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ABSTRACT 

The industry is undergoing a paradigm shift characterized by rapid changes in 

technologies, novel business models as well as increasing dynamics in competition. 

Triggered by these changes, customers are increasingly demanding improved products 

with additional performances, functionalities, and properties. Consequently, today’s 

products are undergoing short innovation cycles, resulting in accelerated product 

obsolescence, hindering their long-term market success. The key for high and sustaining 

product value within these conditions are evolving products according to volatile changes. 

In this regard, the flexibility of modern software-intensive products as well as the 

potentials of software-based upgrades provide novel and powerful ways to upgrade 

products during their development or even usage. Today’s companies are therefore 

forced to upgrade products more frequently and extensively on different levels while 

managing higher dynamics and product complexities at the same time. 

The approach of Strategic Release Planning, which provides a management tool for 

planning the evolution and value creation of products, offers a high potential for the 

increasing demand of continuous upgrades for modern complex products. More 

specifically, Strategic Release Planning enables the planning of a product’s evolution in 

the form of incrementally introduced releases consisting of bundles with value-creating 

features for product upgrading. However, Strategic Release Planning for complex 

products requires the consideration of the potentials and characteristics of today’s 

technical systems as well as the high dynamics of product upgrades and their value for a 

variety of stakeholders. 

Against this background, the objective of this work is the development of a methodology 

to support continuous upgrading of modern complex products by the approach of 

Strategic Release Planning. For this, an initial understanding about the influences and 

challenges for upgrading complex products and the according role of Strategic Release 

Planning is elaborated, leading to requirements for the intended methodological support. 

This is followed by an analysis and evaluation of current approaches for Strategic Release 

Planning in software development and mechanical engineering with respect to the 

defined requirements, resulting in a concretization of the objective of this thesis. 

Ultimately, a Methodology for Value-oriented Strategic Release Planning of Complex 

Products is developed as well as applied and evaluated using the example of upgrade 
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planning for a robotic vacuum cleaner. 

The result of this work is a methodology that supports the planning of multiple consecutive 

releases for the continuous upgrading of complex products in dynamic markets. For this, 

the product-specific selection of release types and their strategies, the scheduling and 

budgeting of releases as well as the selection and assignment of features in releases is 

provided. Simultaneously, a consistent integration of stakeholders and timing aspects as 

well as the synchronized consideration of software, mechanics and electronics is 

provided for Strategic Release Planning.



 

KURZFASSUNG 

Die Industrie durchlebt gegenwärtig einen Paradigmenwechsel, geprägt von rasanten 

technologischen Fortschritten, neuartigen Geschäftsmodellen und einer zunehmenden 

Dynamik im Wettbewerb. Ausgelöst durch diese Veränderungen fordern Kunden 

zunehmend verbesserte Produkte mit erweiterten Leistungen, Funktionalitäten und 

Eigenschaften. Infolgedessen unterliegen moderne Produkte kürzeren Innovationszyklen 

mit beschleunigter Obsoleszenz und somit einer Erschwerung des langfristigen 

Markterfolgs. Der Schlüssel für eine hohe und anhaltende Wertstiftung liegt in der 

kontinuierlichen Aufwertung von Produkten entsprechend der volatilen Veränderungen. 

In dieser Hinsicht bieten die Flexibilität moderner softwareintensiver Produkte sowie die 

Potenziale softwarebasierter Aufwertungen neuartige und wirksame Ansätze, Produkte 

in der Entwicklungs- oder gar der Nutzungsphase aufzuwerten. Heutige Unternehmen 

sind daher gezwungen, ihre Produkte auf verschiedenen Ebenen immer häufiger und 

umfassender aufzuwerten und gleichzeitig eine höhere Dynamik und Produktkomplexität 

zu bewältigen. 

Der Ansatz der Strategischen Release Planung, welches ein Managementinstrument zur 

Planung der Evolution und Wertstiftung von Produkten darstellt, bietet ein hohes 

Potenzial für den steigenden Bedarf an kontinuierlichen Aufwertungen für moderne 

komplexe Produkte. Hier wird die Gestaltung der Produktevolution in Form inkrementell 

eingeführter Releases bestehend aus Bündeln wertstiftender Features für die 

Produktaufwertung ermöglicht. Jedoch erfordert die Strategische Release Planung für 

moderne komplexe Produkte die Berücksichtigung der Potentiale und Charakteristika 

heutiger technischer Systeme sowie die hohe Dynamik von Produktaufwertungen und 

deren Nutzen für eine Vielzahl von Stakeholdern.  

Vor diesem Hintergrund ist das Ziel dieser Arbeit die Entwicklung einer Methodik zur 

Unterstützung der kontinuierlichen Aufwertung moderner komplexer Produkte durch den 

Ansatz der Strategischen Release Planung. Hierfür wird ein initiales Verständnis über die 

Einflussfaktoren und Herausforderungen in der Aufwertung komplexer Produkte sowie 

der diesbezügliche Stellenwert der Strategischen Release Planung aufgezeigt. 

Aufbauend werden bestehende Ansätze der Strategischen Release Planung aus der 

Softwareentwicklung und dem Maschinenbau hinsichtlich der Anforderungen an die 

Aufwertung moderner komplexer Produkte in dynamischen Märkten analysiert und 

bewertet, welches zu einer Konkretisierung der Bedarfe für eine methodische 
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Unterstützung führt. Schließlich wird eine Methodik zur nutzenorientierten Strategischen 

Release Planung für komplexe Produkte entwickelt und am Beispiel der Planung von 

Produktaufwertungen eines Saugroboters angewandt und evaluiert. 

Das Ergebnis dieser Arbeit ist eine Methodik für die Planung multipler konsekutiver 

Releases zur kontinuierlichen Aufwertung komplexer Produkte in dynamischen Märkten. 

Dabei wird die produktspezifische Auswahl von Release Typen und deren Strategien, die 

Terminierung und Budgetierung von Releases sowie die Auswahl und Zuordnung von 

Features zu Releases unterstützt. Gleichzeitig wird eine konsequente Berücksichtigung 

der Nutzenstiftung für Stakeholder und zeitlicher Einflüsse sowie die synchronisierte 

Betrachtung von Software, Mechanik und Elektronik in der Strategischen Release 

Planung gewährleistet.



 

CONTENTS 

1 Introduction ........................................................................................................... 1 

1.1 Initial situation and problem definition ............................................................ 1 

1.2 Objective of this thesis ................................................................................... 4 

1.3 Research methodology and research questions ............................................ 4 

1.4 Structure of this thesis .................................................................................... 6 

2 Problem Analysis - Product Upgrading and Strategic Release Planning ........ 9 

2.1 Changing product life cycles .......................................................................... 9 

2.1.1 Concept of the product life cycle...................................................... 10 

2.1.2 Product life cycles and product upgrading in dynamic markets ....... 12 

2.1.3 The shift to complex products and their characteristics ................... 14 

2.1.4 Life cycles and upgrading of software intensive products ................ 18 

2.2 Product upgrading as a measure to control product value ........................... 21 

2.2.1 Product obsolescence and value ..................................................... 22 

2.2.2 The concept of product upgrades .................................................... 25 

2.2.3 Product upgrading in product development ..................................... 26 

2.3 Continuous product upgrading by Strategic Release Planning .................... 30 

2.3.1 Concept of releases and features .................................................... 31 

2.3.2 Concept of SRP ............................................................................... 33 

2.3.3 Placing SRP in a corporate context ................................................. 35 

2.3.4 Value orientation and temporal dependencies in SRP .................... 37 

2.3.5 Benefits of SRP ............................................................................... 40 

2.3.6 Best practices of SRP from different industries ............................... 42 

2.4 Summarized problem definition and requirements on SRP .......................... 46 

2.4.1 Influence factors, challenges and needs in SRP ............................. 46 

2.4.2 Requirements on a methodological support for SRP ....................... 47 

  



XII Contents  

3 Strategic Release Planning in Literature and Practice .................................... 51 

3.1 Approaches for SRP in literature................................................................... 51 

3.1.1 Approaches for release planning in mechanical engineering ........... 53 

3.1.2 Approaches for release planning in software development .............. 62 

3.1.3 Summarized evaluation of SRP approaches and research needs ... 68 

3.2 Status quo of SRP in industrial practice - Challenges and needs ................. 71 

3.3 Conclusion of the analysis and refined objective of this thesis ..................... 73 

4 Methodology for Value-oriented Strategic Release Planning .......................... 75 

4.1 Objective of the intended methodology ......................................................... 75 

4.1.1 Development process of the intended methodology ........................ 77 

4.2 Process for value-oriented SRP .................................................................... 78 

4.2.1 Development of a process for value-oriented SRP .......................... 78 

4.2.2 Resulting process for value-oriented SRP ........................................ 79 

4.3 Release type and strategy definition ............................................................. 84 

4.3.1 Release type selection ..................................................................... 84 

4.3.2 Release strategy definition ............................................................... 90 

4.4 Release schedule and capacity definition ..................................................... 98 

4.4.1 Release time definition ..................................................................... 98 

4.4.2 Release capacity determination ..................................................... 105 

4.5 Release content definition ........................................................................... 106 

4.5.1 Feature description......................................................................... 107 

4.5.2 Feature dependency analysis ........................................................ 110 

4.5.3 Feature value assessment and prioritization .................................. 114 

4.5.4 Feature temporal analysis .............................................................. 122 

4.5.5 Feature selection and assignment ................................................. 125 

4.6 Summarized results of the methodology development ............................... 131 

5 Application and Evaluation of the Developed Methodology ......................... 133 

5.1 Purpose and type of method application and evaluation ............................. 133 

5.2 Strategic Release Planning for a Robotic Vacuum Cleaner ........................ 135 

5.2.1 Initial problem situation and the Robotic Vacuum Cleaner V 1.0.0 .... 135 

5.2.2 Release types and strategies definition - Robotic Vacuum Cleaner ... 138 

5.2.3 Release schedule and capacity definition - Robotic Vacuum Cleaner ... 143 

5.2.4 Release content definition - Robotic Vacuum Cleaner ................... 147 

5.3 Evaluation results ........................................................................................ 161



Contents  XIII 

6 Conclusion and Outlook .................................................................................. 165 

6.1 Summary of the work ................................................................................. 165 

6.2 Reflection of the results and outlook for future work .................................. 168 

References ............................................................................................................ 171 

Abbreviations ........................................................................................................ 189 

List of Figures ....................................................................................................... 191 

List of Tables ......................................................................................................... 195 

Appendix ............................................................................................................... 197 

List of Publications ............................................................................................... 205 





 

1 INTRODUCTION 

‘It is not the strongest of the species that survive,  

nor the most intelligent, but the one most responsive to change.’ 

Charles Darwin 

 

Today’s and future products are not excluded from Charles Darwin’s insight - change is 

universal. The rapidly increasing volatility, uncertainty, complexity, and ambiguity of 

modern markets and technologies pose a major challenge for today’s companies in 

providing long-lasting product value to customers and consequently their own business. 

1.1 Initial situation and problem definition 

The industry is undergoing a paradigm shift characterized by rapid changes in 

technologies, novel business models as well as increasing dynamics in competition. 

Triggered by these changes, customers are increasingly demanding improved products 

with additional services, functionalities, and properties. Consequently, today’s products 

are undergoing high innovation cycles, resulting in an accelerated decrease in product 

value lifetimes [Aca15, p.21f.]. Therefore, companies are facing significant pressure due 

to the fact that launched products become more rapidly technologically, psychologically, 

or economically obsolete in the eye of the consumers [Pra16]. These circumstances lead 

to shorter product life cycles and consequently hinder long-term market presences of 

launched products and ultimately their economic success. 

The key for high and sustaining product value within these conditions are evolving 

products according to external requirements (e.g. customer needs) or environmental 

changes (e.g. new technologies) [Rai05, p.20]. For this purpose, products are upgraded 

by additional performance and excitement features that are launched to the markets as 

part of new releases [Ruh10, p.33] [Sch13a, p.214ff.]. At this point, a proactive and    

well-considered planning of product upgrades is important to ensure sustaining 
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customer value but also business value at the same time [Car02]. Consequently, one 

of the main challenges in upgrading products is to contribute value to a variety of 

customers in dynamically evolving markets, while considering the business objectives, 

preventing product disruption as well as reducing development costs and efforts as far as 

possible to reach business success [Alb15].  

Moreover, the shift from highly mechanical oriented products to cyber-physical 

systems with an increasing share of information and communication technologies results 

in an expansion of product upgrading possibilities [Gau14a, p.2]. Since nowadays 

software is embedded in consumer electronics, home appliances, automobiles, 

production machines, and among all other type of products, previously mechanical 

oriented integral products are transformed into modular software-intensive products 

[Wie21]. The possibility of software-based upgrades and the flexibility of modern 

software-intensive products enable higher frequencies and novel powerful 

concepts for product upgrading during the development and or even the use stage 

(e.g. over-the-air-upgrades) of products on different system levels [Lyy16]. These 

possibilities elevate the importance of product upgrades and even enable new business 

models (e.g. function on demand) [Ras17]. At the same time, product complexities are 

getting higher due to the heterogeneous life cycles of software, electronics, and 

mechanics, as well as their synchronized integration. This leads to new challenges in 

the organization and technical implementation of product upgrades for modern 

complex products [Sch17, p.6].  

Today’s, companies are therefore forced to upgrade products more extensively and 

frequently on different product levels while managing higher product complexities at the 

same time. This raises the question of how today’s complex products can be 

upgraded considering the turbulent conditions of dynamic environments and internal 

product complexities to maintain or improve their value proposition that will ultimately 

ensure business success. 

For this reason, a variety of approaches have been developed to address the issue of 

continuous product upgrading and evolution. In particular, the approach of Strategic 

Release Planning (SRP) promises systematic and proactive planning of continuous 

and incremental product evolution in the form of releases and features [Ruh05a] 

[Sch04b]. This is achieved by strategically planning future product versions (releases) 

including new excitement or performance units (features) to maintain or even improve 

product value throughout their life cycles [Car02]. Thus, SRP principally addresses the 

question of which features and releases are to be launched at which point in time, 

resulting in a release plan [Dal19, p.217]. Thereby, the main objective of SRP is to 

generate the highest possible level of customer and business value of a product [Mau06]. 

That is why, in a broader sense, SRP determines what value is provided to the customers 

at which point in time. For this reason, various approaches for SRP are applied in practice 



1.1 Initial situation and problem definition 3 

or suggested in the literature, especially in the fields of product planning and product 

management, as suitable solutions for the issue of product upgrading. 

However, both the literature and the industry emphasize the need for SRP approaches 

addressing the challenges of today’s and futures highly dynamic markets and 

complex products, to address the issues of accelerated obsolescence and shorter 

product life cycles [Ink18] [Şah19] [Sva10]. Considering modern markets and products, 

four key aspects need to be considered in future Strategic Release Planning. On the one 

hand, the implications of complex products with higher software shares and 

resulting flexibilities have to be considered as they strengthen the possibilities and 

impact of product upgrading but also complicate their planning [Lyy16]. On the other 

hand, accelerated dynamics of customer needs and innovations lead to higher frequented 

product upgrades, which can be realized by modern products’ ability to quickly respond 

to changes. Therefore, the factor of time becomes more critical as more and more 

alternative timings of releases and features come into question having a significant 

impact on customer perception but also on the organization of internal development 

resources [Hep10] [Lan12]. Also, the planning for multiple consecutive releases gains 

importance as multiple releases need to be planned with shorter time periods in 

advance. Furthermore, the increasing ranges of requirements and upgrade possibilities, 

especially in form of software-based upgrades, complicate the selection of valuable 

features and conceal the danger of oversupply and disruption of product portfolios leading 

to upgrades with ineffective value creation [Woh06]. For this reason, the value creation 

of releases and features has to be pursued consistently during SRP to generate 

customer and business value in a balanced way [Şah19]. 

Therefore, there is a need for methodological approaches that enable companies to 

perform value-oriented SRP considering the implication of complex products and 

temporal aspects. Respective solutions will enable companies to proactively align the 

evolution of their products while fulfilling dynamical external and internal interests to 

facilitate long-term product value for customers and business objectives. 
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1.2 Objective of this thesis 

The ultimate aim of this thesis is to provide a support for continuous product upgrade 

planning. Based on the previously introduced changing phenomenon of product 

upgrading and the resulting implications for SRP, the specific objective of this thesis is 

defined as follows: 

The core of the methodology shall consist of harmonized processes and specific 

methods that structure the activities of SRP and enable their operative execution. The 

processes and methods are also to be supplemented by the aspects of value orientation, 

temporal influences, and implications of today’s and future systems. 

The main target group of the methodology to be developed are primarily professional 

practitioners involved in the strategic planning of product upgrades and evolution. These 

are primarily product managers and product planners. Although experts from the fields of 

requirements management, innovation management, sales, and in particular product 

development are to be regarded as stakeholders of the methodology.  

Researchers are another target group of this work. They are expected to benefit from the 

presented research by gaining a more comprehensive examination and understanding of 

SRP.  

1.3 Research methodology and research questions 

In order to systematically achieve the defined objective, the research approach of this 

thesis is based on the established Design Research Methodology (DRM) for 

engineering design according to BLESSING AND CHAKRABARTI [Ble09]. Accordingly, the 

approach of this thesis is divided into the four stages of the DRM – Research 

Clarification, Descriptive Study I, Prescriptive Study, and Descriptive Study II – allowing 

a logical breakdown of the objective and its stepwise elaboration. Here, sequential            

sub-objectives and research questions are defined that can be assigned to the individual 

phases of the DRM. The resulting research approach for this thesis, in order to develop 

a Methodology for Value-oriented Strategic Release Planning, is shown in Figure 1-1.  

Development of a methodology to support continuous product upgrading by 

 strategic planning of releases,  

 consisting value-adding features for stakeholders, 

 considering todays complex products under higly dynamic environments and 
involving different domains. 

The development will also result in a comprehensive examination about SRP. 
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Figure 1-1: Research stages of this thesis  

The research starts with the stage of Research Clarification (RC) that sets the scope of 

the intended research project, by formulating the context and essential challenges of SRP 

and defines the objective of the research project leading to the research questions and 

overall research plan, presented in this chapter. 

The Descriptive Study I (DS I) aims to gain a detailed understanding of SRP, its 

relevance, and influencing factors as well as corresponding requirements for the intended 

support. Furthermore, existing solutions from literature and practice are analyzed and 

evaluated according to the requirements in order to gain an overview of the current state 

in SRP. Therefore, the DS I aims to answer the following research questions of what kind 

of support is specifically required to realize the defined objective (RQ1) and how it is 

covered by existing approaches in literature and practice leading to a concretization of 

the for action (RQ2) for this thesis. 

Research Clarification (RC)

 Set scope of intended research

 Identify essential challenges of SRP

 Define objective and research question

Descriptive Study I (DS I)

 Gain understanding about influencing factors of SRP

 Define requirements for intended support

 Analyze and assess current solutions

RQ1

RQ2

Prescriptive Study I (PS I)

 Develop intended support for SRP considering requirements, 

success factors, challenges and current state

Descriptive Study II (DS II)

 Evaluate the developed support for SRP

 Define recommendations for improvement of support for SRP

RQ3

Research Question 1 (RQ1) 

What are influence factors, challenges, needs and requirements to support 

continuous upgrading of complex products by SRP? 

Research Question 2 (RQ2) 

How is SRP for complex products supported in the literature and practice and what 

are according fields of action for improvement? 
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The Prescriptive Study (PS) stage aims to develop the intended methodological support 

to provide a solution for the defined requirements for SRP, while taking into account the 

challenges, success factors, and requirements, as well as the current state of possible 

solutions. The research question is ultimately about how the methodology should be 

designed (RQ3). This research question will be refined to more detailed research 

questions based on the findings of influence factors and requirements for SRP (RQ1) as 

well as the current state of literature and practice (RQ2).  

Within the Descriptive Study II (DS II), the developed methodology will be evaluated 

whether the defined requirements and intended output of the methodology are achieved 

and whether the support can be understood and applied by potential users. By doing so, 

the identification of advantages and shortcomings of the methodology, as well as the 

reflection of the underlying reasons, will be achieved. This provides evidence to support 

a stepwise improvement of the methodology towards general applicability. 

1.4 Structure of this thesis 

The structure of this thesis is aligned according to the stages of the introduced research 

methodology. The thesis is presented in six chapters, as illustrated in Figure 1-2. 

 

Figure 1-2: Structure of this thesis 

Research Clarification (RC)

Introduction

Descriptive Study I (DS I) 

Problem Analysis - Product Upgrading and SRP

SRP in Literature and Practice

Prescriptive Study I (PS I)

Methodology for Value-oriented SRP

Descriptive Study II (DS II)

Application and Evaluation of the Developed Methodology

Conclusion and Outlook

RQ1

RQ2

RQ3

1

2

3

4

5

6

Research Question 3 (RQ3) 

How can decision-makers be supported methodologically to achieve continuous 

product upgrading of complex products by Strategic Release Planning? 
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Chapter 1 presents the context, motivation, and objective of this thesis, addressing the 

Research Clarification stage of DRM. Here, the fundamental change in product upgrading 

and the increasing relevance of SRP as well as the resulting challenges are presented. 

From this, the objective of this thesis to support SRP is defined and the resulting research 

approach and questions are described. 

The purpose of the second DRM stage Descriptive Study I is to gain a detailed 

understanding of product upgrading and SRP in order to specify requirements for the 

support intended. In this regard, Chapter 2 provides a detailed understanding of the 

concept of product upgrading and the approach of SRP. Initially, the changing behavior 

of product life cycles under the influence of rising market dynamics and product 

complexities is described. Consequently, the relevance and concept of product upgrades 

with associated approaches are introduced. Finally, the approach of SRP with its 

fundamentals, influencing factors, challenges and needs are presented. Based on these 

findings, requirements for a methodology to support SRP are derived from answering 

Research Question 1.  

In Chapter 3, existing approaches for SRP are analyzed and evaluated based on the 

predefined requirements. The evaluation of existing approaches finally reveals the 

essential fields of action of this thesis to support future SRP and answers Research 

Question 2, concluding the Descriptive Study I. 

Chapter 4 presents the development of the intended support ‘Methodology for 

Value-oriented Strategic Release Planning’ as part of the Prescriptive Study I, answering 

Research Question 3. Initially, a process for SRP is developed. Based on the underlying 

process, the methodology is elaborated in detail along the developed process with 

respective methods, influence factors, and further relevant content in order to 

operationalize the methodology.  

In Chapter 5, the application and evaluation of the developed methodology is presented. 

Therefore, the results from an extensive self-application of the methodology as well as 

the application by industrial experts are evaluated by the example of Strategic Release 

Planning for a Robotic Vacuum Cleaner. 

Chapter 5 and 6 are presenting the application, evaluation, and future fields of action, 

finalizing the thesis with the completion of Descriptive Study II. For this, Chapter 6 

provides a summary and reflection of the thesis and an outlook for further work. 





 

2 PROBLEM ANALYSIS - PRODUCT UPGRADING 

AND STRATEGIC RELEASE PLANNING 

 

Product upgrading is a complex problem with various influencing factors and stakeholders 

seeking an optimal balance between strategic and operational objectives. The purpose 

of this chapter ‘problem analysis’ is to develop a detailed understanding of product 

upgrading as well as SRP. This will enable a clearer understanding about influencing 

factors, challenges and needs in product upgrading and SRP as well as more precise 

specifications of requirements for the support to be developed. For this reason, initially, 

the concept and change of product life cycles under the influence of today’s dynamic 

markets and complex products are discussed (Section 2.1). This is followed by an 

explanation of product upgrading as a measure to maintain or improve product value as 

well as a closer look at relevant approaches for product upgrading in product planning 

and design (Section 2.2). Based on this, the approach of SRP is introduced as an 

approach for the systematic and proactive planning of incrementally introduced product 

upgrades (Section 2.3). In conclusion, the gained unterstanding, identified influencing 

factors, challenges and needs in product upgrading and SRP are summarized and 

ultimately requirements for a methodology to support SRP are defined (Section 2.4).  

2.1 Changing product life cycles  

The objective of companies developing products is to achieve product life cycles with 

maximized business and customer value. However, the behavior of product life cycles is 

changing drastically by the influence of dynamized markets and the influence of 

digitalization, posing major challenges to this objective. Especially, the available time to 

regain investments of newly introduced products is getting shorter. In this respect, today’s 

dynamic markets and complex products offer both, potentials and challenges. Therefore, 

this section provides an understanding of the changing life cycle behaviors of modern 
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products due to rising market dynamics and product complexities. For this, initially, the 

concept of life cycles and the respective influence of dynamic markets are presented. 

Moreover, the shift to complex and software-intensified products, as well as the resulting 

potentials and challenges for product upgrading, are presented.  

2.1.1 Concept of the product life cycle 

Similar to human life, products experience several phases in their life - a product is born, 

grows powerfully, attains a stable maturity, and finally reaches its declining years 

[Höf92, p.18]. In this way, every product undergoes an evolution, which describes the 

continuous advancement of a product over their life cycle [Kiv12]. Shaping a product’s 

evolution requires a detailed understanding of its specific phases in life and respective 

vital parameters from different perspectives [Her10, p.63] [Pei14, p.22].  

The concept of product life cycle precisely addresses this issue by describing the 

pattern of product life phases over time as well as the progression of relevant parameters 

[Rin79]. In this way, the concept of the product life cycle is understood as a theoretical 

and abstracting concept for capturing and representing the ideal-typical temporal 

evolution of a product and associated parameters, implying that these follow certain 

regularities [Faß02, p.39]. Since all products are subject to a life cycle, the concept of the 

product life cycle is suitable for analyzing the current product behavior over time as well 

as assessing future prospects [Kra87, p.124] [Sma73]. Therefore, a comprehensive 

understanding of a product’s life cycle is of great importance, as it provides the 

fundamental understanding for product evolution and upgrading as well as the rationale 

for strategies to develop and launch new or significantly improved products 

[Ned97, p.147].  

In literature various understandings and variants of the product life cycle with different 

phases from different perspectives are proposed, that can be applied for respective 

purposes depending on the decision situation [Her10, p.64ff.] [Höf92, p.16ff.] [Rin79]. 

With regard to product upgrading and SRP, only certain concepts are useful. The most 

general view on the product life cycle is provided by the concept of the intrinsic product 

life cycle, which depicts the progression of a product, starting from the initial idea, its 

development, manufacturing, distribution, and usage until its disposal or even beyond 

[Pah07, p.98f.]. A further essential perspective on the product life cycle from a more 

business-oriented perspective is provided by the economic product life cycle (Figure 

2-1) [Bea17, p.141] [Pah07, p.97f.]. This focuses mainly on the phases that a product 

experiences throughout its market presence. Here, the life phases of a product are viewed 

in terms of using various economic parameters, such as turnover, profit, contribution 

margin, cash flow, or sales volume. In terms of product upgrading and SRP, aiming 

to maintain or improve business value over time, the economic product life cycle 

is primarily of interest. 



2.1 Changing product life cycles 11 

 

Figure 2-1: Economic product life cycle [Faß02, p.43ff.] [Ned97, p.97] [Pah07, p.98]  

This starts with the product development phase initially generating financial loss due to 

incurring development costs [Ned97, p.147]. With the market introduction, the 

investments are gradually compensated with the start of revenues. In the subsequent 

growth phase, the market interest on the product increases and leading to rising 

revenues and a positive operative result [Jac11, p.10]. Here, it can be observed that sales 

volume and revenues experience the sharpest positive trend. Usually, in this phase, a 

positive return on investment (ROI) is expected [Faß02, p.143]. In the most profitable 

saturation phase, a product increasingly gains acceptance by customers with the result 

that more detailed requirements have to be addressed [And84] [Ned97, p.148]. 

Furthermore, in highly competitive markets, additional diversification measures are 

required within this phase for differentiation purposes [Pah07, p.97]. In the 

decline phase, the product value decreases, which results in a negative trend in demand 

and consequently revenues. The chance to overcome this degradation can be achieved 

by early and proactive upgrading of the current product in order to extend the life cycle 

of a product and consequently the time to gain profit [Kra87, p.128]. Otherwise, the risk 

of product elimination is high. Exactly here is where product upgrading measures 

intervene to maximize the potential of a product’s life cycle by launching new product 

versions containing novel value-adding upgrades [Bea17, p.141]. In this context, the 

concept of product generation life cycle plays an important role to understand 

successive products. The product generation life cycle describes the totality of all product 

versions of a product generation until there are taken from the market [For07]. In order to 

be able to consider broader relations of product life cycles as parts of an entire system, 

the concept of systemic life cycle extends this views by including succeeding life cycles 

of products and product generations and combining them with demand life cycles or 

alternative types [Jac11, p.10]. This allows an illustration (Figure 2-2) of the overall 
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evolution and behavior of a product, its version, and generations over the entire market 

presence.  

 

Figure 2-2: Ideal-typical behavior of life cycles for evolving products 

The presented life cycle concepts can be used to understand the ideal-typical temporal 

and economic behavior of product generations and associated product versions. The 

specific character and behavior of product life cycles depend strongly on the market 

environment and characteristics of a product. Since product life cycles of modern 

products are undergoing a fundamental change, the next sections describe the influence 

of today’s dynamic markets and rising product complexity on product life cycles and 

product upgrading. This will highlight why product upgrading is becoming more and more 

an important and a challenging issue.  

