatedbecause of the missing over-

all view and the unknown resource interdependencies. Prioritization ‘happened’ through

fire-fighting or personal judgment and are a result of missingcommunication within a

company. Decisions are made on project level, only considering the implications for this

current project, not for the entire portfolio.

Some software development companies up to now do not manage their development ac-
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Figure 1.1: What the customer wanted. [71]

tivities using portfolio management. They lack clear priorization of their development

effort. Starting new projects is considered both frequent and impulsive in nature, often

without finishing old assignments or deliberately put on hold. Because different activi-

ties are not necessarily explicitly managed as projects, oreven recognized as part of the

product development portfolio, resource planning is seen as difficult, and often is omitted

entirely because of its perceived futility. There are no explicit lists of features, which have

to be implemented, but rather ideas for future improvement.These improvement resided

in various text files or mails. The area, which often needs thegreatest improvement, is

to provide a common understanding of what projects and otherdevelopment activities are

underway, how these are resourced, what their relative priorities are, and why they are

conducted.

This diploma thesis focuses on this very difference betweenmanagement and engineer-

ing. These two disciplines use different models, which obviously have different fields of
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expertise and due to this specialization use a different language each with their own ter-

minology and idioms - especially engineering.

This situation is depicted in Figure 1.2. It can be seen, thatthere is a big barrier be-

tween management and engineering, which, in some cases, keeps them from successfully

finishing projects.

Management, for example, uses models such as the Boston Consulting Group Matrix or

a Strengths Weaknesses Opportunities and Threats (SWOT) Analysis. These models are

located in the business layer of the company. Using these strategic models, management

tries to lead the company into a direction which achieves a maximum of profit for the

company.

Engineering, on the other hand, uses models such as the V-Modell XT, the Software Pro-

cess Improvement and Capability Determination model (SPICE) or SCRUM, which are

located at a lower, technical layer of the company. These models are employed especially

during development and reside mainly at the project-level.

Their differences, in used vocabulary and their different focuses, easily lead to misunder-

standing between management and engineering. The problemsin successfully communi-

cating often manifest themselves in delayed products or products that fail to fall within

the desired specifications.

The motivation of the first part of the diploma thesis is the question, if it is possible, that

a company can use only one model for product development throughout all departments.

‘Is it possible, that management and the engineering use thesame model?’ The benefits

would be, that only one model has to be established in the company. Every employee has

the same vocabulary within the model.

The goal of this diploma thesis is to combine product management and engineering pro-

cesses by using one single model. Using this model managers can keep track of the

development process and software and system developers know what the main features of

the new product should be and can concentrate on them.

Therefore a meta-model, which is then mapped onto an existing quality model, is de-

veloped. This meta-model has defined processes and interfaces between management and

engineering. There are also defined requirements and deliverables for both - management

and engineering. One of the models, currently in use in the field of quality assurance, is

the V-Modell XT. This model on the one hand already has protocols on how a software-
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Figure 1.2: Research Goal: Up to now management and engineering use their models only
in their field of expertise with only a little input from otherdepartments. This
creating a gap between both disciplines.

system should be developed on the project-level but on the other hand in its current version

includes no mechanisms for product management. It is this model, which has been chosen

to map the developed meta-model to. Both models are broken down into small phases and

the roles, products and activities of each phase are analyzed and compared to determine

their equality or to point out their differences. The resultis an extension to V-Modell XT,

which completely covers the product planning process.

The second part of this diploma thesis covers the integration and adaptation of the pro-

posed extension into already existing processes and projects of small companies. As a

result, these companies would have one model, which covers the whole procedure, start-

ing from the idea for a new product to the final roll-out. All these steps are covered in this
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model and ensure a certain level of quality.

The approach proposed in this diploma thesis is a new extension to the V-Modell XT

which combines these two disciplines with clearly defined interfaces between manage-

ment and developers. Using this model, managers can keep track of the development

process and software and system developers know what the main features of the new

product should be and can concentrate on them.

For small and medium-sized enterprises (SME) the use of development models should be

easy and cost-effective. It should be possible for a group ofonly a few people to be able

to manage a project according to the selected model. The problem for SME is, that they

often do not have enough employees to cover all tasks, which need to be preformed when

using a certain development model.

Due to the wide range of this topic, delimitations have to be set. Though Product Manage-

ment is tightly coupled to Project Management, this diplomathesis does not cover Project

Management at all, neither does it deal with Marketing and Sales.

This diploma thesis can be divided into the following parts:

1. The presentation and analysis of current management models:

This part presents several existing models, in the businesslevel, which the extension

of the V-Modell XT is based on.

2. The presentation and analysis of current development processes:

During this chapter development processes are presented and their advantages and

disadvantages are pointed out.

3. The research approach:

The research questions and the main focus of this diploma thesis are analyzed and

presented in this chapter. Also the hypotheses for the evaluation of the created

extension are presented.

4. The creation of a product development planning meta-model:

This chapter covers the creation of the meta-model. Information gathered in the

last part is extracted and formed into a meta-model. This meta-model covers the

product planning process. It is used to test the V-Modell XT extension against.
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5. The integration of the meta-model into the V-Modell XT:

In this chapter the V-Modell XT is mapped to the meta-model. Similarities and

differences are extracted. These differences are further described and form the new

extension.

6. The evaluation of the new extension of the V-Modell XT:

In this chapter the application of the newly created extension is tested. This test is

performed in a case study, where a product is created by a small group of developers.

7. The discussion of the results from the case study:

The results of the case study, which have been presented in the last chapter, are

discussed in this chapter with regard to to the formluated hypotheses.

8. And finally a conclusion and outlook:

This chapter summarizes the whole diploma thesis and gives an outlook over possi-

ble development for the future.
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2 Management Models

The following chapter will present the management aspect ofthe business area this diploma

thesis is located in and review some of the many models and processes used in today’s

business world.

As the introduction already outlined, one topic of this diploma thesis covers the Prod-

uct Management discipline. In order to clarify the term Product Management, the next

chapter gives a short introduction.

2.1 Product Management

What is product management? [5] defines product management as ‘... the discipline of

planning, development, production, marketing and disposal of a product for the best pos-

sible outcome for supplier and customer’. A lot of other different definitions can be found.

It is obviously not easy to generally define product management.

The discipline of Product Management is well known to consumer industry. The birth

of modern Product Management is the 13. May 1931. Shortly before that day, the head of

the marketing department Neil McElroy from the company Procter & Gamble (P&G) was

asked to take care of the launch of a new soap-product ‘Camay’. But the success of the

already established branch ‘Ivory’ should not be at risk. McElroy proposed a memoran-

dum with the mentioned date, that he should not only be responsible for marketing of the

new soap but he should rather be the head of a new one-product-only company outside

of the usual marketing-department responsible for soaps and also should he be respon-

sible for all other product related activities and therefore be responsible for the success

of the product ‘Camay’. The former president of P&G, RichardR. Deupree, soon was

convinced, so that this concept was also taken for all other products within the company.

The main idea behind this concept is, that using custom support for all, also concurring,

products, the market success of the company can be increased. Since then the idea was

wide spread, but there still are companies, which think thatthey can go without actual
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product management. [78, 79]

The role of a product manager varies widely, depending on thecompany, but there are

several key responsibilities, a product manager is in charge of. These responsibilities can

be grouped into six main categories:

• Market Research

• Product Definition and Design

• Project Management

• Evangelizing the Product

• Product Marketing

• Product Life Cycle Management

Market research is the task of examining and gathering all aspects of business environ-

ment. Factors, such as trends in the market, market structure, competitors, government

regulation and so on, are investigated. Market research is very helpful while creating a

business plan, planning a new product or expand to new markets. Basically a market

research helps companies to make better business decisionsabout the development and

marketing of new products.

A product manager is responsible for the definition and design of the new product. Based

on a market analysis, a results of research and development or customer requests, the new

product will defined and afterwards created.

For a successful completion of a project, the discipline of project management is substan-

tial. Project management deals with coordinating, allocating and scheduling resources in

a way, that projects are finished in time and within budget.

Another important task is evangelizing the product. It is living the product.

Product marketing important for distributing the advantages and features of the new prod-

uct. Product marketing includes the tasks which are commonly known as marketing.

Presenting the product to the consumer respectively companies at fairs or on radio, tele-

vision and print media, is included in product marketing.

The product manager needs to keep the normal product lifecycle in mind, to plan further

updates to the current product, or, if the product is not profitable anymore, end it’s lifecy-

cle.
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Product management is often used synonymously to all the tasks, which have to be per-

formed, to deliver a particular product to the market. This huge amount of tasks can

further be divided into two main categories -product planning andproduct marketing .

Product planning subsumizes all planning activities whileproduct marketing combines all

tasks of outbound messaging - telling the world about the product. As already mentioned,

depending on the company, a product manager has a different focus in these categories,

which may be one reason, why product management is quite hardto capture.

The following section will shortly outline successful product planning. The extensive

task of product marketing will not be discussed, because this would go beyond the scope

of this diploma thesis.

2.1.1 Product Planning

As already mentioned, product planning is one of the main tasks of product management.

It covers the search, the review and the selection of promising ideas for a new product.

Also the definition of this new product as well as several preparation tasks, such as

• investigation of product-influences,

• identification of product-causes,

• performing of product-analysis and

• development of special product-strategies

have to be done in this phase. The implementation of the givenmeasures as well as the

following gathering of ideas and definition of the product are tasks, which are normally

performed by a small group of people in a rather short period of time. On the contrary

development of a new product is in most of the cases at least ten times as much effort. But

the most important fact is, that product-planning, in relation to the effort spent, has the

most influence on the outcome of the product, compared to all other tasks. Planning is at

the beginning of the product-creation process and it is greatly responsible for the product-

development costs of the following phases and of course the success of the product. (cp.

[5])
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2.1.1.1 Product Influences

Product planning has the most influence on the product, but what are these influences? Ac-

cording to [5], the influences can be divided into company-internal and company-external

influences and are listed in the following:

Company internal influences are:

• the degree to which the company is customer oriented - Are management, employ-

ees and processes focusing on customer needs?

• the organizational structure of the company - Does the company have a flat or deep

hierarchy?

• the integration of product management in the company - Is product management an

established discipline in the company?

• the experience of employees - To which degree are the employees knowledgeable

about the field they are working in?

• how the company deals with know-how - Is there e.g. a knowledge management

system? Are there established procedures for knowledge management in the com-

pany?

• the financial situation of the company - Does the company haveresources for further

expansion or research?

• the company’s culture regarding leadership and readiness for cooperation - Are peo-

ple ready to help each other or just focused on their own career?

On the other hand the external influences:

• the different kinds of markets, their evolution, current status and development pos-

sibilities

• the customers - Are customers willing to buy the new product?Do they need the

new product?

• the competition - Is the market highly competitive?

• the suppliers - Are the supply chains working? Will there be an increase in price?
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• the technology - Is the technology available to me? Are thereothers who have the

same knowledge? Is it a market entry barrier?

• the power and potential of the economy - What will the reaction of the economy

be?

• politics - Will there be political controversies started with the introduction of the

new product?

• local, national and international laws - Is the product according to current laws?

• the workers’ council - Do my employees have enough rights?

To indicate internal and external influences and their degree of their influence, to rate and

analyze them is one of the most important tasks in product planning. (cp. [5])

2.1.1.2 Product Triggers

Possible triggers for planning a new product could be one or more problems, one or more

opportunities or a combination of both. Typical problems inthis context are:

• complaints or new requirements from the customer - Is the current product working?

Did the company meet the requirements of the customer?

• changes in the market - Is there a new competitor or new technology?

• sales or profit loss - Is the company able to fund its further existence?

• changes at the suppliers - Are the suppliers in the current form still present, e.g.

bankruptcy or new delivery-conditions?

• political or economic crisis

On the other hand opportunities arise mostly from:

• new technologies - ‘The chance to put the money on the right horse’ or establish a

new market for the new technology

• internal or external patents - Are the researches of the company limited by certain

patents?

• new markets or new conditions on the market - e.g. Are there new laws? Did the

competitors catch up?
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• synergies because of cooperations or company-takeovers - Maybe a strategic al-

liance will strengthen the position against the market leader?

• pioneer-products - Pioneer products are the best possibility for a company to be-

come the market leader. It is highly risky, but if it succeeds, it is highly lucrative.

While searching for new product ideas, it is not enough to know the influences and triggers

for a new product, but it is essential to know the link to the own product program. It is

important to know the positioning on the market, the strengths and the weaknesses in

comparison to the competitors. (cp. [5])

2.1.2 Product Analysis and Strategies

The following section presents a few widely used strategiesto analyze new products and

product portfolios. The main goal of these strategies is to optimize the way a company

invests it’s development resources, to achieve an optimal revenue.

Portfolio Management

A product portfolio is an overview of products which are currently in development or

which will be developed in the future. These projects share certain similar goals, re-

sources or ideas. Portfolio-management is the task to find the similarities of projects and

efficiently assign development resources.

According to a best practice study [81, 82], Cooper states that portfolio management is a

critical senior management challenge and top performing businesses tend to rate the im-

portance of portfolio management much higher than poorer performing companies. He

explains this state using three facts [80]:

1. The success of a new product is the foundation of the success of the business. There-

fore, the ability of selecting a project today’s projects tobecome tomorrows product

winners.

2. The development of new products is the implementation of acompany’s business

strategy. If the new chosen product ideas are wrong, the projects are wrong respec-

tively the project balance is wrong and therefore the company fails in implementing

their business strategy.

3. Portfolio is about resource allocation. In today’s business world, where everyone

has to do more with less resources, the consequences of poor or missing portfo-
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lio management is the scattering of scarce resources and as aresult, starve those

project, who would deserve being implemented.

Cooper and Edgett [80] further define four goals in product management. These four

goals are presented in the following.

1. Maximize the Value of Your Product: This goal aims to select new development

projects to maximize the sum of values or commercial worths of all active projects

in the pipeline in terms of some business objective.

2. Seek Balance in Your Portfolio: Here the goal is to achievea desired balance of

projects in terms of a number of parameters, such as long termprojects versus short

ones, high risk versus lower risk projects. This technique mostly uses graphical

representation of the data, to better portray the balance.

3. Your Portfolio Must Be Strategically Aligned: This goal means that all the projects

are ‘on strategy’ and that the breakdown of spanning across projects , areas, mar-

kets, etc., must mirror your strategic priorities. There are several portfolio methods,

designed to achieve a strategic alignment, such as the Boston Consulting Group

matrix, which is described in the next section.

4. Pick the Right Number of Projects: Often companies have too many projects un-

derway for the limited resources available. The result is pipeline grid-lock: projects

end up in a queue, they take to long to reach the market, and keyactivities are

omitted because of a lack of people and time.

Portfolio management is the most popular method and is used in nearly all companies

as the favored tool regarding investments. As an addition toportfolio management the

strength-weaknesses analysis can be used. This technique was developed by Albert Humphrey

at the Stanford University in the 1960s and 1970s.

Patzak and Rattay points out several benefits of portfolio-management [17]:

• Choose the projects, which are essential for short-, middle- and long-term success

for the company

• Visualize dependencies between projects

• Regular coordination and tuning of the goals, milestones and costs of the projects

in the portfolio
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• Prioritizes project in times of resource shortages

• Communicate changes and troubles, occurring from changes in a project

• Identify conflicts between goals of different projects

• Develop scenarios to control crisis

• Systematically use synergies between projects

• Pass on knowledge from outcomes of a project

• Controlled cancellation of a project, which is not successful

• Complete and compare projects in an predefined way

There is a great variety of methods for analyzing these factors and as a result develop suit-

able product-strategies. The most commonly used methods are described in the following.