2.1.2 Product life cycles and product upgrading in dynamic markets 

A major influencing aspect on the behavior of product life cycles are the characteristics 

of markets for which the products are intended [Fis01] [Fri05]. Especially, the change in 

today’s markets is leading to a fundamental transformation in the behavior of product life 

cycles and consequently product upgrading. Here, globalization of markets provides 

companies with faster and easy access to new markets, which results in an increased 

competitive pressure caused by the rising number of new competitors [Ban12]. The 

intensified competition results in an enormous range of product selections, leading to a 

shift from sellers to buyers markets, where customers are placing higher expectations 

[San01]. The aim to fulfill individualized and changing customer demands within these 

competitive situations leads to an intensification of innovation and price pressure 

[Pin94, p.338f.]. As a result, customers receive a greater number of products within 

shorter time periods. The increasing speed of newly introduced products leads to a faster 

saturation of the markets and ultimately to more individualized demands of customers 

and a greater degree of product individualization [Her10, p.24] [Sch17, p.24]. For this 

reason, companies are offering new product variants and niche products to satisfy the 

individualized needs, leading to higher market segmentation. In addition, the trend of 

Product life cycles

R
e

v
e

n
u

e
 a

n
d

 o
p

e
ra

ti
v
e

 r
e

s
u

lt

time

Demand life cycle Product generation life cycles



2.1 Changing product life cycles 13 

digitalization provides higher efficiency of business processes and faster access to 

knowledge, leading to accelerated time-to-markets [Ban12] [Her10, p.28] [Mef19, p.72f.]. 

As a result, most products are offered for dynamic markets that are characterized by a 

high degree of interconnection, volatility, and evolution [Gud15, p.3]. These 

characteristics add dynamics to the life cycles of products. Empirical studies revealed a 

clear tendency towards shorter product life cycles and particularly a decrease in product 

market phases due to shortening of product usage time and faster occurrence of product 

obsolescence [Bay94] [Pra16] [Şah21a].  

From a business point of view, shorter market phases are leaving companies less time 

to recover investments for product launches. For this reason, profit generation needs 

to be realized within the shortest time or distributed over several product versions [Fis01]. 

Therefore, it is becoming more important to upgrade existing products during the 

market phase within short periods in order to extend the product life cycles and remain 

competitive in terms of costs and value proposition [Sch12, p.162f.]. Economically, it is 

not profitable to continuously introduce entirely redesigned novel products as life cycle 

impulses, since these lead to high investments due to high development efforts and 

extensive scope of changes that cannot be recovered within short market phases [Alb15]. 

Therefore, there is a need for incremental product upgrading by launching upgraded 

product versions to react quickly to market changes and accordingly extend the market 

phases without high product disruption [Lar03] [Alb15, p.69f.]. In order to do this, also 

sustainable product platforms with long life cycles and high adaptability are essential 

[Fri05, Ram08]. 

These circumstances also require a new way of thinking about managing product life 

cycles in the market phase. The long-term predictability and planning ability of product 

life cycles are reduced under the influence of a high level of uncertainty and acceleration, 

whereas the short-term evolution of products has to be considered in a more 

fragmented way [Coh12, p.17]. Here, the minimized reaction time for changes requests 

proactive and early planning of product upgrades before reaching the saturation 

phases in order to extend or revive product life cycles [Pei14, p.23]. 

Moreover, the market segmentation and dynamics are forcing companies to offer 

products that are capable to serve multiple markets [Sch17, p.3]. The intention of 

companies to meet various customer needs to maintain or expand market share results 

in increased product diversification and variety [Fel13, p.5]. In addition to customers 

as drivers of variety, technological advancements, as well as regulations (e.g. laws), are 

also considered to be drivers of multiple product variants [El 13]. In this context, product 

variance can move in two directions, as illustrated in Figure 2-3.  
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Figure 2-3: Spatial and generational variety - adapted from MARTIN ET AL. [Mar02]  

The spatial variety indicates the multitude of products offered on the market at a 

particular time [Mar02], including the offered product families, product lines, and 

associated product variants [Jia07]. To master the given variety, companies apply design 

strategies such as modular systems, modules, or product platforms with the help of 

variant management [VDI19]. 

Likewise, dynamic conditions, triggered by customers, competitors, and technological 

advancement, also result in an evolution of products. The evolution of products refers to 

“the incremental and continuous development of products into a more advanced state 

within their product life cycle” [Kiv12]. The evolution of products leads to a 

generational variety over time. The generational variety is described by the number of 

product versions and generations of a product over a certain period of time [Mar02]. A 

product generation forms thereby the basis for successively developed product versions 

until it is replaced by a new product generation [Alb15]. High spatial and generational 

variety can serve a broad range of evolving customer needs and yet it is associated with 

an increase in complexity and costs [Vie13].  

The changing product life cycles and the respective generational variety under the 

influence of dynamic markets have to be managed appropriately in order to ensure 

the success of products.  

2.1.3 The shift to complex products and their characteristics 

The behavior of product life cycles and the corresponding handling of product 

upgrades correlates directly with the complexity of a product. Products with a low 

level of complexity generally undergo similar and typical life cycles, whereas, with 

increasing product complexity, the behavior of life cycles become more variable and 

multifaceted, influencing the management of product upgrading significantly. A closer 
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consideration of today’s products indicates that product upgrading is getting more 

important due to increasing product complexities. Therefore, this section describes 

the fundamental shift to complex products and their characteristics.  

Products are defined in various ways in literature and practice, resulting from the different 

views of the disciplines, industries, and domains. In the context of product development, 

a product is described as a “material or immaterial commodity or service which is offered 

alone or as a system in order to satisfy the need of the market as well as the needs of 

users in a target-group-oriented way” [VDI19]. From an economic point of view, the 

concept of a product can be differentiated more precisely as a “bundle of properties 

offered by a seller to a buyer” [Bag86, p.137]. A common understanding in this context 

goes back to the economist BROCKHOFF [Bro88, p.13], who defines a product as “a set of 

capabilities bundled by a supplier to satisfy the needs of a known or unknown user”. The 

definition furthermore describes a product as “an object of an exchange in order to 

contribute to the fulfillment of the supplier’s objectives with the reward obtained in the 

exchange”. For this purpose, a product is required to “provide an added value that is 

perceived by the customer as the sum of its usage options and properties” [Sch18, p.52]. 

As a result, the term of product goes beyond the classic understanding of a purely 

physical object and is broadened increasingly to include associated services 

[Alb07, p.343], which gain an increasingly important role in the upgrading of future 

products [Her10, p.29].  

For a further breakdown of the term product, the term ‘system’ can be used as well, 

indicating the relations of a product as a system in itself and its environment. A system 

comprises the totality of elements that stand in relation to each other [Hab19, p.4]. 

Therefore, a system consists of interrelated elements, which in turn can be treated as 

systems or subsystems. They are connected by relationships, which are, for example, 

material or information flows or other causal relationships. The system boundary 

separates the system from its environment, where also relationships exist. The 

environment can be built up by other systems (e.g. infrastructure) and stakeholders 

(e.g. users). [Has07, p.185] [Rop12, p.76ff.]  

Following these basic concepts, especially complex products mainly have a systemic 

character and can consequently be described as a system. Therefore, in the context 

of this work, products are also seen as systems. 

For further distinction of products, the term complexity is often used in connection with 

product development. Product complexity determines the handling, understanding, and 

controllability of products. Various definitions exist in the literature to describe a product’s 

complexity [Jac07]. According to ULRICH, a holistic view and an appropriate definition of 

product complexity in terms of product upgrading including a temporal perspective is 

provided when product complexity is divided into the dimensions of dynamic and 

structural product complexity [Ulr95, p.109]. Here, dynamic complexity describes the 

variability, speed, and uncertainty of a product over time. The structural complexity 
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focuses on the variety and multitude of elements and relations of a technical system and 

the underlying organization of its development. By combining these two main criteria, a 

differentiation between four basic system complexities can be made depending 

(Figure 2-4) on their complexity:  

1. Simple systems, which are made up of few or simple elements and are subject 

to low external dynamics due to low demand for changes (e.g. raw materials)  

2. Complicated systems, which have many elements as well as complex technical 

and organizational structures but are subject to low dynamics of external changes 

(e.g. technical facilities). These product types usually require comparatively rare 

changes. 

3. Relatively complex systems are structurally composed of few elements and 

relationships, but are subject to high external dynamics (e.g. microcontrollers). 

These systems require highly frequent changes that are comparatively easy to 

implement due to the simple internal complexity. 

4. Extremely complex systems have a high number of elements with a wide variety 

of relationships as well as a great external variety and dynamics with diverse 

behavior patterns (e.g. cars). [Gro92, p.18f.] 

 

Figure 2-4: Complexity types of systems [Sch17, p.11] 

As a consequence, complex products are subject to dynamic-turbulent 

environments, characterized by a high degree of change intensity due to rapid 

technological development and market changes [Her10, p.15] [Sch17, p.10]. Companies 

try to successfully address these dynamics by high innovation rates and deep product 

variety. While systems engineering is dedicated to managing the internal structural 

complexity [Lin16, p.154], Strategic Release Planning aims to manage the dynamic 

complexity [Sch04b].  
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More and more products can be characterized as complex systems. Especially due to the 

rapid development of information and communication technologies, a transformation 

from mainly mechanical-oriented towards more intelligent, digitalized, and 

connected products is emerging as illustrated in Figure 2-5. 

 

Figure 2-5: Advancement of technical systems adapted from ANDERL [And12, p.33] 

Here, previously mechatronic products containing actuators, sensors, and control units 

are extended by capabilities for self-diagnosis, self-correction, and self-calibration 

forming the so-called smart systems [And12, p.33]. An extension of these capabilities is 

provided by intelligent systems, which are also named cyber-physical systems.  

Cyber-physical systems involve the combination of information technology and 

software technology with mechanical and electronic components, enabling 

communication via data infrastructures (e.g. the internet) [Bro10, p.21f.].Here, computers 

or processors embedded in physical products (embedded systems) realize intelligent 

components and the connection to networks [Lin16, p.5]. Cyber-physical systems thus 

comprise a mechatronic system with a basic structure according to VDI 2206 [VDI04] 

composed by a physical system, actuators, sensors, information processing as well as 

optional human-machine-interfaces and machine-machine-interfaces [Cad17]. As a 

result, cyber-physical systems offer, in addition to the mentioned properties, the ability for 

intelligent cooperation and communication with users and other systems via open (data) 

networks. At the same time, the fusion of software, electronics, and mechanics enables 

an enhanced provision of services. This is where product-service systems provide the 

possibility of combined sales of tangible products and intangible services with the ability 

to jointly fulfill customer needs [Tuk06]. In addition to sales-oriented business models, 

product-service systems enable usage-oriented business models or the provision of 

products and services to achieve negotiated outcomes [Sch15, p.39f.] [Tuk04].  
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The trend to cyber-physical systems leads to a shift from mechanical-oriented 

systems to software-intensive systems with a rising share of software and 

electronic-based functionalities [Dis18] [Eig12, p.157ff.] [Eig14, p.2f.] as illustrated in 

Figure 2-6.  

 

Figure 2-6: Share of different domains in mechatronics systems [Eig14, p.2] 

As a result, especially software is increasingly determining the functionality, quality, and 

customer perception of products. This is why software is getting more and more a key 

factor in competition [Bro06]. The following section therefore will present the 

implications of software-intensive systems on the life cycles and upgrading of complex 

products. 

2.1.4 Life cycles and upgrading of software intensive products  

Higher software shares in previously mechanical-oriented products lead to a paradigm 

shift, where the behavior of product life cycles change drastically and novel ways for 

product upgrading are possible. Here, software-based functionalities (e.g. entertainment 

apps) or electronic systems (e.g. control units) are experiencing far shorter life cycles and 

become obsolete faster compared to mechanical-based functions (e.g. vehicle power 

trains) or components [Wal09, p.211], which often remain mostly unchanged for several 

years. As a result, the increasing combination of software, electronics, and 

mechanics leads to products with inherently heterogeneous life cycles [Ink18] 

[Eng08] as illustrated in Figure 2-7.  
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Figure 2-7: Life cycles and upgrade frequencies of different domains [Eng08] [Küh17, p.21] 

On the one hand, this heterogeneity requests especially that software-based 

functionalities or components are more frequently upgraded. In consequence, product 

upgrades need to be addressed separately on various system levels [Ink18]. On the other 

hand, these upgrades have to be launched at different points in time depending on their 

life cycle spans [Hep10] [Ume07]. Therefore, a synchronized product upgrading on 

various system levels at different times for a variety of domains (software, 

electronics, mechanics) poses a significant challenge in the upgrading of today’s and 

tomorrow’s products. Here, release planning can provide a profound approach to address 

this issue. 

Regardless of a product’s heterogeneity, software upgrades introduce a whole new 

paradigm in terms of product upgrading. Software upgrades are intangible and are 

basically the realization of intellectual solutions by appropriate tools without needing any 

material resources [Bro10, p.20]. This means that software upgrades enable 

enhancements or changes of a product by solely software codes, causing no physical 

impact to the product. Therefore, software upgrades are subject to far fewer technical, 

especially material, restrictions than hardware upgrades [Wie21]. In this way, software 

upgrades are relatively easier to realize and enable upgrades at lower costs. This 

provides a high degree of freedom in the design of software upgrades and their timing. 

The integration of software upgrades is possible via wireless data networks, enabling 

product upgrading during the use phase of products, for instance, in the form of     

over-the-air updates. This possibility provides more flexibility for companies and 

customers in the upgrading of their products [Bau20]. Furthermore, software upgrades do 

not require undergoing a physical production process, so they can be easily modified and 

duplicated. This enables software upgrades to be more easily tailored to requirements 

and target groups [Hoi19, p.20ff.]. Thus, companies can react more quickly to 

customer requests or introduce new technologies to their products. The simplified 

and flexible implementation of software upgrades enables also increased upgrade 

frequencies so that customers are more often served with novelties [Şah21a]. Compared 

to hardware-based upgrades, the higher frequencies of upgrades enable continuous 

attractiveness and value of products. However, studies show that customers value 
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software upgrades less than hardware upgrades [Wie21]. This is where bundled 

software upgrades provide increased satisfaction, which should be considered in 

product upgrading.  

On the other hand, software-intensive products and product platforms enable higher 

upgradability by the improved possibility of incremental integration of new technologies 

or functions [Lyy16]. This facilitates highly reconfigurable and expandable product 

architectures, enabling the provision of different use cases and customer needs. 

Compared with previously mechanical-oriented product platforms, software-intensive 

platforms enable products to be upgraded not only during the development phase but 

also during their use phase [Şah21a]. These new ways of product upgrading enable also 

the integration of incompletely developed functionalities, which are released later 

to the customer during usage of a product. As a result, new product upgrades can be 

introduced with shorter time-to-markets, enabling an accelerated return on investment 

and growth of market share. At the same time, the simpler changeability of product 

platforms requires fewer resources when introducing new upgrades. Ultimately, such 

flexibility of product platforms facilitates higher reactivity and adaptability to changes 

and consequently the provision of higher customer value [Ele15]. 

The paradigm shift of product upgrading can be clearly described by the case of 

Thermomix. The Thermomix from Vorwerk sets a trend-setting example as a smart 

kitchen helper. The product is particularly interesting due to its progressive digitalization 

since its initial launch [Kin18].  

 

Figure 2-8: Influence of intensified software share on product upgrading  

on the example of Thermomix [Şah21a] 

The first generation of the Thermomix was introduced in 1971. In the succeeding years, 

the product was continuously improved. Until the introduction of the TM5 in 2014, the 

previous versions offered relatively very limited amounts of software features. In the early 

versions, the Thermomix presented upgrades that involved purely mechanically 

dominated features (e.g. stirring). In 2014, the integration of a data and internet interface 
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and a software-intensive architecture significantly influenced the future product versions 

TM5 as well as TM6 [Fri18]. This led to a significant increase in software-based upgrades. 

From that point on, the Thermomix has been upgraded over five years, three times as 

much in total as in the last 18 years by both hardware and software upgrades. The 

software-based upgrades were available for download via the Internet and offered 

additional features, e.g. in terms of usability (new GUI design) or new functions that even 

affected mechanically based functionalities (e.g. puree mode) [Şah20]. Moreover, novel 

services such as a purchasable online recipe book with continuously upgraded recipes 

have been offered [Vor21]. The history of Thermomix clearly illustrates the change in 

product life cycles and upgrading under the influence of rising software shares. On the 

one hand, software integration enables more extensive as well as higher frequented 

product upgrading. This enables continuous product attractiveness and enhanced 

responsiveness to changing customer needs. In addition, it becomes clear that 

software-intensive product platforms provide the possibility to upgrade products 

at any time. The launch of the online recipe book is an example of how upgrades in the 

use phase, offer the potential for new business models and additional sources of 

revenue. Here, certain functionalities can be offered to the customer as additional 

services for unlimited or limited periods of time, whereby the provider profits from 

upgrades after the initial product has been sold. [Şah20] [Şah21a] 

Modern complex products with mainly software-based functionalities, flexible 

architectures enable new potentials for product upgrading [Sch17, p.77] [Şah20]. But on 

the other side, the fusion of different domains as well as the rising dynamic and structural 

complexities of products pose new challenges in the handling of product upgrades [Ink18] 

[Sch04b]. Here, traditional domain-specific approaches, such as mechanical-oriented 

upgrading methodologies to shape product life cycles, are becoming increasingly 

outdated [Lin16, p.158]. Therefore, there is a need for methodologies supporting 

product upgrading, considering the characteristics and potentials of current complex 

software-intensified products and dynamic markets.  

2.2 Product upgrading as a measure to control product value 

Ensuring long-term product value is getting a highly challenging issue. Increasing market 

dynamics and rapid technological change result in faster and faster occurring product 

unattractiveness and obsolescence, even though the physical quality and functionality of 

products are still sufficient for their purpose of use. In order to maintain product value at 

a high level for both customers and companies, products have to be upgraded 

continuously. This section therefore initially explains the concept of product value and the 

reasons for its decline over time (Section 2.2.1). Subsequently, the relevance of product 

upgrades and their characteristics will be presented (Section 2.2.2). Building on this, 
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approaches from product planning and design addressing the issue of product upgrading 

are presented and classified (Section 2.2.3). 

2.2.1 Product obsolescence and value  

Over time, products become obsolete and are consequently less demanded by 

customers, which in turn prevents long-term profit [Bak14] [Lev89]. The decrease in 

product demand is influenced by several direct and indirect factors. In principle, products 

are no longer used or demanded by customers due to obsolescence, resulting in 

the end of their lifetime [Pra16, p.21]. Obsolescence occurs when a product is no longer 

sufficient to satisfy the needs of its users. Here, the needs of users are characterized by 

heterogeneity and are subject to a wide range of influences [Egg00].  

Obsolescence can be caused by products reaching the end of their physical or value 

lifetime [Dai05]. The physical lifetime ends for different reasons of obsolescence. One 

reason is the occurrence of material obsolescence that appears when products are 

consumed and used up or when the physical wear of a product reaches a level that leads 

to failure of functionality. Another cause is the economic obsolescence, where the 

maintenance or repair of a product reaches a point that is no longer worthwhile or can be 

replaced by a product at comparably low cost. On the other hand, companies aim for 

planned obsolescence, where the lifetime of a product or service is intentionally limited. 

Here, companies determine a certain lifetime that is shorter than the consumer’s 

expectation, by a respective quality or design of materials and components. [Ber14] 

[Pra16, p.64f.] [Ume07] 

In modern society, however, the physical lifetime is no longer the main reason for 

product obsolescence and replacement by new products. Products quickly become less 

attractive as they fail to meet certain performance, functionality, or appearance standards, 

defined by advancements, trends, competing products, or other circumstances. 

Nowadays, therefore, the obsolescence of many products depends on the value 

lifetime instead of the physical lifetime [Dai05]. The value lifetime ends when products 

no longer meet customer requirements in terms of performance, functionality, 

appearance, even though products continue to function faultlessly [Ume03]. The reasons 

for the end of the value lifetime are, on the one hand, the functional obsolescence that 

arises in particular due to the change of technological, performance, and functional 

requirements of a product. On the other hand, a key driver is the psychological 

obsolescence that occurs when products are prematurely perceived to be outdated due 

to fashions, new technical trends and consumption patterns, resulting in the replacement 

of fully functional products. Same as the physical lifetime, the value lifetime can be 

affected by the planned obsolescence, where the provider of a product renews its own 

product by novel upgrades intentionally in order to sell new products. [Ber14] [Dai05] 

[Pra16] 
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In this context, the pattern of product value lifetime can also be explained analogously 

using the Kano’s model (Figure 2-9). Here, products offer excitement elements, 

performance elements and self-evident basic attributes that affect the customer’s 

satisfaction in certain degrees and consequently a product’s value [Kan84]. Over a period 

of time, excitement and performance attributes become more obvious, resulting in a 

conversion to basic elements. As a result, the value of a product declines over a period 

of time, in case that not sufficient additional excitement and performance attributes 

are introduced. [Mat98]. 

 

Figure 2-9: Decline of product attribute value based on Kano’s model 

Therefore, the value of a product needs to be continuously sustained as high as 

possible from both the company’s and the customer’s perspective [Şah19]. In economic 

theory, the term of value is understood in a narrow sense mainly on the basis, where 

value depends on which benefits are achieved for what costs [Bro03][Nea99] 

(Equation 2.1).  

 value = 
benefit

cost
 (2.1) 

 

Based on this principal definition, a wide variety of value concepts can be defined from 

different perspectives. With regard to product upgrading, two value concepts are crucial 

from the perspective of customers (customer value) who buy the products and companies 

(business value) that sell the products [Bif06, p.247ff.] [Şah19].  

WOODRUFF AND ROBERT define customer value as follows: “Customer value is a 

customer’s perceived preference for an evaluation of those product attributes, attribute 

performances, and consequences arising from use that facilitate achieving the customer’s 

goals and purposes in use situations” [Woo97]. A widely recognized and extended 
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understanding of customer value is represented by the concept of customer’s perceived 

value. The customer’s perceived value is defined as a measure of how much a 

customer benefits from a product and how much he is willing to pay for a product 

depending on the benefit [Bro03] (Equation 2.2). 

 

 customers perceived value = 
perceived benefit

perceived cost
 (2.2) 

 

The perceived benefit results from the benefits and utility of a product in use. In contrast 

to this, the perceived cost arises from the purchase price as well as further efforts to 

acquire or use a product. Consequently, the customer’s perceived value is a result of 

evaluating the tradeoff between the perceived benefits in exchange for the expenses that 

arise, thus being the critical factor for purchase decisions [Zei88]. Both the benefit and 

the price are perceived by the customer relative to competing products and the individual 

circumstances [And92]. Here, customer value is determined by the customer itself and 

cannot be determined but influenced by a company. Furthermore, customers perceive 

customer value differently at different points in time [Gar94]. 

Customer value is seen as the central source of all other values and consequently 

influences mainly a product’s business value [Sal04]. However, a product may offer high 

value added from a customer perspective and from a market perspective, yet from a 

company’s perspective it may not be profitable because the product involves relatively 

higher effort or provides low business value [Bro03] [Kha18] [Şah19]. The business 

value of a product is a notion that considers not only financial value but also other forms 

of value such as strategic value, value for suppliers, value for society or value for 

shareholders from a company’s perspective [Sli08, p.176ff.]. Many of these value types 

cannot be measured quantitatively in monetary terms, but need to be considered when 

upgrading products, in order to maintain the overall business value of a product [Har06]. 

In practice, companies use mainly the financial value of a product to express the 

business value, which in principle contrasts the revenue generated by value contributions 

to customers and markets and the effort expended to generate that revenue, resulting in 

the monetary profit [Bif06] (Equation 2.3).  

 

 financial value = 
product revenues

product expenses
 (2.3) 

 

Therefore, keeping product value on a high level in a sustainable way is a highly 

challenging issue. Products need to be upgraded over time in terms of both physical and 

value lifetime. In addition to customer value, the business value needs to be 

considered in order to achieve high product value and long-term value lifetime. 
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2.2.2 The concept of product upgrades 

A successful and profitable market launch of products is no longer a guarantee for 

sustainable product success [Her13, p.123]. As a consequence of the continuous 

evolution of markets and consequently of customer needs, it becomes necessary to 

introduce measures to maintain product value, extend product life cycles, secure market 

positioning and increase sales. Here, product upgrades are applied as an effective 

measure to achieve these objectives in almost all sectors and domains [Kha18]. The 

notion of product upgrade is a collective concept for all elements that visibly improve 

the functionality, properties, performance, and other value-adding attributes of an existing 

product in order to meet new or unexpressed requirements with the aim of increasing a 

product’s value [Chu17] [Kha18] [San06]. 

In this context, product upgrades appear in different forms depending on their context 

of consideration. Widely used types of product upgrades are features and releases, 

updates, innovations and technical changes. Product upgrades aim to provide new 

impulses to revitalize the product life cycle, either in advance of or during the 

saturation and maturity phase of a product’s life cycle (Section 2.1.1) [Kre17, p.491]. 

Ideally, an opportunity occurs to smoothly introduce a new product life cycle to elevate 

the product value to a higher level [Bea17, p.147]. Product upgrades can also be used 

for variation or differentiation of a product in order to address other target groups 

besides the existing ones [Mef15, p.417]. Product upgrades can either be planned in the 

initial phase of product development projects or implemented afterwards during a 

product’s use phase [San06]. From a company’s point of view, both options of product 

upgrading enables incremental product improvement at lower risks, supporting 

maximizing and extending profit opportunities for an existing product [Alb15].  

The implementation of product upgrades can be carried out at various portfolio and 

product levels in different scopes, as shown in Figure 2-10. 

 

Figure 2-10: Levels of product upgrading  
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The fundamental levels at which products can be upgraded become apparent when 

taking a closer look at a product program. This provides a comprehensive view of a 

company’s products and services offered and thus represents the top hierarchical level 

of product upgrading [Lin16, p.121]. The first breakdown takes place through the 

categorization into product lines as individual sets comprising products with comparable 

functional principles, technologies, use cases or production processes, whose 

combination is useful from a business and organizational point of view [Jon14, p.7] 

[Kra18, p.68]. Product lines consist product families that are combining different product 

variants with identical functional principles, technologies, use cases or production 

processes [Göp98, p.82] [Kra18, p.69]. The heterogeneity of markets with the trend 

towards individualization results in the offering of product variants to address customer 

demands of specific markets by diversifying specific product offerings [Wag07, p.258]. A 

product variant is further characterized by a specific architecture that, at the highest level, 

is structured by modules. The module of a product can be described as a self-enclosed 

system providing specific functionalities [Göp98, p.30]. Modules ultimately consist of 

components that ultimately are specific parts or software codes [Göp98, p.42] [Mes07]. 

As a result, product upgrades represent a concept to upgrade the value of products or 

even entire product programs. This is why it is necessary to carefully consider 

different types of upgrades on various portfolio and system levels when planning 

and designing product upgrades. For this reason, various approaches to manage 

product upgrading exist, addressing different product levels, from different perspectives 

considering different time scales. 

2.2.3 Product upgrading in product development 

Product upgrading is particularly addressed during product planning and design, mainly 

under the responsibility of product management. This section therefore provides an 

overview of key activities in dealing with product upgrades during product planning and 

design in order to understand the relevance of product upgrades in the individual phases 

and their interfaces. Moreover, approaches for product upgrading are presented and 

assigned to the respective activities.  

The product development process is the process of realizing a product, beginning with 

the initial idea or order placement and ending with its delivery to the operator or user. This 

is achieved by the three main stages of product planning, product design and production. 

[Ben21, p.58f.][Ehr13, p.162]  

Product planning as the initial phase comprises the systematic identification and 

selection of future-oriented products and their ongoing adaption based on corporate 

objectives [VDI80, p.2]. The goal of product planning is therefore to find the right ideas 

suitable to the business model of the company, evaluate these from a marketability and 

feasibility point of view, and develop its specification in such a way that a product can be 

designed efficiently [Ben21, p.97]. Accordingly, it is the central instance for the 
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planning of product upgrades over time with a holistic perspective [Kah00, p.181ff.], 

where different type of according activities and approaches exist (Figure 2-11).  

 

Figure 2-11: Product upgrading activities and relevant approaches in product planning  
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a more detailed level. Here, the objective is to achieve continuous improvement of already 

existing products on the market or even products in use [Lin16, p.14]. The specific 

planning of product upgrades takes place in close interaction with product design and 

consideration of the business profitability [Kha18]. For this purpose, the approach of 

Strategic Release Planning provides the definition and timing of future product releases 

as well as the selection and assignment of specific product upgrades on a strategic level, 

considering customer and business value but also design constraints and risks [Sva10]. 

SRP is therefore part of life cycle management in product planning and provides the initial 

link to product design [Ruh05a] [Şah20]. As a result, releases and associated features 

are scheduled and communicated to product design, allowing the planning and execution 

of the realization of the next product versions [Ruh10, p.3f.].  

Product planning therefore deals with identifying upgrade candidates, defining a 

long-term product strategy and the necessary strategic path, as well as the planning of 

specific product versions and associated upgrades in the short- and mid-term as a basis 

for product design. Since complex products are subject to dynamic environments, the 

planned upgrades should be monitored and, if necessary, adapted as part of a continuous 

and recurring planning process [Bul95, p.226ff.]. 

Based on the outcomes of product planning, the process of product design aims to realize 

planned products [VDI19]. Therefore, product design is responsible for the realization 

of upgrades (Figure 2-12).  