The BCG Growth-Share Matrix

The Boston Consulting Group (BCG) is a general management consulting company highly

respected in business strategy consulting. The BCG Growth-Share Matrix is one of the

many strategic concepts the organization has developed in the early 1970s and it is being

taught at business schools and education programs around the world.

‘Assess strategically relevant business units, based on future benefit possi-

bilities (market growth) and current market position (relative market share)

[18]’

The BCG Growth-Share Matrix is based on two-dimensional variables:

• Relative market share

• Market growth

These two factors are often used as pointers to the healthiness of a business. That means,

products with greater market share or within a fast growing market are expected to yield

relatively greater profit margins. As seen in Figure 2.1 the x-axis defines the relative

market share and the y-axis the market growth.
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Figure 2.1: Boston Consulting Group Growth-Share Matrix [18]

• Relative Market Share

The relative market share of a business unit or a product is captured with this pa-

rameter. It describes the cash generation - the higher the market share the more

cash will be generated. To get the market share, a brand is compared to its largest

competitor. Another way to drive down costs is the experience curve. The basic

idea is, that the more often an organization performs a task,the better they get in

doing this task, which results in lowering the operating costs. What this suggests

is that the experience curve effect requires that market share is increased to drive

down costs in the long run and at the same time a company with dominant market

share will inevitably have a cost advantage over competing companies because they

have a greater share of the market. Hence, market share is correlated to experience.

(cp. [18])

• Market Growth

The market growth axis, correlates with the product life cycle paradigm, and pre-

dicts the cash requirement a product has relative to the growth of that market. A fast

growing market is generally considered attractive, and pulls a lot of organization’s

resources in an effort to increase gains. A case in point is the technological market

widely considered by experts as a fast growing market, and tends to attract a lot of
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competition. Therefore, a product life cycle and its associated market play a key

role in decision-making.

The following passage describes the 4 quadrants of the BCG Growth-Share Matrix as seen

in Figure 2.1.

• Cash Cows

These products are said to have high profitability and require low investment due to

the fact that they are market leaders in a low-growth market.The cash cows fund

their own growth. They pay the corporate dividend, overhead, interest charges.

They supply funds for research and development. In short - protect the cash cows.

• Stars

Stars are leaders in high growth markets. They tend to/should generate large amounts

of cash, but also use a lot of cash because of market growth.

• Question Marks

Question Marks have not achieved a dominant market positionand therefore do not

generate much cash. They tend to use a lot of money because of growth of market

conditions.

• Poor Dogs

Poor dogs have only little future and are big cash drainers onthe company as they

generate nearly no money, caused by their low market share ina extremely low

growth market.

The consideration of cash-flows of the individual business units is the fundament of value

oriented management. Management should consider the investments not based on short-

term revenue but with regard to long-term connection between the market and the compe-

tition. Also the product-lifecycle has to be considered.

The goal of each company should be a well-balanced product portfolio:

• Many business units in the cash-cow segment

• Several business units in the starting phase for the future

• As few business units as possible as question marks

• And nearly no business units in the poor dog segment

The BCG Portfolio Matrix combines the product lifecycle andthe benefits of each prod-

uct. The product lifecycle is explained in the next chapter.
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SWOT Analysis

Another method to capture a company’s position on the marketis the Strength, Weak-

nesses, Opportunities and Threats Analysis (SWOT). It is a structured planning tool,

which is used to measure the strategic position of a product or a product-group. For this

reason the strengths and weaknesses in comparison to the biggest competitor regarding

certain products on product-groups are evaluated and opportunities and threats are identi-

fied. [cp. [55]]

The basic form of the SWOT analysis was used as descriptive instrument. The gather-

ing of specific strengths and weaknesses was captured via brainstorming. The delimita-

tion of terms and the basic dynamic and complex connections were often not considered.

As rough structuring- and classifying-grid four fields wereused - strengths, weaknesses,

opportunities and threats. During further development more attention was payed to the

connection between strengths/weaknesses and opportunities/threats in the SWOT analy-

sis. This was achieved through the consideration of trends and evolution on the market.

The basis for this is the integration of a trend-analysis in the SWOT analysis can be seen

in Figure 2.2. [cp. [55]]

• Strength

These are the attributes of a company, which are useful to achieve the stated goal,

e.g. dependability of a product, high productivity or levelof awareness of the com-

pany.

• Weaknesses

These are the attributes of a company, which may cause the company not to reach

the goal, e.g. low marketing resources, small market share or weak level of support.

• Opportunities

These are external, not influenced by the company, conditions, which helps the com-

pany to achieve the stated goal, e.g. growing market, untouched market potential in

another country or a new available technology.

• Threats

There are external conditions, which may cause the company not to reach the stated

goal, e.g. increasing number of specialists, new legal restrictions or new products

by competitors.
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Figure 2.2: SWOT Analysis

The first step in a SWOT analysis is the arrangement of all strengths and weaknesses in

comparison to the products of the market leader. For this comparison, criteria such as

product quality, lifetime or compatibility should be takeninto account. They are listed in

a matrix and assessed as seen in Figure 2.3 The second step is to identify product relevant

trends in the market. After this step, the opportunities andthreats are derived. During this

step the evolution in view of the strength and weaknesses areevaluated. The fourth step

is to prioritize the single opportunities and threats and derive measures and strategies for

using the opportunities or cope with the threats.

Ideally a team which carries out the SWOT analysis, should consist of members of differ-

ent departments, which represent a broad range of perspectives.

Products and product-markets are constantly evolving, to better understand these motions

there are several models. The product life cycle model, which is described in the next

chapter, is the most important of these.
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Figure 2.3: Strength - Weaknesses comparison ([55] page 247)

2.2 The Product Life Cycle

New products in general go through a sequence of different stages from development to

introduction, growth, maturity and decline. This sequenceis known as the product lifecy-

cle. It represents the changes of the market, which influencethe life of the product. The

life cycle model can be applied to a brand or to a category of products. The duration may

be as short as a few months for smaller products or up to a century or more for product

categories, such as the automobile. The products may also vary but the underlying life

cycles are similar.

The following Figure shows the main phases of a product lifecycle and the revenue the

product generates during these stages. The development of the product is the first stage of

the product life cycle. There are no sales but high expenses have to be made because of

development. During this stage the company prepares for theintroduction of the product.

As the product progresses through its life cycle, changes tothe product usually have to be

made, to cope with the changes on the market. These changes are represented by the four

major stages of the product life cycle: the introduction stage, the growth stage, the ma-

turity stage and the decline stage. The following section will further describe these stages.
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Figure 2.4: Division of the product life cycle into four sections [5]

1. Introduction Stage

After the product has been introduced to the market, sales will be low until the

customers are aware of the product and its benefits. Some companies are announc-

ing their products before they are actually introduced, butsuch announcements also

alert competitors and remove the element of surprise. A lot of money has to be

spent on advertising and communicating the benefit of the newproduct, in order to

increase the customer awareness of the product. During thisstage, the company ad-

ditionally has to cope with associated cost because of the initial distribution of the

product. Because of these costs and the very low sales volume, companies usually

make negative profits during this stage.

2. Growth Stage

During this stage the revenue is growing rapidly. Sales are increasing as more cus-

tomers become aware of the product and most importantly of its benefits. Additional

market segments can also be targeted. Once the product has become a success and

customers start asking for it, sales will increase further.Additional retailers will

become interested in the product. The distribution of the product can be increased

further. If a competitor enters the market, mostly at a laterpart of this stage, a price

competition may be started and further funds for advertising have to be spent, to
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convince the customer that the company’s product is better than its competitors. To

summarize, the main goal for this stage is to gain customer preference and increase

sales.

3. Maturity Stage

The maturity stage is the most profitable stage of the productlife cycle. Sales con-

tinue to increase during this stage. Because brand awareness is strong, advertising

expenditures will be reduced. The market share and maybe also the prices are de-

creasing because of competition. Also the competing products may be very similar,

which results in difficulties of differentiating the product from the others. The com-

pany puts more effort into increasing the sales figure by encouraging competitors’

customers to switch, increasing usage per customer, and converting non-users into

customers. Retailers will also be encouraged to scale up sales and shelf space of the

product, by granting special sales promotions to them.

4. Decline Stage

The market is getting saturated and therefore the sales are declining. The product

becomes technologically obsolete, as there are newer successors to the product.

The customers may also be interested in new kinds of products. If the product has

developed brand loyalty, profitability may be maintained longer. Unit costs may

increase with declining production volumes and eventuallyno profit can be made.

During the decline phase, the firm generally has three options:

• Maintain the product in hopes that competitors will withdraw. Reduce costs

and find new uses for the product.

• Harvest it, reducing marketing support and coasting along until no more profit

can be made.

• Discontinue the product when no more profit can be made or there is a succes-

sor product.

The product life cycle is of course implemented in a product development process. The

next chapter will present two models used in today’s business world.
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2.3 Product Development Process

A product development process (PDP) is in general a process used to create new products.

Every stage of this process is clearly defined, from the initial phase until the cancellation

of the product and knowledge gathering. This process is situated at the business level and

used by managers to decide whether an idea or a project is worth developing or not. A

PDP also incorporates and reflects the lifecycle of a product. Different to the develop-

ment processes presented in the next chapter, a PDP is situated on the management layer

of a company and deals with the complete lifecycle of the product. The development pro-

cesses are located on project level of the company and only deal with the product during

its development phase.

The following chapter describes two representatives of theproduct development process,

ABB and prodSEM.

2.3.1 ABB Gate Model

The ABB Stage Gate Model defines eight gates where major business decisions are made.

The basic layout of this model can be seen in Figure 2.5.

Definition of Gate Model Roles

There are two different roles defined in the ABB Gate Model - the Gate Owner and the

Gate Assessor.

• TheGate Ownercan be a person or a group of persons, who are responsible for the

gate. They also have the authority to decide whether a product should be developed

or not. The Gate Owner acts as the client, who commissions a project, therefore

he is responsible for the funding and the availability of resources necessary for the

project.

• TheGate Assessoris not included in the project. His task is to evaluate the project

and the product before a gate, produce an assessment report and present a recom-

mendation, for the decision, to the Gate Owner. The Gate Assessor has a lot of

responsibility and therefore should be experienced and competent. [6]

Gate Procedure

The Gate Procedure consists of only two tasks - the Gate Assessment and the Gate Meet-
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ing. Input to the gate assessment is the document prepared bythe Gate Assessor, inter-

views with project stakeholders and a gate assessment checklist. Gate assessment is done

prior to the meeting over about a week and it is done by the GateAssessor and the project

manager. The results of this assessment are sent to all participants of the Gate Meeting,

to prepare themselves. At the Gate Meeting a go/no-go/redo/hold decision for the project

is made and this decision is communicated to all stakeholders after the meeting. [6]

Figure 2.5: Overview of ABB Stage Gate Model [74]

Gates

These decision gates are introduced at [6]. There are altogether eight gates. The first six

gates decide whether a project will be or will not be continued. The last two gates are

used to close the project and gather all the “lessons learned”.

• Gate 0 - Start Project (SP)

Input to this gate is a project proposal. Analysis of the market, competitors, intel-

lectual property, risks, needed resources and product strategy should be included in

this project proposal.

• Gate 1 - Start Project Planning (SPP)

The scope for the development projects should be defined, such as functions, fea-

tures and quality. Business constraints should also be defined, so they can be used

for planning

• Gate 2 - Start Execution (SE)

Project planning should be finished. Time and cost estimations, quality and risks

management should be done.
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• Gate 3 - Confirm Execution (CE)

All the major risk of the projects should be identified and solutions should be pro-

posed as well as for technical issues.

• Gate 4 - Product Introduction (PI)

The product should be feature complete and ready for testing.

• Gate 5 - Product Release (PR)

The product should be ready for the release to the market and/or customer.

• Gate 6 - Close Project (CP)

The development project should be closed and the hand-over to manufacturing

and/or service and maintenance should be confirmed.

• Gate 7 - Retrospective Investigation of Project (RIP)

An evaluation of the project and product should be performedto evaluate the busi-

ness success.

The approach used in the Stage Gate model is also used by several other product plan-

ning processes. Evaluating at each decision gate, whether the project should continue or

whether the phase should be repeated ensures, that the products created during this phase

are of high quality.

The following chapter will present a different product planning process, which is also

used in today’s business world.
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2.3.2 Siemens prodSEM

prodSEM is a development model, which was created and is usedby Siemens. This

diploma thesis is using version 2.0, which was released in January 2005. The idea behind

this model is similar to ABB’s Stage Gate model. There are fivephases and after each

phase a go/no-go decision is made. A coarse overview is depicted in Figure 2.6 and the

phases are described the following.

1. Initiation

In accordance with the strategic placement of the company, new business ideas are

evaluated. It is very important to assess the risks, performing for example SWOT

analysis, and to evaluated the economy of the product.

2. Definition

This phase is divided into three sub-phases: information gathering and rating, re-

quirements analysis and product design. During this phasesthe product is defined

in detail, to efficiently create the product during the next phase.

3. Realization

The previously defined product is implemented during this phase. It is divided

into four sub-phases: the implementation of a prototype anda pre-serial production

sample, the preparation of the serial production and the serial distribution.

4. Operation

This is the actual commercial use of the product. It is divided into two sub-phases:

product support and product outlet.

5. Closure

The products lifecycle is ended during this phase. Information gathered during the

lifecycle of the product is processed and evaluated.

Figure 2.6: Overview of Siemens prodSEM [86]

The prodSEM is located at the business layer and therefore covers the business aspect

of the product development process. Products defined in a product development process

have to be implemented and developed using a development process for example hsSEM.
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3 Engineering Processes

This section will give the reader an overview of a few models,which are currently in use

in the target field of software and system development. At first the definition of a software

process will be clarified. What is a software process? “A software process is a set of

project phases, stages, methods, techniques, and practices that people employ to develop

and maintain software and its associated artifacts (plans,documents, models, code, test

cases, manuals, etc.). Not only do you need a software process, you need one that is

proven to work in practice - a software process tailored to meet your exact needs.” [56]

3.1 V-Modell XT

Since February 2005, projects with the German government have to follow a certain pro-

tocol to ensure an acceptable quality-level. This protocolis documented in a framework

called V-Modell XT. It is the improved and extended successor of the V-Modell 97. An

overview of the V-Modell XT is provided in the following.

The V-Modell XT is designed as guidance for planning and executing development projects,

taking into account the entire system life cycle. Not only are the results, which have to

be reached during each of the phases of a project, defined, butactual approaches of how

to obtain these required results are also described. Additionally the V-Modell XT also

specifies the responsibilities of each participant. It describes in detail, ”who” has to do

”what” and ”when” within a project.

Other guiding principles, e.g. ISO standards, are presently in use, but they are less con-

crete than the V-Modell XT because they, e.g., do not specifya product template. These

standardized, methodical guidelines permit a systematic execution even of complex and

extensive projects. Thus, projects get more planable, traceable and lead to high-quality

results with greater reliability, which is advantageous for acquirer and supplier. The V-

Modell XT also regulates the required project cooperation between acquirer and supplier.

The responsibilities of both sides are specified. Thus, the V-Modell XT standards are an
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important basis for contracts between acquirer and supplier. In addition, the V-Modell XT

improves the comparability of offers.

Small business enterprises also profit from the V-Modell XT.The V-Modell XT provides

them with the possibility of falling back on standardized and proven templates for devel-

opment and management processes. Thus, small business enterprises can automate their

processes with reasonable effort and can thereby reliably achieve high-quality develop-

ment results.

Thus, the V-Modell XT can be used as basis for contracting, asprocess guidance and as

basis of communication. [13]

As already stated the V-Modell XT is the successor of the old V-Modell 97. The V-Modell

97, completed in the year 1997 and never changed since then, needed to be adapted. It did

not reflect the current state-of-the-art technologies anymore. Also the “lessons learned”

from the old V-Modell were collected and translated into improvements which then were

merged into the new V-Modell XT. This diploma-thesis is using version 1.2 of the V-

Modell XT.

The V-Modell XT is a guide for projects and the following listed objectives, as stated

in [1]:

• Minimization of Project Risks

• Improvement and Guarantee of Quality

• Reduction of Total Cost over the Entire Project and System Life Cycle

• Improvement of Communication between all Stakeholders

The V-Modell Structure

The V-Modell XT describes in detail “who” has to do ”what” and”when” within a project.

The following Figure provides an overview of the structure of the V-Modell XT.

Project Types

The V-Modell can be applied to a great variety of project constellations but not all of the

projects follow the same procedure. Depending on some characteristics these projects can

be further classified and sub-categorized into project types. The most important project
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Figure 3.1: V-Modell XT Structure [1]

characteristics used for classifying the V-Modell projects are the subject of the project

and the project role. The subject of the project of a V-ModellXT project can either be the

development of a system or the development of an organization-specific process model.

The project role can either be the acquirer or the supplier and designates the position of a

V-Modell XT project in comparison to other projects. Each ofthe two project roles has its

specific point of view of the project. As shown in Figure 3.2 the following project types

Figure 3.2: Classification of Projects and Subdivision intoProject Types [1]

are specified based on the most important project characteristics:

• System Development Project of an Acquirer

• System Development Project of a Supplier

• Introduction and Maintenance of an Organization-Specific Process Model

The next definition described is the Process Module.
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Process Module

A Process Module is a specific task, which has to be finished during a V-Modell XT

project. Every process module is a self-contained unit and can be changed as needed. A

typical process module, as shown in Figure 3.3, encapsulates the Work Product, Activities

and Roles, which are necessary for the accomplishment of theprocess module. The V-

Figure 3.3: Process Modules and their Components [1]

Modell XT documentation includes for each role a detailed role description and for which

products and activities the roles is responsible respectively collaborating. For a project it

is important to group people together and assign roles to them, so that they can reach the

project goals together. V-Modell XT defines a role as a organizational definition, which

has abilities and knowledge, who gets certain tasks and permissions assigned. For every

role there is a general definition of that role and a description of the tasks that role is

responsible of respectively collaborating with. Also the qualification a person in this role

needs to have. A complete list of roles defined can be found in the V-Modell XT docu-

mentation. [1]

Products in the V-Modell XT are structured hierarchically and are grouped into product

groups. Product groups divide products according to their textual aspects. They are help-

ful to get an overview of all products in the V-Modell XT. There are 13 product groups

defined in the V-Modell XT. The can further be divided into three scopes project manage-

ment, development and organization. Also a complete list ofproducts can be found in the

V-Modell XT documentation. [1]

Combining all three - products, activities and roles - a process model covers “what”

should be done in the actual project and “who” is responsiblefor the product. The ques-

tion “when” a process model should be finished is answered by the “Project Execution

Strategies”.
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Project Execution Strategies

The sequence of a project with regard to contents and time is complex. The V-Modell

XT provides a set of so-called “Project Execution Strategies”. These project execution

strategies define a basic framework for the ordered and replicable execution of a project.

At least on suitable execution strategy for every “Project Type” is offered. The following

Figure shows the available project execution strategies depending on the System Life

Cycle Sections. The project execution strategies provide abasic set for the ordered and

Figure 3.4: Project Execution Strategies to Project Types [1]

replicable execution of a project. Every project executionstrategy specifies the sequence

of the “Project Progress Stages”, which have to be achieved during the project. A decision

gate, shown in Figure 3.5, depicts these achievements.

Decision Gates

Figure 3.5: Project Execution Strategy, Decision Gates andProducts [1]

The following Figure shows all decision gates in the V-Modell XT. The different color-

ing indicates in which Project Type and which project execution strategies the individual

decision gates are used. Figure 3.6 shows all the decision gates of the V-Modell XT.
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These decision gates can be tailored to fit several specific execution strategies. The three

different colors represent the usage of the decision gates,which represent the different

views on a project. The V-Modell XT covers the development ofone product and is quite

Figure 3.6: Decision Gates [1]

technical. Usually companies have several simultaneous projects in development. These

projects are managed in a project portfolio, as described earlier.
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3.2 Unified Process

The Unified Process (UP) is an iterative and incremental software development process.

It provides a disciplined approach to assigning tasks and responsibilities within a develop-

ment organization. Its goal is to ensure the production of high-quality software that meets

the needs of its end-users, within a predictable schedule and budget. (cp. [28])

The basic concept is that a team works through appropriate workflows in an iterative man-

ner, so that at the end of each iteration, an executable product is available. This reduces

the risk of the project, by improving the communication between the team and the cus-

tomer. The UP is organized in phases, as shown in Figure 3.7. These phases are not like

the waterfall approach in the traditional sequence of requirement analysis, design, coding,

integration and test. They are completely orthogonal to thetraditional phases. Each phase

in the UP is finalized with a milestone. The four phases are shortly described in the fol-

lowing paragraphs. (cp. [56])

Figure 3.7: UP: The four phases and their milestones [28]

• Inception

This phase starts with an idea, which provides a vision of theoutcome of the soft-

ware product. It specifies the business case and defines the scope of the project. At

the end of the inception phase is the lifecycle objective (LCO) milestone.

• Elaboration

Project management, planning the necessary work packages and resources is done

in this phase. Specifying the features and the architectureof the product is also cov-

ered in this phase. The elaboration phase is concluded by thelifecycle architecture

(LCA) milestone.

• Construction

The construction phase is the phase where the product is developed, to meet the
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initial vision of the product. This phase is concluded by theinitial operational

capability (IOC) milestone.

• Transition

This phase is the final phase, where the product is delivered to the customer. This

includes the delivery, training, support and maintenance of the product to satisfy

the customer. This phase is finished by the product release (PR) milestone. This

milestone is also the end of the cycle.

These four phases represent a development cycle and result in a software generation. A

software product is created in an initial development cycle. Unless the life of the product

ends at this point, the product will evolve into its next generation by a repetition of the

sequence of inception, elaboration, construction and transition phases, but with different

focus on the various phases.

The complete lifecycle is shown in Figure 3.8;

Figure 3.8: Unified Process [15]

Each phase has several iterations and each iteration results in an increment. Each incre-

ment is a release, which, compared to the pervious one, has new or improved features or

stability. During each iteration, work has to be done in eachof the disciplines - Require-

ments, Design, Implementation, Test and Project-management. Although the effort spent

on these disciplines will shift during the course of the project.

In the Unified Process, use cases are used to gather all requirements for the product and
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to define the work-package, that has to be done, during an iteration. Each iteration takes

a few use cases and passes them through all the disciplines.

The development in the Unified Process is risk oriented. The greatest risks are addressed

first.

The following describes the four phases in detail.

Inception Phase

During the inception phase the scope of the project and the business case are specified.

The initial use cases for the product are identified and the most important ones are de-

scribed. The primary goals of the inception phase are to achieve a common set of require-

ments between the stakeholder consensus regarding the objectives of the project and to

obtain funding. To fulfill this task a high-level requirements model has to be developed to

delimit the scope of the project. Also a high-level plan for how the project will proceed

has to be developed.

The following goals have to be achieved to pass the LifecycleObjective (LCO) milestone,

which marks the end of the inception phase. [56]

• a consensus between the project stakeholders regarding theproject’s scope and re-

source requirements

• an initial understanding of the overall, high-level requirements of the system

• a justification or business case for the project, that includes economic, technological

and operational issues

• a credible, rough schedule for the entire project

• a credible, detailed schedule for the initial iterations ofthe elaboration phase

• a credible, risk assessment and resource estimate/plan forthe project

• a credible initial tailoring of the process software

• a comparison of the actual vs. the planned expenditures to date for the project and

• the development of an initial architectural prototype of the system [56]

Elaboration Phase

The primary goal of the elaboration phase is the detailed analysis of the problem do-

main and the establishment and validation of the system architecture. During this phase a
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detailed project plan, including cost and schedule estimates, based on the initial presump-

tion from the inception phase, is developed for the subsequent construction phase. At this

point the plan should be accurate and credible since it should based on the elaboration

phase experience and since significant risk factors should have been addressed during the

elaboration phase.

The architecture is validated primarily through the implementation of an Executable

Architecture Baseline. This is a partial implementation ofthe system, which includes the

core, most architecturally significant, components. It is built as a series of small, time-

boxed iterations.

By the end of the Elaboration phase the system architecture must have stabilized and

the executable architecture baseline must demonstrate that the architecture will support

the key system functionality and exhibit the right behaviorin terms of performance, scal-

ability and cost.[56]

The Lifecycle Architecture Milestone marks the end of the Elaboration phase. At this

milestone the decision is made whether to commit to the construction and transition

phases. [12]:

• That the project vision is stabilized and realistic

• Upon requirements for the project

• The architecture is stable and sufficient to satisfy the requirements

• Risk management is continuing

• That the project has a realistic chance to succeed

• Upon detailed plans for the next phase, especially for the next few iterations

Construction Phase

Construction is the largest phase of the project. In this phase the remainder of the system

is built on the foundation laid in Elaboration. System features are implemented in a se-

ries of short, time-boxed iterations. Each iteration results in an executable release of the

software. The Initial Operational Capability Milestone marks the end of the Construction

phase. [15]

Transition Phase

38



The final project phase is Transition. In this phase the system is deployed to the target

users. Feedback received from an initial release (or initial releases) may result in further

refinements to be incorporated over the course of several Transition phase iterations. The

Transition phase also includes system conversions and usertraining. The Product Release

Milestone marks the end of the Transition phase. [15]

Rational Unified Process

The Rational Unified Process (RUP) is probably the best knownrepresentative of the

Unified Process. It was released in the initial version 5.0 bythe Rational Corporation in

December of 1998. Since 2002 the Rational Corporation is a division of IBM an there-

fore the Rational Unified Process is called IBM Rational Unified Process. In this diploma

thesis this model is referred to as the Rational Unified Process (RUP).

Figure 3.9: Rational Unified Process [16]

The RUP, as the Unified Process, is divided into four phases: the Inception, the Elabora-

tion, the Construction and the Transition phase.

Each phase ends with a well-defined milestone. At these milestones, the continuation of

the project is being assessed. The stakeholders have a look at the results of the particular

increment, what has been done and what will be done in the nextincrements. At this point
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a go/no-go decision is made, whether the project is to proceed to the next phase.

Within these phases, development is carried out stepwise , meaning that phases are further

divided into iterations. An iteration is a distinct sequence of activities with an established

plan and evaluation criteria, resulting in an executable release.

Figure 3.9 shows the two-dimensional structured model of the RUP. The vertical axis

represents the different disciplines which are the generalsteps and the horizontal axis rep-

resents the time aspect in a project’s life cycle. The vertical axis can also be seen as the

representation of the static aspects of a project and the horizontal axis as the representation

of the dynamic structure of a project.

The following passage describes the four phases of the RUP indetail.

Inception phase

In the Inception phase the business case, which includes business context, success factors,

and financial forecast, is established. To complement the business case, a basic use case

model, project plan, initial risk assessment and project description are generated. After

these are completed, the project is checked against the following criteria:

• Stakeholder concurrence on scope definition and cost/schedule estimates.

• Requirements understanding as evidenced by the fidelity of the primary use cases.

• Credibility of the cost/schedule estimates, priorities, risks, and development pro-

cess.

• Depth and breadth of any architectural prototype that was developed.

• Actual expenditures versus planned expenditures.

The milestone, called the Lifecycle Objective Milestone, marks the end of this phase. If

the criteria are not met, the phase is repeated or the projectis canceled.

Elaboration phase

The elaboration phase is where the project starts to take shape. In this phase the problem

domain analysis is made and the architecture of the project gets its basic form. This phase

must pass the Lifecycle Architecture Milestone by meeting the following criteria:

• A use-case model in which the use-cases and the actors have been identified and

most of the use-case descriptions are developed. The use-case model should be

80% complete.
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• A description of the software architecture to be used throughout the software system

development process.

• An executable architecture that realizes architecturallysignificant use cases.

• Business case and risk list which are revised.

• A development plan for the overall project.

If the criteria for this milestone are not met, the phase has to be repeated or the project is

canceled. After this phase, the cancellation of the projectis much more difficult.

Construction phase

In this phase the main focus turns to the development of components and other features

of the system being designed. This is the phase where the bulkof coding takes place.

In larger projects, several construction iterations may benecessary in order to divide the

use cases into manageable segments that produce demonstrable prototypes. This phase

produces the first external release of the software. The Initial Operational Capability

Milestone marks the end of the construction phase.

Transition phase

In the transition phase, the product has moved from the development organization to the

end user. The activities of this phase include training of the end users and maintainers and

beta testing of the system to validate it against the end users’ expectations. The product

is also checked against the quality level set in the Inception phase. If it does not meet this

level, or the standards of the end users, the entire cycle in this phase begins anew. If all

objectives are met, the Product Release Milestone is reached and the development cycle

ends.

RUP is based on a set of building blocks, or content elements,describing what is to be

produced, the necessary skills required and the step-by-step explanation describing how

specific development goals are achieved.

The main building blocks, or content elements, are the following:

• Roles (who)

A Role defines a set of related skills, competencies, and responsibilities.

• Work Products (what)
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A Work Product represents something resulting from a task, including all the docu-

ments and models produced while working through the process.

• Tasks (how)

A Task describes a unit of work assigned to a Role that specifies a meaningful result.

The amount of disciplines is different to the UP. Within eachiteration, the tasks are cate-

gorized into nine Disciplines, which are shortly describedin the following.

Business Modeling discipline

The goal of the business modeling discipline is to understand the structure and the dynam-

ics of the environment in which a system is to be deployed. This builds a bridge between

system developers and users of the system so that both have a common understanding of

the target environment. The second goal is to understand theproblems in this organization

and identify potential improvements. To achieve these goals, the business modeling disci-

pline describes how to develop a vision of the new target organization and, based on this

vision, to define the processes, roles and responsibilitiesof that organization in a model

of the business. [28]

Requirements discipline

This discipline focuses on identifying all functional and non-functional requirements for

the system and on establishing a vision and a better understanding of the system. Bound-

aries of the systems are also defined. Another important goalis to provide a basis for

planning the technical content of iterations and to providea basis for an estimate of the

cost and time required to develop the system. [28]

Analysis and Design discipline

The goal of the Analysis and Design discipline is to transform the requirements, found

in the previous discipline, into a specification, that can beused by system engineers to

implement the system. Analysis focuses on ensuring that thesystem’s functional require-

ments are handled. Design, on the other hand, handles the nonfunctional aspects, such as

the implementation environment, performance and so forth.It focuses on the optimization

of the system design. [28]

Implementation discipline

Implementation comprises transforming the chosen design into actual code and perform-

ing unit tests on the used components. The main goals of the Implementation discipline
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are the definition of architectural layout of the system. Howare the subsystems organized?