 

Figure 2-12: Product upgrading activities and relevant approaches in product design 
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by assessing their risks and implications based on the degree of new development shares 

and accordingly proposes tailored development processes and methods [Alb15]. A 

particular challenge in the development of future product versions is the synchronized 

integration, testing and deployment of product upgrades [Sch17, p.74]. For this 

issue, release management supports not only the planning of releases, but also the 

management of release integration, testing, and deployment. In this way, release 

management coordinates and monitors the transfer of planned releases to the live 

environment [ISO18]. The cross-domain integration of hardware and software upgrades 

for complex products is carried out by interdisciplinary design in the context of systems 

engineering. Systems engineering presents a suitable approach, procedures and 

methods to handle the increasing complexity of technical systems and their 

interdisciplinary development by systemic thinking as well as integration and linking of 

different disciplines [Wal15, p.11]. A further important task in product design in terms of 

product upgrading is to ensure high product upgradeability, in particular the design 

of highly changeable and configurable products [Eng08] [Bur18]. This is achieved by 

designing appropriate modular and reconfigurable product architectures that are of great 

importance for complex products under dynamic environments [Ale16] [Mar02]. In this 

respect, the approach of design for upgradeability aims at improving the functional and 

physical configurability, flexibility and modularity of products and in particular product 

platforms in order to ensure high receptivity for changes respectively product upgrades 

[Kha18]. As a result, the responsiveness of products to changing customer requirements 

is improved as well as long-lasting and profitable product architectures are developed. 

The upgrading of products is an issue that is to be assigned to product planning and 

product design. In summary, product upgrades are considered from a strategic 

perspective over the long term within product strategies and roadmaps, and from a 

strategic and operational perspective over short and mid-term in strategic release plans. 

During product design, activities and according approaches towards planning and 

handling the synchronized development of future product versions and upgrades are of 

great importance. Moreover, flexible product architectures for improved upgradability are 

being targeted. The increasing frequencies of software and hardware related product 

upgrades under the influence of dynamic markets require adapted planning approaches 

for product upgrades, that consider new types of product upgrades and the changing 

dynamics while considering the complexity of their realization. Thus, systematic 

approaches to support the planning of product upgrades, including strategic and 

operational aspects, are essential for upgrading complex products.  
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2.3 Continuous product upgrading by Strategic Release Planning 

Strategic Release Planning represents an approach to support the planning of continuous 

product upgrades. The approach of SRP provides a framework for proactively shaping 

the evolution of products by incrementally introduced releases and features 

[Sva10]. This enables companies to offer product value to customers continuously 

[Car02]. As the initial step of release management, SRP originates from software 

development, where highly dynamic product upgrading has been an issue since much 

earlier [Kaj05]. Products of the software industry, such as for industrial applications        

(e.g. SAP ERP) [Mor16, p.75ff.] or private use (e.g. Facebook) [Sav16], are upgraded 

several times throughout a year or even on a daily basis. As part of the electronics 

industry, the Apple iPhone is a prime example of continuous and cyclical product 

upgrading following the principles of SRP [Li14]. Due to the increasing market dynamics 

and digitalization of mechanical products, SRP is gaining relevance to manage product 

upgrading of today’s software intensive products (Section 2.1.4). The automotive 

industry pursues a traditional release strategy over many years by continuously 

upgrading their vehicles as product generations, facelifts, and special editions [Şah21a]. 

However, the automotive industry is also facing a significant transformation of product life 

cycles and upgrade behavior as a result of digitalization, which can be clearly observed 

in the case of the Tesla Model S. Here, a vehicle is upgraded several times within a year, 

both in terms of mechanical-based functions (e.g. smart suspension) or software-based 

applications (e.g. entertainment software) [Lyy16]. Moreover, the changing behavior of 

product upgrading can be witnessed among household appliances, such as the Vorwerk 

Thermomix, which has been upgraded more and more frequently by software and 

hardware features [Kin18]. Therefore, the approach of SRP is getting increasingly 

relevant and promises the systematic handling of product upgrades for complex systems 

(Section 2.1.3).  

Therefore, this chapter presents SRP in its entirety in order to provide a basic 

understanding as well as to identify influencing factors and define requirements for the 

intended methodological support. Releases and features are the central elements of 

SRP, being therefore defined and explained (Section 2.3.1). This is followed by a more 

detailed explanation of the objectives, principles and decisions of SRP (Section 2.3.2). 

As an approach, SRP is part of product planning and addresses the design of product life 

cycles while being under the responsibility of product management. Building on this, 

Section 2.3.3 will place SRP in a corporate context and highlight key interfaces to 

surrounding disciplines and processes. An essential contribution of this thesis, besides 

the focus on upgrading complex cross-domain products, is the focus on value in SRP. 

Therefore, the relevance and details of a value-oriented SRP are explained more 

precisely (Section 2.3.4). Furthermore, the potential benefits of SRP from a market and 

competitive perspective as well as from an operational product design perspective are 
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explained (Section 2.3.5). To conclude this section, best-practices of continuous product 

upgrading from different branches are presented (Section 2.3.6). 

2.3.1 Concept of releases and features 

Releases and features represent the central elements of consideration in SRP. Both for 

the term of release and feature, a variety of interpretations can be found in the literature 

and in practice [Cla08]. Therefore, the objective of this section is to introduce the definition 

and understanding of releases and features in the context of SRP. 

The concept of release has its origins in software development, where it is associated 

commonly with a new software version. STAHLKNECHT AND HASENKAMP define the term 

release as a scheduled and new software version resulting from improvements, 

extensions, or rationalizations [Sta97, p.97]. SOMMERVILLE defines a release as a version 

of a system, which has a delivery state that is in accordance with customer needs 

[Som07, p.699]. According to RUHE, a release is a collection of new and/or changed 

features [Ruh05c] providing a new variant of an evolutionary product [Ruh10, p.68]. As a 

result of the growing complexity and relevance of product upgrading and SRP, the term 

release is meanwhile also being applied in mechanical engineering. SCHUH emphasizes 

additionally that a release is a harmonized bundle of improvements to a product [Sch04a] 

that are jointly developed, tested, and launched to be presented by companies to their 

customers at specific time intervals [Sch17, p.74]. Consequently, the success of releases 

depends in particular on their content and introduction time. Also, the introduction of a 

release is always accompanied by a new product version [Küh17, p.14] that addresses 

customer needs and optimally results in a positive increase of product profit [Sch17, p.76].  

Therefore, releases can be seen as a bundle of new and improved features providing 

new value-adding versions of a product that can be delivered to customers during the use 

of a product or with the launch of a newly developed product (Figure 2-13).  

 

Figure 2-13: Concept of releases in the context of SRP 
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In the context of SRP, releases are introduced successively for continuous product 

upgrading [Ruh05a]. In this context, various release types are applied in practice, 

having different objectives, strategies, scopes, targeting different product levels 

(e.g. overall vehicle, infotainment system). In the context of software development, 

well-known releases are the introduction of new types of operating systems 

(e.g. Windows 10, Android 11) or the upgrade of existing systems by adding new 

functionalities (e.g. service packs). In the automotive industry, popular releases are 

product generations and their upgrades as facelifts or special editions. [Şah21a] 

Originating from software development, features represent the content of releases in the 

context of SRP (Figure 2-14). Features are principally understood as value-adding 

entities of products, which can be tangible (e.g. headlights of a vehicle) or intangible 

(e.g. entertainment applications) [Fel13, p.780ff.]. Therefore, features represent 

individual changes to products, providing increased value to customers [Sal05]. As such, 

the concept of a feature constitutes a distinction from classic technical changes, by which 

all kinds of modifications of a product are addressed without necessarily being perceived 

explicitly by the customer [Jar11]. KANG describes a feature as “a prominent or distinctive 

user-visible aspect, quality, or characteristic of a software system or systems” [Kan84]. In 

this sense, features have the characteristics that they can be clearly perceived by 

customers and offer useful benefits for their needs. WIEGERS extends this understanding 

by including the business perspective and describes features as a “set of logically related 

functional requirements that provides a capability to the user and enables the satisfaction 

of a business objective” [Wie03, p.485]. Therefore, features act as selling units of a 

product that capture the attention of users while encouraging purchases [Ruh10, p.33]. 

In addition, features can be seen as differentiable units of a system, representing a 

specific value not only for customers but also for all relevant stakeholders of a product 

[Ber18, p.97]. From a more specific perspective of product development, RUHE defines 

features as an “abstraction from requirements that both customers and developers 

understand” [Ruh10, p.33].  

 

Figure 2-14: Features as part of releases 
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Accordingly, features can be individual or a combination of performance or enthusiastic 

adding capabilities, functions, services, properties, or even components of a product on 

different system levels, determining the value of a product and are therefore applied 

for product upgrading. Based on these understandings, a product feature can be, for 

instance, a driver assistance system of a vehicle that combines various software 

functions, sub-systems, and components and addresses various requirements at an 

abstracted level that is comprehensible to all stakeholders. But at the same time, features 

can also be specific components, such as headlights or a cup holder for a car, which are 

understood by customers and other stakeholders without any abstraction. [Şah20]. 

Features thus constitute a concept representing link between the strategic market view 

in product planning in the form of product entities desired by customers as well as the 

product development attributes as product requirements to be developed [Fer02]. The 

successive introduction of features for product upgrading over the product life cycle is 

performed through their assignment in releases [Sal05]. Therefore, the concept of 

features is a suitable instrument for the planning of product upgrades in the context of 

SRP.  

2.3.2 Concept of SRP 

Planning product upgrades in the short and medium term is becoming more and more 

important, as the increasing market dynamics and flexibility of products are leading to 

higher frequented release cycles. Companies are therefore faced with the challenge of 

offering new releases with valuable features more frequently and at the right time [Gui18] 

[Ink18] [Pra16] [Şah21a]. 

Strategic Release Planning, originating from software development, provides an 

approach to support continuous product upgrading by shaping a product’s evolution in 

form of incrementally introduced releases and features [Sva10]. The basic objective of 

SRP is to upgrade products by introducing multiple successive releases with valuable 

features either in new product versions to be released or already existing products in use 

[Sal05] [Ink18]. RUHE defines release planning as “a management instrument for 

forecasting and planning evolution paths for a product and its versions and variants to 

best meet market and customer needs both operationally and strategically” 

[Ruh10, p.XII]. From a business perspective, the approach primarily serves to maintain 

the attractiveness of a product over time in order to achieve long-lasting business life 

cycles. CARLSHAMRE describes SRP in this context on a more abstract level as an 

approach that “determines which customer gets what features and quality at what point 

in time” [Car02]. Due to the rapid digitalization and dynamics of previously mechanical 

products, the approach of SRP is also applied in mechanical engineering, where it is also 

referred as release engineering. This is where SCHUH defines SRP as a framework for 

development and life cycle management of highly variant and complex products to 

continuously align product programs over time towards an ‘optimal’ degree of fulfillment 
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of customer needs [Sch17, p.74]. The core principle of SRP is therefore, planning a 

product evolution that enables continuous and long-lasting product value for both the 

customers and the business itself. 

Thus, SRP aims at the planning of a successive and incremental upgrading of products. 

Accordingly, SRP follows the principles of piecemeal engineering and agile planning, 

where the development and improvement of particularly complex systems is approached 

step by step [Hab05]. The strategic nature of SRP lies in achieving an optimal balance 

between satisfying customer needs, while generating business value and considering 

internal capabilities and resources [Ame17] [Car02] [Sva10]. Therefore, SRP has a 

translating role of long-term strategic business objectives to specific product realization 

projects [Ruh10, p.XII]. That is why, SRP is considered as an approach for life cycle 

design in product planning, enabling consistent concentration on the optimal fulfillment of 

changing customer requirements and driving business success [Mau06] [Sch04a]. 

Consequently, the central question of SRP is – what should be delivered to the 

customers at what point in time [Car02], as shown in Figure 2-15. 

 

Figure 2-15: Dimensions of a release plan and decision of SRP 
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[Coh12, p.28] [Sch13b] [Wri12, p.14]. These features are selected from a feature 

repository based on assessment of their value [Rod20a] and then assigned to appropriate 

releases considering temporal aspects [Mau06] [Ruh10, p.69f.]. As such, the main 

decisions and aspects in SRP can be summarized as: 

 definition of release types and their timing, 

 selection and assignment (timing) of features, 

 considering value and efforts (costs).  

The final outcome of SRP is a release plan, which can be seen as a specific product 

roadmap that combines strategic and operational perspectives [Ruh10, p.69] as 

illustrated in Figure 2-15. The release plan serves as a scheduled roadmap for a product, 

comprising all relevant information related to the next releases and features to be 

launched [Ame17]. At a higher level, planned release types, their release dates as well 

as their respective contents (features) are depicted. In addition, business and resource 

related values (e.g. expected profit, development time, realization costs) are indicated 

within release plans for planning purposes as well as for the subsequent organization of 

realization [Küh17, p.26] [Mun20] [Sli08, p.63ff.]. In this sense, a release plan is 

understood as a variable document that summarizes the characteristic decisions of SRP 

over a time scale and thus ensures the possibility of effective planning of product 

upgrades [Coh12, p.28]. Various units of a company such as product development, 

marketing, sales benefit from and utilize release plans as a basis for their objectives, 

activities, and decisions [Art10, p.55]. 

2.3.3 Placing SRP in a corporate context 

Strategic Release Planning is part of product planning at the interface to product design 

and thus has a translating role from strategic product objectives to realization projects. In 

order to understand the significance as well as the direct and indirect influencing factors, 

interfaces and stakeholders of SRP, a clear mapping of neighboring processes and 

related disciplines has to be established. Therefore, in this section, SRP is placed in a 

corporate context based on several frameworks from literature and practice 

[Ben21, p.97ff.] [Väh12, p.119ff.] [Ruh10, p.XII] [Van06] as illustrated in Figure 2-16.  

Initially, the corporate strategy combines the long-term vision, mission and evolution of a 

company, which serves as the foundation for portfolio management [Ruh10, p.XII]. 

Portfolio management is responsible for the initial strategic management of product 

portfolios and transforms corporate objectives into initial fundamental outcomes and 

action plans. This involves the strategic management and planning of the product 

families, product lines, product variants for different markets on the basis of the corporate 

strategy [Ben21, p.116ff.] [Lin16, p.37f.] [Möh08, p.336]. The approach of roadmapping 

takes up the product portfolio and plans the vision and direction as well as key themes 

and core assets of individual products or product lines under the influence of technological 
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developments, trends as well as key business decisions [Reg05, p.301f.] 

[Wei08, p.496f.]. Thus roadmapping defines the long-term strategic product evolution 

[Gro97] [Möh08, p.1ff.] At the same time, as a continuous activity, innovation portfolio 

management as the core instance identifies and gathers potential ideas from various 

units (sales, research) [Coo01], with the result that the feature repository for SRP is filled 

with features that are considered having a high degree of potential [Kil08]. 

Simultaneously, requirements management supports the identification of customer 

needs, non-functional and functional requirements to specify features and facilitates their 

tracing in product design [Lin16, p.426f.] [Ver04, p.4]. 

 

Figure 2-16: Strategic Release Planning in the corporate context 

At this point, Strategic Release Planning translates these strategic objectives and vision 

into a tangible evolution of the product with operational action plans, taking into account 

customers, markets, competition, business value and other strategic factors on the one 

hand, and operational factors such as internal efforts, capacities and capabilities on the 

other hand [Ruh05a] [Sva10]. Thus, the output of SRP is a release plan for multiple 

releases, as a basis for development activities, providing specific releases and features 

in a scheduled, budgeted and content-based form to product developers [Ame17]. 
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planning to ensure a synchronized and efficient development of the features as well as to 

ensure the release times [Al07] [Sva10]. 

The ultimate implementation of releases and features is performed in the product design 

process. For the implementation of features and releases into complex products, 

cross-domain development processes such as the V-model procedure [VDI04] are 

applied. As the development of releases and features always implies the modification of 

existing products, engineering change management is responsible for organizing the 

handling of technical changes by taking measures for assessing the impact of changes 

as well as their implementation [Jar11]. Here, approval management monitors the 

development of features and releases and approves them for launch, after test-based 

verifications of their fulfillment according to defined readiness levels [Sch12, p.388f.]. 

Release management covers and coordinates all activities on a superior level that are 

responsible for the planning, integration, testing and launch of releases and features 

[ISO18]. Further intersecting tasks are accounted by versions and configuration 

management. Version management is responsible for chronologically maintaining 

versions of requirements and working documents associated with individual releases 

(product versions) [Sch12, p.185] [Som07, p.708f.]. Configuration management serves 

for the administration of allowable product configurations (releases) as well as their 

systematic control and comprehensive documentation [Ben21, p.921]. 

Accordingly, SRP is a highly complex problem that is affected and influences 

multiple direct and indirect stakeholders, departments, disciplines, and processes. 

The main challenge of SRP is, therefore, to consider consistently the customer and 

business value of releases and features alongside the various influencing stakeholders 

and factors. This requires a consistent value orientation in SRP. 

2.3.4 Value orientation and temporal dependencies in SRP 

The aim of SRP is to introduce products and services that primarily provide added value 

for customers and the providing companies themselves [Car02]. The increasing 

competitive pressure and market dynamics nowadays force companies to offer product 

value rapidly and on a large scale (Section 2.1.2). These conditions conceal a high risk 

of inefficiently planned releases and features, potentially leading to high disruption of 

offering structures, portfolios and products associated with high complexities and 

development costs [Göt13, p.33f.]. At the same time, there is a certain danger that hastily 

planned releases and features do not provide the expected value for customers, leading 

to declining sales. As a result, the intention to provide valuable releases and features 

leads to a critical trap [Sch17, p.74ff.]. Decision makers and stakeholders of SRP, such 

as product managers, executives, engineers, pursue their own understanding of value 

creation when they make decisions and take actions, whether consciously or not, and 

whether in terms of shared objectives or to satisfy personal agendas [Bif06, p.7f.]. If the 

understanding of aspects and factors of value creation are not clearly defined and just 
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exist implicitly among decision-makers, it may lead to the pursuit of contradictory 

objectives [Rod20b]. For instance, developers may intend high-tech features of 

exceptional quality, while management demands shorter time-to-markets. Or, sales 

departments call for features that have high added value from the customer’s perspective, 

but are associated with high costs from a development perspective, ultimately resulting 

in a lack of profit in the short and long term.  

Therefore, a consistent value orientation in SRP is essential for successful release 

plans [Ink18] [Sva10] [Şah19] [Mau06]. In a narrower sense, SRP determines which 

business value and customer values are achieved, at which point in time [Car02]. In 

particular, the business value is the main determining aspect, as it combines all aspects 

of value and ultimately determines the success of release planning for a company [Jan11] 

[Lin08b] [Mau06]. The business value of releases and features in the context of SRP can 

basically be defined in a broader sense as the balance between revenues generated 

by contribution of customer and market value as well as associated efforts (Figure 

2-17) [Şah19]. This, in turn, depends on various other value aspects [Ruh10, p.37f.]. 

 

Figure 2-17: Value-oriented Strategic Release Planning 

In a more precise way, various interrelated factors and stakeholders affect the business 

value in SRP [Car01] [Rod20b]. The interests of multiple internal and external 

stakeholders, customers, companies themselves, monetary considerations, as well as 

restrictions such as technical feasibilities or financial resources as a whole, turn           

value-oriented SRP to a complex problem [Gre04] [Ruh04]. Since SRP entails strategic 

product planning as well as the operational product design view, the consideration of 
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have to be included for consistent value orientation. The inclusion of strategic 

aspects is intended to ensure the integration of scenarios, customers, strategies, 

competition, sales, trends, and further strategic aspects to decision situations of SRP 

[Fel14]. The operational view supplements the strategic view by including stakeholders 

and influencing factors, especially from the fields of release and feature implementation, 

such as development resources, change impacts, dependencies, or suppliers [Al07]. By 

considering the value for all strategic and operational stakeholders and aspects in SRP, 

a comprehensive and consistent value orientation can be achieved. 

Therefore, the basic goal of SRP in terms of value is to develop most promising release 

plans to maximize the overall value and satisfaction for all relevant stakeholders 

[Mau06] [Ruh05c]. SRP is therefore seen as an optimization problem, more precisely as 

an application of the knapsack problem [Car02] [Jan11]. This problem is faced by 

someone who is constrained by a fixed-size of a knapsack and needs to fill it with the 

most valuable items, whereas each of these items has a certain value of utility but at the 

same time requires a certain amount of weight [Kel04]. In the context of SRP, the problem 

can be defined as selecting an optimal choice of valuable features (items), each having 

a certain amount of value but also consuming resources (weight), to be allocated into 

releases (knapsacks) whose capacities are limited (Figure 2-18). 

More specifically, the planning of continuous product upgrades using SRP is even posed 

as a multiple knapsack problem, in which multiple successive releases have to be filled 

with valuable items concurrently and in a balanced way [Sou11]. Here, release planning 

can be seen as a wicked problem, since there are no single solutions to the knapsack 

problem [Car02]. Therefore, the development of release plans is finished when the 

decision makers are satisfied with the solution. For this reason, in SRP there are better 

and worse solutions, but never an optimal one.  

 

Figure 2-18: Release planning as a knapsack problem 
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In addition to the consideration of value, the dimension of time plays a decisive role in 

SRP [Gre04] [Ale16, p.46f.]. As illustrated in Figure 2-18, time is a factor that influences 

the scheduling of features and releases [Ame17] [Woh06]. On the one hand, temporal 

aspects determine the urgency, in other words, the point in time by which a feature or 

release has to be launched [Ruh10, p.38]. In this regard, for instance, competitive 

pressure or customer expectations, as well as other influencing factors, can play a major 

role. On the other hand, temporal aspects determine the availability, in other words, 

when features and releases are ultimately ready to be launched [Al07]. These can be 

influenced, for instance, by the duration of development or marketing activities, as well 

as other factors. In particular, for releases and features that are not constrained by 

temporal influences, multiple alternative launch times are possible, from which 

selecting the most valuable launch time is a challenge in SRP. For this reason, the 

dimension of time needs to be consistently considered in SRP alongside the factor 

of value. 

A consistent value orientation and consideration of temporal aspects in SRP 

enables a wide range of potentials and benefits. Essentially, it enables                

decision-makers to focus on value-adding releases and features from the perspective of 

relevant stakeholders [Sva10]. The probability of market success of releases and features 

can be increased by a comprehensive customer value orientation [Mou21]. Considering 

the value behavior of releases and features in a temporal context enables a more value 

effective timing [Lab07]. Value orientation provides a particular focus on the value lifetime 

of products, which is becoming increasingly shorter for modern products compared to the 

physical lifetime. It is also emphasized that value-based communication in               

decision-making is an important success factor in SRP [Ink18]. A consistent value 

orientation provides a balance between satisfying customer needs, while generating 

business value and considering internal capabilities and resources. Consequently, value 

orientation facilitates a unified focus on corporate interests by pursuing the value of 

features and releases for the business itself and at the same time for all relevant 

stakeholders. 

2.3.5 Benefits of SRP 

Applying SRP as an approach for planning product upgrades allows products to be 

upgraded step by step by successive releases and features. This approach of incremental 

and structured processing provides a variety of benefits for companies from a market and 

competitive viewpoint, as well as an internal product development viewpoint. [Ruh10, p.5] 

[Sch13a, p.214ff.]. 

With regard to benefits from a market and competition viewpoint, SRP basically 

enables a systematic and proactive control of the offered product value over time. The 

continuous introduction of appealing novelties by means of selected releases and 

features ensures product advantage towards competition [Sch17, p.76] and leads to a 
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continuity of value contribution perceived by the customer [Mc 07]. In addition, the 

continuous development of new and innovative contributions and product improvements 

enables a sustained strengthening of product and company image [Küh17, p.33]. The 

systematic and value-oriented selection of not all but essential features can accelerate 

time-to-markets of products and achieve high product attractiveness while at the same 

time avoiding costs for less valuable features [Bel08, p.49]. Furthermore, frequently 

scheduled releases enable the ability to react to changing market and competitive 

conditions [Şah21a]. Well communicated release plans with clearly defined delivery times 

and deliverables allow customers to have an outlook on future developments, resulting in 

greater trust and appreciation of their needs [Ruh10, p.5]. As a result of these 

advantages, the economic life cycle as well as the value lifetime and ultimately sales 

figures and profit of products are maintained at a high level in the long term. The following 

Figure 2-19 demonstrates the principle advantages of SRP by comparing the influence of 

incremental and high frequented releases on customer value with traditional low 

frequented product upgrading. It can be seen that continuous succession of releases over 

time compensates the decline in customer value and ensures an advantage over 

competitors [Sch17, p.76].  

 

Figure 2-19: Effects of higher frequented releases on customer value and competition [Sch17, p.76] 

Nevertheless, it is necessary to find a meaningful frequency of releases. A rapid change 

of a product than necessary may confuse customers [Wie21]. Also, relatively slight 

changes in comparison to the previous product can also irritate and displease customers 

[Küh17]. On the other hand, high frequented product upgrades may lead to higher 

process costs and complexities (e.g. release processes, project organization, sales, and 

effort). 
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From a product development perspective, SRP provides benefits, particularly due to 

the consolidated and incremental introduction of features and releases. Here, release 

plans enable well-defined and mutually agreed milestones in the form of product 

outcomes that ensure a clear foundation for the communication and coordination of 

development activities [Ruh10, p.5]. The early consideration of development capacities 

and resources during SRP and corresponding time and resource-based structuring of 

development targets enable effective, targeted and balanced resource utilization 

[Bel08, p.49]. At the same time, the temporal and incremental structuring of product 

evolution enables a more realistic progression of technologies and competencies within 

the companies [Ruh10, p.5]. Furthermore, the incremental development of new product 

versions results in a reduction of development complexities by breaking the development 

of a product into smaller pieces [Den04b]. By continuously upgrading products, it is also 

possible to eliminate obsolete features to avoid increasing product variance. These 

advantages reduce effort and complexities, which in turn increase efficiency in 

development processes and consequently save costs [Sch17, p.75]. 

SRP provides several advantages and supports a harmonized consideration of strategic 

business objectives, competition and customers as well as internal perspectives in the 

planning of continuous product upgrades. In particular, the approach of SRP offers great 

potentials for products that are based on classical product upgrading in the past and are 

now facing higher dynamics due to digitalization.  

2.3.6 Best practices of SRP from different industries 

The relevance and potentials for products that are exposed to a high level of dynamics is 

evident. SRP originates from software development, where it has been applied for a long 

time [Gui18] [Sey12]. With the rise of digitalization, SRP is becoming significantly relevant 

for products that were previously mechanically oriented and are now subject to greater 

software intensity and market dynamics. This trend is emphasized by various references 

[Ink18] [Küh17] [Şah21a] [Sch17, p.74ff.] and can also be derived from a scientific point 

of view as described in the previous chapters and sections (Section 2.1.3). Also practical 

cases, such as the Vorwerk Thermomix (Section 2.1.4) from the private household sector, 

demonstrate the changing of upgrade behavior of previously conventionally upgraded 

mechanical oriented products. For this reason, this section provides exemplary product 

release histories from different sectors to highlight best practices of product upgrading 

and advantages of SRP.  

In this section, the examples of the Tesla Model S, Apple iPhone, and Microsoft Windows 

are used to demonstrate best practices of continuous product upgrading and SRP in the 

previously mechanically oriented automotive industry, the electronics industry, and the 

software industry.  
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2.3.6.1 Tesla Model S 

The example of Tesla’s Model S is a notable representation of the changing behavior in 

product upgrading of mechanical-based products, as well as the advantages offered by 

SRP from a market and organizational perspective, but especially from the synchronized 

view of hardware and software. In addition to the traditional hardware-based upgrade 

strategies (e.g. facelift), in particular Tesla’s software-based upgrades constitute exciting 

and novel ways for the automotive industry in product upgrading while highlighting the 

transformation [Lyy16] [Sch17, p.77].  

Since its launch, the Tesla Model S has received periodic software upgrades via mobile 

communication, known as over-the-air-updates [Bau20] [Tes21]. These software 

upgrades enable the launch of new or improved features (e.g. entertainment features). A 

unique potential of the over-the-air updates is that Tesla was able to influence the 

behavior of hardware components as well as to modify or introduce mechanically based 

features [Wie21]. Here, for instance, the feature ‘smart air suspension’ was activated 

although the vehicles were already sold and in use. In this way, the example of Tesla 

demonstrates how functions that were incomplete at the launch of the first vehicle 

release are nevertheless integrated into the platform, and later activated by 

software upgrades. With the notion of a ‘driving computer’ Tesla is demonstrating the 

benefits of software-based upgrades, which will play an increasingly central role in the 

automotive industry and other sectors. The release history (Figure 2-20) of the Tesla 

Model S reveals the value of SRP. Initially after the launch, Tesla’s releases appear to be 

quite unstructured, as the releases and features do not necessarily follow any specific 

pattern. A more structured release pattern can be observed starting in 2014 [Sch17, p.77], 

indicating that systematic release planning is involved. [Şah21a] 

 

Figure 2-20: Release history and customer value of Tesla Model S [Şah21a] [Sch17, p.77] 
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improvements (e.g. autosteer for autopilot). Furthermore, it can be observed that, from 

2014 onwards, cyclical releases were introduced at comparatively greater intervals 

(e.g., annual major releases). On the one hand, the consolidation of more valuable 

features at fixed release cycles and on different levels noticeable by customers resulted 

in customers experiencing more perceptible features, leading to higher customer 

value of the releases [Wie21]. [Şah21a]. On the other hand, from the perspective of Tesla, 

structured release plans enable more organized development cycles, resulting in lower 

costs, fewer effort peaks, and reduced risks during the development process. The 

upgrade behavior of Tesla Model S is therefore an important example of how SRP 

enables an increase in product value while reducing development efforts, as well as 

revolutionizing the classic product upgrading of previously mechanically based products. 

[Şah21a]  

2.3.6.2 Apple iPhone 

The iPhone from Apple is known as one of the pioneers of the smartphone industry, with 

an interesting character from a release planning point of view as it considers software 

electronics and hardware in a synchronized way since its early stages. A key point is that 

Apple offers the iPhone as a device (hardware) with an associated operating system 

(software) called iOS [App21a]. Since the launch of the first iPhone in 2007, the iPhone 

has been upgraded consistently both its devices and the operating system [Chu14]. 