How are classes and objects implemented

• To define the organization of the code, in terms of implemented subsystems orga-

nized in layers.

• To implement classes and objects in terms of components (source files, binaries,

executables, and others).

• To test the developed components as units.

• To integrate the results produced by individual implementers (or teams), into an

executable system.

Systems are realized through implementation of components. The process describes how

existing components are reused, or new components are implemented with well defined

responsibilities, making the system easier to maintain, and increasing the possibilities of

reuse. [28]

Test discipline

This discipline focuses on performing an evaluation of the overall quality level of the

system. This includes the identification of defects, verifying the proper integration and

interaction of all components of the software and verifying, that all requirements have

been correctly implemented. [28]

Deployment discipline

The purpose of deployment is to successfully produce product releases, and deliver the

software to its end users. It covers a wide range of activities including:

• Producing external releases of the software

• Packaging the software

• Distributing the software

• Installing the software

• Providing help and assistance to users
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Although deployment activities are mostly centered aroundthe transition phase, many of

the activities need to be included in earlier phases to prepare for deployment at the end

of the construction phase.The Deployment and Environment workflows of the Rational

Unified Process contain less detail than other workflows.

Configuration and Change management discipline

The Change Management discipline in RUP deals with three specific areas:

• Configuration management

Configuration management is responsible for a systematic structuring of the prod-

ucts. Artifacts such as documents and models need to be underversion control and

these changes must be visible. It also keeps track of dependencies between artifacts

so all related articles are updated when changes are made.

• Change request management

During the system development process many artifacts with several versions exist.

CRM keeps track of all the proposals for change.

• Status and measurement management

Change requests have states such as new, logged, approved, assigned and complete.

A change request also has attributes such as root cause, or nature (like defect and

enhancement), priority etc. These states and attributes are stored in a database so

that useful reports the progress of the project can be produced. Rational also has a

product to maintain change requests called ClearQuest. This activity has procedures

to be followed.

Project management discipline

Project planning in the RUP occurs at two levels. There is a coarse-grained Phase plan

which describes the entire project, and a series of fine-grained Iteration plans which de-

scribe the iterations. However, this discipline of the Rational Unified Process (RUP) does

not attempt to cover all aspects of project management. For example, it does not cover

issues such as:

• Managing people: hiring, training, coaching

• Managing budget: defining, allocating, and so forth

• Managing contracts, with suppliers and customers
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This discipline focuses mainly on the important aspects of an iterative development pro-

cess:

• Risk management

• Planning an iterative project, through the lifecycle and for a particular iteration

• Monitoring progress of an iterative project, metrics

The project management discipline contains a number of other Plans and Artifacts that

are used to control the project and monitoring its performance such Plans are:

Environment discipline

The environment discipline focuses on the activities necessary to configure the processes

for a project. It describes the activities required to develop the guidelines to support a

project. The purpose of the environment activities is to provide the software develop-

ment organization with a software development environment, both processes and tools,

that will support the development team. The Environment discipline workflow is broken

down into three main steps: Prepare Environment for Project. Preparing the development

environment for a means turning the underlying developmentprocess into an enactable

project-specific development process. This involves :

• defining how the project is going to use the configured development process.

• establishing a development case describing deviations from the underlying process.

• qualifying artifact selections with timing and formal requirements.

• preparing project-specific assets, such as guidelines and templates, according to the

development case.

• producing a list of candidate tools to use for development.

Prepare Environment for an Iteration. The purpose of this workflow detail is to ensure

that the project environment is ready for the upcoming iteration. This includes process

and tools. This work is focused mainly on:

• Complete the Development Case to get ready for the iteration.

• Prepare and, if necessary, customize tools to use within theiteration.

• Verify that the tools have been correctly configured and installed.
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• Prepare a set of project-specific templates and guidelines to support the develop-

ment of project artifacts in the iteration.

• Make sure that all the changes made to the project environment are properly com-

municated to all the project members

Support Environment during an iteration. Support the developers in their use of tools

and process during an iteration. This includes installation of required software, ensuring

that the hardware is functioning properly and that potential network issues are resolved

without delays.
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3.3 Agile Development Methods

Before several of the current agile development methods aredescribed, the history and

the origin of agile development is presented shortly.

As a reaction to the software crisis in the 1960ies, the term software engineering was cre-

ated. To date several development methods have been created. The drawback of those

developed methods is their heavy weight and their missing rigidity. Another factor, which

is still present until the current day, is that software development is connected with a neg-

ative image. Software projects are often not finished on timeor do not show the required

results.

Originating from the dissatisfaction of current software development methods, an agile

approach was created. There are four values and twelve principles of the agile devel-

opment approach, which are written down in the agile manifesto [36]. The four values

are: individuals and interactions over processes and tools, working software over com-

prehensive documentation, customer collaboration over contract negotiation, responding

to change over following a plan. The twelve principles and further information about the

Agile Manifesto can be looked up at [36].

3.3.1 Scrum

The term “scrum” takes its origin in the sport Rugby. It describes the part of the game,

where both teams wrestle for the ball. Ken Schwaber and Jeff Sutherland presented Scrum

at the OOPSLA‘95 for the first time. Both were searching for better development-methods

for their company. The focus of Scrum is the management of teams, which are, not

necessarily developing software, but in general producingany kind of product. Therefore

Scrum has no explicit practices for design, development or testing of software. Scrum

can be used for any kind of project, where one or several teamsare working together.

[19] Scrum has two main goals: adaptiveness and team empowerment. The management

should support the teams and keep them away from barriers, not bother them with un-

useful discussions and talks. A great deal of responsibilities is handed over to the team,

but this implies enough trust into the team. Therefore Scrumdemands that team members

follow the following principles: [40]:

• Commitment:

Be prepared to commit yourself for a certain goal.
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• Focus:

Finish your work and focus on your todos. Anything else does not have to bother

you.

• Frankness:

In Scrum, everything is visible for everyone.

• Respect:

It is most important so respect your team-members.

• Courage:

Have the guts to commit yourself, to act, to be honest and to get respect.

Roles

Scrum defines five different roles: the Scrum Master, the Scrum Team, the Product Owner,

the Customer and the Higher Management. The following describes the five roles in detail.

[19]

• Scrum Team

The main task of the Scrum team is the development of the software product. The

teams consists of a maximum of eight people, who organize themselves and make

decisions independently. The ideal Scrum team should be from a lot of different

disciplines, to get many different points of view on the project.

• Higher Management

Higher management has the final authority to decide and to give the project rough

goals and requirements. The high management is also responsible for dealing with

problems regarding the project environment, e.g. if the customer refuses to cooper-

ate.

• Scrum Master

The Scrum master is the interface between the Scrum team, thecustomer and higher

management. His role is to keep the team from getting distracted in any way. It is his

responsibility, that the principles of Scrum are being followed and that the project

show the best possible progress. The Scrum master has no authority over the team,

because the team organizes itself. He only interferes if theteam is not able to make

decisions. Therefore the role of Scrum master is better described as coaching than

managing.
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• Product Owner

The product owner is responsible for the product “Backlog”.The blacklog is some

kind of to-do list. The product owner assigns the tasks of theproduct blacklog,

together with the team, to the single iterations (sprints) and he validates their im-

plementation.

• Customer

The customer is available for all other tasks, which are needed to complete the

project successfully.

The Process

Scrum identifies three different phases: the Pre-Game phase, the Game phase and the

Post-Game phase. The phases can be seen in Figure 3.10.

Figure 3.10: Scrum Phases: Figure taken from [84]

• Pre-Game phase

The pre-game phase mainly consists of planning the project and designing the basic

architecture. During project-planning on one hand the guidelines for the project are

defined, e.g. who is be part of the project, which programminglanguage or which

developing tools will be used. On the other hand, the first version of the product

backlog is created, containing all functionality, which the product has to include.

After the creation of the product backlog, the basic architecture is designed, to
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get an impression in which direction the product should be heading. These design

proposals are audited during adesign review meeting. At the end a binding decision,

which architecture are used, is made. In Addition a first release planning is done.

This planning shows which features are available at which release.

• Game phase

After the pre-game phase is the game phase, where the productwill be created in

iterative steps, that are also calledsprints. Before a sprint starts, asprint planning

meetingis held. During this meeting the goal of the following sprint, the sprint

goal, and the tasks to reach the goal are agreed upon. The result ofthis meeting

is thesprint goalincluding thesprint backlog, which includes all activities, which

have to be done, during this sprint. After the definition of the sprint backlog, the

team can decide on its own, how the tasks are finished. Becauseof the changing

requirements and information during this phase, scrum has no guidelines for the

development of the tasks. Scrum only controls a few selectedvariables, which are

characteristic for the development process. An important part of ongoing control is

the dailystand-up-meeting, where each team member shortly presents his/her work

and informs the scrum master of any disturbances, so the scrum master can get rid

of those disturbances. As soon as a sprint finishes, that is when all tasks in the sprint

backlog have been completed or a maximum of 30 days has passed, asprint review

meetingis scheduled and the decision for a follow up sprint is made. If a follow up

sprint is approved, the tasks for this new sprint are defined.Otherwise, this phase is

concluded and the project moves on to the following phase - the post-game phase.

• Post-Game phase

The developed software should be in a runnable state after three to eight sprints. Be-

fore the product is shipped to the customer, it is tested in a realistic environment. If

no errors are found, the software is released and documented. Should errors be en-

countered. they are incorporated into the backlog of a new sprint, that subsequently

deals with them.
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3.3.2 Agile Unified Process

The Agile Unified Process (AUP) is a simplified version of the Rational Unified Process

(RUP). It is based on the RUP but uses an simpler approach using agile development

techniques.

Figure 3.11: Agile Unified Process [21]

AUP is based on the following principles of agile techniques[21]:

• The staff knows what they are doing

The development team will not read detailed process documentation, but they do

need some high-level guidance.

• Simplicity

Every aspect of the work is described incisively and understandable, not using thou-

sands of words.

• Agility

The Agile UP follows the values and principles of the Agile Alliance.

• Focus on high-value activities

The development team should focus on activities, which actually count, not on every

possible aspect, which possibly can happen to the project.

51



• Tool independence

Any toolset can be used with the AUP. It would be best to use tools, that are best

suited for the job.

• The AUP has to be tailored to meet your own needs

The AUP product, a HTML version of the AUP process, can easilybe tailored using

any HTML editor.

As seen in Figure 3.11, the AUP, like UP and RUP, has four phases, but there are only

seven disciplines. The following explains the seven disciplines in more detail.

Model

The goal of this discipline is to understand the business of the organization, the problem

domain being addressed by the project, and to identify a viable solution to address the

problem domain.

Implementation

The goal of this discipline is to transform your model(s) into executable code and to per-

form a basic level of testing, in particular unit testing.

Test

The goal of this discipline is to perform an objective evaluation to ensure quality. This

includes finding defects, validating that the system works as designed, and verifying that

the requirements are met.

Deployment

The goal of this discipline is to plan for the delivery of the system to end-users.

Configuration Management

The goal of this discipline is to manage access to your project artifacts. This includes

not only tracking artifact versions over time but also controlling and managing changes to

them.

Project Management

The goal of this discipline is to direct the activities that take place on the project. This

includes managing risks, directing people (assigning tasks, tracking progress, etc.), and

coordinating with people and systems outside the scope of the project to be sure that it is
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delivered on time and within budget.

Environment

The goal of this discipline is to support the whole effort by ensuring that the proper pro-

cesses, guidance (standards and guidelines), and tools (hardware, software, etc.) are avail-

able for the team as needed.

3.3.3 Extreme Programming

In the early 1990’s Kent Beck, Ward Cunningham and Ron Jeffries introduced the Ex-

treme Programming (XP) method. XP targets small to medium sized teams of developers,

who develop software with vague or rapidly changing requirements. The basic assump-

tion and criticism to traditional development methods is, that developers using XP can

avoid the high costs of change using technologies such as objects, patterns or relational

databases. [3]

The following describes XP, its values and its methods. The four main values of XP are

[24]: Communication, Simplicity, Feedback and Courage.

Communication

Projects often do not succeed because of a lack of communication. Either information

is not passed on or a neglect of the received information, e.g. programmers do not need

the requests made by customers. XP tries to keep communication intact and therefore

provides many practices, which cannot be done without communicating with each other.

XP uses practices such as unit testing, pair programming andtask estimation. Using these

practices, programmers, customers and managers have to communicate with each other.

[24]

Simplicity

XP states, that it is better to do a simple thing today and pay alittle more tomorrow to

change it if it needs to be changed. The idea is, not to implement to best or the most com-

plex code, rather than code that works and fulfills the requirements. In an environment of

rapidly changing requirements, it is impossible to know if apiece of code, that took hours

to implement, is really included in the final product.

Feedback

Besides communication and simplicity, feedback is anothervery important value in XP.
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Using unit tests and functional tests, programmers get immediate feedback whether their

code works or not. Again increases of communication becauseof feedback. Errors or

wrong assumptions can only be avoided through quick feedback.

Courage

Last but not least, XP expects courage from its development team. It expects courage to

explore new paths. For example the disposal of a day’s work can often be more useful,

than clinging to a certain solution.

The XP lifecycle encompasses four basic activities, which can be seen in Figure 3.12:

Planning, Coding, Testing and Designing

Figure 3.12: XP Processmodel [19]
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XP also consists of four important values:

• Continuing communication with the customer

• Simplicity, which is achieved by a constant focus on minimalist solutions

• Immediate feedback through unit and functional testing

• The courage to act and address problems actively

These values are not completely new. Values like communication, simplicity or user in-

volvement are part of any disciplined process. But the XP takes these values to the ’ex-

treme’, see Table 1. Simplicity in term of XP does not mean, that the developers are

Commonsense XP extreme XP implementation practice

Code reviews Review code at all times Pair programming
Testing Test at all times Unit testing, function testing

Design
Make design part of everybody’s
daily business

Refactoring

Simplicity
Always work with the simplest
design that supports the system’s
current functionality

The simplest thing that could
possibly work

Architecture
Everybody works to refine the
architecture at all times

Metaphor

Integration testing
Integrate and test several times a
day

Continuous integration

Short iterations

Make iterations extremely short
- seconds, minutes and hours
rather than weeks, months or
years

Planning game

Table 3.1: The Extreme Programming way [2]

hacking code, it rather means focusing on the part with the highest priority or the part

which is, at this point in time, the most important. Various XP developers may be using

different XP practices, but they consist of twelve basic elements:

• Planning game: New version of the software are planned. The features and the

effort are estimated.

• Small releases: Problems, which normaly only occur at big releases are identified

earlier because of small releases.
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• Metaphor: Choose a metaphor, which is understood by customer and development

team, to overcome the barrier of technical term.

• Simple design: The simpliest solution, which solves a problem, should be used.

• Testing: There should be an automated test for every piece ofcode. No code shall

be written without the proper automated test.

• Refactoring: Constant achritecture, desing and source code refactoring and im-

provement has to be done.

• Pair programming: The developers are divided into pairs - one developer is coding,

the other one has the big picture in mind. The roles are changed regularly.

• Collective ownership: The whole team is responsible for thecode. Only the team

can be successful.

• Continuous integration: To give the customer continous working releases and get

immediate feedback.

• 40-hour weeks: Overtime has to be avoided, because the motivation of the develop-

ers will decrease.

• on-site customer: Close cooperation with the customer to always know, what to

concentrate on.

• coding standards: The team should follow common programming standard, which

they have agreed upon.

A pool of ’stories’ characterizes the systems full functionality. These stories are written

by the customer and represent the functionality the system has to have from their point of

view. During release planning a subset of these stories is selected, which then describe

the work for the developer for the next release. The customercan add new stories at

any time. Therefore the requirements of a product are very volatile and can change quite

quickly. This situation is handled by a two-weeks increment, which means, that every two

weeks new stories are agreed upon, that are to be implemented. XP developers generate a

metaphor to provide the project’s overall vision. Documentation seems to be left behind

when using XP. Because XP encourages a continuing improvement and redesign. Only

little attention is paid to detailed documentation of the design. [2]
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Another method XP uses is pair programming. This method is quite controversial,

mainly because of its resource consequences. It appears as if pair programming consumes

twice a many resources, but on the upside leads to fewer defects and decreased cycle times.

[4]

XP emphasis collective ownership, which means, that anyoneat any time can change

any piece of code. [2]

3.4 Comparison of the presented Engineering Processes

The following compares the presented models, which will be used to create the extension

of the V-Modell XT, regarding their advantages and disadvantages. Obviously the exten-

sion should include as many, even perhaps, all the positive aspects of the presented models

and as little drawbacks as possible. This is exactly what theextension to the V-Modell XT

is focusing on - it uses the pros and avoids the cons.
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Process Area Advantages Disadvantages

Scrum Software Development

+ Great emphasis on team work

+ Team learns and contributes throughout
the process

+ Team becomes autonomous and strives for
excellence

+ Can act as a wrapper for practices already
in place

- The team has to be committed to the
project

- The size of the team is restricted

- Only suited for development of new prod-
ucts

- Relies on experience

XP Software Development

+ XP encourages people to increase commu-
nication

+ It builds competence in all team members

+ It provides management with several addi-
tional tools

- Duplication has to be eliminated at all
costs

- Tests have to be written for everything.
’Do not write code unless there is a test for
it.’

- The temptation to let iteration deadlines
slip is high

RUP Software Development

+ Risks are taken care of earlier

+ Change is manageable

+ Opportunity of reuse

- Needs customization before it can be used

- It fails to provide any clear implementation
guidelines

V-Modell XT Software Development

+ Covers a lot of project management theory

+ Already has predefined deliverables

+ Assures project stability

- Complex and huge model

- Requires a lot of work for adaptation

- No processes for concurring business plan-
ning

ABB’s
Stage Gate

Product Management

+ Several points where success of a project
is assessed

+ Guarantees quality of the project

- Not a development model, but rather a
guideline

- Has to be combined with another model

Table 3.2: Summary of the presented models
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4 Research Approach

This chapter motivates and outlines the research goal of this diploma thesis. The main

focus of this diploma thesis is, how management and engineering, and therefore prod-

uct planning and product development can work together using only one process model,

the V-Modell XT. Afterwards the evaluation of the developedextension, including the

hypotheses, is defined and explained.

4.1 Research Goal

The field of software engineering chronically suffers from delayed products and, in addi-

tion to this deficit, an increasing dissatisfaction of customers, because they do not get what

they really wanted. Product creation projects are often notsuccessfully finished because

of misunderstandings and missing respectively too little communication between man-

agement and engineering. This situation is very prominent and occurs especially during

product development, where management and engineering should work together inten-

sively, but do not.

Another currently investigated problem concerns the need for portfolio management in

small companies. Do small companies really need portfolio management? Vähäniitty

comes to the conclusion [83], that also small software development companies, which not

only supply software products but also offer services, should also make use of portfolio

management to most efficiently distribute their development resources and thereby saving

money by improving efficiency.

Arising from this condition, this diploma thesis focuses ontwo research questions:

1. ‘Is it possible to create one process model, which can be used by management and

by engineering, to successfully create products?’

2. ‘Can this process model also be used by small companies, todevelop their prod-

ucts?’
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This first research question deals with the cooperation of management and engineering

within one company. By including management and engineering in one process during

the lifecycle of a product, the quality and the possibility that the product is finished on

time and within budget increases. Most of the time management, which performs market

and competitor analysis, comes up with the idea of a new product. They have a vision,

what the product should look like and which features should be included. Engineering on

the other hand does not have this big picture concerning the product and therefore has no

idea on which feature they should concentrate on respectively which part of the product

they should implement most efficiently. Management and engineering have to work to-

gether and the final goal must be well known throughout the company, to give everybody

the opportunity to contribute to the result to their best of their abilities. This can be ac-

complished by increasing the cooperation of management andengineering. This diploma

thesis not only investigates this very issue but it also suggests a possible approach to this

issue.

The second research question focuses on the application of the new extension to the V-

Modell XT and of course the application of the V-Modell XT to the processes of small

companies. Most often these companies only consist of a few people and, while already

performing their work as good as possible, these companies often have to struggle to meet

deadlines of projects and to fund the resources for further projects. It is very common for

small companies arise from a great new idea for a new product but with no funding. The

founders of these companies invest all of their money in the foundation of the company

and the development of this very product. Small software companies often lack proper

resource planning and therefore spend their money suboptimally. They may have some

kind of project management, but this project management is often limited to todo lists

and some initial time planning. Resource planning therefore is crucial to small software

companies, due to their limited resources. The V-Modell XT and the created extension

require some effort to be implemented properly. This effortis very critical in small soft-

ware companies, because of the described situation. The benefit of the implementation of

the V-Modell XT and its extension is the proper management ofnew respectively exist-

ing products and a guideline for successfully managing the creation of new products, on

which companies inexperienced with product management also can rely on.

Derived from the research questions, the goal of this diploma thesis is to develop a process

model, which encourages the collaboration and communication between management and

engineering. This can only be accomplished if both disciplines are using a model, which
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encourages collaboration. Therefore an extension to an existing process model, the V-

Modell XT, is developed. This extension covers the product planning process, which, in

combination with the V-Modell XT, gives companies a new tool, to successfully develop

their products on time.

The basic idea behind the research goal, is the combination of several models from the

management and engineering layer as shown in Figure 4.1. It can be seen, that the V-

Modell XT already covers the whole software development part, but the parts before and

afterwards are not integrated into the V-Modell XT. Therefore the analysis heading the

whole product creation process has to be done by management.During this phase for ex-

ample the feasibility and the revenue of a product idea are investigated and assessed. This

assessment is done by using portfolio management and modelssuch as the BCG matrix or

SWOT analysis, as described in Chapter 2. Once the product isspecified the engineering

Figure 4.1: The basic idea of the research goal.

layer, represented by the V-Modell XT, takes over to implement this new product. After

completion the actual life of the product, the commercial use, begins, which lasts until the

decline phase, which ends the lifecycle of the product. Thisphase is again not covered by

the V-Modell XT and therefore has to be added explicitly.
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4.2 Solution approach

The first step to creating this extension is the definition of ameta-model, which covers the

basic product planning process. The meta-model is the basisfor the extension, which, in

an abstract way, covers all phases and milestones during a product creation process. This

meta-model is derived from existing concepts and models currently in use in the business

and engineering world. It is based on models such as the product creation process, ABB’s

Stage Gate model and Siemens prodSEM. All these models and processes are described in

Chapter 2.3. The meta-model additionally unites positive approaches from other models,

as illustrated in Table 3.2.

During the next step both models, the new meta-model and the V-Modell XT, are bro-

ken down into small phases and the roles, activities and products of each phase are then

compared to each other to determine their equality or to point out differences. The parts

that are missing in the V-Modell XT but required by the meta-model, the initiation phase

including product planning for example, are added using theBCG Matrix and SWOT

analysis. On the development level, the V-Modell XT alreadyhas guidelines to use an

agile development approach. Because only predefined features are developed during each

iteration and progress is evaluated and measured repeatedly, XP is chosen, as a develop-

ment method. By using this development model, management has an overview on what is

done during an iteration and can therefore always keep trackof the progress of the project.

Changing requirements, during the course of a project can also be absorbed, in order not

to endanger the outcome of the project. As already seen in Figure 4.1 the lifecycle of

the product is not covered by the V-Modell XT and therefore has to be added. This ad-

dition can be accomplished by using a special project execution strategy included in the

V-Modell XT. This execution strategy covers the maintainance and servicing of systems

and it can be used to accompany the product throughout the lifecycle. New features, up-

dates or change requests can be integrated during this execution strategy. Another benefit

of using this approach is that it is already included in the V-Modell XT and therefore the

roles, activities and products are well known and can now be used throughout the whole

product lifecycle.

The result of this process is an extension of the V-Modell XT,which also includes the

product planning procedures. It is presented in the following chapters.
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4.3 Evaluation

The developed model is afterwards evaluated based on a product development project.

The goal of this project is the development of a new product for a small company using

the newly created extension of the V-Modell XT. This companyis using an agile process

to develop their products, therefore the special agile development strategy within the V-

Modell XT using XP can be used, as described above. The evaluation will be measured

using interviews with the project members, to get a qualitative estimation of the case

study. This estimation shows the author if the proposed extension to the V-Modell XT

is feasible. Quantitative estimations cannot be made, because of the missing comparison

opportunity to similar projects of the project team.

Goal Definition

The case study is motivated by the research questions if the application of the extension

of the V-Modell XT is feasible and if it is possible to apply the extension to the processes

of a small company. The company in the case study is using Extreme Programming as a

development method and up to now there was little focus on software quality and project

documentation. Therefore the traceability of the projectswas very poor and very strongly

depending on the person, who implemented the program. Now that the first product is

going to be released, it has to be ensured, that a certain level of quality is abided, not only

in project documentation but also in development and management processes. For this

reason the V-Modell XT and the created extension are introduced to this company during

the case study and the results on their process and the outcome of the project is measured.

Object of study: The object of study is the newly created extension of the V-Modell

XT and the ability to integrate this process framework into existing processes in a soft-

ware development company.

Purpose: The purpose of the case study is to evaluate the feasibility of applying the

extension to a project at all. The second question is, if the extension is applicable, can it

also be used by a small development team or a small company?

Perspective:The perspective is from the researcher’s point of view. The researcher would

like to know if it is possible to use the extension in an effective way. Not only in a large

company, but also in a small company, with only a few employees.
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Quality focus: The main effect observed in this case study is the feasibility of the exten-

sion when used by a small team. The researcher focuses on the functionality planned and

the functionality actually implemented - the degree to which the software is finished. The

quality of documentation or generally the existence of project documentation is measured.

Context: The case study is run within an academical project at the Technical Univer-

sity of Vienna. During this project, a new software product is developed. The project

is conducted by three doctoral students. They are planning aspin off and are going to

commercialize this product. Therefore the analysis performed during the initiation phase

of the extension is very important for the success of the spinoff and is an excellent oppor-

tunity to test the feasibility of the extension. The following software design and software

development phases are done according to the guidelines of the V-Modell XT.

• Existence and quality of the project documentation.

• Review of the results of the project and the functionality ofthe product. Have the

initial requirement of the product been met.

• Feedback of the developers after the project is analyzed. Their attitude towards the

process is captured.

The hypothesis and measures put constraints on the type of statistical test, which has to

be used. Due to the fact, that the case study is concentratingon a specific project, the data

is limited. Statistical analysis of e.g. the kilo lines of code (KLOC) or the fault per KLOC

cannot be used, because they are not significant for the analysis of the extension of the

V-Modell XT.

The use of this project as a research basis is an excellent opportunity to evaluate the

extension of the V-Modell XT.

Selection of Variables

The independent variables are those variables, that can be changed during the case study.

The variables should have some effect on the dependent variable and must be controllable.

The independent variables and their measurement for this case study are:

• The knowledge of the team

It is measured through questionnaires to get the skill of thesingle developers.
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• The complexity of the project

The complexity can only be assumed through the comparison toother projects.

• The time schedule

The time scheduling throughout the project is measured and changes in planning

are observed.

used in the development project.

The effect of the treatment is measured in the dependent variables. Often there is only

one dependent variable and it should therefore be derived directly from the hypothesis.

The dependent variables for this case study are:

• the feasibility and

• the efficiency

of the developed extension of the V-Modell XT.

Hypothesis measurement

During the course of the development project data is collected through weekly meetings,

such as the amount of documentation, progress of the project, amount of tasks which have

to be done. The variables specified in the last section are measured using questionnaire

to. Also the time spent on various tasks during each phase is measured. The results of

the case study are evaluated through audits to assess the success of the process and the

success of the application of the created extension of the V-Modell XT in comparison

to other projects, which have been performed previously. The result of the case study is

presented in Chapter 7.

Hypothesis formulation

An important aspect of experiments is to know and to formallystate clearly what is to be

evaluated in this case study. Therefore several hypothesesfor this case study are formu-

lated according to the research questions, presented in Chapter 4.1.

1. Hypothesis: The extension to the V-Modell XT is consistent and applicable.

The first hypothesis guarantees, that the extension to the V-Modell XT is consistent

and applicable. Meaning, that possible logical errors during the creation of the
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extension are checked by implementing this extension to an actual project. Due

to the fact, that the extension is based on already existing methods and processes

the consistency and application should be possible. The expected result of this

hypothesis is, that the created extension is consistent andapplicable to create a new

product.

2. Hypothesis: The V-Modell XT and its extension is not applicable for small project

groups.

The second hypothesis focuses on the second research question, stating, that the

V-Modell XT and also the extension is an additional effort, which is quite critical

in small software development companies. Therefore this hypothesis states, that

the extension can not be applied to small project groups, because of the lack of

resources. The expected result for this hypothesis is, thatit is not possible for a small

development group to successfully apply the extension to a product development

project.

3. Hypothesis: It is possible to integrate an agile development process into the V-

Modell XT.

The third hypothesis checks if the integration of an agile development process in

the V-Modell XT is possible. Agile development processes are especially suitable

for small development teams and wherefore this hypothesis deals with the second

research question. The expected result of this hypothesis is, that the integration of

an agile development process into the V-Modell XT is possible. A positive answer

to this hypothesis substantiates the research question, that the extension to the V-

Modell XT is applicable for small companies.

4. Hypothesis: The goals of the project are all met. The project is successful.

The last hypothesis deals with the successful completion ofthe project, which is

performed during the case study. It is very important for thesuccess of the exten-

sion to the V-Modell XT, that the project can be finished on time. The expected

result of this hypothesis is, that using the created extension a project team is able to

successfully finish their product development projects on time and within budget.

Otherwise both research questions are weakened, because ifthe project cannot be

finished on time, this extension is only another theoreticalprocess, which cannot be

realized in a real world project.
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5 Product Development Process

Meta-Model

The meta-model for the product development process (PDP) isbased on the general prod-

uct development processes, described in Chapter 2.3. The ideas for documents and prod-

ucts are taken from prodSEM and the concept and names for the decision-gates are taken

from ABB Stage Gate Model. They are then combined to create the PDP meta-model,

which also includes Business Management and Requirements from the RUP.