[Şah21a]. The release history and according release types of the iPhone from 2014 until 

the end of 2019 are illustrated in Figure 2-21 

 

Figure 2-21: Release history of Apple iPhone 
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as the major releases of the iOS in a synchronized way. The presentation of upgraded 
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‘keynote’ events [App21b]. For these types of releases that are more likely to be perceived 

by customers, Apple follows a cyclical release strategy with fixed cycles and timing. Fixed 

release rhythms and pre-defined release times on a customer perceivable level provide 
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higher predictability of new upgrades from the customer’s point of view. In addition, 

cyclically structured and precisely scheduled release plans enable routinized and 

more efficient development processes. [Şah21a] 

A deeper examination of the releases reveals that the iPhone 6 constitutes a new platform 

architecture leading to extensive changes in the software, electronics, and functionalities. 

The subsequent releases, 6s, 7, 8 and X, include relatively minor improvements. An 

extensive upgrade takes places again in 2018 with the iPhone XS. Nevertheless, Apple 

launches these types of releases within a cyclical rhythm, presenting them as new product 

generations regardless of their degree of novelty or scope. These relatively small-scale 

upgrades of a platform enable a release and marketing strategy in which smaller 

upgrades are continuously offered to customers as novel products within short 

intervals, leading to highly frequented positive impulses on the products economic 

life cycles. At a deeper level, minor software upgrades are released (e.g. iOS 8.1), that 

do not follow any visible pattern and mainly consist of minor feature changes. These 

releases implement immediate upgrades and enable flexible release sizes and fast 

responsiveness for minor features and urgent measures in order to answer to 

changing customer needs, technological advancements, laws, or technical optimization. 

At the lowest level, releases are launched to mainly fix bugs and in few cases to introduce 

security patches, which have different frequencies and thus have no rhythm. [Şah21a] 

2.3.6.3 Microsoft Windows 

The operating system Microsoft Windows, being a purely software-based product, is a 

good example of how product upgrades and SRP are managed in the software industry. 

The first version of the operating system appeared in 1983 and was called Windows 1.0, 

which was successively upgraded over the years. Whereby, the years 2006 to 2018 

covered the version progress from Windows Vista (NT 6.0) followed by Windows 7 

(NT 6.1), Windows 8 (NT 6.2), and Windows 10 (NT 10) as shown in Figure 2-22. Besides 

major and minor product generations, service packs enable the system to be upgraded 

by new functionalities, performance and security improvements. In addition, monthly 

patch days were periodically launched to introduce critical feature or security upgrades. 

[Kro17] [Mak20] [Şah21a].  

 

Figure 2-22: Release history of Microsoft Windows 
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The analysis of the release strategy reveals that Microsoft introduces, likewise to Apple, 

new generations with relatively modest upgrades. These releases include upgrades that 

specifically focus on aspects that are highly visible to customer, such the upgrade of user 

interfaces. By using new seeming names, they are marketed as new generations, even 

though the underlying software architecture remains the same, which are also expressed 

by the version numbers and therefore can be seen as minor releases. This demonstrates 

that features with a high impact on perceived customer value can be used as 

initiators of new product releases, whereas, for instance, less visible architectural 

change are more difficult to perceive. A very structured and continuous improvement of 

the product takes place at the patch days. Here, a cyclical and high-frequented release 

strategy is realized, resulting in high reactiveness, risk-minimization and actuality of 

the product. In this way, customer loyalty is intensified by the constant feeling of support 

from the supplier. [Şah21a] 

The presented best practices reveal the variety of possibilities for executing SRP for 

different products. At the same time, it becomes clear which influences and potentials 

arise when designing release plans and how essential it is to be aware of value 

influencing aspects. 

2.4 Summarized problem definition and requirements on SRP 

The problem analysis in this chapter aimed to gain a detailed understanding of product 

upgrading and SRP in order to obtain a clearer problem definition. This section 

summarizes the findings of the problem analysis as an answer for RQ1. Here influencing 

factors, challenges and needs in SRP are presented (Section 2.4.1) based on the 

problem analysis. Furthermore, requirements for a methodological support for SRP 

are defined (Section 2.4.2.).  

2.4.1 Influence factors, challenges and needs in SRP  

Continuous product upgrading is becoming an increasingly decisive driver of product 

success due to changing product life cycles. This is caused on the one hand by the 

changing dynamics of markets characterized by faster saturation, high variety, 

innovation and price pressure, as well as accelerated time-to-markets (Section 2.1.2). 

Another driver is the digitalization of previously mechanical oriented products into 

software-intensive products (Section 2.1.3) characterized by heterogeneous life cycles 

and flexible architectures offering a high degree of changeability and, at the same time, 

extensive opportunities for upgrading products in their development or even in use phase. 

As a consequence, modern complex products are facing high dynamics and 

complexities in the handling of product upgrades (Section 2.1.4). The increasing 

dynamics result in increasingly shorter product value lifetimes perceived by the customers 

and thus products become obsolete much faster, reducing the economic life cycles of 
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products and consequently hindering long-term revenues (Section 2.2.1). Accordingly, 

the goal of product planning is to upgrade products continuously in order to provide 

customers value to the highest possible level to achieve economic value in business 

(Section 2.2.2). Therefore, the issue of continuous product upgrading is addressed in 

product planning and product design, by strategically oriented and operationally focused 

approaches (Section 2.2.3). A fundamental concept for the proactive and systematic 

planning of continuous product upgrades is provided by the approach of Strategic 

Release Planning at the interface between product planning and product development 

(Section 2.3.2). In Strategic Release Planning, product evolution is planned in the 

form of multiple releases and features over time under the consideration of strategic 

as well as operational aspects (Section 2.3.1). The literature and practice emphasize that 

in the planning of features and releases, a harmonized balance between market needs 

and internal efforts should be ensured in order to reach business value (Section 2.3.3). 

This requires the integration of a consistent value orientation in SRP, where most 

valuable features have to be assigned to future releases that are limited in terms of 

resources. In addition, temporal aspects represent key decision factors to be 

consistently considered in SRP, as they determine urgencies and availabilities of features 

and releases (Section 2.3.4). Effectively applied SRP leads to decisive advantages for 

ensuring the market success of products over competitors as well as for achieving 

efficiently organized incremental product development (Section 2.3.5). In this respect, 

both the software and the electronics industry constitute best-practices, which are also 

being pursued by classical mechanical oriented branches, such as the automotive 

industry or the private household sector (Section 2.3.6). However, SRP poses a new 

challenge for complex products, such as the synchronized consideration of software, 

mechanics and electronics in product upgrading as well as consistent value orientation 

and the handling of temporal influencing factors. Therefore, there is a need for 

supporting methods in SRP to plan continuous product upgrading for modern complex 

products. 

2.4.2 Requirements on a methodological support for SRP  

The development of a methodological support for SRP requires the definition of 

requirements. These requirements are derived mainly from the findings of the problem 

analysis in this chapter based on the literature, as well as from industrial practice. The 

specified requirements provide, on the one hand, the criteria for analyzing existing 

methodological solutions (Chapter 3) and on the other hand, the foundation for the 

methodology to be developed (Chapter 4). The requirements for a methodology to 

support SRP are divided into different categories. 

Primarily, applicability requirements are specified, defining to which extent a 

methodology has to be formalized and designed to ensure operational applicability of the 

intended support. Hereafter, the specific requirements with respect to SRP are defined. 
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At the first level, contextual requirements are defined to consider the objectives and 

context of SRP for complex products. On a more specific level, the decisions that should 

be considered in a methodology to address the objectives of SRP are then defined as 

decisional requirements. Furthermore, requirements for essential aspects to be 

considered in SRP are defined. These include value-related requirements to ensure a 

consistent value orientation in SRP as well as the time-related requirements to consider 

temporal aspects in SRP. 

2.4.2.1 Applicability requirements 

The intention of a methodology is the provision of an approach to achieve a particular 

objective based on a procedural structure, including and linking strategies, methods, 

aspects, guidelines and tools [Lin09, p.333] [Pon11, p.443]. The requirements to ensure 

operational applicability of a methodology might appear trivial, however, in many cases, 

proposed solutions often fail to address these requirements and therefore lack of 

transferability to actual practice [Sva10]. 

In order to ensure operational applicability, a methodology should therefore 

fundamentally provide a systematic approach in the form of a specific process that 

includes tangible goals, executable activities, and decisions. Based on this, a process 

has to be supported by suitable methods to support systematic problem-solving and 

decision-making within certain steps of the methodology, considering the goals, activities 

and respective decisions [Ger17]. Furthermore, usability and applicability of the 

methodology should be ensured [Bec19]. A methodology should also provide traceable 

and reproducible results [Gue18].  

2.4.2.2 Contextual requirements 

The intended supporting methodology should principally be integrated into the context of 

Strategic Release Planning for continuous product upgrading planning and follow the 

respective objectives (Section 2.3.2). In addition, complex products which are subject to 

high dynamics in product upgrading need to be taken into account as an application 

context (Section 2.1.3). These concerns in particular products, which are subject to high 

market dynamics and increasing software intensification. 

Accordingly, the intended methodology has to be integrated in product planning with 

an interface to product design, which means that both strategic and operational 

aspects have to be addressed during SRP (Section 2.3.3) [Coh12, p.27ff.] 

[Lin08b, p.18f.]. In addition, the planning objects of SRP have to be releases and 

features or meet their characteristics (Section 2.3.1) [Sal05]. As a result of the application 

of a SRP methodology, a formally structured release plan has to be generated 

(Section 2.3.2) [Dal19, p.217] [Ruh10, p.69]. This requires a life cycle oriented 

methodology for planning multiple releases over time in the sense of the multiple 

knapsack problem (Section 2.3.4) [Ame17] [Sou11]. The consideration of complex 
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products has to be implemented by cross-domain SRP, ensuring a synchronized 

consideration of hardware and software releases and features in decision situations 

(Section 2.1.3 and 2.3.6) [Ink18].  

2.4.2.3 Decisional requirements 

The output of a SRP is a release plan, which is an operational roadmap detailing the 

evolution of a product in its versions and functions [Ruh10, p.68]. The structure of a 

release plan shows respective dimensions to be addressed by the decisions of a 

methodology for SRP (Section 2.3.2). 

In order to develop a release plan, five dimensions have to be included in the                 

decision-making process, which can be classified in a content-related and time-related 

view. The content view deals with the question of what will be provided in the future. This 

includes the definition of different release types, the scale of releases, as well as the 

selection and assignment of features from a feature repository. The temporal view deals 

with the question of when releases and features are provided. [Şah20] 

Accordingly, the frequency, rhythm, and precise timing of releases and features are 

determined. In consequence, the following elementary decisions should be supported 

within a methodology for SRP: 

 definition of release types, 

 definition of release times, 

 definition of release content by selection and assignment (timing) of features. 

2.4.2.4 Value-related requirements 

The aim of SRP is to ensure that the value proposition of a product remains as high as 

possible over its life cycle [Sva10]. Therefore, the impact of all relevant influencing 

stakeholders and factors on the value of releases and features has to be consistently 

considered in decision-making.  

Therefore, a methodology for SRP should ensure consistent value orientation. In 

ŞAHIN [ŞAH19] [ŞAH20], specific requirements were defined for value-oriented SRP. 

Putting the defined requirements in a nutshell, it is particularly essential to consider the 

business value of releases and features using quantitative dimensions. The business 

value results mainly from the customer and market value as well as the efforts for 

realization of releases and features (Section 2.3.4). Furthermore, the strategic value, 

competitive value and risks need to be considered. These aspects should be 

incorporated into decision-making situations of SRP. The specific stakeholders and 

influence factors to consider and their form is depending on each individual SRP activity.  

2.4.2.5 Time-related requirements 

The dimension of time is another essential aspect that must be considered in SRP 

decisions in addition to the aspect of value (Section 2.3.4) [Gre04] [Ale16, p.46f.]. 
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On the one hand, temporal aspects determine the availability of releases and features 

and can be considered as restrictive factor [Al07] [Ruh10, p.38]. On the other hand, wide 

timeframes with multiple alternative time points may provide different time options for 

launching releases and features. These, in turn, depend on a wide variety of influencing 

factors and stakeholders that have to be taken into account. 

Accordingly, a consistent orientation on temporal aspects must be pursued within a SRP 

methodology. For this purpose, a clear consideration of temporal aspects for the timing 

of releases and features has to be facilitated in relevant decisions of SRP as well as 

alternative introduction times, have to be considered.  

The identified requirements are summarized in the following Table 2.1. 

Table 2.1: Requirements for a methodology to support SRP 

Requirement type Req. Id. Requirement description 

Applicability 

requirements 

1.1 The methodology should provide a specific SRP process with tangible 

goals, activities, and decisions. 

1.2 The methodology should support the SRP process by suitable methods. 

1.3 The methodology should ensure usability for its appliers. 

1.4 The methodology should ensure applicability by different users. 

1.5 The methodology should provide traceable results. 

1.6 The methodology should provide reproducible results. 

Contextual 

requirements 

2.1 The methodology should be placed in a product planning context with an 

interface to product design. 

2.2 The planning objects of the methodology should be releases and features 

or meet their characteristics. 

2.3 The output of the methodology should be a formally structured release plan. 

2.4 The methodology should provide the planning of multiple releases over time. 

2.5 The methodology should be applicable for complex products.  

Decisional 

requirements 

3.1 The methodology should support the definition of release types. 

3.2 The methodology should support the definition of release times. 

3.3 The methodology should support the definition of release content by 

selection and assignment of features. 

Value-related 

requirements 

4.1 The methodology should ensure a value-oriented strategic release planning. 

4.2 The methodology should consider business value of releases and features 

in decision-making. 

4.3 The methodology should consider customer and market value of releases 

and features in decision-making. 

4.4 The methodology should consider efforts for the realization of features and 

releases in decision-making. 

Time-related 

requirements 

5.1 The methodology should consider temporal aspects for the timing of 

releases and features. 

5.2 The methodology should consider alternative introduction times for features 

and releases. 



 

3 STRATEGIC RELEASE PLANNING 

IN LITERATURE AND PRACTICE 

 

The relevance of Strategic Release Planning is gaining awareness in academia and in 

practice due to the increasing dynamics in product upgrading. This chapter deals with the 

question of how existing methodological solutions for SRP are provided in the literature 

and how SRP for complex products is carried out in industrial practice (Research 

Question 2). Thereby, the aim is to gain a deeper understanding of existing solutions, 

processes, methods and aspects in SRP on the one hand. On the other hand, the aim is 

to evaluate how existing solutions consider the identified requirements (Section 2.4.2) for 

a methodological support in SRP. For this, approaches from both software development 

and mechanical engineering as well as industrial practice are analyzed in order to provide 

a comprehensive view. Based on the developed understanding of existing solutions and 

their evaluation, the scope of the methodology to be developed can be specified in more 

detail. In addition, appropriate processes, methods, aspects, and further elements of 

existing solutions and industrial practice can be utilized for the development of a 

methodology.  

Accordingly, in the following sections, approaches from mechanical engineering and 

software development are presented and evaluated (Section 3.1). This is followed by an 

analysis of the current practice, challenges and needs of SRP in the industrial practice 

(Section 3.2). Based on the findings, the scope of the methodology to be developed, 

respectively, the specific fields for this research are refined (Section 3.3). 

3.1 Approaches for SRP in literature 

The origins of SRP can be found in software development, whereas nowadays SRP is 

also increasingly applied in mechanical engineering. Thus, the following section presents 

approaches from both fields. The intention of this section is not a pure presentation of 
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existing solutions, but rather an analysis and description of existing processes, 

methods, aspects that are relevant for SRP. The presented approaches were identified 

and selected by a systematic literature review, ensuring the coverage of relevant literature 

(Appendix A.1). From the identified sources, only approaches that follow major goals 

of SRP and provide an operationally applicable process were considered. In this 

way, literature that provide descriptive information about SRP or generic frameworks but 

do not offer operationally applicable methodologies were not included. Furthermore, 

sources about punctual solutions (e.g. feature prioritization methods) or specific aspects 

(e.g. feature dependencies) to support SRP processes were not included at this stage, 

since these do not deliver comprehensive methodologies for SRP. These types of 

solutions are specifically needed to support specific activities within SRP and are 

therefore adapted and applied during the development of the intended methodological 

support for SRP (Chapter 4). To avoid redundancy, only the most current version of the 

identified SRP approaches have been considered. The identified solutions are listed in 

the following Table 3.1. 

Table 3.1: Overview of SRP methdologies in literature 

Title (partly translated) Author Scope in terms of SRP Domain 

Technical Change Management of 

Modular Products and Processes 

Belener, 

2008 
Bundling technical changes to releases  

Mechanical 

Engineering 

Cycle-oriented Module and Platform 

Thinking - A Guide for Practitioners 

Maurer,  

2014 

Release cycle definition and feature 

timing  

Sustainable Evolution of Modular 

Product Architectures by Release 

Management 

Aleksic, 

2016 

Selection and bundling of technical 

changes to releases 

Release Planning Systematic for 

Intelligent Technical Systems 

Kühn, 

2016 

Release planning supported by 

interdisciplinary product models  

Release Planning in Market-Driven 

Software Product Development: 

Provoking an Understanding 

Carlshamre, 

2002 

Release planning by applying the 

knapsack problem 

Software 

Development 
The Incremental Funding Method: 

Data-driven Software Development 

Denne and 

Cleland-H., 

2004 

Financial value-based planning of 

features in release planning 

EVOLVE II: A Systematic Method  

for Planning Product Releases 

Ruhe,  

2010 

Feature-oriented release planning for 

evolving software 

 

The approaches are evaluated according to the following criteria and scales in Table 3.2 

that are based on the previously defined requirements. 
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Table 3.2: Criteria, questions and scales for the evaluation of existing solutions in SRP 

Criteria Question for Evaluation Scale 

D
e

c
is

io
n
 s

u
p

p
o

rt
 

Release Types 
How is the systematic definition of release types 

supported? ○ not considered 

◔ mentioned, but not integrated 

◑ process and aspects are 

described 

◕ supported partially by specific 

methods 

● supported extensively by 

specific methods 

Release Timing 
How is the systematic definition of release times 

supported? 

Feature selection 
How is the systematic selection of features 

supported? 

Bundled feature 

assignment 

How is the bundled assignment of features to 

consecutive releases supported? 

V
a

lu
e

 a
s
p
e

c
ts

 

Business value 
To what extent are business value considerations 

supported in decisions? 

○ not considered 

◔ mentioned  

◑ integrated on a generic level 

◕ detailed consideration in 

    certain steps 

● integrated to nearly all 

    relevant steps supported by 
    detailed influence factors 

Customer and 

market value 

To what extent are customer and market value 

considerations supported in decisions? 

Realization efforts 

and constraints 

To what extent are realization efforts and 

development constraints considered in decisions? 

T
im

e
 a

s
p

e
c
ts

 

Temporal influence 

factors 

To what extent are temporal influence factors 

considered in decisions? 

Alternative 

introduction times 

To what extent are alternative introduction times 

considered in decisions? 

C
o
n

te
x
t 

SW and HW 

consideration 

Are the characteristic of software and hardware 

releases/features considered in the SRP process? 

○ specific focus on only one 

domain 

◔ no domain focus 

◑ partial consideration  

● integrated in all relevant steps 

 

In the following, the listed solutions are analyzed and evaluated in chronological order. 

3.1.1 Approaches for release planning in mechanical engineering  

Release planning is gaining significance in mechanical engineering, mainly triggered by 

the digitalization of previous mechanical oriented products and the resulting dynamics in 

product upgrading. The solutions for SRP in mechanical engineering are mainly found 

within approaches for change management and product architecture design. In particular, 

solutions for SRP can be found as part of methodologies for the design and ongoing 

upgrading of modular products by applying the principles of release planning and change 

management. Only rarely approaches exist that are exclusively dedicated to the issue of 

SRP.  
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3.1.1.1 Technical Change Management of Modular Products and Processes - Belener 

BELENER presents a methodology for technical change management of modular products 

and processes [Bel08]. The motivation of this work is to provide a support for managing 

the rising number of changes initiated by increasing product complexity. For this purpose, 

the design of modular product structures and the systematic introduction of technical 

changes, including features, are methodically supported. The methodology is divided into 

four central components.  

With the aim of proactive prevention of product complexity, the first phase of the 

methodology aims at the design of highly changeable products and module structures. 

The second phase focuses on the evaluation and classification of emerging changes. 

This is followed by a release planning process that is intended for the bundling of 

changes to releases. [Bel08, p.4] 

In the following, solely the elements of the methodology concerning SRP will be analyzed 

and discussed. BELENER considers features as part of changes, characterized by a high 

degree of innovativeness [Bel08, p.79]. The relevant steps for SRP are the analysis and 

evaluation of changes, including features and their bundling into releases (Figure 3-1). 

 

Figure 3-1: Methodology for technical change management of modular products and processes [Bel08] - 

Relevant process, methods, tasks and results for SRP 

As the initial step of the process, a change analysis where module affiliations of changes 

are determined, as well as estimations of change implementation costs and realization 

times, are carried out. In the second step of change assessment, the analyzed features 

are assessed and classified according to their urgency, importance and complexity by 

applying the ‘Eisenhower Matrix’ as an initial step for identifying urgent changes with a 

high degree of importance. The result is a classification of the changes, resulting in 

recommendations on whether changes should be integrated and how urgently they 

should be launched. [Bel08, p.76ff.] 

The third step builds on the results of the change classification and refers to all changes 
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that are not to be implemented immediately. Here, a joint implementation is aimed by 

change bundling and assignment in release units. For this purpose, all changes are 

evaluated with regard to their module affiliation and compatibility with each other. Based 

on their commonality, changes are bundled and, consequently, assigned to release units 

by expert workshops, resulting in a release plan. [Bel08, p.79ff.] 

Evaluation of the proposed methodology 

BELENER offers a comprehensive methodology, especially for the selection and 

assignment of features and their consolidation in releases for modular product structures. 

Here, various process steps are proposed, ranging from an initial evaluation of features 

to their bundling in releases focusing specifically on architectural implications and 

compatibilities. 

From a decisional perspective in SRP, the methodology offers supporting steps for the 

assessment and bundling of features. The releases rather result from the bundling of 

features, that are ultimately determined at expert workshops [Bel08, p.80]. Therefore, it 

remains unclear how release types and times are defined.  

In terms of value-oriented aspects in SRP, the consideration of business value in SRP is 

mentioned in monetary terms, however it is not integrated in the decisions. The customer 

and market value of features are assessed on a generic level by rating the importance of 

features from a customer perspective. Realization aspects and efforts during SRP are 

reflected in particular by realization costs and the consideration of architectural 

implications of features.  

The consideration of timing aspects in SRP are based principally on feature urgencies 

and availabilities. The timing of features is based on their realization times and common 

launch times with other features. Further methods, influence factors and stakeholders in 

terms of the systematic identification of urgencies, availabilities, temporal 

interdependencies, and alternative release times for releases and features are not 

proposed. 

The methodology focuses on features and products of mechanical nature with no 

consideration of software implications in SRP. 

BELENER offers a methodology for SRP with a strongly operational focus, characterized 

by feasibility and effort oriented decisions in the planning of features considering module 

affiliations, architectural communalities, whereas strategic aspects of SRP are left mainly 

unaddressed. 

3.1.1.2 Cycle-oriented Module and Platform Thinking - Maurer et al.  

Motivated by the segmentation and high dynamics of customer needs, MAURER ET AL. 

present a methodology for the design of sustainably upgradable modular product 

platforms and their systematic maintenance by upgrading. [Mau14b] [Mau14a].  
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The methodology is divided into a strategic and an operational planning view 

[Mau14a, p.13f]. The strategic view that can be assigned to SRP aims to provide support 

for the identification of product upgrade times and introduction of features. The 

operational view deals in particular with the modularization of product architectures to 

ensure high product upgradeability (design for upgradability) and the realization of 

features (operational release planning). In the following, only the process steps, methods 

and aspects relevant for SRP are discussed (Figure 3-2). 

 

Figure 3-2: Methodology for cycle-oriented module and platform thinking [Mau14b] [Mau14a] -  
Relevant process, methods, tasks and results for SRP 

In the first phase of the methodology, the overall product changeability is identified 

based on the potential changeability of existing individual features [Mau14a, p.16]. For 

this purpose, the so-called change priority indicator (CPI) is determined as a parameter 

to measure the change probability of existing features [Mau14a, p.20f.]. The CPI is based 

on an estimation of the probability of changes of a feature as well as the dynamics of 

these changes and their relevance for customers. In this way, the overall product 

changeability and critical upgrade times can be defined. As a result, highly and barely 

changeable features are classified within an onion peel model that is classified in different 

upgrade frequencies [Mau14a, p.21f.]. In this way, the required upgrade frequencies of 

existing features are determined, building the basis for determining upgrading times of 

the overall product. 

In the next phase, the aim is to plan when and to what extent to respond to anticipated 

changes with new product releases. For this, release times are defined based on the 

identified upgrade frequencies [Mau14a, p.23]. Here, a holistic view on all features 

upgrade times by so-called feature roadmaps is generated to determine critical release 

Upgrade frequencies 

of existing features

Product 

changeability analysis

1
Process Tasks / Methods

Results changeability analysis of existing features by CPI

 feature upgrade frequency classification by 
onion peel model

Product release times

Release time 

identification

2

 development of features upgrade plan (feature roadmap)

 release time identification based on internal and 
external temporal factors

Feature development 

schedules

Feature scheduling

4

Assessed features

Feature analysis

3

 analysis of feature priorities, implementation efforts 
and duration

 scheduling of development projects considering 
feature and release data



3.1 Approaches for SRP in literature 57 

times for the overall product [Mau14a, p.24f.]. As a result, it is determined when a product 

should be upgraded by introducing new releases. In addition to feature roadmaps, other 

external (fairs, legislation) and internal (e.g. portfolio influences) temporal influencing 

factors are considered to identify the release times. In a next step, potential additional 

features for upgrading are analyzed in terms of their priority, realization efforts and 

availability. Ultimately, considering the given resources and release dates, feature 

development projects are scheduled [Mau14a, p.25ff.]. 

Evaluation of the proposed methodology 

The presented methodology offers a comprehensive procedure for the design and 

maintenance of product platforms. In terms of SRP, the strategic view of the methodology 

is particularly relevant, including the identification of release cycles and release times as 

well as the scheduling of features resulting in a release plan. 

From a decisional perspective, the methodology provides a focus on the identification 

of release times, following a systematic procedure with specific methods while 

considering strategic and operational influence factors on timing. The definition of release 

types is not considered. The selection of features is described, but no clear systematic 

approach in the sense of SRP can be identified. The systematic bundling and assignment 

of features is addressed on a generic level without specific supporting methods. 

In terms of value orientation in SRP, the methodology considers customer value on an 

abstract level in all relevant steps. The realization and effort view is considered in terms 

of monetary and personal resources as well as in terms of feature dependencies and their 

impact on the product architecture. However, the business value of releases and features 

is not mentioned in any form. 

Temporal influence factors in SRP are presented in particular for the analysis of feature 

upgrade frequencies and the identification of release times. However, temporal influence 

factors are not integrated in the selection and assignment of new features. Alternative 

launch times of features are not considered. 

The methodology is intended for mechanical modular products, where a synchronized 

consideration of software and hardware influences on SRP is not addressed. 

MAURER presents a methodology to design and maintain modular product platforms in the 

field of mechanical engineering and provides a profound support for the identification and 

definition of release times in SRP. 

3.1.1.3 Sustainable Evolution of Modular Product Architectures - Aleksic 

ALEKSIC provides a methodology to support the maintenance of modular products within 

highly variant product programs [Ale16] based on previous works of SCHUH [Sch04a] 

[Sch04b] [Sch13b]. In this context, a solution approach is presented that aims the 

proactive introduction of changes, including features for modular products using the 

underlying principles of release engineering.  
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The methodology is divided into the phases of architecture design and architecture 

maintenance, whereby in both of these phases partial objectives of SRP are addressed 

(Figure 3-3). 

 

Figure 3-3: Methodology for sustainable development of modular product architectures [Ale16] - 

Relevant process, methods, tasks and results for SRP 

Initially, within the phase of architecture design, the identification of release intervals 

of individual product modules is performed. [Ale16, p.127ff.]. For this purpose, required 

flexibilities of individual product modules are identified by a mathematical model 

considering manufacturing costs, process costs and customer influence in the event of 

changes as well as the use frequency of the modules [Ale16, p.136f.]. Based on this, 

module-specific upgrade frequencies are determined in a qualitative way (e.g. high or low 

frequency) by using an onion peel model that is classifying the modules on different 

upgrade frequency classes. [Ale16, p.149].  

In the phase of product architecture maintenance, technical changes, including features, 

are systematically assessed regarding their urgency and value, bundled to releases, and 

synchronized with the product program. Initially, urgencies of changes are determined 

[Ale16, p.153ff.]. Here, a selection is made, using criteria that are defined by the    
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decision-makers, between changes that require immediate implementation or those that 

can be implemented within a broader time period. In the consequent step of change 

assessment, the value of changes is measured by the potential savings in manufacturing 

costs, together with the effort involved in the total implementation costs of the features 

[Ale16, p.161]. In the next step, change dependencies are analyzed in more detail by 

using pre-defined dependency types. For the final bundling of technical changes in 

releases, an algorithm is provided that takes into account the effort and value of changes 

by clustering them based on the knapsack problem and their potentials for change 

consolidation [Ale16, p.162ff.]. The consolidation potential covers the interactions of 

components if changes occur, which should be minimized in order to prevent efforts. 