The three components result in a PDP meta-model. This chapter describes the meta-model

and its phases and decision-gates in detail.

5.1 Overview

The meta-model basically consists of several phases, starting from the initial phase, where

the idea for a new product is born, to the final phase, where ‘lessons learned’ from this

product are reflected. Several decision gates lie between these phases. At each gate the

management of the company decides, whether the developmentof the product should

continue or not. These decisions are based on products and documents developed during

the execution of each phase. If the results of the last phase are not satisfactory, it is

possible, that the phase has to be repeated.

Figure 5.1 shows the basic meta-model its seven phases, its eight decision gates and the

duration of each particular phase. The phases and decision gates are described in the

following.
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Figure 5.1: PDP Meta-Model
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5.2 Phases

With reference to the research question, all phases of a product lifecycle have to be con-

sidered. Not only the beginning phases, where the main activity is done by management

but also the development and closure phases have to be included. Therefore the following

phases are identified.

1. Initiation

During this phase a new idea is tested for its business value.This stage deals with

the gathering information about the market, existing products, competitors, copy-

rights, risks, resources or what technology is to be used. The result of this stage is

useful technical and business information, concerning thenew product, on which

the decision for further product-development can be based on. This stage should

take about one percentage of the project’s calculated time.

2. Definition

This stage is the definition stage. All necessary planning isdone during this phase.

Requirements for the new product are defined. The project is planned, software

design and resources are scheduled. The results of this stage are a complete tech-

nical specification, project- and business-plan. The product manager is responsible

for this phase is and works together with a project manager, astrategic marketing

manager, a technical team to develop the desired documents.During this phase

it is important, to observe the market, so that the requirements and goals can be

adapted appropriately. This stage should take about two percentage of the project’s

calculated time.

3. Implementation

This stage covers the implementation process. Problems mayarise, if a new tech-

nology is used. They should be solved during this phase. The results of this stage

should be a working prototype. All risks of new technology orresource conflicts

should be solved. The product should be ready for beta-testing or small adjust-

ments. During this phase it is important, that the market still is being observed, so

that the requirements and goals can be adapted. This stage should take about ten

percentage of the project’s calculated time.
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4. Testing

During this stage the developed prototype is tested. The result of this stage is a

working product, ready for field- and acceptance-testing. This stage should take

about twenty percentage of the project’s calculated time.

5. Roll-Out

This stage is the final stage before the actual roll-out to themarket. The product is

tested in certain areas with specially selected customers.The result of this stage is

a working product according to the requirements specified inthe definition phase.

It has to be ‘ready for the customer’. This stage should take about five percentage

of the project’s calculated time.

6. Commercial Use

During this stage the product is sold and maintained. Minor adaptions, bug fixes and

change requests are done. The product manager has to observethe market during

this phase and react to changes, such as a new product from a competitor or changed

requirements from the customers. These observations have to be documented and

periodically discussed with strategic management. This stage should take about

sixty percentage of the project’s calculated time.

7. Closure

During this stage all information, which has been gathered throughout the whole

product development process, is processed and useful information is stored for fu-

ture use in new product development processes. This stage should take about two

percentage of the project’s calculated time.

5.3 Decision Gates

During the course of a product creation project it can occur,that the product, in its current

form is no longer profitable and before further losses are experienced the project has to be

stopped. Therefore certain decision points have to be included into the meta-model. The

decision gates used in this diploma-thesis are taken from [74] and are further described in

the next passage.

• Gate 0: Start Project (SP) At this gate management has agreedto start the develop-

ment of a new product. The result is a written explanation whythe project is started,

postponed or canceled.
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• Gate 1: Start Project Planning (SPP) At this gate the scope ofthe product is agreed

upon. Basic requirements are defined. The financing of the development is pro-

posed.

• Gate 2: Start Execution (SE) At this gate the requirements and project plans are

agreed upon. All requirements need to be feasible and have tobe approved by the

technical staff. Specification is complete, the project plan is correct and the product

is ready for development.

• Gate 3: Confirm Execution (CE) At this gate the technical solution and all risks are

agreed upon.

• Gate 4: Product Introduction (PI) At this gate the prototypeand field-testing are

agreed upon.

• Gate 5: Product Release (PR) At this gate the readiness for release is agreed upon.

• Gate 6: Close Project (CP) At this gate the termination of theproduct it agreed

upon.

• Gate 7: Retrospective Investigation of Project (RIP) At this gate the evaluation

of the project, the project’s results and the product’s success are completed useful

information is stored to be used in new products.

This is the basic meta-model for the product planning process. Of course the meta-model

can also be tailored for special needs in a company, just likeother models. But the main

aspects of the meta-model remains constant.

5.4 Meta-Model Summary

The following summarizes all phases, decision gates, products and responsibilities of the

meta-model. The column ‘Phase/Decision Gate’ lists all thephases and decision gates de-

fined in the meta-model. To the right side, the products of each phase are shown. They are

subdivided into ‘Input’ and ‘Output’. Input meaning the products or information, which

will be processed during the current phase. Output lists, asthe name is already suggest-

ing, the products, which have to be available at the end of this phase. The last column,

‘Responsibility’, lists the roles, which are responsible for the creation respectively the

processing of the input products.
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Phase / Decision Gate Input Result Responsibility

Gate 0 (SP) Product Idea Product Initiation Strategic Management

Initiation Phase Product Initiation

Product Proposal incl.: Market Study,
Technical Study, Support Plan, Top
Level Requirements, Investment Anal-
ysis, Business Plan and Business Case
Analysis, Investment Analysis, Techni-
cal Specification, Project and Risk Plan

Product Manager

Gate 1 (SPP) Product Proposal Project Commission
Strategic Management, Product Man-
ager

Definition Phase Project Commission Product Proposal
Product Requirements, Project Plan,
Technical Specification, Business Plan

Product Manager, Project Manager

Gate 2 (SE)
Product Requirements, Project Plan,
Technical Specification, Business Plan

Project Development Decision Product Manager

Implementation Phase
Product Requirements, Project Plan,
Technical Specification, Business Plan

Product Requirements, System proto-
type, Risk Assessment, Test Plan

Product Manager, Project Manager,
Test Manager

Gate 3 (CE)
Product Requirements, System proto-
type, Risk Assessment, Test Plan

Technical Solution and Project Risks
are agreed upon

Product Manager, Project Manager

Testing Phase
Requirements, System prototype, Risk
Assessment, Test Plan

Roll-Out Plan, Launch Plan, Working
Prototype

Product Manager, Product Manager,
Project Manager and Test Manager

Gate 4 (PI)
Roll-Out Plan, Product Requirements
plan

Roll-Out Decision Product Manager

Roll-Out Phase
Roll-Out Plan, Launch Plan, Working
Prototype

Working Product Project Manager

Gate 5 (PR)
Working Product, Small Change Re-
quests

Commercial Release Document
Product Manager approved by Strate-
gic Management

Commercial Use
Commercial Release Document, Sales
Plan, Launch Plan, Marketing Plan

Change Requests, Hot Fixes, Patches,
Revenue, Success Stories, Case Studies

Support Manager, Sales Manager, Mar-
keting Manager

Gate 6 (CP) Success Stories Revenue Decision of Closure Strategic Management
Closure Decision of Closure Closure Documents Product Manager
Gate 7 (RIP) Closure Documents Product Closed Product Manager

Table 5.1: PDP Meta-Model Overview
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6 Integration of the Meta-Model into the

V-Modell XT

The following section at first identifies the missing processes in the V-Modell XT, which

have to be included according to the meta-model. Figure 6.1 shows the starting point of

the comparison of both models. On one side there is the meta-model and on the other side

is the V-Modell XT. It can be seen, that the V-Model XT alreadycovers the whole develop-

ment process, but the other parts are missing. After these processes have been identified,

they are developed according to the guidelines of the V-Modell XT. This includes the role

and activity descriptions and product predefinement. The result is the extension of the

V-Modell XT, which covers the desired product planning process.

Figure 6.1: Comparison meta-model to the V-Modell XT

6.1 Meta-Model compared to V-Modell XT

This section compares the meta-model to the V-Modell XT. Theprocesses of the V-Modell

XT are compared to the process identified in the meta-model. Figure 6.2 shows the exten-

sion of the V-Modell XT compared to the meta-model. The decision gates marked in blue

are the new ones inserted due to the meta-model. There are also two ’V’s in this figure.

The first one represents the development of a new product and the second one stands for

the maintainance and evolution of this product. Both are covered by the V-Modell XT.
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The project execution strategy is already defined in the V-Modell XT. All activities from

the time the project is approved and the offer is accepted to the delivery of results of the

project. The current V-Modell XT consequently covers the phases: Definition, Imple-

mentation and Testing. The phase Commercial Use is also covered by the V-Modell XT,

if a second project is started. During this phase fixes to the product or, should the market

require, significant changes to the product can be made.

6.2 The PDP Extension

The following Table contrasts the phases and decision gatesof the PDP in opposite to the

decision gates of the V-Modell XT.

PDP Meta Model V-Modell XT

Decision Gate Result Decision Gate Result
Gate 0 (SP) Product Initiation - -
Gate 1 (SPP) Project Commission Project Approved Project Assignment

Gate 2 (SE) Project Development Decision
Project Defined, Re-
quirements Specified

Gate 3 (CE) Working Prototype, Riskplan
Detailed Design Com-
pleted

Gate 4 (PI) Roll-Out Decision Project Completed
Gate 5 (PR) Commercial Release DecisionContract Awarded
Gate 6 (CP) Decision of Closure Project Completed
Gate 7 (RIP) Product Conclusion -

Table 6.1: Comparison of the meta-model and the V-Modell XT

Table 6.1 shows, that three phases - Initiation, Roll-Out and Closure - are not defined in

the V-Modell XT and therefore have to be defined. This definition is made in the following

sections. First the Roles are described, afterwards the products are defined and at last the

activities are presented.
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Figure 6.2: Comparison Meta-Model to V-Modell XT
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6.3 Additional Roles and Products

Now that the phases and decision gates have been specified, the roles (who), activities

(how) and products (what) must be defined. The following passages describe the prod-

ucts, activities and roles, which are essential for the successful application of the product

planning meta-model.

6.3.1 Roles

This section gives an overview on additional roles which have to be introduced to cover

the requirements of the meta-model. These roles are in addition to the existing roles of

the V-Modell XT.

• Strategic Manager

A strategic manager, often the chief executive officer (CEO), or a strategic man-

agement team is responsible for researching and monitoringtrends in the market,

observing the products and trends of competitors and developing strategies to meet

all current and future competitors. Strategic management is also responsible for

assessing the success of each current strategy, to quickly adapt to changed circum-

stances.

• Product Manager

A product manager is basically attending products, in accordance to the strategic

roadmap of the company, from the initial idea to the end of theproduct’s lifecycle.

This includes market research, product definition and design, project management,

evangelization of the product, product marketing and product lifecycle manage-

ment.

• Marketing Manager

The tasks of a marketing manager are to perform market research and monitor mar-

ket trends. Additionally marketing managers prepare launch events, partner events

and exhibitions. They collect and communicate market information from customers

or partners to internal departments and vice versa.

6.3.2 Products

This section proposes additional products, which have to becreated to reflect the require-

ments of the meta-model.
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• Product Proposal

This document states the value of a new product and gives an outline of the pos-

sibilities of this new product. The document should also include a market study,

technical study, service or support plan, high level product requirements, business

case analysis, investment analysis, technical specification, project and risk plan,

business plan.

• Project Progress

This document contains all information concerning progress of the project. It is

updated after each iteration, to give the product manager anoverview of the features

and current status of the project.

• Market Study

This product contains an analysis of the market. One of the results should be a pro-

duct/market matrix and a detailed SWOT analysis. The purpose of this product is to

show, if there is volume for the new product, or to point out, that there is no chance

for the new product. The market analysis document has to be recurrently updated,

to quickly react to changes of the market. Status messages are communicated to the

product manager

• Product Conclusion

This document gathers all ’lessons learned’ during this project. This document is

created and extended during several meetings. The goal is tosummarize all positive

and negative experiences collected during the product’s life cycle.

6.3.3 Activities

This section proposes additional activities, which have tobe created to reflect the require-

ments of the meta-model.

• Perform market analysis

The result of the market analysis is a document containing the current market situ-

ation, trends in the market, needs of the customers and products from competitors.

To fulfill these tasks tools such as BCG Matrix and SWOT Analysis, as described

in chapter 2, have to be used.

• Analyze the Product Result

A review of all the information about the project and the product gathered during
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it’s lifecycle. Information collected during the meetingsand project documentation

is processed to create ’lessons learned’. These ’lessons learned’ are the foundations

for future projects and products.
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7 Evaluation of the Extension

This chapter presents the results obtained from the case study to evaluate the applicability

of the extension to the V-Modell XT. A project in an academical environment has been

chosen. The goal of this project is to create a new product, representing current research

results. The reason why this group is using the V-Modell XT along with the newly created

extension, is that it, up to now, was using agile methods to develop software products, but

without proper project management and proper project documentation. With increasing

complexity and maturity of their products and along with their plan to found a company,

a more traceable quality standard has to be used. The projectis described briefly in the

next section, followed by details of its execution and the results of the case study in later

sections.

7.1 Project Description

The application of scientific methods to the analysis of semiconductor devices has been

challenging since the first simulation tools were developed. Due to the manifold of re-

quirements resulting from device structures with a huge spectrum of local feature sizes

as well as different physical effects this field has always been extremely difficult from a

data structural as well as from a mathematical point of view.Due to the highly diverging

and complex requirements in the field of technology computeraided design (TCAD) the

results and applications can easily be transfered to other fields of research.

In the next decade device structures are expected to evolve substantially. Currently used

manufacturing techniques must be enhanced in order to be able to produce devices de-

livering the desired performance improvements. Additional research concerning TCAD

is therefore required. The application and development of computational methods and

software tools for the design of integrated semiconductor devices and their fabrication

processes is a key element to achieve the expected progress.The partitioning of the sim-

ulation domain is an essential task in order to solve the underlying equations, usually

partial differential equations, with appropriate numerical discretization schemes, such as
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finite differences, finite volumes, or finite elements. The selected numerical discretiza-

tion scheme affects the properties of the usable spatial discretization mechanisms, such as

mesh element criteria (e.g. Delaunay), topological and mesh structure (e.g. unstructured,

structured topology), quantities, interpolation mechanisms, and requirements for geome-

try. Robustness, performance, and accuracy for these sub-parts of TCAD heavily depend

on techniques and quality of this spatial discretization, the so-called mesh generation.

Automation and coupling of mesh generation and mesh adaptation for scientific com-

puting driven by error estimation - considering the discretization technique used and the

subsequent properties of the equation system - are investigated and integrated into the final

product, meshX. A mesh with as small as possible number of elements, that still captures

all relevant features of the investigated geometry is desired in order to support methods

for fast numerical analysis as well as an accurate description of the geometry. This in par-

ticular aids the discretization of partial differential equations used for the solution using

a reasonable amount of time, computer resources, and minimal manual interaction. The

technical problems we have to solve in our project are mostlycaused by finite numerics

in the discrete scheme of computer aided design. As a consequence algorithms based

on geometrical predicates have to be designed very carefully with respect to numerical

issues. From a software point of view the coupling of different software modules for

modeling, generation, adaptation, and error estimation merit special consideration. This

requires new and more sophisticated methods of software design with special attention to

robustness, orthogonality, modularity, and reusability.The application of our approach is

mostly focused on semiconductor device structures, but is not restricted to this field. Final

results obtained from our meshing methodology are demonstrated by real-world examples

which surpass the capabilities of currently used meshing techniques.
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Project Details

The project in located in the field of software development with an academic background.