In the last step of the methodology, the goal is to define the synchronization strategies 

of bundled features with the product program. Here, a quantitative evaluation model 

provides a comparison of different synchronization strategies of releases, considering 

other product launches within a product program. The proposed strategies are the 

immediate introduction of releases without considering other product launches, the 

delayed common introduction of releases with other product launches, or accelerating 

release launches [Ale16, p.183ff.]. 

Evaluation of the proposed methodology 

ALEKSIC provides a methodology in terms of SRP that particularly considers module and 

portfolio dependencies in the planning of features and releases.  

From a decisional point of view, the methodology does not support the definition of 

release types. Here, releases are distinguished only by their scope and frequency. 

Release times are defined in terms of qualitative release cycles (e.g. high frequency) by 

the support of mathematical models (e.g. flexibility metrics) and classification schemes 

(onion peel model). The definition of precise release dates is not provided. The bundling 

of features is supported by an algorithm based on the knapsack problem. 

From the perspective of value-orientation in SRP, it can be stated that relatively little 

attention is paid to customer and market value as well as business value. Here, a strong 

effort-oriented view is provided, where the reduction of manufacturing costs is defined as 

the main value generating aspect of changes. The consideration of realization aspects 

and efforts in decisions is supported by technical dependency analyzes, mathematical 

models for the calculation of complexities and efforts. 

With regard to timing aspects in SRP, features and releases are scheduled on a 

qualitative level, without defining exact time intervals or launch dates. Here, temporal 

influencing factors and dependencies are seen on an abstract level in form of high or low 

urgencies. Alternative launch times of features and releases are not considered.  

The methodology does not provide any explicit consideration of software and 

hardware in SRP. The application of the methodology focuses on mechanical products 

and components, so that it can be seen as a classical mechanical-oriented approach. 
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The methodology can be classified as a solution for abstract qualitative SRP having a 

high effort orientation considering module constraints and dependencies. 

3.1.1.4 Release Planning Systematic for Intelligent Technical Systems - Kühn 

KÜHN provides a methodology for the release planning of intelligent technical systems, 

motivated by the transformation of mechatronic systems and the associated rise in 

product dynamics [Küh17]. The aim of the methodology is the structuring of release plans 

by the definition of release dates and assignment of changes (including features) to 

releases, taking into account market needs, change effects and technical dependencies 

in an interdisciplinary organization [Küh17, p.3]. The methodology addresses changes, 

including features, as part of the release planning process. The planning process is 

divided into strategic, tactical and operational release planning [Küh17, p.108] 

(Figure 3-4).  

 

Figure 3-4: Release planning systematic for intelligent technical systems [Küh17] - 

Relevant process, methods, tasks and results for SRP 
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release plan by defining a release strategy that is determining release types and 

release plan structure. The release strategy specifies basic principles in the timing 

(e.g. release rhythms) of releases as well as the specific scope of the planning 

(e.g. planning horizon) based on the product's probability of changes and their complexity 

of implementation. In the next step, a classification scheme for assigning features to 

release types is developed, based on previously characterized releases types. 

[Küh17, p.A14]. In the final step of Strategic Release Planning, release times are 

determined. For scheduling the release times, product and technology roadmaps as well 

as competitor analyzes are mentioned as essential information bases [Küh17, p.111]. 

Subsequently, in tactical release planning, changes are assigned to releases. The 

basis for this is a change pool [Küh17, p.50], which is continuously filled with obligatory 

change requests and product features that have the potential to be implemented. These 

are classified in a systematic assessment process and assigned to specific releases that 

have been defined previously in Strategic Release Planning. For this purpose, initially a 

change analysis is carried out based on an interdisciplinary system model, providing a 

cross-domain understanding about the characteristics of changes, their 

interdependencies, and associated technical implications. In particular, implications of 

changes on the product structure and their propagation in the sense of technical change 

management are analyzed on a deeper level [Küh17, p.138ff.]. The change analysis is 

followed by a change assessment. This involves assessing changes in terms of 

complexity, relevance, product value enhancement, and organizational aspects. The 

change assessment consolidates all planning-relevant data and serves as the basis for 

change classification in the subsequent phase [Küh17, p.145 ff.]. 

In the last phase, the change classification and respective assignment to releases 

are performed. The basis for this is the previously developed classification scheme that 

assigns features to corresponding release types according to their change relevance and 

change complexity. The result is a structured release plan that highlights all features and 

releases for the planned time horizon. In the last phase of operational release planning, 

the implementation of the following releases is addressed, and therefore is not considered 

in this work as part of SRP. 

Evaluation of the proposed methodology 

KÜHN provides a methodology for strategic and operational release planning for intelligent 

technical systems in the field of mechatronics, covering several useful steps and element 

for SRP.  

From a decisional point of view, the methodology covers a comparatively wide 

spectrum of activities. KÜHN introduces the idea of defining strategies on how products 

should be released depending on their change probability and complexity. Although the 

idea provides significant advantages, it is not possible to define a single release strategy 

for a product, as each release type should have a unique release strategy. The selection 
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of release types is provided by the methodology. However, a product-specific definition 

of release types is not supported. For the identification of release times, in particular 

external influencing factors are described. A methodical support, as well as a 

product-specific identification of release times, is not provided. The task of feature 

selection is mentioned but explicitly not addressed within the scope of the methodology. 

The assignment of features is supported at both strategic and operational levels. Here, 

classification schemes and a scoring model support the specific assignment of features 

into specific release types.  

In terms of value orientation in SRP, market and customer value of features and releases 

are measured by customer satisfaction as a top-level metric. Particularly, realization and 

effort aspects are highly considered within the methodology, including change impact 

analyzes, different type of costs as well as resource and dependency consideration. The 

business value of releases and features is not considered within the methodology. 

In terms of time aspects in SRP, urgencies and availabilities in release timing are stated 

as factors to be considered. The specific impact of these factors and their correlation and 

effects are not addressed. In the timing of features, the principle intention is to introduce 

features as fast as possible so that alternative release times are not considered. 

The methodology is designed for the application on intelligent technical systems. The 

resulting distinctive characteristic of the methodology is that a cross-domain system 

model supports communication and interdisciplinary considerations of feature impacts on 

the product structure. A consideration of software influences or synchronization of 

hardware and software in SRP is not provided. 

The methodology offers a comprehensive solution involving a large number of activities, 

enabling a high degree of systemization of SRP. Still, the methodology presents a strong 

effort orientation and the need for specific methods during the decisions. 

3.1.2 Approaches for release planning in software development 

The concept of release planning originates from software development. Due to the 

comparably easier modifiability of software and the resulting dynamic evolution, various 

solutions have been developed for both strategic and operational release planning. These 

solutions were already analyzed and discussed in several articles [Dan11] [Nac17] 

[Sva10]. Many of the proposed approaches in the literature are built upon a few essential 

approaches and complement each other. In the following, selected approaches of 

Strategic Release Planning that are particularly relevant for product upgrading are 

discussed. 

3.1.2.1 Release Planning in Market-driven Software Product Development - Carlshamre 

CARLSHAMRE provides a release planning tool called ‘Provotype’ that is intended for 

market-driven software development. The tool provides an algorithm for release planning, 

considering aspects of value creation, resource estimations and dependencies. In this 



3.1 Approaches for SRP in literature 63 

context, CARLSHAMRE places release planning at the interface between market and 

internal requirements. At this point, it is determined which features customers should 

receive in a certain quality. [Car02] 

The proposed solution aims for an optimal value-based filling of releases by supporting 

the selection of features to the next upcoming single release in two main steps (Figure 

3-5). 

 

Figure 3-5: Underlying methodology for the release planning tool PROVOTYPE [Car02] - 

Relevant process, methods, tasks and results for SRP 

For this purpose, initially features are prepared by assigning value, costs, realization 

time and dependencies to all potential features. Here, pre-defined specific dependency 

types are provided, which should be taken into account. 

This is followed by the utilization of an algorithm to select most promising features for 

a release based on the prepared data. As the underlying logic of the planning algorithm, 

the binary knapsack problem is applied, in which the maximum possible value of a release 

based on given features and resources is intended. The underlying knapsack problem is 

formally stated as: 

 maximize ∑ vj xj

n

j=1

 (3.1) 

   

 subject to  ∑ rjxj ≤b; xj= 0 or 1; j=1, …, n 

n

j=1

 (3.2) 

where n considers the total number of features, v their value, r their resource 

consumption, and b the available resources for an optimal selection of features with 

maximum value in a release. For the calculation of optimal release options, respectively 

the optimal solution of the knapsack problem, a modified version of the greedy algorithm 

is applied [Kel04, p.34ff.], while the identified feature dependencies are considered. Here, 

the methodology provides also the manual exclusion or inclusion of certain features. As 

a final result, a selection of different release alternatives are suggested. 
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Evaluation of the proposed methodology 

CARLSHAMRE offers with the PROVOTYPE a solution for the selection of most promising 

features for a single release.  

From a decisional perspective, the solution sets an example for the selection of features 

supported by an algorithm to solve the knapsack problem in the context of SRP. Since 

the aim is about selecting features for a single upcoming release, neither the assignment 

of features nor the definition of release types and times are part of the solution. 

The value orientation in the context of the offered solution is considered by the 

optimization of the value of a release by applying the knapsack problem. However, 

specific indicators to determine the value of a feature are not specified further. Here, value 

is considered as a quantitative dimensionless metric. In terms of realization aspects and 

efforts, feature costs and dependencies are considered. 

At the same time, planning for a single release means that temporal influence factors 

as well as alternatives introduction times of features and releases are not considered.  

A consideration of cross-domain SRP considering software and hardware is not provided. 

The proposed methodology can be solely used as a reference for developing a            

value-oriented selection of features. 

3.1.2.2 The Incremental Funding Method - Denne and Cleland-Huang 

The INCREMENTAL FUNDING METHOD (IFM) provides a support for SRP in software 

development where financial aspects are addressed and play a central role [Den04a] 

[Den04b]. The overall goal of IFM is to maximize product profitability while reducing 

product development risks by delivering products in the form of sequentially introduced 

features that are valued by customers.  

The IFM can be divided into three main steps: features identification, feature valuing, and 

feature assignment to release orders (Figure 3-6).  

 

Figure 3-6: The Incremental Funding Method [DEN04A] [Den04b] - 

Relevant process, methods, tasks and results for SRP  
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The first step starts with the elicitation of features to be launched. Here, features are 

named as minimum marketable features (MMF), that are highly fragmented and quickly 

deliverable, providing market value to customers. Besides MMFs, Architectural Elements 

(AE) play an important role. These do not directly add value to customers, but are 

necessary for the implementation of MMFs from a technical perspective. Even though 

MMFs and AEs are self-contained entities, they often cannot be introduced before other 

MMFs or AEs have been developed or launched. Accordingly, precedence dependencies 

between MMFs and AEs are identified to be considered in the feature assignment 

process. [Den04b] [Den04a, p.27ff.]  

After identifying features and their dependencies, the valuing of features is performed. 

Here, the cash flow of each MMF is analyzed by calculating the revenues and 

development costs of each MMF for each individual possible release period. The 

calculation also includes potential development and revenue risks. Ultimately, so-called 

sequence-adjusted net present values of all MMFs are determined. In this way, an 

indication about the value of MMFs at different release periods can be determined. 

[Den04b] [Den04a, p.39ff.] 

In the final step, the features assignment is performed by applying heuristics to find an 

optimal release order for the features, which is leading to the maximum return on 

investment, while considering the precedence dependencies. Here, several heuristics are 

offered to find approximations of the optimal release order. As a result, features are 

structured and bundled in certain release orders within specific release times. [Den04b] 

[Den04a, p.61ff.]  

Evaluation of the proposed methodology 

The IFM offers a specific solution towards financial considerations in release planning, 

supported by an operationally applicable process and heuristics for problem solution.  

In terms of decision support in SRP, the assessment and the assignment of features in 

release orders are provided. Financial models (e.g. net present value) are provided for 

feature assessment as well as heuristics (e.g. greedy algorithm) for the assignment of 

features. The selection of features, definition of release types, and release times are not 

addressed by the IFM, therefore considered as being input data.  

From a value-oriented perspective, the methodology provides a particular consideration 

of financial value of features. Other influencing factors, especially intangible factors that 

affect the business value of features and releases, are not addressed. Customer and 

market aspects are not explicitly considered as part of the IFM. Realization efforts of 

features and releases as part of costs influencing the net present value of features as 

well as precedence dependencies are considered during planning. However, available 

resource constraints are not considered in the assignment process. Therefore, the most 

profitable releases are calculated, but it is unclear if the required resources for realization 

are available. 
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With regard to temporal aspects, specific net present values of features are calculated 

for alternative release periods in order to determine most profitable release orders for the 

features. Further temporal factors influencing the timing of features and releases are not 

provided. 

The applicability of the methodology for software and hardware is possible, since there is 

no particular focus on a specific domain influencing the functionality of the methodology. 

At the same time, this also means that the methodology does not address influences and 

synchronization aspects of SW and HW in SRP. 

As such, the presented method provides a useful guide for financial considerations in 

feature assessment and assignment. However, intangible factors, especially with regard 

to business value, need to be complemented for comprehensive value-oriented SRP. 

3.1.2.3 EVOLVE: A Systematic Method for Planning Product Releases - Ruhe 

RUHE provides the so-called ‘EVOLVE’ methodology to support systematic              

decision-making for software release planning that is a result of numerous research 

projects and has been applied widely in the industry [Ruh10]. The approach is particularly 

designed for release planning of evolving software products. Compared to many other 

approaches from the software domain, EVOLVE incorporates the planning of multiple 

consecutive releases.  

The underlying process of the EVOLVE methodology for SRP can be divided into the 

three phases of planning preparation, feature preparation, and release plan 

generation (Figure 3-7). 

The methodology starts with the release planning preparation [Ruh10, p.110f.]. Here, 

possible influence criteria, stakeholders as well as the number and capacity of releases 

for the planning process are initially determined based on the corporate strategy, specific 

project requirements and resources. Following, the weighting of planning criteria is 

performed by the stakeholders that will be used for feature selection and assignment 

process, finalizing the preparation phase [Ruh10, p.111f.]. In case of a large set of 

potential features, a pre-selection of features is recommended to be performed as part 

of the planning process [Ruh10, p.112f.].  

The feature preparation phase starts with the feature prioritization, where features are 

assessed and ranked using a multi-score method [Ruh10, p.47f.] or alternative methods, 

followed by further optimizations by the stakeholders [Ruh10, p.112f.]. In a next step, the 

resource consumption of all features is estimated. The estimation can be done by a 

three-point estimation method (optimistic, likely, worst) to achieve more accurate 

estimations [Ruh10, p.114]. Finally, the feature feasibilities are analyzed by identifying 

technical constraints (e.g. dependencies) and risks of all features, concluding the feature 

preparation phase [Ruh10, p.115]. 
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Figure 3-7: Evolve methodology for product release planning [Ruh10] - 

Relevant process, methods, tasks and results for SRP 

Based on the results of the planning preparation and feature preparation phases, the 

release plan generation phase is initiated. Here, features are bundled in releases by 

applying the branch-and-bound algorithm as well as integer programming methods. This 

results in a selection of alternative release plans [Ruh10, p.115f.]. Therefore, a detailed 

evaluation of the alternative release plans in terms of quality, resource consumption, 

stakeholder satisfaction, and scenario analyzes are performed. Ultimately, the selection 

of a release plan is decided by the stakeholders [Ruh10, p.119f.]. 
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Evaluation of the proposed methodology 

The EVOLVE methodology by RUHE offers a comprehensive approach for planning 

multiple consecutive releases of evolving software products with a detailed process 

supported by specific methods and computational support. 

From a decision-making perspective in SRP, the methodology provides a clear focus on 

feature selection and assignment, supported by assessment methods and             

computer-aided heuristics. In terms of defining release types and times, only capacities 

and number of releases are specified. It remains unclear which release types exist and 

how release dates are defined from a strategic point of view.  

With regard to value orientation in SRP, almost all essential aspects, such as business 

value, customer value, and realization aspects, are mentioned. However, a selection and 

indication of detailed criteria for value orientation and their integration into the processes 

is not provided.  

In terms of temporal influences, availabilities and urgencies of features are specified 

and considered during feature selection and assignment. Methods and criteria to specify 

availabilities and urgencies of features and releases are not mentioned. During release 

plan generation, alternative feature introduction times are considered. It remains open 

what factors determine the urgencies and availabilities of features and how release dates 

are determined.  

The methodology is basically transferable to cross-domain products, since features and 

releases are considered at a high level of abstraction without any focus to a specific 

domain. The methodology does not address the influences and synchronized 

consideration of software and hardware in SRP for modern complex products. 

The EVOLVE methodology provides a profound basis for preparing features and the 

subsequent generation of release plans, which are supported by computational 

intelligence while incorporating human decision makers. However, the methodology 

needs to be supplemented by release type and time definition, as well as the integration 

of value and time aspects in SRP. 

3.1.3 Summarized evaluation of SRP approaches and research needs  

The evaluation of existing approaches of SRP in literature included seven approaches 

that follow the principal objectives of SRP and provide operationally applicable solutions. 

Four of these approaches originate from the field of mechanical engineering and three 

represent approaches from software development. The overall overview of the evaluation 

of the selected approaches and their fulfillment with respect to the defined requirements 

(Section 2.4.2) are shown in Table 3.3.  
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Table 3.3: Evaluation results of existing SRP approaches in the literature 

 

In the following, the benefits and deficits of these approaches are described and 

respective specific action fields for further research are derived, answering the 

Research Question 2 from a literature perspective, and building the basis for the 

development of the intended methodology. Surely, this does not mean that the 

investigated approaches are inconsistent and not operationally applicable. The 

perspective of this evaluation is especially focused on a consistent value orientation in 

strategic planning of multiple releases of modern complex products and presents 

corresponding research gaps and needs. 

The individual approaches were analyzed in terms of to what extent required decisions 

in SRP are addressed by their processes and activities and how these are supported by 

specific methods. Here, a clear focus can be observed on the systematic bundling and 

assignment of features to releases, which are particularly supported by sophisticated 
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computational heuristics. A prior systematic assessment-based selection of valuable 

features is recommended by many sources, but is rarely supported by specific methods. 

Although the variation of different release types is increasing, especially due to the 

increasing share of software systems, the product-specific selection of release types is 

not sufficiently considered in existing approaches. The systematic identification of release 

times is supported from a strategic as well as operational perspective and by specific 

methods. Generally, there is no approach that provides a process, supporting the 

definition of release types and release times as well as the selection and allocation of 

features in a combined way, but rather focuses on punctual solutions. This raises the 

need for an integrated methodology that addresses all required decisions for SRP 

in a combined way. 

The analyzed approaches were also evaluated with respect to their value orientation 

in SRP, meaning the consideration of business value, customer and market value as well 

as realization effort and risks during decision making. The majority of SRP approaches 

from mechanical engineering are provided as part of frameworks for sustainable product 

architecture design and their continuous upgrading. Accordingly, the focus of 

methodologies from mechanical engineering are in particular on feasibility aspects, in 

which change impacts, technical dependencies and the resulting complexities, efforts and 

realization costs are considered in detail. In both mechanical engineering and software 

development approaches, business value as well as customer and market value are 

stated as essential aspects in SRP, but are regarded on a generic level without their 

specific integration to the relevant process steps especially compared to degree of detail 

for the effort aspects. As a result, current solutions for SRP are providing isolated views, 

in particular a strictly feasibility-oriented planning of product upgrades, while disregarding 

the value creation for customers, markets and business. Accordingly, there is a need for 

a consistent value orientation in SRP by the specific integration of business value, 

market and customer value as well as other value aspects in the individual decisions in 

SRP. 

The identified approaches have been analyzed also regarding the consideration of 

temporal aspects in SRP, which are becoming more and more crucial in SRP due to the 

increasing product upgrade frequencies. The majority of the analyzed approaches are 

considering urgencies and realization times (availabilities) of features and releases. 

However, a holistic view of urgencies and availabilities from a strategic and operational 

perspective, as well as from that of various stakeholders, such as customers, competition, 

or corporate strategy, and their specific integration into the decisions, are not provided 

sufficiently. As a result, it often remains unclear how urgencies and availabilities of 

features and releases are determined and how they influence the decisions in planning. 

Another central issue of SRP is the fact that alternative times for releases and features 

are possible. In this respect, the specific timing of features and releases from a selection 

of alternative times are rarely supported by specific methods and heuristics. Likewise, 
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timing decisions are made from a feasibility oriented perspective, whereas the intentional 

postponement of features and releases or their accelerated introduction from a strategic, 

financial, customers or market perspective are not addressed. Therefore, there is a need 

to address timing aspects in relevant decisions of SRP from a strategic as well as 

operational perspective, in particular the integration of influencing factors on the timing 

of features and releases as well as the consideration of alternative release times by 

supporting methods.  

The final aspect of the analysis was the evaluation of the approaches in terms of their 

suitability for today's modern products, consisting of software and hardware. In 

this respect, it can be stated that the majority of the approaches do not mention the 

consideration of software and hardware in general. Accordingly, the potentials, 

implications and synchronization aspects of software and hardware are not addressed. 

Thus, it can be said that among the analyzed approaches, there is no approach that 

considers the potentials of complex systems spanning different domains, in particular the 

implications of increasing software shares on SRP. Therefore, there is a need for 

approaches, considering the implications and potentials of software as well as 

their synchronized handling with hardware in SRP. 

In conclusion, it can be stated that none of the analyzed approaches completely fulfills 

the requirements specified in Section 2.4.2. Also, the combination of the provided 

approaches without further extensions and adaptations is not sufficient to provide a 

solution fully satisfying the requirements. 

3.2 Status quo of SRP in industrial practice - Challenges and needs 

The literature as well as product examples demonstrate the relevance, influence and 

potential of SRP in upgrading of products. The literature provides the scientific basis of 

SRP whereas the practical examples demonstrate the results of possible SRP processes. 

A reflection of the current state of SRP in industrial practice on an operational level 

can provide a more comprehensive understanding in this regard and will answer 

the Research Question 2 from a practical perspective. For this purpose, industrial 

interviews were conducted, particularly in sectors of traditional mechanical engineering 

(e.g. automotive industry, tool manufacturers, railway industry) as well as  associate 

software providers for these sectors [Şah20] [Şah21a]. The interviews focused on the 

fundamental understanding of product upgrading in the industry, currently practiced 

processes as well as challenges and needs, and were reflected on the principles of SRP. 

The interviews were primarily conducted with experts from the areas of product 

management, product planning, innovation management, engineering, sales, change 

management, and requirements management. In the following, the main findings are 

presented. 
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As a primary result, an initial understanding of continuous product upgrading could 

be observed and was stated as a highly relevant issue. Furthermore, an awareness about 

the increasing dynamics of product upgrading was emphasized, caused by higher 

frequented product releases and the difficulty of realizing releases within shorter time 

intervals. Particularly, due to the paradigm shift of product upgrading by increasing 

software shares, a special consideration of software influences during the planning 

and implementation of product upgrades was explicitly requested. Here, the identification 

of product-specific software release types and the synchronized consideration of 

software, electronics and mechanics were mentioned as key challenges. Although the 

challenge of software influences in product upgrading were clearly stressed, the current 

understanding of product upgrade planning was mostly based on traditional mechanical 

oriented thinking, where ad hoc release planning, traditional release patterns 

(e.g. low  frequencies) and release types (e.g. facelifts) could be observed. The origin of 

currently pursued release strategies and the reason for their current logic were mostly 

unclear. In some companies, first initiatives existed, aiming to deal with the increasing 

dynamics of product upgrading and the influence of different domains. However, from the 

perspective of SRP, these initiatives were mostly not based on systematic concepts and 

were rather ad hoc solutions. 

In a more detailed view on the operational process level, an apparent lack of 

processes, dedicated units, and responsibilities for centralized SRP were visible. On the 

one hand, this was characterized by missing activities for SRP, resulting in an inefficient 

planning of product upgrades. On the other hand, existing process activities were 

performed in separate responsible units, leading to isolated executions of crucial and 

central SRP processes. Due to the separate execution of the SRP processes, relevant 

stakeholders (e.g. sales) were not sufficiently integrated in certain processes steps of 

SRP (feature selection), hindering a value-oriented and holistic planning of product 

upgrades. The separate execution leads furthermore to the fact that process-relevant 

data (e.g. customer relevant data) were spread across different departments and 

insufficiently described. Therefore, the need for clearly structured processes and 

responsibilities for continuous product upgrading based on SRP and their 

implementation in existing organizational structures is clearly evident. 

Furthermore, the understanding of factors influencing the selection and timing of 

features and releases was analyzed. In this respect, a large variance and isolated views 

on the influencing factors were observed within the companies or even within 

departments. Here, it was observed that subjective opinions or interests of certain 

departments and stakeholders dominate the weighting of many influencing factors, 

therefore preventing value oriented product upgrade planning. Similarly, a remarkable 

imbalance in the influence of strategic management and technical development could be 

observed. In particular, feasibility oriented factors (resource availability, technological 

readiness) were considered more influential, whereas factors such as customer value, 



3.3 Conclusion of the analysis and refined objective of this thesis 73 

business strategy were not considered sufficiently. Temporal influencing factors in the 

timing of features and releases are identified by individual areas such as sales 

(e.g. urgencies), product management (e.g. time-to-market) or development (availability 

of technologies), but not considered jointly during the planning processes. Therefore, the 

need for value-oriented release planning and the consideration of the temporal 

influencing factors, as well as their consistent integration in the processes of SRP 

was recognizable.  

As a result, it can be stated that the increasing pressure and dynamics in product 

upgrading was recognized by most of the companies, but there is a need to provide 

support in the handling of product upgrading by suitable approaches such as SRP. 

3.3 Conclusion of the analysis and refined objective of this thesis 

The rising dynamics of technologies, competition, and customer needs as well as the 

synchronization of software, mechanical, and electronic systems require a rethinking in 

SRP. The analysis of proposed approaches for SRP in literature (Section 3.1) as well as 

the current practice (Section 3.2) highlights the need for new approaches in SRP to 

ensure continuous product upgrading. There is a particular need for a methodology for 

value-oriented SRP for modern complex products, considering SW and HW, 

incorporating temporal aspects and providing a comprehensive operatively applicable 

process for SRP. The respective objective of this work concluding the answer for RQ2 is 

defined as follows: 

Development of a Methodology for Value-oriented Strategic Release Planning 
for complex products to support continuous product upgrading by 

 proactive and systematic planning of multiple consecutive releases, 

 the definition of product-specific release types,  

 and timing of releases, 

 selection and assignment of features, 

 thereby considering the value contribution for stakeholders, 

 the influences of temporal aspects, 

 and the implications of complex products under highly dynamic 
environments and consisting different domains 
(software, electronics, mechanics), 

 resulting in a tangible release plan. 
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According to the redefined objective of this thesis, as well as the previously defined 

requirements on a methodology for SRP (Section 2.4.2), the intended methodology is 

developed in the following chapter.



 

4 METHODOLOGY FOR VALUE-ORIENTED 

STRATEGIC RELEASE PLANNING 

 

The analysis of the challenges and requirements to support product upgrading for modern 

complex products under highly dynamic environments as well as the current state of 

existing solutions in literature and industrial practice reveals the need for a 

comprehensive Methodology for Value-oriented SRP of modern complex products. This 

chapter responds to this need and presents the development and result of a Methodology 

for Value-oriented SRP in line with the challenges, needs and requirements described in 

the previous chapters. For this, the objectives of the methodology, with its constituent 

elements and the structure of its development, are explained (Section 4.1). The 

underlying procedure model for Strategic Release Planning, structuring the methodology, 

is being developed and presented (Section 4.2). In the succeeding Sections 4.3-4.5, the 

individual phases and process steps of the methodology are developed and presented in 

detail. In conclusion, a summary of the resulted methodology is presented (Section 4.6). 

4.1 Objective of the intended methodology  

The objectives of the Methodology for Value-oriented SRP and its constituent elements 

are shown in Figure 4-1. The objectives are a high leveled answer to the Research 

Question 3 “How can decision-makers be methodologically supported to achieve 

continuous upgrading of complex products by Strategic Release Planning?”.  
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Figure 4-1: Objectives of the Methodology for Value-oriented SRP 

The intended methodology to be developed aims to support continuous product 

upgrading by Strategic Release Planning, taking into account the previously defined 

requirements (Section 2.4.2) and research needs (Section 3.1.3). In its essence, the 

methodology will support the proactive planning of multiple consecutive releases by 

means of an operationally applicable process where market and customer needs, 

strategic corporate objectives, and realization aspects intersect. Here, on the one hand, 

activities and methods will support the product-specific definition of release types and 

their release strategies. Due to the increasing digitalization of previously mechanically 

based products, special attention is given to the influences and potential of software 

release types. Additionally, the timing of releases will be provided both from strategic 

and operational perspectives. Due to inherently heterogeneous life cycles of products 

with very short and long life cycles of features (e.g. software applications vs. mechanical 

architectures), multiple alternatives release times are possible. Here, the methodology 

supports the systematic identification of critical upgrade times. In addition, the selection 

of the most promising features for product upgrading will be supported by according 

process steps, criteria and methods. The bundling and assignment of features to 
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releases will be supported by individual methods and heuristics that lead to highly 

valuable release plans. 

The methodology aims also to enable consistent value orientation in SRP at all relevant 

process steps by integrating specific value aspects into individual decision 

situations and methods as measurable influencing factors. Similarly, the methodology 

is intended to enable the integration of temporal influencing factors throughout the 

entire SRP process, decisions and methods in a measurable way. Furthermore, the 

methodology aims to ensure release planning for complex products that operate in 

dynamic environments involving different domains, such as software, electronics and 

mechanics. 

The application of the methodology will result in a tangible release plan with relevant 

data for the stakeholders. 

4.1.1 Development process of the intended methodology  

The objective of a methodology, is to provide an approach to achieve a specific goal by 

means of a corresponding structured procedure that includes and combines supporting 

strategies, methods, aspects, guidelines, and tools [Lin09, p.333] [Pon11, p.443]. 

Consequently, the development of the intended Methodology for Value-oriented SRP is 

organized in several facets (Figure 4-2) and according to the previously defined 

applicability requirements (Section 2.4.2.1).  

 

Figure 4-2: Steps and facets for the development of the intended methodology 

Initially, the objectives and requirements for the intended methodology were defined 

in Section 2.4.2. Based on this, the underlying process for value-oriented Strategic 
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Release Planning is developed, which incorporates detailed objectives, corresponding 

decisions and activities to generate a strategic release plan. Subsequently, for the 

determined process steps, decision-supporting methods are identified, adapted, 

elaborated, where also aspects of value and time are integrated. Finally, the developed 

methodology is transferred to a software-based tool, enabling the applicability and 

evaluation of the methodology. Accordingly, the Research Question 3 is broken down 

into further subdivided research questions during the development, which will be 

introduced in the respective sections. Ultimately, the developed methodology is evaluated 

by using the example of a Robotic Vacuum Cleaner, which is described in Chapter 5. 

4.2 Process for value-oriented SRP 

The operational applicability of the intended methodology requires a systematic workflow 

in the form of a specified process (Req. 1.1), which sets out objectives, required activities 

and according decisions of SRP. Therefore, this section focuses on the development and 

development and presentation of the core process for the methodology. For this purpose, 

the research question RQ 3-1 is defined as follows: 

The following sections describe the development (Section 4.2.1) and the resulting 

process for SRP (Section 4.2.2). 

4.2.1 Development of a process for value-oriented SRP  

The analysis of existing processes in SRP (Section 3.1) revealed that a process 

addressing all decisional dimensions of SRP is required (Req. 3.1-3.3). Given the 

contextual requirements (Req. 2.1-2.5) that SRP is placed between product planning and 

product design, the objects of consideration in SRP are features and releases, and the 

output of the intended methodology is a tangible release plan, the input and output as 

well as the boundaries of the process to be developed were defined as shown in Figure 

4-3.  

 

Figure 4-3: Input and output of the process for value-oriented SRP  

Product strategy, roadmaps

feature repository

Process for 

value-oriented SRP
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Research Question 3-1 (RQ 3-1) 

How should a process for Strategic Release Planning be structured considering value 

and temporal aspects and the characteristics of complex products? 
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Therefore, the input of the process for SRP are strategic objectives, roadmaps, as well 

as a feature repository. The result of the process is a formally structured and tangible 

release plan. 

On this basis, the process for SRP was developed by a systematic literature review 

and analysis of processes in industrial practice. Here, in a first step, possible 

processes for SRP and processes related to product upgrading were identified and 

analyzed. Furthermore, industrial processes were analyzed. An overview of the identified 

and analyzed approaches can be found in the Appendix A-1. These processes were 

analyzed with regard to their individual steps, activities and decisions, which have also 

been compared with the requirements and objectives of the intended methodology. 

Based on the analysis, relevant process steps were selected and extended by further 

process steps that could not be found in existing approaches but could be derived from 

industrial interviews or are required to address the decisions for SRP. 

4.2.2 Resulting process for value-oriented SRP  

This section introduces the elementary procedure for value-oriented Strategic Release 

Planning with its individual phases and steps [Şah20]. The objective of the process is to 

realize a tangible release plan describing a product’s evolution in form of releases and 

features over the time based on strategic objectives and a feature repository. Therefore, 

the individual phases and steps are covering all required decisions (Req. 3.1-3.3) to 

address and shape the elementary dimensions of a release plan (Section 2.3.2). The 

three main phases of the developed process are visualized in Figure 4-4. 

 

Figure 4-4: Main phases of the process for value-oriented SRP 
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The main phases of the developed process present major decision areas that are detailed 

by individual process steps and lead to a progressive specification of the release plan: 

1. Release type and strategy definition 

2. Release schedule and capacity definition 

3. Release content definition  

In the following, the individual process steps of the individual phase are introduced.  

The developed process for SRP begins with the phase of defining release types and 

their strategies (Figure 4-5). Here, the fundamental structure and strategy of a product’s 

release plan is defined, in which the release types and their release strategies are 

determined.  

 

Figure 4-5: Process for ‘release type and strategy definition’ 

Principally, complex products are upgraded by differently characterized release types. 

Therefore, there is a need to select the release types (1.1) to be considered for the 
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release planning project is performed. 

The defined release types have unique characteristics (e.g. objective, domain, system 

level) with corresponding change probabilities as well as integration complexities of 
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(e.g. planning flexibility). The result of this phase is a qualitatively shaped release 

plan comprising release types and their strategies (Figure 4-6). [Şah20] [Şah21a] 

 

Figure 4-6: Schematic result of the phase ‘release type and strategy definition’ 

Once the release types and their strategies have been specified, a more detailed level of 

planning can be performed. The next phase of release schedule and capacity 

definition aims to determine value-oriented release dates from strategic and operational 

perspectives and assign associated release types while determining their capacities in 

form of resources (Figure 4-7). 

 

Figure 4-7: Process for ‘release schedule and capacity definition’ 
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scheduled and budgeted multiple consecutive release types determining the 

evolution of a product (Figure 4-8). [Şah20] [Şah21a] 

 

Figure 4-8: Schematic result of the phase ‘release schedule and capacity definition’ 
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process steps and to ensure comparability between features.  

Since in most cases features are dependent to each other, these dependencies have to 

be considered in the selection and assignment process. Therefore, a dependency 

analysis (3.2) of the features is performed. 

This is followed by the assessment of the features in terms of their value and time aspects. 

In the step of the value assessment and prioritization (3.3), the features are assessed 

and prioritized in terms of their monetary value by analyzing and determining revenues 

and expenses and consequently potential profits. It may be that certain features generate 

high or low profits, but are harmful or beneficial for other reasons (e.g. product image, 

product strategy) that cannot be measured in monetary terms. Therefore, in addition to 

the monetary value assessment and prioritization, an overall value assessment and 

prioritization is carried out that reflects various value-influencing criteria on a feature.  

Following this, the urgency and availability of the features are analyzed in the temporal 

feature analysis (3.4) based on various external, internal, strategic and operational 

factors. 

After finishing the analysis of the features, the features are selected and assigned to 

the respective releases (3.5). Thereby, the goal is to achieve the maximum possible 

value of the releases while considering the previously defined time and value aspects of 

features, as well as the different release types (e.g. software releases), release capacities 

and release times. [Şah20] [Şah21a] 

The result of the methodology is a tangible and structured release plan that 

includes multiple releases with valuable features to upgrade a product over time 

and serves as a communication and planning basis for their realization in further product 

development (Figure 4-10). 

 

Figure 4-10: Schematic result of the phase ‘release content definition’ 
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4.3 Release type and strategy definition  

The objective of the phase release types and strategy definition is to structure the release 

plan and the planning process on a fundamental level.  

On the one hand, product-specific release types are selected and specified (1.1) to 

be considered within a release planning project (Req. 3.1). On the other hand, release 

strategies are defined (1.2) for each release type, specifying the degree of 

systematization of the release plans and its planning.  

For this purpose, in Section 4.3.1 release types for complex products are identified and a 

methodical support for their product-specific selection is developed. In Section 4.3.2, the 

dimensions of release strategies are identified, followed by the development of a 

methodological support for the selection of specific release strategies. 

4.3.1 Release type selection  

A product can be upgraded over its lifecycle to increase its attractiveness by bundling 

features within releases. Particularly in the case of complex products that comprise 

multiple systems and integrate different domains, releases are characterized in various 

ways (Section 2.3.6). The differentiation of release characteristics are enabled by 

so-called release types, representing an important element of a release plan 

(Section 2.3.2). Release types play a crucial role in release planning to enable a 

product-specific organization of product upgrading at different product levels or 

units. Release types can be differentiated by their purpose, contained feature classes, 

considered product areas, volumes, complexity, customer perception, domains, and 

release strategies. Typical known examples of release types for the automotive industry 

are product generations, facelifts, and limited editions. In software development, 

well-known examples are operating systems releases, beta releases, service packs, and 

patches. [Şah21a] 

Due to the different characteristics of release types, it is necessary to select 

product-specific release types to ensure a clear organization and distinctions of a release 

planning project [Bel08, p.48] [Küh17, p.111f.]. SRP focuses in particular on release 

types that are perceptible from a customer’s point of view. Therefore, it is necessary to 

offer a collection of release types and to enable their product-specific selection 

(Req. 3.1).  

For this reason, a methodical support (Figure 4-11) for release type selection is developed 

in the following sections. The method is intended to be applicable for complex products 

with different domains (Req. 2.5).  
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Figure 4-11: Support for the release type selection process 

Therefore, this section deals with the following research question to develop a 

methodological support along the defined process step: 

At first, relevant release types from literature and practice with respect to complex 

products are collected and their characteristics are elaborated (Section 4.3.1.1). Based 

on this, a procedure for the selection of product-specific release types is developed 

(Section 4.3.1.2). 

4.3.1.1 Release types in literature and practice 

The distinction of release types during SRP is essential due to the rising number of 

products integrating different domains on multiple system levels, resulting in high lifecycle 

heterogeneities. The analysis of existing approaches for SRP (Chapter 3) reveals that 

main part of current solutions do not clearly distinguish release types in a way that 

is appropriate for modern complex products. In the literature, a general distinction is 

made between major releases, minor releases and emergency releases [Ada16] 

[Ale16, p.142] [Ruh10, p.81] [Sch17, p.75]. The differentiation between these releases 

relates in particular to their scope, visibility, and predictability. Major releases represent 

extensive releases that involve a large amount of features, requiring well-scheduled and 

early planning. Minor releases describe rather moderately sized releases providing new 

impulses for a product, which are planned in a more flexible way. Emergency releases 

represent small-scale releases for bug fixes and optimizations of a product that are used 

in exceptional situations. With the described release types, a basic distinction of release 

types is presented in the literature. However, it is necessary to provide further release 

types, since the practice proves that upgrading complex products can be done in various 

Collection of release types

for complex products

…

Purpose

Unit

Domain

Percebtibility

Drivers

…

Purpose

Unit

Domain

Percebtibility

Drivers

…

Purpose

Unit

Domain

Percebtibility

Drivers

Product 

generation

Purpose

Unit

Domain

Percebtibility

Drivers

…

P
ro

d
u

c
t

Release

Type 3

Release

Type 2

Release

Type 1

t

Product to be

upgraded

Support for product-specific selection

of release types

Release types for product upgrading

(Section 4.3.1.1)

(Section 4.3.1.2)

Release type selection
1.1

Research Question 3-2 (RQ 3-2) 

Which release types exist for modern complex products and how can a 

product-specific selection of these release types be supported? 



86 4 Methodology for Value-oriented Strategic Release Planning  

ways (Section 2.3.6).  

Therefore, several products from different industrial branches were analyzed, 

leading to different release types [Şah20] [Şah21a]. Here, conventional and new 

release types of the automotive industry, smartphones, household appliances, and 

software products for industry and private use were analyzed. It becomes clear that 

release types of several branches use different labels (e.g. facelift, service pack), but in 

fact follow the same objectives and show the same characteristics. In addition, depending 

on their complexity, release types can address different levels of a product referred 

as release-units, such as an overall product, product platforms (e.g. vehicle platform), 

modules (e.g. infotainment system), as well as software and hardware components 

[Ink18]. Due to the increasing digitalization of previously mechanically oriented products, 

release types can also be differentiated in their implementation form, meaning that 

releases are not only introduced during production but also during the usage of a product 

[Bau20] [Lyy16]. The possibility of activating and deactivating releases via data 

transmission enables the use of temporary releases, for example in the gaming industry 

where seasonal game modes are offered via online updates or in the automotive industry 

where temporary limited editions are offered by launching models for specific occasions.  

The identified release types in practice were abstracted in terms of their characteristics, 

from which release types for SRP of complex products were defined and classified in 

terms of their objectives, scales, domains, and their customer perceptibility. The identified 

release types for SRP are explained in the following. 

Product generation releases represent an overall renewal and the most comprehensive 

upgrading of a product. Therefore, product generations can be seen as major releases. 

For this reason, product generations are promoted intensively as novel products and 

perceived highly by customers. From a development perspective, product generations 

provide opportunities to introduce new fundamental technologies and revise the design, 

concepts, or even the architecture of a product radically. The scale, timing and content of 

product generations are usually defined as early as possible, since they require significant 

lead times. Product generations are launched onto the markets in both cyclical and acyclic 

form and at high to low frequencies. Product generations can have purely software or 

hardware-oriented features or can include different domains.  

Examples of product generations are vehicle generations from the automotive industry 

that are radically upgraded on both in terms of hardware and software aspects for every 

six to eight years. Further examples are the generations of the Apple iPhone, where 

mainly hardware upgrades take place (e.g. power electronics, design, camera). Software 

generations that focus in particular on the renewal of operating systems, such as the 

generation of the Apple's iOS or Microsoft's Windows are also clear examples. 

Product improvement releases are intended to generate new market impulses and 

enhance product attractiveness by introducing significant value adding upgrades. 
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Therefore, product improvement releases can be seen depending on their scale as major 

or minor releases. Here, visual, functional and performance-related upgrades of a product 

are realized by the bundled introduction of customer-perceivable features. These 

measures serve as market impulses after the launch of product generations and, at the 

same time, as a preparation for the next product generations in the sense of Incremental 

Product Development or Piecemeal Engineering. The scale of product improvement 

release can be considered as high, but smaller compared to product generations. Like 

product generations, the features of product improvements are associated with a high 

level of customer perceptibility, leading to increased value creation for customers. 

Product improvement releases enable a controllable release of new product versions to 

satisfy customer demands. The scale, cycles and frequency of product improvement 

releases, as well as their planning flexibility, can vary strongly depending on the release 

strategy. Product improvement releases can be purely hardware-related as well as purely 

software-related or involve multiple domains. 

Examples of product improvements are facelifts in the automotive industry that represent 

improvements of vehicle generations. In the software industry or in the smartphone 

sector, operating systems are upgraded by product improvement releases, but are 

partially promoted as product generations by naming these as generations 

(e.g Microsoft Windows 8, iPhone 8).  

Special edition releases represent a particular version of product improvement releases 

where product variants with special or atypical characteristics (e.g. colors, geometry) of 

a reference product are offered as special editions. This type of releases are used in 

particular to introduce differentiated products compared to the underlying reference 

products by minor but valuable upgrades in order to provide new impulses or to serve 

particular customer segments. The main upgrades are usually changes in design, 

(e.g. unique color options) or feature packages (e.g. performance boosts) with specific 

labeling. The scope of special editions can be considered comparatively modest, since 

they contain relatively simple enhancements to a basic product. Special editions are 

sometimes also offered over certain periods or in limited quantities, resulting in so-called 

limited editions. Examples of special editions exist in particular in the automotive 

industry (e.g. Mercedes S-Class Coupé ‘Night Edition’) but also for household appliances 

(e.g. Thermomix TM6 ‘Limited Black Edition’) which offer in particular optical changes in 

the interior and exterior area. The Apple iPhone SE (Special Edition) was a leaner, 

lower-priced and dimensionally small version of the iPhone 6, increasing the value and 

cost ratio of the product for certain customer segments. 

Product maintenance releases aim to upgrade a product by implementing 

comprehensive optimization measures. These optimizations are technically or 

procedurally quality-improving and performance-enhancing measures. Furthermore, 

measures to reduce life cycle costs and measures to eliminate bugs and security 

problems are carried out by product maintenance releases. The so-called patches from 
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the software industry generally belong to this category of releases. To increase the 

visibility of these releases, customer-perceivable features are placed selectively, leading 

to higher valued and perceptible releases. Product maintenance releases also serves as 

a measure for variant management. The scope, cycles and frequencies, as well as the 

planning flexibility of product upgrades, can differ depending on the release strategy. This 

release type is often used for the cyclical introduction of adjustments that do not justify 

an introduction of product generation or product improvement releases.  

Many modern products nowadays have to comply with high security standards. 

Therefore, a specific form of product maintenance are the so-called security releases 

that serve for protection and are continuously optimized. 

Examples of product maintenance releases are the upgrades for the iOS of Apple's 

iPhone (e.g. iOS 8.1) and the Service Packs of Microsoft Windows. In the automotive 

industry, product maintenance activities are carried out but mostly not promoted as new 

product versions to customers. 

Emergency releases are a special type of release that have to be included in release 

planning to handle unplanned changes or upgrades. In this way, emergency releases as 

a release type provide an option for introducing upgrades of variable scopes with high 

reaction time. Immediate actions can be necessary for various reasons, such as new 

regulations, product bugs, customer complaints or competition induced reasons. In most 

cases, emergency releases cannot be anticipated. Nevertheless, emergency releases 

are also planned in advance as cyclical launched releases of release plan, if it is clear 

that urgent measures will be required frequently. The value proposition and scope of 

emergency releases varies greatly due to the wide range of reasons and their implications 

for a product.  

Examples of immediate measures are, for example, recall actions in the automotive 

industry (e.g. emergency call function for the VW Golf 8) or the monthly published patches 

of Microsoft Windows. 

The identified and classified release types can be used as basic release types in 

SRP, which can be applied to an entire product, individual sub-systems, modules, or even 

components that represent the respective release units. 

4.3.1.2 Support for the selection of product-specific release types 

Based on the knowledge of existing release types, their characteristics and their relations, 

the question remains how a product-specific selection of release types can be supported 

in SRP. For this purpose, a scheme for product specific selection of release types 

was developed that recommends product-specific release types by comparison of the 

regarded product with the release types. Furthermore, release type profiles are 

provided to systematically describe the selected release types. Figure 4-12 shows 

the underlying logic of the selection scheme.  
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Figure 4-12: Methodical support for the selection of product-specific release types 

The selection scheme compares the characteristics of the described release types with 

the product strategy and characteristics, upgrade objectives and the feature repository. 
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selection is recommended. The feature pool is analyzed in terms of feature domains and 

their types. Here, also release types with different domains (hardware, software, 

cross-domain) are specified and recommended, ensuring SRP for complex products 

(Req. 2.5). The comparison results in the selection of release types for specific release 

units. 

The distinctive characteristics of the identified release types can be used to describe 

release types in the form of release profiles. The attributes describing a release profile 

are as follows: 

1. Release type: specifies the release type 

2. Release description: detailed description of a release type 

3. Release unit: specifies the considered technical system  

4. Release domain: specifies the domain of the features  

5. Release perceptibility: specifies perceptibility of a release type for customers 

6. Release strategy: specifies the release strategy of a release type 

By defining the release strategies in the next process step, the release profiles are 

continuously extended by the dimensions of the release strategy (Section 4.3.2), resulting 

in a comprehensive specification of a release type.  
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The identified release types in this section and the provision of a product-specific 

selection scheme, provides a methodological support for the process step ‘release type 

selection’ for SRP. 

4.3.2 Release strategy definition 

In practice, it is evident that several products with similar release types follow different 

release strategies. For instance, in the automotive industry, pre-defined release cycles 

with long time intervals can be observed for product generations, whereas in the case of 

the household appliance Vorwerk Thermomix, the product generations do not have any 

specific cycles and are rather the result of reactions to market circumstances or 

technologies [Şah21a]. Accordingly, a specific release strategy must be defined for 

each release type. 

In a business and planning context, a strategy generally provides a guideline on the way 

to achieve goals by defining long-term policies, behavior and measures to achieve these 

goals [Por80, p.XXIV] [Mis20]. Transferred to SRP, the release strategy specifies 

which release patterns are followed by release types and how the SRP process 

needs to be organized to meet long-term product upgrading objectives. More 

precisely defined, the release strategy gives a clear indication in which form the timing of 

releases and the allocation of features should be performed for effectively upgrading a 

product and which corresponding steps of the SRP process have to take place in which 

form.  

Therefore, it is necessary to develop a support that allows the definition of release 

type specific release strategies (Figure 4-12). 

 

Figure 4-13: Support for the release strategy definition process 
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To develop the intended method, this section deals with the following research question: 

For this purpose, primarily the dimensions of release strategies are identified 

(Section 4.3.2.1). In the next step, a methodical support for the selection of specific 

release strategies is developed (Section 4.3.2.2). 

4.3.2.1 Dimensions of a release strategy  

The dimensions of a release strategy and their characteristics determine which release 

patterns are followed by a release type and how the according planning process has to 

be performed. In the literature, a number of release strategies and dimensions were 

already proposed [Küh17, p.108f.] [Sch13b] [Wri12, p.12]. These provide a useful 

foundation, although do not provide comprehensive strategies for individual release 

types.  

Therefore, these dimensions were adapted for the application on release types by 

analyzing practical examples of specific release type strategies and interviews in 

industrial practice. Accordingly, the following dimensions and their possible 

characteristics have been identified for defining release strategies in the context of 

SRP, which are presented in the following Table 4.1.  

Table 4.1: Dimensions and possible specifications for release strategies 

Release strategy dimension Possible specifications 

Planning horizon fixed variable 

Release budgeting  release related time related 

Release timing time-based content-based 

Release rhythm cyclic case-related 

Release frequency rare moderate high 

 

The following Figure 4-14 schematically illustrates the release strategy dimensions in the 

context of a release plan for a specific release type. 

Research Question 3-3 (RQ 3-3) 

What type of release strategies exist for product upgrading and how can their release 

type specific selection be supported? 
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Figure 4-14: Dimension of release strategies for in the context of a release plan 

In the following, the identified dimensions of release strategies are explained.  

Planning horizon 

In the context of SRP, the planning horizon specifies the planning period for a 

release type. When defining the planning horizon, the two strategies of fixed and variable 

planning horizon are possible [Hep13, p.109f.] [Sal05]. In the case of a fixed planning 

horizon, all releases and related release times are defined obligatorily and not changed 

at later phases. This strategy is suitable for release types that require early and precise 

planning, since the realization of certain release types lead to high organizational 

implications such for development and production. In contrast to the fixed planning 

horizon, the variable planning horizon strategy provides an alternative option. In a 

variable planning horizon, releases are typically planned for a specific period and are then 

re-planned after reaching the pre-defined period. This strategy is suitable for 

comparatively simple release types that are driven by flexible and lean organizational 

structures. Applying the variable planning horizon strategy, an agile release planning with 

a high degree of responsiveness and adaptability is possible. Appropriate use cases for 

this strategy are small-scaled software releases.  

Release budgeting 

As a general principle, certain capacities are allocated to releases for their realization, 

which are considered being a limiting factor in the assignment of features. In this context, 

a distinction can be made between two different strategies for determining release 

capacities and budgets for releases. These are the release-related and time-related 

budgeting of releases [Ruh10, p.92]. In the case of release-based budgeting, fixed 

capacities are assigned to each individual release, which are usually defined in advance. 

In contrast, time-based budgeting sets a budget for a specific period, allowing each 

release in that period to access the defined budgets while being limited by the sum of the 

releases. In determining whether a release or time related allocation should be selected, 

the extent, frequency and internal organizational structure of a release type are decisive 
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factors. The more extensive and complex release types are, it is worthwhile to carry out 

release-related budgeting.  

Release timing 

The release timing determines in which way the timing of releases are principally 

determined. A release timing strategy can be either time-based or feature-based [Mic05] 

[Wri12, p.7]. The time-based strategy follows a strict schedule, where dates for 

individual releases are defined in advance, independently from the feature repository. 

The content of the releases are determined by whether the features can be implemented 

at the pre-defined release times. Features that cannot be implemented at a certain point 

in time or in terms of resources are delayed until the next possible release. Under the 

time-based release strategy, release times are strictly applied and only delayed in critical 

situations. The time-based strategy is particularly useful for complex release types that 

require a high level of preparation and where highly frequented product upgrading is 

required due to market dynamics. Alternatively, the feature-based timing strategy is 

used when the realization of a feature-set leads to the launch of a release. Feature-based 

release timing thus depends on the timing of individual features and is useful for release 

types where relatively low external pressure for new releases is present. 

Release rhythm  

The release rhythm is used to decide the rhythm at which new releases are 

published, in case they are scheduled with a time-based release strategy. Here, releases 

are launched either on a cyclical or case-related basis [Bel08, p.48] [Küh17, p.105f.] 

[Şah21a].In the case of a cyclical release rhythm, releases take place at periodic 

intervals. The introduction of releases with a cyclical rhythm is particularly useful when a 

release type has to be upgraded frequently. The cyclical launch of releases provides 

customers regularity and predictability, while the development processes of releases are 

highly standardized. In contrast, case-related rhythms are used where releases take 

place at non-regular intervals. In this case, internal or external events, such as disruptive 

technologies or important events (e.g. trade fairs), generally define the release times. For 

release types that are not subject to highly dynamic changes, a case-based release 

rhythm is more suitable. 

Release frequency  

The release frequency initially reflects the qualitative frequency with which certain 

release types are launched in order to provide an initial classification between individual 

release types of a release plan. Here, the internal and external dynamics, as well as the 

complexity of the implementation of the releases, play a significant role [Ele15]. For 

example, software-related releases are generally more frequent than extensive product 

generations. The characteristics of the release frequency can be selected individually. 

Basically, a distinction can be made between rare, moderate and high frequency. 
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A precise specification of the release frequencies is only possible in the release 

scheduling phase of the SRP process.  

4.3.2.2 Support for release strategy definition 

The dimensions and possible specifications of a release strategy demonstrate that a 

variety of release strategies are possible. Therefore, the question arises how release type 

specific strategies can be defined. To this end, this section presents a method to support 

the definition of release strategy for specific release types.  

For this purpose, a method was developed that enables a systematic evaluation of the 

complexity of a release type and, from this, recommends a release strategy with the 

respective characteristics. The schematic representation of the method is shown in the 

following Figure 4-15.  

 

Figure 4-15: Methodical support for the definition of release strategy 

The principles of project management, state that projects (releases) are planned in a 

more systematic, iterative and incremental way as the uncertainty and dynamics 

(dynamic complexity) about changes (features) and the efforts for implementation 

(structural product complexity) increases [Lar03] [Sch17, p.11]. This means that the 

strategy for continuous upgrading of products depends on the probability of new upgrades 

and the difficulty of implementing these changes in the considered system. It can be 

stated that the release strategy depends on the change probability (dynamic 

complexity) and complexity (structural complexity) of the target system 

[Küh17, p.110]. In other words, the higher the complexity of a release type, the more 

structured and systematic a release strategy is required. By classifying release types 

according to their complexity based on the product complexity classification scheme 

Release strategy classification scheme

efforts for feature implementation

(structural complexity)

c
h

a
n

g
e

 p
ro

b
a

b
ili

ty
 a

n
d

 u
n

c
e

rt
a

in
ty

 

(d
y
n

a
m

ic
 c

o
m

p
le

x
it
y
)

Release type 

complexity

Release strategy

recommendation

Support for complexity

assessment of release types

C
o
m

p
le

x
it
y
 

m
e
a
s
u
re

m
e
n
t 

c
ri
te

ri
a

Release

Type 1

Complexity assessment 

of release types



4.3 Release type and strategy definition 95 

of SCHUH [Sch17, p.11] (Section 2.1.3) the degree of systematization of a release 

strategy can be defined. Here, the increasing complexity of a release type leads to more 

structured and systematic release planning. This results in a classification scheme for 

selecting release strategies (Figure 4-16). To select release strategies depending on 

the release type complexity, the previously described release strategy dimensions were 

assigned to the individual release type complexities with the appropriate characteristics. 

This results in four different release strategies that provide initial guidance on release 

patterns and the organization of the SRP process, depending on the release type 

complexity. 

 

Figure 4-16: Release strategies according to release type complexity 

In the case of release types with a low change probability and easy implementation of 

upgrades (e.g. cable system), a flexible release strategy can be used in which releases 

can be handled and adapted in a flexible way based on change occurrences as well as 

with variable resource allocation and timing, since there is no pressure or need for early 

proactive planning of product upgrades. In the case of release types with high change 

probability (e.g. software patches) and easy implementation of upgrades a 

resource-oriented release strategy can be applied, where the timing and resource 

allocation of releases need to be highly systematic, however the content of the releases 

can be planned more flexibly, since upgrades are relatively easy implementable. For 

release types with low change probability but highly complex implementation of upgrades 

a static release strategy can be selected, where features to be introduced in the future 

are required to be planned early as possible and bindingly, since highly efforts and 

organizational changes will appear for those kinds of releases. In case of release types 

with high change probability and highly complex implementation of product upgrades a 

highly-systematized release strategy needs to be defined, where release times and 
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resources have to be planned with highly detailed systematic patterns and without any 

changes after planning, since a high volume of costly implementable releases are 

planned for short time periods. 

A detailed presentation of the specific characteristics of the specific release strategy 

dimensions are shown in Table 4.2. 

Table 4.2: Release strategies and their characteristics 

Release strategy 

dimension 

Flexible release 

strategy 

Resource-

oriented release 

strategy 

Static release 

strategy 

Highly 

systematized 

release strategy 

Planning horizon variable variable fixed fixed 

Release budgeting time-related release-related time-related release-related 

Release timing content-based time-based content based time-based 

Release rhythm case-related cyclic case-related cyclic 

Release frequency rare to moderate moderate to high rare to moderate moderate to high 

 

A selection of a suitable release strategy can be achieved by classifying the 

complexity of the considered release type. For the complexity classification of a 

release type, the complexity of the considered release unit, which is the technical system 

to be upgraded (product, sub-system, modules or components) has to be determined. 