It is scheduled for 21 man-month. The project start was on the05.01.2007 and it ended on

the 05.08.2007. The costs of the project are about 70.800 EURand are explained in Table

7.1. The project team consists of three persons, which already have experience in this

field from similar projects respectively from their dissertations in the field of Scientific

Computing, Simulation Methodologies and Higher Order Discretization Schemes. The

list of the project’s milestones can be seen in Table 7.1. Themain objective of the

Project start 05. January 2007
Project end 05. August 2007
Project team 3 Persons
Project costs Total costs: EUR 70.800

Table 7.1: Basic Project Information

Project start 05.01.2007
Design case studies are finished 07.03.2007
Development, experiments and tests are finished03.07.2007
Project end 05.08.2007

Table 7.2: Project Milestones

project is to develop the product meshX with the following features:

• an input/output module for different formats (CSG, STL, HIN, VOL)

• a surface mesh generation module

• a volume mesh generation module

• a module for the resampling steps

• an interface for other meshing algorithms

Non-Objectives of the project were:

• a working installer for the product
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• solve portability issues for different operating systems (Windows, MacOS, Linux)

• the creation of a webpage and a commerce system for the sale

The non-objectives will be covered in the post-project phase respectively in other projects.

Figure 7.1 shows an example of the output of meshX. On the leftside is the input mesh

and on the right side is the mesh, created by meshX. It can be observed, that the meshX

structure is more straightforward, than the input structure.

Figure 7.1: Meshing output of meshX. Two examples from device simulation.
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7.2 Operation

In the following the operation of the case study is presented. This section is divided into

three parts - the preparation, the execution and the presentation of the results.

7.2.1 Preparation

All participants of the case study are working at the Technical University and have done

projects prior to this one. They are highly qualified and committed to their work and were

informed of the case study.

All materials, which are important to the case study, are created during the course of the

project. The analysis and verification of the hypotheses is based on these materials.

7.2.2 Execution

The case study was executed over eight months during which three persons, as already

stated in the project introduction, worked on this project.Data was primarily collected

through forms. Short feedback was also given by each of the team members during weekly

meetings. Interviews were used at the end of the case study, to evaluate the course of the

project. The feedback included the current progress of the project, the created products

during the last iteration and their impression of the extension. Feedback for improvement

of the model was appreciated. The progress was assessed on a regular basis and differ-

ences from the plan were immediately communicated and integrated into project panning.

The resulting products are evaluated and discussed regarding their completeness. The

results of the case study are presented in the following and are discussed in Chapter 8.
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7.3 Results of the Case Study

The case study is motivated by the still present problem, that software products are de-

layed or even canceled. This situation is know for year and despite the introduction of

several well known quality standard software products still get postponed or even can-

celed. One major problem is the missing communication of Management and Engineering

within one company. This diploma thesis investigates two research questions. This first

research question deals with the cooperation of managementand engineering within one

company - ‘Is it possible to combine Management and Engineering into one process¿ By

including management and engineering in one process duringthe lifecycle of a product,

the quality and the possibility that the product is finished on time and within budget in-

creases. Most of the time management, which performs marketand competitor analysis,

comes up with the idea of a new product. They have a vision, what the product should

look like and which features should be included. Engineering on the other hand does not

have this big picture concerning the product and therefore has no idea on which feature

they should concentrate on respectively which part of the product they should implement

most efficiently. Management and engineering have to work together and the final goal

must be well known throughout the company, to give everybodythe opportunity to con-

tribute to the result to their best of their abilities. This can be accomplished by increasing

the cooperation of management and engineering. This diploma thesis not only investi-

gates this very issue but it also suggests a possible approach to this issue.

The second research question focuses on the application of the new extension to the V-

Modell XT and of course the application of the V-Modell XT to the processes of small

companies. Most often these companies only consist of a few people and, while already

performing their work as good as possible, these companies often have to struggle to meet

deadlines of projects and to fund the resources for further projects. It is very common for

small companies arise from a great new idea for a new product but with no funding. The

founders of these companies invest all of their money in the foundation of the company

and the development of this very product. Small software companies often lack proper

resource planning and therefore spend their money suboptimally. They may have some

kind of project management, but this project management is often limited to todo lists

and some initial time planning. Resource planning therefore is crucial to small software

companies, due to their limited resources. The V-Modell XT and the created extension

require some effort to be implemented properly. This effortis very critical in small soft-

ware companies, because of the described situation. The benefit of the implementation of

the V-Modell XT and its extension is the proper management ofnew respectively exist-

84



ing products and a guideline for successfully managing the creation of new products, on

which companies inexperienced with product management also can rely on.

These main research questions as starting point, the following four hypotheses are identi-

fied.

7.3.1 Hypothesis 1 - Feasibility

The first hypothesis guarantees, that the extension to the V-Modell XT is consistent and

applicable. Possible logical errors during the creation ofthe extension are checked by

applying this extension to an actual project. Due to the fact, that the extension is based on

already existing methods and processes the consistency andapplication should be possi-

ble. The expected result of this hypothesis is, that the created extension is consistent and

applicable to create a new product.

During the course of the project it turned out, that the requirements were not as specific as

needed. Therefore the specification and the requirements were refined and all tasks were

adapted. This adaptation of the development could easily bemade because of the use of

an agile development process and this benefit is further explained during the results of

hypothesis three.

Another problem was the well know fact, that customers are realizing what they really

want during the course of the project. This also happened during this project. The cus-

tomer needed some additional features, which were a bonus tothe new product. Therefore

the product has more features than initially planned. Management recognized this oppor-

tunity and incorporated the additional features. Also thisadaptation could be incorporated

because of the agile development process.

Another benefit of using the extension to the V-Modell XT, which is one of the most im-

portant reasons for the small software development companyperforming this case study,

is the creation of project and software documentation. Table 7.3 give an overview of doc-

uments created during the course of the project. It can be seen, that up to this project,

the software development company, was only partly creatingnecessary documentation

respectively necessary project and product planning. Thisinformation is based on inter-

views with the project members of the development team. Mostof the products were not

needed in former projects, so they were simply not created. The team did research on

some topics, but they never did write it down respectively create a document to assure the

quality and traceability for later analysis. This changed during this project. The devel-

opment team did create several important documents, such asthe assessment of strengths
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and weaknesses or the classification of their future products in a product portfolio matrix.

To assure that all changes and decision remain traceable in the future, all decisions were

traced using the project management tool in combination with a project plan.

Through interview, performed with the project manager and the team members of the

development team, it turned out, that the team and their development strategies lack of

priorization. Their applied software processes were most of the time ad hoc, meaning

that the often had no proper time respectively resource planning. As described in [83],

some of the symptoms of inadequate portfolio management apply to the company under

inspection.

Phase Product Other Projects This Project

Business Analysis
Strength and Weakness compar-
ison (SWOT Analysis)

- +

Business Analysis Portfolio analysis (BCG Matrix) - +
Business Analysis Revenue estimation - +

Product Planning
Software Design, Requirements
Document

- +

Project Planning Project plan -/+ +

Definition
Requirement Specification, Soft-
ware Design Specification

-/+ +

Development Sourcecode Documentation -/+ +
Testing Automated tests -/+ +
Documentation Software Documentation -/+ +
Documentation Project Documentation -/+ +
Support User Manual - +

Table 7.3: Product comparison between other projects and this project. (+ .. created, -/+
.. partly created, - .. not created)

7.3.2 Hypothesis 2 - Small Project Teams

The second hypothesis focuses on the second research question, stating, that the V-Modell

XT and also the extension is an additional effort, which is quite critical in small software

development companies. Therefore this hypothesis states,that the extension can not be

applied to small project groups, because of the lack of resources. The expected result for

this hypothesis is, that it is not possible for a small development group to successfully

apply the extension to a product development project.
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Figure 7.2 and Figure 7.3 depict the time calculated and the actual time spent on the dif-

ferent tasks respectively different phases of the product creation process. This shows, that

the creation process still was more important to the development team, than the analysis

and definition phase of the development process.

Phase Time planned Time spent
Initiation 150h 85h
Definition 450h 405h
Implementation 1700h 2045h
Testing 1700h 1575h
Roll-Out 200h 70h
Commercial Use 0h 0h
Closure 0h 0h
Sum 4200h 4180h

Figure 7.2: Overview of time spent on different phases

7.3.3 Hypothesis 3 - Agile Development Process

The third hypothesis checks if the integration of an agile development process in the V-

Modell XT is possible. Agile development processes are especially suitable for small de-

velopment teams and wherefore this hypothesis deals with the second research question.

The expected result of this hypothesis is, that the integration of an agile development pro-

cess into the V-Modell XT is possible. A positive answer to this hypothesis substantiates

the research question, that the extension to the V-Modell XTis applicable for small com-

panies.
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Task Time planned Time spent

Business Analysis 100h 85h
Product Planning 100h 85h
Project Planning 200h 180h
Definition 150h 140h
Development 1300h 1570h
Testing 1300h 1100h
Documentation 900h 950h
Support 150h 70h
Sum 4200h 4180h

Figure 7.3: Overview of time spent on different tasks

The application of Extreme Programming as agile development method was realized suc-

cessfully. The development team was able to use Extreme Programming as their main

development process. Using an agile approach the team was able to react on changes

which occurred during the corse of the project, such as changing requirements and addi-

tional features by the customer.

Unfortunately it is very common for software development projects that requirements are

to fuzzy at the beginning of the project and become more and more tangible during the

development process. The problems mentioned in the introduction, that the requirements

were missing and fuzzy, and that during the course of the project the customer did come

up with new requirements, could be solved quite easily. Because of the weekly meetings

where planning for the next iterations is done, the team could flexibly react on changes.

This resulted in a slight increase in the time spent on development, but the overall time

constraints were met. These weekly meetings are a benefit of the application of an agile

development strategy.
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7.3.4 Hypothesis 4 - Successful Project

The last hypothesis deals with the successful completion ofthe project, which is per-

formed during the case study. It is very important for the success of the extension to the

V-Modell XT, that the project can be finished on time. The expected result of this hy-

pothesis is, that using the created extension a project teamis able to successfully finish

their product development projects on time and within budget. Otherwise both research

questions are weakened, because if the project cannot be finished on time, this extension

is only another theoretical process, which cannot be realized in a real world project.

But in general the project was finished on time and provided the required product using

the created extension to the V-Modell XT. The product included the expected features and

produces the expected results.

The project team also encountered several problems. These problems were the same prob-

lems as described in the introduction and experienced in nearly every software project: the

problem of a missing or fuzzy requirements specification. These problems have already

been mentioned during the presentation of the results of thehypotheses.

Another important change was the use of a project managementtool. An open source

software tool named dotProject [77] satisfied the requirements of the development team.

Using this software tool, the development team was able to track all relevant project data.

This was one of the major improvements the team experienced during this project. The

traceability of tasks, the estimation of effort and revenuealso was important during project

planning.

The main problem identified is the quite tight time planning.Because of the team size all

additional work is difficult and time consuming. Statementsof the team: This project was

more work, but we believe this additional effort really shows off in the future.
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8 Discussion

In this chapter the research questions and the hypotheses stated in Chapter 4 are assessed

and compared to the results of this diploma thesis and the results of the performed case

study. First the results of the case study are discussed. Afterwards the findings from the

case study are compared to the underlying research questions of this diploma thesis.

The hypotheses derived from the research questions are revised in the following:

1. Hypothesis: The extension to the V-Modell XT is consistent and applicable.

2. Hypothesis: The V-Modell XT and its extension is only applicable for larger project

groups.

3. Hypothesis: It is possible to integrate an agile development processes into the V-

Modell XT.

4. Hypothesis: The goals of the project are all met. The project is successful.

The main focus of this diploma thesis is pointed to the questions whether it is possible

to narrow the gap between management and engineering, by using a single development

model throughout the product creation process. The second main question is whether it is

it possible to apply this model to the development processesof a small company.

As a global outcome the case study shows, that the extension is working and that even a

small team can make use of a traceable product management process unsing the exten-

sion. All hypotheses are proven except the second one. The result is in contrast to this

hypothesis, but this result is even better, because the extension to the V-Modell is hereby

not limited to larger development teams. The following willfurther analyze the results of

the case study.
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8.1 Hypotheses Analysis and Interpretation

Four hypothesis have been investigated, which are shown in Table 8.1. The project ended

without delay and within the defined time and budget. The following compares the hy-

Hypothesis Result

The extension to the V-Modell XT is con-
sistent and applicable.

Hypothesis is affirmed. The development
group was able to use the extension.

V-Modell XT and the extension is only
applicable for larger project-groups.

No, also applicable for a small project-
team.

It is possible to integrate an agile devel-
opment process into the V-Modell XT.

Hypothesis is affirmed. The integration is
feasible.

The goals of the project are all met. The
project is successful.

The hypothesis is affirmed. All require-
ments of the project were met.

Table 8.1: Comparison between the initial hypothesis and the results of the case study

pothesis and the result of the evaluation of the data from thecase study. It can be observed,

that all the results are positive, meaning that the developed extension of the V-Modell XT

is actually working and that it is also possible to apply thisextension to a small devel-

opment team respectively a small company. But it also has to be mentioned, that the

circumstances of the project may not be applicable to other projects. The context and

especially the people involved in this project were an important success factor. This result

shows, that the project team using the extension has to be highly motivated respectively it

is an enormous advantage if the project team is highly motivated.

Hypothesis 1 - Feasibility

The first hypothesis is confirmed. It is possible to apply the created extension of the V-

Modell XT to an product development project. This can be proved by the fact that the

project is finished successfully, meaning that the planned features and functionality was

developed correctly. Also the existence of project documentation, as seen in Table 7.3,

is an important factor of the success of the extension. Another benefit of this extension

to the V-Modell XT is the explicit performance of the business analysis of the new prod-

uct. This feature is especially interesting for small companies, because they often have no

product management in place. Using this extension, these companies are guided through

the product creation process, from the initial idea to the final product. The main focus,

bringing Management and Engineering together in using one process model, can be done
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using this extension to the V-Modell XT. They have to communicate respectively agree

on the products of the

Hypothesis 2 - Small Project Teams

The second hypothesis has to be rejected. The development team was able to apply the

extension to the product development project. Through interviews with the project man-

ager and the project team, it turned out, that during this project they spent much more time

on documentation than they used to spend on former projects.The time planned and the

time spent on the single tasks and the phases can be seen in Figure 7.2 and Figure 7.3.

The management of the company is convinced, that their project and product manage-

ment needed major improvement. Using the extension additional to the V-Modell XT

give management a tool to manage they project and product portfolio of the company.

The company under investigation is not only able to drastically improve the quality of

the development project, but now they have classified their projects, products and product

ideas using portfolio management. This gives them an opportunity to efficiently plan de-

velopment resources in the future.