The determination of the complexity of a release type is supported by a complexity 

assessment method. For this purpose, the dynamic complexity of the release unit is 

assessed on the basis of external and internal uncertainties and the probability of change. 

On the other hand, the structural complexity is measured by the internal technical as well 

as organizational complexity of the release unit. By assessing these factors, an initial 

orientation about the complexity of a release type can be determined. To support an 

accurate assessment of the dynamic and structural complexity of a release type, a 

number of detailed influencing factors have been identified from different sources for 

complexity assessment [Küh17, p.110] [Orf11] [Zha07], which are explained in the 

following Table 4.3. The mentioned criteria are assessed by a simple rating scale 

(low, medium, high), but can be adapted according to individual requirements.  
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Table 4.3: Criteria for assessing release type complexity 

Criteria Description 
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Customer dynamics 
Refers to the degree of variability in demand and preferences of 

customer groups  

Innovation expectation Refers to the degree of expectation for innovations  

Competitive intensity 

Refers to the dynamics of competition and is understood as the 

speed with which innovation advances are eliminated by 

competition 

Innovation velocity 
Refers to the speed of diffusion of an innovation among users, as 

well as the speed of development of innovations at the supplier 

Dynamics of legislation 
Refers to the degree of dynamism, clarity, and consistency of 

regulations 

In
te

rn
a
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Release unit readiness 
Refers to the technical and functional maturity with respect to the 

requirements 

Dynamics of supplier 

environment 

Refers to the variety of suppliers and the probability for changes at 

the suppliers 

Competency fluctuation 
Refers to the fluctuation dynamics of knowledge and their carriers 

within the organization 
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Organizational complexity 
Refers to the organizational effort required within the company to 

implement upgrades 

Technical complexity Refers to the technical effort required to implement upgrades 

Portfolio dependencies 
Refers to the proportion of the release type used in other products 

within the portfolio 

 

By providing the dimensions and characteristics of release strategies with an according 

selection method with a classification scheme and assessment criteria, specific strategies 

for release types can be selected. These enable statements about release patterns and 

the systematization of the SRP process. According to the release strategy, certain steps 

are not considered in the next phases or are handled differently. 

The release type and strategy definition phase results in a selection of release 

types and their release strategies, constituting the input for the next section of the 

release schedule and capacity definition (Figure 4-17).  
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Figure 4-17: Result of the release type and strategy definition phase 

4.4 Release schedule and capacity definition 

Once the release types and their release strategies for upgrading a product have been 

defined, the phase of release schedule and capacity definition is carried out.  

The objective of this phase is to structure the release plan in terms of release times and 

their capacities. Therefore, individual release times with suitable release types are 

identified and determined (2.1). On the other hand, corresponding release capacities 

are assigned (2.2) to the planned releases. The result are scheduled releases with 

corresponding capacities, which will be filled with valuable features in the subsequent 

phase.  

For this purpose, key aspects influencing the timing of releases are identified and a 

methodical support for release timing is developed (Section 4.4.1). In Section 4.4.2, main 

aspects and strategies of release capacity determination in the context of SRP are 

introduced.  

4.4.1 Release time definition 

Release times constitute one of the key elements and decisional dimensions in SRP 

(Section 2.3.2). As such, release times answer the question about when new product 

versions will be introduced to the markets [Kri94]. Thus, one of the goals of SRP is to 

develop a release plans that provide information about the launch dates of all future 

product releases within the planning period [Dal19, p.63] [Pha04]. It is therefore required 

to ask at which times new releases will be launched in which form (release type) to 

upgrade a product in response to changing customer needs, technologies, competition 

or strategic objectives. This involves the definition of release dates and as well as the 

assignment of according release types. A scheduled release plan provides the 

foundation to organize development activities. Accordingly, it is necessary to provide a 

methodical support for the definition of release times (Figure 4-18). 
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Figure 4-18: Support for the release time definition process 

Therefore, this section deals with the following research question to develop a 

methodological support along the defined process step of release time definition: 

To support the definition of release times within the context of SRP; it is first required to 

identify key aspects that are influencing release timing and need to be considered 

(Section 4.4.1.1). Here, all relevant aspects for a value-oriented scheduling as well as 

alternative release times need to be considered (Req. 3.2, Req. 5.1-5.2). Based on this, 

a corresponding methodological support for the definition of release times is developed 

(Section 4.4.1.2). 

4.4.1.1 Key aspects influencing the timing of releases 

A comprehensive and synchronized consideration of all relevant influencing aspects 

during the definition of release times is essential in order to plan realizable and value 

adding releases. For this purpose, a literature review in order to identify key aspects 

for the timing product launches, product versions, and releases was conducted in 

the fields of time-to-market management [Nip08], innovation management [Ben99], 

product planning [Hep10] [Bin12] and marketing [Koc01] in addition to the existing 

literature about release timing in the field of release planning [Ale16, p.153ff.] 

[Bel08, p.76ff.] [Küh17, p.111] [Mau14a, p.24f.]. The identified aspects were transferred 

to the context of SRP and combined with existing aspects in the field of release planning, 

resulting in key aspects for the timing of releases, which are presented in the following.  
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The key determining aspect in the timing of releases is the product value lifetime [Bin12] 

(Section 2.2.1). This provides guidance about the value of a product to its stakeholders 

at a certain point in time and indicates the time when stakeholders consider a product to 

be obsolete [Ume03]. The value lifetime is influenced by a variety of influencing factors 

and stakeholders. In a nutshell, it can be stated that the probability of changes affecting 

a product, the frequency of these changes, and their relevance for customers and 

stakeholders determine the behavior of a product’s value lifetime [Ele15]. The behavior 

of the value lifetime of a product and its features provides guidance about when and with 

which frequency new releases need to be presented to stakeholders. 

Another key aspect influencing the timing of releases is the corporate strategy 

[Koc01][Nip08]. The corporate strategy specifies strategically significant objectives and 

milestones for entire product programs or specific products that have to be considered 

during release timing. For instance, if a company is aiming for a technological 

transformation (e.g. transition to e-mobility) that affects the entire product program, this 

will result in deadlines at which products with the corresponding technologies have to be 

released. In addition, portfolio strategies result in specific objectives, events and 

milestones in which products have to be adjusted accordingly by introducing new release 

[Hep10]. Furthermore, strategic product roadmaps define the evolution of products under 

the influence of trends and key technologies by strategic milestones [Nip08], which have 

to be specified by SRP and thus have to be considered during release timing. 

One further aspect that has to be considered are the activities of competitors providing 

significant orientation for release timing [Kue12]. Significant influence on the release 

times are pre-announcements and fixed release dates of the competition where 

new competitive products are presented to the markets. In particular, products 

from competitors with innovative features or technologies require close attention 

[Şah21a]. It is a challenge that information about competitive activities and events are 

partly confidential. Accordingly, obtaining information about release activities of the 

competition in a preliminary stage is very difficult and their reliability for release timing is 

relatively low. 

Market and sector-specific events represent further aspects that play a crucial role in 

terms of release marketing [Bin12]. In particular, trade fairs or special events are 

important times when releases are presented to the markets [Küh17, p.135]. These are 

of great importance for effective public marketing of customer-relevant features or new 

product generations and have to be taken into account accordingly when defining release 

dates. Market and social trends should be considered in the timing of releases, yet have 

a limited impact as they rather affect long-term objectives and do not directly influence 

release dates in the context of the considered planning periods frames within SRP. 

A strong determining aspect in the timing of releases are legislations and policies 

[Hep10]. Certain legislations specify strict deadlines by which certain standards must be 

met by products to be newly released. These can relate to individual features or to the 
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overall product (e.g. security guidelines). Due to the increasing digitalization of products, 

deadlines for complying with safety-relevant regulations will become more and more 

important, not only for new products but also for existing products already in use [Lyy16]. 

Therefore, legislations and policies in release planning are becoming a key aspect in 

release timing. 

4.4.1.2 Support for the identification and selection of release times  

The previously defined release strategies (Section 4.3.2) specify the rhythms and 

qualitative frequencies of the individual release types. Also, the type of release timing and 

the flexibility of the planning horizon is are already defined. These specifications have to 

be considered in addition to the previously described aspects, influencing the timing of 

releases. In addition, the value behavior of a product and its individual features over time 

has to be considered. This makes the timing of releases a multifaceted and 

multilayered problem that should be supported methodically. A number of 

approaches for release timing exist in release planning literature but also in other 

disciplines [Ale16, p.153ff.] [Küh17, p.111f.] [Mau14b]. Considering existing approaches 

from the literature, the aspects influencing release timing, and the previously defined 

requirements for the methodology, a methodological support was developed to 

support the release time definition, which is described in the following.  

The definition of release times is divided into the two main steps: 

1. identification of critical release times and assignment of release types, 

2. determining exact release dates. 

During the identification of release times, critical release times are identified at which a 

product and its features become less valuable and a corresponding bundled upgrading 

of multiple features can be carried out by introducing appropriate release types 

(Section 4.3.1). Based on the identified potential release dates from a value-oriented 

product perspective, in a next step the planning horizon and exact release dates are 

determined, taking into account the release strategy, corporate strategy, competition, 

market and sector, legislation and politics.  

4.4.1.2.1 Identification of critical release times and assignment of release types 

The identification of critical release times serves as the basis for determining the release 

times and assigning suitable release types to upgrade a product. For this purpose, the 

value behavior of a product over time is analyzed by identifying the need for upgrading 

of its individual features over time. While certain features require almost no or occasional 

upgrades, certain features need to be upgraded regularly or even with high frequencies.  

As a support to identify the upgrade cycles and times of individual features, the 

Change Priority Indicator (CPI) proposed by ELEZI [Ele15] based on the Change Mode 

and Effect Analysis [Pal03] can be used. The CPI serves as a metric that prioritizes the 
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expected need for upgrading of individual product functions. In the context of SRP, the 

CPI can be adapted as a metric to identify the frequency with which a feature needs to 

be upgraded. The CPI is calculated by rating the three criteria: probability of change 

occurrence for a feature (P), dynamics of the changes (D) and relevance of the changes 

for the consumer and competitiveness (C): 

 

 CPI = P ∙ D ∙ C (4.1) 

 

Each criteria is rated on a defined scale from 1 to 10 with supporting descriptions 

(Appendix A.2). Depending on their CPI, features are classified within a shell model 

leading to a Feature Upgrade Frequency Model in which individual shells represent 

specific upgrade frequencies (Figure 4-19).  

 

Figure 4-19: Feature upgrade frequency identification by the Feature Upgrade Frequency Model 

Based on their shell assignment, feature upgrade frequencies can be mapped over 

time, resulting in a schedule where all upgrade times are shown for each feature within 

the considered time period. With regard to the later assignment of release types in release 

timing, it is also important to represent the features domains (e.g. SW or HW) on the 

schedule and if possible further relevant information (e.g. effort, system allocation) for the 

selection of appropriate release types. 

For the classification of the features in the Feature Upgrade Frequency Model, the CPI is 

normalized. This is calculated by the ratio of the individual feature CPI values to the 

highest CPI measured. The higher the CPI, the more outside features are to be classified 

within the Feature Upgrade Frequency Model and have a correspondingly higher upgrade 

frequency. The maximum and minimum upgrade frequencies, the exact value of upgrade 

frequencies, and the number of intermediate shells have to be selected reasonably 

according to the respective product. As a result, all feature upgrade frequencies can be 

identified by using the CPI indicator. 
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Based on the given upgrade frequencies of each feature, their domains and further 

relevant information, critical release times for upgrading the overall product can be 

identified. Here, for periods in which several features have to be upgraded can be defined 

as critical release times where a release is used to bundling the feature upgrades. (Figure 

4-20). Furthermore, highly relevant features can determine critical release times. 

Depending on the scope of the features at the critical release times as well as their 

domains and other characteristics, corresponding release types can be assigned to the 

critical release times. 

 

Figure 4-20: Critical release times and appropriate release types based on feature upgrade frequencies 

For example, product generations or product improvements can be used for large clusters 

of features that need to be upgraded within a certain time interval. In the case of 

accumulation of features from a specific domain (e.g. software), appropriate release types 

(e.g. software improvement releases) can be assigned. Here, also the specification of the 

release strategy have to be taken into account. For example, certain release types can 

only be introduced cyclically or are more suitable for higher-frequented upgrades 

(Section 4.3.1.1). The assignment of the release types to the identified critical release 

times within the planning horizon results in a first definition of release times with the 

corresponding release types. 

4.4.1.2.2 Determination of release dates  

Based on the identified critical and potential release times, the next step is to determine 

exact release dates at which the product is upgraded by appropriate release types. 

For this purpose, initially the planning horizon of the release plan is defined. This 

specifies the planning period of a release plan allowing to define an initial release 

schedule [Sal05]. The definition of the planning horizon depends strongly on the product 

life cycle and consequently on the product type and its sector. The higher the dynamics 

of an industry, the shorter the product life cycle and accordingly the time span at which 

rational planning can take place [Fis01] [Log08]. In order to define an optimum product 

life cycle duration, methods for calculating optimum product life cycle durations can be 

applied [Sch14].  
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After specifying a planning horizon, the previously identified release dates from a product 

value behavior perspective are compared to further external and internal important 

events, resulting in precise release dates with associated events as shown in 

Figure 4-21.  

 

Figure 4-21: Release date determination based on prioritized external and internal events 

These events can be, as described in Section 4.4.1.1, the publication of competing 

products, market and sector events like trade fairs, strategic events or other relevant 

events, such as the publication of regulations or policies. Depending on the priority of 

these events, the previously identified release times can be assigned to specific events 

which are close to the identified critical release times. When considering external and 

internal events, it may occur that on certain events, it is mandatory to release products 

(e.g. main trade fairs of the sector). This can cause new releases or one of the previously 

identified critical release times is close and thus can be assigned. 

The process step of release time definition results in a scheduled release plan with 

respective release types and exactly specified release dates mostly with respective 

events. 
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4.4.2 Release capacity determination 

After defining release dates and according release types, the next step is to define the 

capacities of the scheduled releases. Therefore, this section deals with the following 

research questions to develop a methodological support along the defined process step 

of release capacity determination: 

The capacities of releases indicate the amount of given resources to realize and launch 

a release. Thus, the release capacity also determines the possible amount of features 

that can be captured by a release. The following section explains which capacity types 

and budgeting strategies exist and how they can be applied to SRP. 

The release strategies specify the type of budget allocation for individual release types. 

Either a release-related budgeting is realized, where the budgets for releases are 

specifically assigned to individual releases or a time-related budgeting is realized, where 

the budgets are assigned to several releases within a time frame (Figure 4-23). 

 

Figure 4-22: Release capacity definition and budgeting types 

In general, budgets for projects and therefore also for release projects are defined in 

monetary terms and as personnel resources [Ngo09]. Monetary budgeting defines the 

amount of financial capital available for the realization of one or more releases within a 

period [Ame17]. Thereby a division of the monetary budgets to different processes for the 

realization of releases (e.g. design, testing, and marketing) is possible.  

Personnel resources indicate the amount of efforts that can be spent by staff or 

suppliers for the realization of one or more releases [Ngo09]. These are usually specified 

in person-months, days or even hours. Personnel resources can also be expressed in 

personnel costs so that comparable monetary metrics can be applied between different 

release types. 
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Principally, different budgets types can be used to define the release capacities for 

certain release types. On a strategic planning level as it is in the SRP, mainly aggregated 

capacity definitions are worthwhile for most release types, since the budgets cannot be 

divided sufficiently in detail to individual process steps as different type of features are 

planned with different development stages involving accordingly diverse cost structures 

[Ruh10, p.91f.]. 

For release types that are planned in a very homogeneous, small-scale and operational 

way (e.g. software patches), personnel resources are usually allocated, since a certain 

number of personnel for a certain time interval have a clear capacity for the identical type 

of tasks (e.g. code programming), as is often the case in the software industry. 

Nevertheless, it is worth selecting consistent budget types for a release plan in order 

to achieve comparable efforts and values of features to perform cost-value analyzes as 

well as to solve the knapsack problem in the sense of SRP. 

With the definition of the release capacities, the phase of release time and capacity 

definition is completed, resulting in a scheduled release plan with corresponding 

release types and their capacities at critical upgrade times. This serves as input for 

the release content definition phase, in which the releases are filled with valuable features 

(Figure 4-23). 

 

Figure 4-23: Result of the release schedule and capacity definition phase 
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a company. The first step is the unified description of features (3.1) to ensure 

comparability of the features and completeness of according information from various 

sources. For this purpose, in Section 4.5.1 a feature profile with according attributes is 

developed for a unified description of features. In the next step, a dependency 

analysis (3.2) is performed to identify different types of dependencies between features 

to be considered. For this purpose, potential dependency types of features are identified 

and a methodical support for the identification of dependencies is developed in 

Section 4.5.2. Considering the dependencies, all potential features are undergoing a 

value assessment (3.3) where the monetary and qualitative value creation of features 

are determined. To this end, factors influencing the value of features are identified and 

an according methodical support for the assessment and prioritization of feature values 

is developed (Section 4.5.3). Additionally, a temporal analysis (3.4) is performed to 

identify possible launch periods of the features. For this, factors influencing the timing of 

features are identified and a methodical to support to identify launch periods of features 

is developed (Section 4.5.4). Ultimately, the prepared features are selected and 

assigned to appropriate releases (3.5) considering dependencies, value and temporal 

aspects as well as the pre-defined releases with the goal of maximizing the overall value 

of the releases. To achieve this, a hybrid-intelligence decision-making logic is developed 

based on the knapsack problem for the selection and assignment of features that results 

in a release plan (Section 4.5.5). 

4.5.1 Feature description  

The starting point for feature preparation is a collection of features in a feature repository 

that is continuously updated. In a feature repository, all potential features from various 

internal and external sources are collected and managed [Ruh10, p.211]. Initially, it is 

necessary to describe all features of a repository in a unified way, covering all 

related information from various sources for the subsequent process steps and involved 

stakeholders (Figure 4-24). This will improve the understanding and comparability of the 

features during the execution of the feature preparation, selection and assignment as well 

as in the communication between the involved entities providing higher efficiency and 

quality during the planning process [Ruh10, p.34ff.]. To enable these advantages, it is 

necessary to provide a feature profile that enables a unified description of features.  
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Figure 4-24: Support for the feature description process 

Accordingly, this section deals with the following research question: 

To answer this question, required information and data for the phase of release content 

definition process was identified on the one hand, and several approaches for the 

systematic profiling of features [Ruh10, p.36] [Fri12], ideas [Eve03, p.81] [Alb18], and 

requirements [Gor06] [Reg05] were analyzed. The analysis indicates that several 

attributes could be useful for the description of features. Based on the analysis, relevant 

attributes for the description of features were identified and transferred into a feature 

profile. The resulting feature profile serves as a standardized template of relevant 

attributes and is thus an essential starting point for the further planning process with 

regard to the definition of release contents. 

The following Table 4.4 presents the resulting attributes of a feature profile.  

Table 4.4: Attributes of a feature profile 

Attribute Description 

Feature ID Unique identifier of a feature 

Feature label Clearly distinctive title describing the main content of a feature 

Feature state Current state of a feature within the development and release planning process 

Feature owner Responsible unit or person of a feature 

Feature 

specification 

Specification of the central essence of a feature that is comprehensible to all 

relevant stakeholders. To achieve this, the Requirement Abstraction Model by 

GORSCHEK AND WOHLIN [GOR06] can be applied. 
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Table 4.4: Attributes of a feature profile - continued 

Attribute Description 

Principle 

illustration 

Visualizes a feature principally by a schematic drawing or symbol in order to 

present it in a more understandable way to stakeholders improving the 

communication. 

Use case Outlining the use case and explicit usage of a feature. This aspect is particularly 

relevant for the feature value assessment and prioritization. 

Customer value Describes the specific benefits and customer value of a feature within the 

respective use case. The customer value of a feature can initially be classified by 

the Kano Model (Section 2.2.1). This aspect is particularly relevant for the feature 

value assessment. 

Relevance for 

functionality 

Describes the significance of a feature for the functionality of a product. Here, a 

distinction can be made between mandatory, optional and variant features. This 

aspect is particularly relevant for feature selection. 

Strategic value Describes the strategic benefit and value of a feature for the company. This aspect 

is particularly relevant in feature value assessment and prioritization. 

Competition Describes comparable features by competitors and their market launch date 

combined with the strategic positioning of the considered feature. This aspect is 

particularly relevant for the urgency as well as value assessment and prioritization 

of features. 

Domain Describes the domain (e.g. mechanics, software) of a feature. This aspect is 

particularly relevant for release assignment. 

Monetary value Summarized specification of the monetary aspects (e.g. potential revenue) for a 

feature. This aspect is particularly relevant for the monetary value assessment of a 

feature. 

Resource 

estimation 

Describes the personnel and/or financial resources required to launch a feature. 

This aspect is particularly relevant in feature value assessment. 

Temporal 

aspects 

Information on urgency and temporal availability of a feature arising from different 

entities and viewpoints (e.g. customer expectation). This aspect is particularly 

relevant for the temporal analysis of features. 

Risks Describes the possible risks in realization, implementation and launch of a feature. 

Assigned 

release 

Official release name to which a feature is assigned. This is usually determined in 

the release assignment process. However, specific releases can be defined here 

in advance for specific reasons. 

Further 

comments 
Further significant aspects or open issues concerning a feature. 
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The resulting feature profile provide individual characteristics of a feature, enabling 

a comparable and comprehensible description and serves as a basis the phase of 

release content definition. Managing and updating the feature repository is the task of 

product management [Ruh10, p.35]. As feature-related information (such as competitor 

products) change, these need to be captured within a feature profile during the phase of 

release content definition. Although all attributes are relevant to some extent, it cannot be 

expected that all information should be available to start the planning process. The variety 

of attributes of a feature profile clearly reveals how important it is to connect release 

planning with other accompanying processes and entities. 

4.5.2 Feature dependency analysis 

In both mechanical engineering and software development, the high rate of feature 

dependencies is emphasized as a particular challenge in release planning [Asi12] 

[Car01]. It is common that features are associated with dependencies in a technical 

context affecting especially the implementation and efforts of features. Here, it may be 

that highly prioritized features may not be considered, as their technical implementation 

requires other low prioritized but technically complex and expensive features. Therefore, 

before features are analyzed in terms of their value, temporal aspects, and subsequently 

selected and assigned to releases, it is essential to identify the dependencies of 

features. However, dependencies do not always lead to negative effects. Feature 

dependencies can also arise due to synergy potentials for value creation reasons if, for 

instance, a couple of features do more add value if they are introduced in a combined 

way in a release rather than separately. That is why a wide variety of dependency types 

play an essential role in release planning that may imply positive or negative effects on 

the value of a release plan. The dependency analysis therefore aims at identifying 

enforced but also possible synergies of features dependencies. For this purpose, a 

support for the provision of dependency types and according systematic 

identification of feature dependencies has to be provided (Figure 4-25). 

 

Figure 4-25: Support for the feature dependency analysis process 
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This section thus deals with the following research questions to develop a methodical 

support for the feature dependency analysis for SRP: 

For this purpose, in a first step, dependency types and reasons in the context of SRP are 

analyzed in Section 4.5.2.1, which are then transferred into a methodological support for 

the identification of feature dependencies in Section 4.5.2.2.  

4.5.2.1 Types and causes for feature dependencies 

The selection of features and their assignment to releases requires the consideration of 

differing feature dependency types and their underlying reasons.  

In the literature, several dependency types that are relevant for SRP are presented in the 

fields of release planning [Car01] [Ruh10, p.86ff.] and requirements management 

[Dah05] [Kar97]. Based on the analysis of existing dependency types, essential 

dependency types for SRP to be considered are described in the following (Figure 

4-26). 

 

Figure 4-26: Feature dependency types 

1. Coupling  

Feature X is coupled with Feature Y, which requires both features to be released 

in the same release. The reason for feature coupling is that both features are 

dependent on each other. 
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Only one of Feature X and Feature Y can be selected for a release. This means, 

if Feature X is selected for a certain release, Feature Y cannot be selected for the 

same release. The reason for this can be conflicting goals or to avoid redundant 

features.  
 

3. Weak/Strong Precedence 

Feature X should be released before Feature Y. For a weak precedence 

relationship, Feature X can be released in the same release but not before. In a 

strong precedence relationship, Feature Y definitely has to be released in a 
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1. Obligatory dependencies  

Obligatory dependencies have to be considered during release selection and 

assignment. If obligatory dependencies are not considered, technical issues or 

financial loss can occur. 
 

2. Optional dependencies 

Optional dependencies are recommended to consider in order to use synergy 

effects between features or to avoid possible minor disadvantages. However, 

optional dependencies can also be disregarded if they hinder the implementation 

of features or their realization leads to other disadvantages.  

In practice, it is not unusual that dependencies are identified too late during the 

assignment of features [Car01] [Şah21a]. It is therefore particularly important to analyze 

the causes of dependencies at an early stage. Here, all causes for feature 

dependencies have to be considered. In the following, main causes for feature 

dependencies to be considered in SRP are described: 

1. Technical causes 

The most common causes of feature dependencies are of a technical nature. 

These arise when certain technical dependencies between features occur. These 

can be, for example, that a feature requires certain technical basic functionalities 

of another feature, or when one feature affects another feature’s performance 

positively or negatively and therefore has to be considered in the same or a 

separate release.  
 

2. Monetary causes 

Features may have a monetary dependency if their release in a common or 

separate release leads to financial benefits. It may be the case, that certain 

features in coupled or separate form lead to a reduction of implementation efforts 

and consequently lower costs. Another case would be when intentional 

consecutive or coupled introduction of features provides higher profits. 
 

3. Customer value-related causes 

Feature dependencies can arise with regard to customer value, in which features 

positively or negatively affect the benefits of a product. For example, it may be that 

the coupled introduction of features can lead to customer confusion during product 

usage. It may also be that certain features simplify the usage of another feature 

and, therefore, should be introduced in the same release. 
 

4. Strategic causes 

Strategic causes can lead to feature dependencies if certain features have to be 

introduced in a certain form to add strategic value or avoid strategic damage. For 

example, certain features may need to be considered together as part of a 
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digitalization strategy or may be introduced sequentially to avoid cannibalization 

effects within the product portfolio. 

In summary, the following feature dependency types and their obligations as well causes 

have to be considered in the feature dependency analysis. 

Table 4.5: Types, obligations and causes for features dependencies 

Dependency type Coupling Either or (Weak/Strong) Precedence 

Obligation Obligatory Optional 

Cause Technical Monetary Customer-value Strategic 

4.5.2.2 Support for the identification of feature dependencies  

The step of feature dependency identification is intended to support the identification 

of correlations and emerging dependencies of features based on the previously 

identified dependency types and causes (Section 4.5.2.1). For the analysis of 

dependencies between requirements, functions, changes or features, a variety of 

approaches are provided in the literature. Here, especially graph- and matrix-based 

approaches are presented that support the analysis of unidimensional or 

multidimensional dependencies [Lin08a, p.56ff.]. Since the analysis of feature 

dependencies can be understood as a one-dimensional problem, the use of a 

Dependency Matrix constitutes a suitable solution. For this purpose, a Feature 

Dependency Matrix for SRP was developed based on existing methods [Ye05] to 

support the systematic identification of feature dependencies (Figure 4-27). 

 

Figure 4-27: Adapted feature dependency matrix for SRP 
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features enabling the consideration of all possible possibilities feature 

combinations. In the respective fields, it is then possible to specify the individual 

dependency types, obligations, and causes for respective features.  

To identify the dependencies, schematic questions can be asked by combining 

dependency types and causes, as well as obligations. An example question would be 

whether a given feature combination should be released in a coupled way (type) for 

technical reasons (cause). Another exemplary question could be whether the considered 

combination of features should be introduced consecutively (type) for customer-value 

reasons (cause) and how high the impact will be (obligation). A corresponding combined 

query enables the identification of all possible dependency types, causes, and obligations 

for each feature. In this way, the process step of dependency analysis concludes with a 

detailed consideration of all dependencies between the features within the 

repository. 

4.5.3 Feature value assessment and prioritization 

The objective of SRP is to maximize the value of future product releases for its customers 

and the providing company. The value contribution of a release is mainly driven by the 

value of the individual features included in a release (Section 2.3.4). The value of a 

feature is therefore the essential criteria for deciding whether and in which release a 

feature should be placed. Therefore, the task of feature value assessment and 

prioritization aims to analyze and rank features according to their value as a 

preparation for their selection and assignment in releases (Figure 4-28).  

 

Figure 4-28: Support for the feature dependency analysis process 
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multiple value aspects for the specific decisions in SRP. Therefore, this section describes 

the development of a methodological support for feature value assessment and 

prioritization for SRP. 

Accordingly, this section deals with the following research question: 

For this purpose, criteria to measure and assess the value of features are identified and 

classified in Section 4.5.3.1 resulting in a criteria catalog for feature assessment and 

prioritization. Building on this, two types of methodical procedures (holistic and monetary) 

for feature value assessment and prioritization are presented in Section 4.5.3.2. 

4.5.3.1 Criteria for value-oriented assessment and prioritization of features 

A selection of appropriate criteria to measure the value of features is the foundation for 

the assessment and prioritization of features. Here, all value influencing stakeholders and 

perspectives need to be considered in order to obtain a holistic assessment of a feature’s 

value. The value of a feature is thereby measured by the value of a feature itself as 

well as its impact on the product to which it is integrated. 

A systematic literature review was conducted to identify criteria for value-oriented 

assessment and prioritization of features. Here, meta-studies about assessment and 

prioritization criteria for features [Mou21] [Rod20b] [Sva10], requirements [Rie15] and 

innovation [Mes13] [Ste15] were identified to determine key criteria for consistent 

value-orientation (Req. 4.1).  