Hypothesis 3 - Agile Development Process

The third hypothesis, the integration of an agile development method into the V-Modell

XT, is confirmed. The development team was able to use ExtremeProgramming, as sug-

gested by the extension, in combination with the V-Modell XT. Using Extreme Program-

ming it was able to react on changes flexibly. The problems mentioned in Chapter 7, that

the requirements were missing and fuzzy, and that during thecourse of the project the

customer did come up with new requirements, could be solved quite easily. Because of

the weekly meetings where planning for the next iterations is done, the team could flexi-

bly react on changes. This resulted in a slight increase in the time spent on development,

but the overall time constraints were met.

It did turn out, that the extension is capable of dynamicallyreacting to changes. This is

because of the flexibility of Extreme Programming and the constant evaluation of progress

and tasks which have to be done for the next iteration. Changed requirements and added

features can be handled using this approach.

Hypothesis 4 - Successful Project

The fourth hypothesis is also confirmed by the results of the case study. Following the

guidelines of the extension in combination with the V-Modell XT, the development team
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was able to finish the project on time and within budget. As already mentioned, even

short-term changes in the requirements are handled by the the extension to the V-Modell

XT. Their lack of product and project management was remedied using this model.

8.2 Research Question Analysis and Interpretation

The last section discussed the four hypotheses of this case study, whereas this section dis-

cusses the research questions. It can be summarized, that the outcome of the case study

substantiates the two research questions from Chapter 4.

The first research question - ‘Is it possible to create one process model, which can be

used by management and by engineering, to successfully create products?’ - can be an-

swered positively. The results of the first and forth hypothesis proofs this statement, but

with the restriction, that the development team has to be highly motivated. It is possible

to integrate management processes and models into the V-Modell XT. With the help of

this extension, shown in Chapters 5 and 6, this combination is possible.

The second research question - ‘Can this extension be used bysmall teams respectively

small companies to develop their products?’ - can also be answered positively. This state-

ment is substantiated by the results of hypotheses two and three. The case study shows,

that even a small team can perform and finish a product development project on time and

within budget according to the extension of the V-Modell XT.
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9 Conclusion and Outlook

Originating from the problem, that software products nowadays are still postponed or even

canceled, or that customers do not get what they wanted. One problem is the communica-

tion between management and engineering. They have different fields of expertise and are

therefore using different vocabulary. This misunderstanding leads to wrongly understood

requirements, late product releases or even product cancellation. Another common prob-

lem is the missing portfolio management in small companies.Often they are convinced,

that they are too small to apply portfolio management and have no resources for this task.

The solution proposed in this diploma thesis, combines models from both worlds into one

already existing model. Management and engineering processes are combined into the V-

Modell XT. At first the requirements for a general product development process have been

defined and put into a meta-model. This meta-model is then compared to the V-Modell

XT. The missing parts are identified and are worked out. The result of this steps is an

extension to the V-Modell XT. Using this extension, the V-Modell XT covers the whole

product creation process.

The result of this diploma-thesis, the extension of the V-Modell XT, is then evaluated

using a product creation project at the Technical University of Vienna. The goal of this

project is to create a product, which includes the knowledgeof the research from the

past three years. Due to the fact, that the product will be released, the development team

needed a more mature quality assurance and therefore used the V-Modell XT in associa-

tion with the new extension.

The result of the project is as expected. A small team or a small company is able to

successfully finish a project using the V-Modell XT and the newly developed extension.

There is overhead for creating the necessary documentation, but it is this overhead which

ensures the quality and documents all decisions during the development of a project. An-

other benefit, which closes the gap of missing portfolio management in small companies,

is that the extension already has such tasks included in its processes. Therefore small

companies using this extension, are at the same time applying portfolio management to
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their projects.

The main statement of the evaluation is, that the extension is working and that small com-

panies respectively small development teams are able to integrate the V-Modell XT and

the extension into their development process. Using this extension, product managers are

able to keep track over the products in development. Management and engineering are

induced in working together much closer by using the createdextension, which leads to

successful finished product development projects.

It is an enormous benefit for a company to establish only a single process model, which

covers the whole process from the initial idea of a new product and also includes the de-

velopment, the commercial use and finally to the decision to end the product’s lifecycle.

The V-Modell XT not only offers this but also makes all of thistraceable by management.

Project managers are able to track the progress of the development process using the V-

Modell XT, while the same model is used by the engineers, who implement and develop

the product. Product requirements, defined by management, can be translated into techni-

cal requirements for the developers. Quality managers oversee the overall quality of the

product creation process. Therefore the resulting productis identical to the required one,

due to the guidelines provided by the V-Modell XT and its extension.

A possible outlook is to create an application, which coversall the aspects proposed in

this diploma-thesis. The formal integration of the proposed extension into the V-Modell

XT would also be possible.

95



List of Tables

3.1 The Extreme Programming way [2] . . . . . . . . . . . . . . . . . . . . 55

3.2 Summary of the presented models . . . . . . . . . . . . . . . . . . . . .58

5.1 PDP Meta-Model Overview . . . . . . . . . . . . . . . . . . . . . . . . 72

6.1 Comparison of the meta-model and the V-Modell XT . . . . . . .. . . . 74

7.1 Basic Project Information . . . . . . . . . . . . . . . . . . . . . . . . .. 81

7.2 Project Milestones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

7.3 Product comparison between other projects and this project. (+ .. created,

-/+ .. partly created, - .. not created) . . . . . . . . . . . . . . . . . .. . 86

8.1 Comparison between the initial hypothesis and the results of the case study 91

96



List of Figures

1.1 What the customer wanted. [71] . . . . . . . . . . . . . . . . . . . . . .5

1.2 Research Goal: Up to now management and engineering use their models

only in their field of expertise with only a little input from other depart-

ments. This creating a gap between both disciplines. . . . . . .. . . . . 7

2.1 Boston Consulting Group Growth-Share Matrix [18] . . . . .. . . . . . 18

2.2 SWOT Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21

2.3 Strength - Weaknesses comparison ([55] page 247) . . . . . .. . . . . . 22

2.4 Division of the product life cycle into four sections [5]. . . . . . . . . . 23

2.5 Overview of ABB Stage Gate Model [74] . . . . . . . . . . . . . . . . .26

2.6 Overview of Siemens prodSEM [86] . . . . . . . . . . . . . . . . . . . .28

3.1 V-Modell XT Structure [1] . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.2 Classification of Projects and Subdivision into ProjectTypes [1] . . . . . 31

3.3 Process Modules and their Components [1] . . . . . . . . . . . . .. . . 32

3.4 Project Execution Strategies to Project Types [1] . . . . .. . . . . . . . . 33

3.5 Project Execution Strategy, Decision Gates and Products [1] . . . . . . . 33

3.6 Decision Gates [1] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

3.7 UP: The four phases and their milestones [28] . . . . . . . . . .. . . . . 35

3.8 Unified Process [15] . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.9 Rational Unified Process [16] . . . . . . . . . . . . . . . . . . . . . . .. 39

3.10 Scrum Phases: Figure taken from [84] . . . . . . . . . . . . . . . .. . . 49

3.11 Agile Unified Process [21] . . . . . . . . . . . . . . . . . . . . . . . . .51

3.12 XP Processmodel [19] . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

4.1 The basic idea of the research goal. . . . . . . . . . . . . . . . . . .. . . 61

5.1 PDP Meta-Model . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

6.1 Comparison meta-model to the V-Modell XT . . . . . . . . . . . . .. . 73

97



6.2 Comparison Meta-Model to V-Modell XT . . . . . . . . . . . . . . . .. 75

7.1 Meshing output of meshX. Two examples from device simulation. . . . . 82

7.2 Overview of time spent on different phases . . . . . . . . . . . .. . . . 87

7.3 Overview of time spent on different tasks . . . . . . . . . . . . .. . . . 88

98



Bibliography

[1] V-Modell XT english Version Teil 1

[2] Extreme Programming from a CMM Perspective, Mark C. Paulk, Soft-

ware Engineering Institute, IEEE 2001

[3] www.extremeprogramming.org, visited January 2007

[4] Strenghtening the Case for Pair Programming, L. Williams et al., IEEE

Software, vol. 17, no. 4, July/Aug. 2000, pp. 19-25

[5] Produktmanagement, Dieter Lennertz, F.A.Z-Institut für Management-,

Martk- und Medieninformationen GmbH, 2006

[6] A Process Approach for Senior Management Involvement inSoftware

Product Development, MŁlardalen University, 2003

[7] Strengthening the Case for Pair Programming, L. Williams, RR.

Kessler, W. Cunningham, R. Jeffries, Journal IEEE Software2000

[8] All I really need to know about pair programming I learnedin kinder-

garten, L. Williams, RR. Kessler, Journal ACM 2000

[9] Agile software development methods: Review and Analysis. Espoo,

Finland: Technical Research Centre of Finland, VTT Publications 478

Available online http://www.inf.vtt.fffpdf/publications/2002/P478.pdf,

Abraharnsson P., O. Salo, J. Ronkainen, and J. Warsta,

[10] New Directions on Agile Methods: A Comparative Analysis, Pekka

Abrahamsson, Juhani Warsta, Mikko T. Siponen and Jussi Ronkainen.

IEEE 2003

[11] Agile Modeling: Effective Practices for Extreme Programming and the

Unified Process, Ambler S., New York: John Wiley & Sons, Inc. New

York,2002.

99



[12] A Manager’s Introduction to Rational Unified Process(RUP), Ambler

S., 2005

[13] V-Modell XT german Version 1.2, 2005

[14] Product management, Internetlink:

http://en.wikipedia.org/wiki/Productmanagement, visited January

2007

[15] Unified Process, Internetlink: http://en.wikipedia.org/wiki/Unified Process,

visited January 2007

[16] Rational Unified Process, Internetlink:

http://en.wikipedia.org/wiki/RationalUnified Process, visited Jan-

uary 2007

[17] Projektmanagement, Patzak G., Rattay G., Linde VerlagWien, 2004

[18] The Boston Consulting Group Matrix, Internetlink: http://www.cipher-

sys.com/HofHelp/Bcg/bcghelpfile.htm, visited January 2007

[19] Agile Software-Entwicklung, Carsten Dogs, Timo Klimmer, MITP-

Verlag/Bonn, 2005

[20] Advanced Development Methods. SCRUM Development Process,

Schwaber Ken,

[21] The Agile Unified Process (AUP), Internetlink:

http://www.ambysoft.com/unifiedprocess/agileUP.html, visited

September 2007

[22] Extreme programming and agile processes in software engineering,

Baumeister H., 6th international conference, XP 2005, Sheffield, UK,

Springer Verlag, 2005

[23] Extreme Programming Explained: Embrace Change, Kent Beck,

Addison-Wesley 1999

[24] Planning Extreme Programming, Beck K., Fowler M., Addison-Wesely

2000

[25] Optional Scope Contracts, Kent Beck, Dave Cleal, unpublished, 1999

100



[26] Teaching Team work: An extreme work for first-year programmers in

Extreme Programming and Agile Processes in Software Engineering,

Becker-Pechau P., Breitling H., Lippert M., Schmolitzky A., Proceed-

ings of the 4th International Conference, XP Springer Verlag pp. 386-

393, 2003

[27] A Spiral Model of Software Development and Enhancement, Boehm

B., Barry W., IEEE Computer, May, pp. 61-72, 1998

[28] The Rational Unified Process: An Introduction 3rd Edition, Kruchten

Philippe, Addison Wesely, 2004

[29] Industrial Software Metrics Top 10 List, Boehm B., IEEESoftware

4(5): September 1987, 84-85

[30] Get Ready For The Agile Methods - With Care, Boehm B., Computer,

vol. 35, pp. 64-69, 2002

[31] CMM Implementation Guide, Caputo K., Addison-Wesely Longman,

1998

[32] Software Engineering Institute: Appraisal Requirements for CMMI,

Carnegie Mellon University, Version 1.2, August 2006

[33] Agile Software Development, Cockburn A., Addison-Wesley, Boston

2002

[34] Winning at new Products, Cooper Robert G., Perseus Publishing 2001

[35] Large-Scale Agile Software Development, Crocker Ron., In press 2003

[36] The Agile Manifesto, Fowler M., Highsmith J., SoftwareDevelopment,

28-32, 2001 http://agilemanifesto.org

[37] Principles of Software Engineering Management, T. Gilb, Wokingham,

UK: Addison-Wesley 1993

[39] Agile Software Development: The Business of Innovation, Highsmith

J., Cockburn A., Computer, vol. 34, pp. 120-122, 2001

[40] Agile Software Development with Scrum, Schwaber Ken, Beedle Mike,

Prentice Hall 2002

101



[41] The Unified Software Development Process, Jacobson I.,Booch G.,

Rumbaugh J., Addison-Wesley, Reading, MA, 1999

[42] Extreme Programming Installed, Jeffries R., AndersonA., Hendrickson

C., Addison-Wesely, 2001

[43] Extreme programming and the software design course in Extreme Pro-

gramming Perspectives, Johnson D. H., Caristi J., In Proceedings of XP

Universe, 2001

[44] CMMI, Kneuper R., DPunkt 2006

[46] Software entwickeln mit extreme Programming. Erfahrungen aus der

Praxis., Lippert M., Roock S., Wolf H., Dpunkt.verlag 2002

[47] Agile Software Development: Principles, Patterns andPracticies., Mar-

tin R. C., Pearson Education 2002

[48] Rapid Development, McConnel S., Microsoft Press, 1996

[49] Comparison of CMM level 2 and eXtreme programming, Nawrocki J.

R., Walter B., Wojciechowski A., 7th EuropeanConference onSoftware

Quality, Helsinki, Finland, 2002

[51] Software-Produkt-Management, Hans-Bernd Kittlaus,Christoph Rau,

Jürgen Schulz, Springer Verlag, 2004

[52] Produktmanagement, Professor Werner Pepels, R. Oldenbourg Verlag

München, 2006

[53] Software-Produktmanagement, Harry M. Sneed, Martin Hasitschka,

Maria-Therese Teichmann, dpunkt Verlag, 2005

[54] Product Lifecycle Management, John Stark, Spring Verlag London,

2005

[55] Erfolgreiches Produktmanagement, Klaus J. Aumayr, Gabler Verlag,

Wiesbaden 2006

[56] The Unified Process Inception Phase, Scott W. Ambler, Larry L. Con-

stantine, CMP Books, Lawrence USA 2000

102



[57] Designing Software for Ease of Extension and Contraction, David L.

Parnas, IEEE Transactions on Software Engineering, Vol. SE-5, 2,

March 1979

[59] Extreme Progamming from a CMM Perspective, Paulk M. C.,IEEE

Software 18(6): November/December 2001

[60] Progressive Acquisition and the RUP: Comparing and Combining Iter-

ative Processes for Acquisition Development, Pitette G., The Rational

Edge, Novemeber 2002

[61] Lean Software Development - An Agile Toolkit, Poppendieck M., Pop-

pendieck T., Addison Wesely 2003

[62] Using XP for Safety-Critical Software, Poppendieck Mary with Ron

Morsicato, Cutter IT Journal 15(9): September 2002

[63] The Scrum software development process for small teams, Rising L.,

Janoff N. S., IEEE Software, vol. 17, pp. 26-32, 2000

[64] Von ISO 9001 zu TQM, Thaller G. E., VDE-Verlag, 2001

[65] Software-Qualität, Thaller G. E., VDE-Verlag, 2000

[66] A Simple Model of Agile Software Processes, VanderburgG., ACM

Press, 2005
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