This has resulted in a criteria catalog for value-oriented feature assessment that is 

presented in the following.  

The main influencing factor on the value of a feature is the customer value. The 

customer value of a feature is determined by the degree to which a customer’s 

satisfaction, benefits, disadvantages and attitude towards a product are influenced by the 

introduction of a feature. Respectively, the following criteria can be selected to assess 

and prioritize the customer value of a feature (Table 4.6). 

  

Research Question 3-8 (RQ 3-8) 

How can features be assessed and prioritized with respect to their value in the 

context of SRP? 



116 4 Methodology for Value-oriented Strategic Release Planning  

Table 4.6: Criteria for assessing and prioritizing the customer value of a feature 

Assessment Criteria  Description 

C
u

s
to

m
e
r 

v
a
lu

e
 

Customers  
perceived value 

Measures the perceived value of customers for a feature. The perceived 
value is a measure of how much a customer benefits from a product and 
how much he is willing to pay efforts. A distinction can be made between 
users of the product and customers with commercial interest. 

Customer benefit Measures the pure benefit and utility of a feature in use. 

Customer effort 
Measures the effects of a feature on the additional effort for customers, 
such as usage costs and investments. 

Customer expectation Measures to what extent a feature is expected by customers.  

Customer acceptance 
Measures the acceptance or rejection of a feature from the customer’s 
perspective. 

Customer relations 
Measures the impact of a feature on customer relationship and loyalty 
with regard to the offered product or even the brand. 

Customer 
perceptibility  

Measures the perceptibility of a feature for customers.  

Customer purchase 
decision impact 

Measures the impact of a feature on customer’s willingness to buy the 
product.  

 

The financial value of a feature is mostly the essential basis for decision-making during 

release planning from a business-oriented perspective. In order to evaluate the monetary 

value of a feature, it is basically assessed by comparing the revenues from sales and 

subventions with the efforts characterized by investments and life cycle costs. 

Respectively, the following criteria can be selected to assess and prioritize the financial 

value of a feature (Table 4.7).  

Table 4.7: Criteria for assessing and prioritizing the financial value of a feature 

Assessment Criteria  Description 

F
in

a
n

c
ia

l 
v
a
lu

e
 

Return on Investment 
(ROI)  

Measures a business ratio that puts profit in relation to invested capital, 
providing an expression about the success of a feature over a certain period. 
Various methods of investment calculation exist for determining the ROI. 

Profit 
Measures the profit of a feature by assessing the extent to which 
revenues are higher than costs. 

Sales volume 
Measures the impact of a feature on the number of product sold and 
the revenue generated. 

Realization efforts 
Measures the costs associated over the life cycle of a product from the 
provider’s point of view. Cost and resource breakdowns over the life 
cycle enable the determination of the realization efforts. 

Payback period Measures the time until the invested capital for a feature has been returned. 
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The dimension of market and competitive value represents another significant 

influencing factor in the assessment and prioritization of a feature’s value. Related 

aspects are the impact of a feature on a product’s market share and volume, barriers to 

market entry of a feature, as well as demand and price dynamics of the targeted market. 

Moreover, the competitiveness and the unique selling proposition compared to competing 

features as well as the intensity of competition are influencing criteria when assessing a 

features market and competitive value. Respectively, the following criteria can be 

selected to assess and prioritize the market and competitive value of a feature 

(Table 4.8). 

Table 4.8: Criteria for assessing and prioritizing the market and competitive value of a feature 

Assessment Criteria  Description 

M
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Market size 
Measures the extent of interested customers for a feature within the 
targeted markets. 

Market impact 
Measures the impacts of a feature on the potential growth of a products 
markets share. 

Market entry barriers 
Measures the degree of legal, social or technical barriers for launching 
a feature.  

Price development  
on the market 

Measures the trend of a features price development in the market by 
comparing competitor features.  

Market 
cannibalization 

Measures the probability of the displacement of own products on the 
market by introducing a feature. 

Competitiveness 
Measures and compares the ability of a feature to perform in relation to 
competitive features. 

Competitive situation 
Measures the competitive situation of a feature by considering the 
intensity and dynamics of competition. 

Competitive 
differentiation 
potential 

Measures the impact of a feature on differentiating a product from 
competitive products. 

 

Another decisive aspect is the impact of a feature on the product value to which it is 

integrated. In particular, the influence of a feature on product performance, reliability, 

safety, and usage needs to be assessed. Respectively, the following criteria can be 

selected to assess and prioritize the impact of a feature on product value (Table 4.9). 
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Table 4.9: Criteria for assessing and prioritizing the impact of a feature on product value 

Assessment Criteria  Description 

P
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t 
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Product performance 
impact 

Measures the impact of a feature on a product’s technical performance. 

Product reliability 
impact 

Measures the impact of a feature on the reliability of a product’s 
functionality and usage. 

Product safety and 
security impact 

Measures the impact of a feature on the reliability of a product’s safety 
and security. 

Product usage impact Measures the impact of a feature on the usage of a product.  

 

The strategic value indicates long-term strategic benefits or disadvantages of a feature 

for a company. In this respect, particular attention has to be given to the value of a feature 

for long-term corporate objectives and image. It is also necessary to consider the degree 

to which a feature fits with the product portfolio. Furthermore, the contribution of a feature 

to foster competencies and retain personnel or production capacities has to be 

considered. Respectively, the following criteria can be selected to assess and prioritize 

the strategic value of a feature (Table 4.10).  

Table 4.10: Criteria for assessing and prioritizing the strategic value of a feature 

Assessment Criteria  Description 

S
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Corporate strategy 
impact 

Measures the impact of a feature and its compatibility with the 
corporate strategy. 

Product strategy 
impact 

Measures the impact of a feature and its compatibility with the 
product strategy. 

Corporate culture 
impact 

Measures the impact of a feature and its compatibility with the 
corporate culture. 

Product portfolio 
impact 

Measures the impact of a feature and its compatibility with the 
corporates product portfolio. 

Corporate image 
impact 

Measures the impact of a feature and its compatibility with the 
corporate image. 

Enablement of new 
business potentials 

Measures the potential of a feature to enable novel business fields 
or follow-up projects. 

 

Risks represent a special type of influence that can affect the value of a feature. Features 

with high customer, market and competitive, strategic and financial value can have a 

high-risk profile and thus be less valuable than comparable features with a lower risk 

profile. Risks in the context of SRP primarily include consideration of technical, economic, 
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launch, and timing risks. Respectively, the following criteria can be selected to assess 

and prioritize the risks impacting the value of a feature (Table 4.11). 

Table 4.11: Criteria for assessing and prioritizing the risks affecting the value of a feature 

Assessment Criteria  Description 

R
is

k
s

 

Technical risks 
Measures technical risks of a feature, such as the risks of feature 
functionality under certain conditions.  

Financial risks 
Measures financial risks of a feature, such as a sudden increase in raw 
material prices. 

Temporal risks 
Measures temporal risks of a feature, such as risk of meeting deadlines 
due to supply difficulties. 

Competence-related 
risks 

Measures capability risks of a feature, such as gaining competencies to 
realize a certain technology of a feature.  

Market-related risks 
Measures market-related risks of a feature, such as the probability of 
market disruption by new technologies leading to a loss of markets.  

Implementation risks 
Measures implementation risks of a feature, such as probability of 
unidentified technical harmful dependencies. 

Acceptance risks 
Measures acceptance risks of a feature, such as the lack of employee 
commitment or customer acceptance.  

 

The feasibility of a feature also influences the value of a feature. In this context, the 

existence of adequate infrastructure, resources and competencies for the realization of a 

feature have to be considered. Also important are the consideration of legal boundaries 

and implementation complexities. Respectively, the following criteria can be selected to 

assess and prioritize the feasibility of a feature (Table 4.12). 

Table 4.12: Criteria for assessing and prioritizing the feasibility of a feature 

Assessment Criteria  Description 
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Implementation 
complexity 

Measures the complexity of a features overall launch complexity, including 
technical implementation, market launch and after sales services.  

Financial feasibility 
Measures the financial feasibility of a feature, considering challenges 
and barriers in terms of available financial resources within a certain 
period of time in order to launch a feature. 

Legal feasibility 
Measures the legal feasibility of a feature, considering challenges and 
barriers in terms of laws, regulations, and standards. 

Existence of 
infrastructure and 
organization 

Measures the existence of organizational and infrastructural capabilities 
necessary to launch a feature, such as development capabilities or 
manufacturing infrastructure.  

Existence of 
competencies 

Measures the existence of competencies necessary to launch a 
feature, such as technological know-how of employees. 
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The criteria catalog presented serves as a basis for the value-oriented assessment 

and prioritization of features. Specific criteria can be selected depending on which 

criteria are meaningful and measurable in terms of the specific company and product. 

However, it is important that all categories are considered in order to ensure a holistic 

view on the value of a feature. 

4.5.3.2 Support for value-oriented assessment and prioritization of features  

The presented criteria influencing a feature’s value form the basis for the value-oriented 

assessment and prioritization of features. Both literature and practice indicate that value 

should be considered in two forms in SRP [Bif06] [Rod20a] [Şah19]. In order to decide 

whether a feature is valuable enough, the value of a feature has to be quantified in 

monetary terms, providing decision-makers with a clearly measurable and comparable 

measure from a financial business perspective. However, many of value influencing 

criteria cannot be directly related to a monetary dimension, leading to a limited 

perspective. In other words, it may be that a feature has a high monetary value but entails 

high risks or may harm customer value and the brand image (strategic value) of a 

company. On the other hand, it may be that a feature does not add any significant 

measurable monetary value, but adds high customer value and promotes the image of 

product, which is profitable in the long term. Therefore, in addition to monetary form, the 

value of a feature has to be expressed in a holistic way, considering all relevant types 

of value-influencing criteria. This allows a consistent value-orientation for the selection 

and assignment of features. 

In the following, methodological supports for the holistic as well as monetary 

assessment and prioritization of features are presented. 

4.5.3.2.1 Support for holistic feature value assessment and prioritization 

The assessment and prioritization of features is a complex problem in which multiple 

features have to be analyzed and compared based on different criteria. Therefore, the 

value-oriented assessment and prioritization of features represents a Multi-Criteria 

Decision-Making problem [Tri99]. In order to solve the problem, the Multi-attribute Utility 

Theory (MAUT) can be applied as a solution [But01]. The adaptation of the MAUT enables 

a weighted assessment of features with respect to the specified value-influencing 

criteria. This involves assessing the individual features in terms of the selected criteria.  
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Accordingly, the procedure for the assessment and prioritization of features can be 

defined as follows:   

1. Selection of the features to be assessed.  
 

2. Selection of criteria for value assessment. Appropriate rating scales and their 
characteristics can be defined for this purpose. 
 

3. Weighting of the selected criteria. The pair-wise comparison method can 
support the weighting [Lin09, p.289]. 
 

4. Assessment of feature values in terms of the selected criteria. 
 

5. Determination of total feature value using a linear additive preference function 

[Abb18, p.126ff.]. 
 

6. Prioritization of features on the basis of the total value. Different prioritization 
techniques can be used for this purpose [Ber05]. Here, the so-called ranking 
technique represents a suitable and efficient method. 
 

7. Determination of obligatory and optional features. 

The result of the holistic feature assessment and prioritization are valued features and 

their ranking as a basis for the feature selection and assignment step. 

4.5.3.2.2 Support for determining the monetary value of a feature 

From a company’s point of view, the selection of potential features for future releases 

corresponds to an investment decision. The related investment calculation represents 

a further central decision-making input in SRP. In the context of SRP, an investment 

intention can be seen as the decision for a certain feature and the associated financial 

consequences of either a positive or a negative nature. 

Generally, methods of investment calculation can be divided into static and dynamic 

methods [Car08, p.31f.]. Static calculation models only refer to one reference period, 

whereas dynamic models cover several periods and summarize cash flows for different 

time periods. The Net Present Value is the elementary indicator for dynamic investment 

calculations [Ziz14] that can be used as a calculation method to determine the profit of 

a feature. Due to the loss of money value over time, the loss of value of a feature has to 

during its market phase hast to be reflected on the decision situation in the present. Only 

in this way the real (net) present value of a feature can be measured (Equation 4.1).  

 NPVFeature =   IFeature − ∑  
Ct

(1+r)
t

t

t=1

  (4.1) 

For this purpose, the cash flows CT and discount rates r over certain periods t as well as 

the initial investments IFeature of a feature are subsumed in order to determine the net 

present value of a particular feature. As a result, the potential profit of a feature 
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considering future loss of money value can be determined by calculating its net present 

value. 

The net present value predicts the amount of profit for a feature. However, it may be that 

the same profit can be achieved by features with less or higher capital investments. 

Therefore, it is essential to consider the Return on Invest (ROI) of a feature [Rod20a]. 

The concept of ROI provides a measurable way of expressing the amount of profit from 

a feature’s investment in relation to its effort, in other words, a monetary measure for 

evaluating the monetary effectiveness and relative profitability of a feature. 

 ROIFeature = 
NPVFeature

NPVFeature Efforts

 (4.2) 

To determine the ROI of a feature, the NPV of the feature can be compared to the 

associated NPV of efforts. The efforts can be determined by various cost types along the 

life cycle of a feature by using life cycle cost assessments  [Asi98]. The determination of 

a feature’s NPV and ROI allows a monetary-based selection and prioritization of 

features as a basis for the release content definition.  

4.5.4 Feature temporal analysis 

Release contents are essentially determined by the value of features. Optimally, all 

releases should be filled with highly valuable features. However, the time periods at 

which respective features can be released are limited by temporal constraints 

[Ame17] [Gre04]. These restrictions mean that certain features can only be assigned to 

specific releases within specific periods. Therefore, a methodical support for the 

identification of feature launch periods is required (Figure 4-29) 

 

Figure 4-29: Support for the feature temporal analysis 

For this, launch periods of each feature need to be identified in advance to enable 

time related selection and assignment of features to releases (Req. 5.1-5.2). In this 
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possible feature launch periods.  

  

feature launch 

period identification

Support to identify feature launch periodsFeature repository

Feature launch period

Criteria to identify feature launch periods

Feature temporal analysis
3.4

t1

Release

1.0

Release

2.0

t2

Release

3.0

t3



4.5 Release content definition 123 

Accordingly, this section deals with the following research question:  

To determine possible implementation periods for features, two fundamental perspectives 

are required [Al07] [Ruh10, p.38]. On the one hand, it requires a certain time until a 

feature can be implemented in a release, which determines the availability of a feature so 

that certain releases are excluded. On the other hand, stakeholders determine the 

urgency of a feature, which in turn determines the latest possible time to launch a feature 

and therefore excludes certain releases.  

The temporal availability of a feature can be related to the concept of Time-to-Market 

(TtM) [Lab07]. In the context of SRP, the TtM can be regarded as the time span from the 

idea through the development to the market launch of a feature, which is highly relevant 

for the success of a new feature. Therefore, the TtM of a feature can be estimated by 

considering the stages and activities along the development process of a feature until its 

launch. This is principally divided into the phases of product planning, product design, 

manufacturing and product launch [Pah07, p.98f.] [Sze07]. To determine the 

soonest introduction time of a feature, it is therefore necessary to estimate the time 

consumption of the respective phases in feature development on the level of the 

respective activities. While determining the temporal availability of a feature, the time 

required for the respective activities until the launch can be evaluated in order to identify 

the temporal personnel efforts (e.g. person-months) that define the temporal workload 

of a feature within a release.  

However, the aim of feature timing should not always be to ensure that a new product 

feature is introduced as soon as possible. Rather, an adequate timing to launch a feature 

has to be chosen that provides high value [Lab07, p.194f.]. This requires not only the pure 

determination of the temporal availability of a feature but also the consideration of the 

urgency of a feature. In this context, the urgency of a feature provides an indication of 

the degree to which a feature is required at a particular point in time [Bel08, p.76f.]. The 

identification of respective urgencies from different perspectives ultimately allows a more 

detailed framing of the launch period for a feature. Accordingly, the question of 

determining the urgency from a value-oriented perspective is at what point in time the 

value of a feature becomes obsolete.  

  

Research Question 3-9 (RQ 3-9) 

How to support the identification of feature launch periods methodically in the 

context of SRP? 
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Considering the value-influencing criteria of features (Section 4.5.3.1) and timing aspects 

for releases (Section 4.4.1.1) that are also valid for value-oriented feature timing, the 

following criteria and questions presented can be used to determine the urgency 

of a feature, listed in in Table 4.13. 

Table 4.13: Criteria and questions to determine the urgency of a feature 

Urgency Criteria  Questions 

Customer benefit 
Until when has the considered feature to be launched to be perceived as 
beneficial by customers? 

Customer expectation 
Until when do customers expect the considered feature to be part of the 
product? 

Customer  
purchase readiness 

Until when is the considered feature to be a purchasing decisive element of the 
product? 

Financial value 
Until when is the launch of the considered feature particularly beneficial or 
promising from a financial gain perspective?  

Market impact 
Until when can a particular impact on the market be achieved by the launch of 
the considered feature?  

Market entry barriers 
Until when do relatively low market entry barriers exist for the launch of the 
considered feature? 

Competitiveness 
Until when it is possible to achieve an advantageous lead over competitors by 
launching the considered feature? 

Corporate strategy 
impact 

Until when should the considered feature be introduced in order to achieve 
corporate strategy objectives? 

Product strategy 
impact 

Until when should the considered feature be introduced in order to achieve 
product strategy objectives? 

Image impact 
Until when does the launch of the considered feature impact the product or 
brand image significantly? 

 

Based on the individual urgency aspects, the latest possible launch time for a feature 

can be determined.  
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The multi-perspective identification and comparison of the earliest and latest possible 

launch times results in an optimal feature launch period (Figure 4-30).  

 

Figure 4-30: Method for feature launch period identification 

A feature can consequently be introduced in all scheduled releases that fall within the 

feature launch period. This results in a time-based selection of potential releases for a 

feature. 

The preparation of features is completed with this step, where all required 

characteristics of a feature have been determined for the ultimate step of release 

selection and assignment. 

4.5.5 Feature selection and assignment 

The feature selection and assignment step constitutes the final task of the release content 

definition phase and also the SRP process, resulting in a fully specified strategic release 

plan. This is basically done by selecting the most valuable features and assigning 

them to suitable releases, while considering the previously defined release strategy, 

scheduled releases and prepared feature characteristics, with the aim of generating a 

maximum valuable release plan. 

The selection of a feature depends on the extent to which a feature provides value for a 

particular release and whether it can be assigned considering its restriction [Car02] 

[Şah19]. Therefore, the selection and the assignment of features can only be 

performed in a synchronized way. Depending on the restrictions of features, some 

features can be assigned to several releases or to only one release, which confronts the 

decision makers with a manifold decision space. Furthermore, the nature of successive 
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releases requires that releases are filled with features in such a way that, on the one 

hand, a maximum possible value is provided throughout all releases and, on the other 

hand, that the value contribution is distributed in a balanced way across the releases. The 

achievement of a maximally valuable release plan can be seen as a multiple knapsack 

problem [Jan11] [Sou11], which becomes an even more complex task by the influencing 

factors (e.g. time, feasibility, release types, domains) to be considered [Gre04]. The 

complexity of release planning becomes apparent for a relatively small problem with 20 

features and three releases. For this case, more than 1012 release plan alternatives are 

possible. Intuition alone is insufficient to handle this type of the complexity [Ruh10, p.105]. 

Accordingly, the task of feature selection and assignment has to be supported by an 

appropriate methodological approach (Figure 4-31). 

 

Figure 4-31: Support for feature selection and assignment 

Accordingly, this section deals with the following research question: 

For this purpose, influencing factors and correlations for the selection and assignment of 

releases are identified and described first in Section 4.5.5.1. Based on this, a methodical 

support is developed in Section 4.5.5.2 that allows the selection and assignment of 

features considering the aspects of SRP for complex products. 
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Research Question 3-10 (RQ 3-10) 

How can a value-oriented selection and assignment of features to releases be 
supported methodically?  
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4.5.5.1 Influencing factors and correlations in the selection and assignment of 
features 

The influencing factors on SRP have been discussed extensively in the previous 

chapters. This section describes specific influencing factors to be considered in the 

selection and assignment process of SRP for complex products. In principle, the 

selection and assignment process is characterized by the combined consideration of 

features and releases. Releases provide the foundation for the selection and assignment 

by bundling features and launching them to markets. The features represent the individual 

elements that entail value creation and restrictions that need to be considered in the 

selection and assignment step. Only a combined view of releases and feature 

characteristics can lead to an appropriate selection and assignment process. The 

following Figure 4-32 illustrates the main factors for the selection and assignment process 

in SRP. 

 

Figure 4-32: Influencing factors of feature selection and assignment 

The major influencing factor in the selection and assignment of features to releases is the 

value [Şah19]. Each feature is defined by its feature value (overall and monetary) and 
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determining the extent of assignable features. In order to ensure continuous product 

upgrading by releases throughout the entire life cycle, it is not advisable to introduce 

features as quickly as possible, but rather to offer customers and markets continuous 

valuable upgrades. Accordingly, a well-balanced distribution of value over the planning 

period is essential for the success of a release plan [Lab07]. This can be achieved by a 

balanced value of individual releases. A value-oriented selection and allocation can thus 

be achieved by a synchronized consideration of features and release values, as well 

as efforts and capacities. 

The basis for the release plan is provided by the release times, which specify the times 

at which the introduction of features is possible. Therefore, the possible launch periods 

of features (Section 4.5.4) as well as the release times (Section 4.4.1) have to be 

compared during the selection and assignment. 

Furthermore, different release types entail different characteristics. In particular, the 

release domains (e.g. software, hardware) and purpose of release types (e.g. product 

generation) have to be addressed in order to assess whether a feature is suitable from a 

technical as well as from a contextual point of view (Section 4.3.1.1). Therefore, feature 

domains and specific feature objectives have to be aligned with the release types 

during the selection and assignment process (Section 4.5.1). 

In principle, the implementation of certain features can only be realized interdependently 

with other features, meaning that the feature dependencies also have to be considered 

(Section 4.5.2). 

The resulting influence factors and their correlations to be considered in the selection and 

assignment of features are summarized and in the following Table 4.14. 

Table 4.14: Influence factors and correlations in the selection and assignment of features 

Feature Release 

Feature values Release values 

Balanced value distribution in releases 

Feature efforts Release capacities 

Feature possible launch periods Release times 

Feature objectives Release type 

Feature domain Release domain 

Feature dependencies 

The foundation for considering and collecting all the aforementioned aspects is provided 

by the feature profiles. 
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4.5.5.2 Support for feature selection and assignment  

The influencing factors and their interrelationships in the selection and assignment of 

features reveal the complexity of release planning. Accordingly, a methodical support 

is needed for the selection and assignment of features to releases while considering 

the previously described influencing factors and relations. 

Due to the fundamental role of the selection and assignment process of features to 

releases within SRP, high attention is paid to this issue in the literature. Consequently, 

there are a multitude of approaches with partly different orientations and concepts for 

methodical support [Dan11] [Nac17] [Sva10]. Existing approaches are based on the 

principle of the knapsack problem and the application of optimization methods to generate 

release plans based on given feature and release specifications. However, these 

approaches do not provide decision makers with an opportunity to influence the selection 

and assignment process itself, but only to modify resulting release plans generated by 

computational optimization algorithms [Car02]. Considering the characteristics of SRP, 

valuable ideas, in-depth experiences and expert views about certain features and 

releases might not be reflected in the decision-making process by fully computational 

approaches [Şah21a]. In addition, a lack of transparency in such strategic decisions about 

future releases associated with high budgets causes a lack of trust and acceptance for 

the final outcomes [Ame17]. CARLSHAMRE [Car02] therefore emphasizes that due to the 

wicked and multifaceted nature of the selection and assignment problem, there is no 

necessity for the use of solely computational intelligence for assigning features to 

releases. Instead, decision makers should be able to add or remove features to or from 

a release plan while recognizing the direct implications of those decisions on the overall 

value and resources of the release plans. Therefore, hybrid approaches that leverage 

the power of computational intelligence and human knowledge and experience 

provide valuable support [Ruh05b]. 

Accordingly, a methodical support with a selection and assignment logic in the sense 

of the knapsack problem was developed, enabling a stepwise hybrid procedure 

under the consideration of the influencing factors and relations in SRP (Section 4.5.5.1). 

The developed method enables a value-oriented selection of features and their 

assignment to releases. The selection of suitable releases is performed by a stepwise 

narrowing down of qualified releases with regard to the influencing factors and relations.  

The method includes following steps for the selection and assignment task: 

1. Value prioritization of features according to their obligation as well as value 

(Section 4.5.3.2). This ensures that the most valuable features are prioritized in 

the selection and assignment process. 
 

2. Value-based selection of the highest ranked feature based on the value 

prioritization. 
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3. Selection of a suitable release for the selected feature. The following steps are 

performed until the considered feature can be assigned to an explicit release. 
 

3.1. Domain-based selection of suitable releases for the selected feature with 

regard to the release domain and feature domain. Releases that cannot 

include the domain of the considered are excluded as assignment candidates. 
 

3.2. Time-based selection of suitable releases for the considered feature with 

regard to defined release times and feature launch period. Temporally 

inappropriate releases are excluded as assignment candidates. 
 

3.3. Dependency-based selection of suitable releases for the selected feature 

by considering the feature dependencies. Releases that do not allow the 

realization of the feature dependencies are excluded as assignment 

candidates. 
 

3.4. Release-type-based selection of suitable releases for the selected feature 

by considering the feature content and release type objectives.  
 

3.5. Value-based selection of suitable releases. If there is still no clear selection 

of releases left, the release with the lowest value is selected to increase the 

value of so far less valuable releases in order to achieve a balanced 

distribution of value over the release plan. 
 

4. Completion of the release plan by repeating the steps 2-3 for all features until all 

release capacities are consumed. Once all release capacities are fully utilized, the 

release plan is considered as generated. 

The result is a scheduled release plan comprising bundled features in releases with 

maximized value while considering all relevant restrictions.  

The generated release plan concludes the release content definition phase and 

consequently the SRP process. 

 

Figure 4-33: Result of the release content definition and the SRP process 
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4.6 Summarized results of the methodology development  

In this Chapter 4, a Methodology for Value-oriented Strategic Release Planning was 

developed based on the need to support continuous upgrading of complex products 

(Figure 4-34). Thereby, the development is based on the state-of-the art and 

requirements from literature and practice. 

 

Figure 4-34: Methodology for Value-oriented Strategic Release Planning 

Initially, a basic process for SRP consisting of the phases release type and strategy 

definition, release schedule and capacity definition, and release content definition was 

developed (Section 4.2). In order to systematically support and ensure the operational 

applicability of the process, detailed objectives, activities and decisions were defined for 

all phases, which are supported by specifically developed or adapted methods 

(Section 4.3-4.5). The result is a Methodology for Value-oriented SRP to support 

continuous upgrading of complex products that systematically enables the planning 

of future successive releases and associated valuable features while considering a wide 

range of stakeholders and aspects such as customers, markets, competition, corporate 

strategy, risks. To ensure an operational application of the methodology, a 

software-based tool was developed to support the execution of the developed process 

steps and methods. In addition, the decision the methodology was optimized to avoid 

biases during decision-making [San21].  
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5 APPLICATION AND EVALUATION OF THE 

DEVELOPED METHODOLOGY  

 

The developed Methodology for Value-oriented Strategic Release Planning is intended 

to support the continuous upgrading of complex products. The aim of this chapter is to 

apply and evaluate the methodology to verify its functionality and usability, as well 

as benefits. This is achieved firstly by evaluating the fulfillment of the previously defined 

requirements for the methodology, its usability from the perspective of different users, 

and the results achieved by applying the methodology. For this, the purpose and type of 

the methodology evaluation is outlined (Section 5.1). This is followed by the introduction 

of the application example of a Robotic Vacuum Cleaner and the initial problem situation 

in terms of its upgrading (Section 5.2.1). Subsequently, in the Sections 5.2.2 - 5.2.4, the 

developed methodology is applied and evaluated to generate a release plan for 

continuous upgrading of a Robotic Vacuum Cleaner along the defined process. Finally, 

the evaluation results of the methodology are presented (Section 5.3). 

5.1 Purpose and type of method application and evaluation  

According to BLESSING AND CHAKRABATI [Ble09, p.35ff.] the Descriptive Study II of the 

Design Research Methodology aims at the application and evaluation of a developed 

methodological support. This is where the intended support is evaluated to determine 

whether it provides the expected benefits for the addressed problem situation. The 

foundation for the validation of the methodology is therefore defined by the specified 

objectives (Section 3.3 and 4.1) and the requirements on the methodology 

(Section 2.4.2). The evaluation results are used for validation of the methodology and 

identification of improvement potentials. To ensure a valid evaluation, it is necessary to 

define a suitable procedure and type of evaluation according to the developed 

methodology and its application conditions. BLESSING AND CHAKRABATI [Ble09, p.148] 
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present three types of evaluation to be used for method design in product development, 

which are performed successively. The initial Support Evaluation represents a 

verification of requirement fulfillment, which is carried out by the developer of the method 

himself, in order to validate the consistency, completeness and functionality of the 

developed methodology. The Application Evaluation aims at the assessment of the 

applicability and usability of the developed methodology by potential users. Here, the 

application experience of the method and the results achieved are assessed by the 

individual users in terms of the objectives of the methodology. The Success Evaluation 

aims at the assessment of the real success of the developed methodology in industrial 

practice. The Success Evaluation of a methodology can, therefore, only be applied to an 

existing problem situation in its intended real environment. Here, certain methods can 

only be applied after extensive implementation phases, where the success can only be 

measured in the long term. 

The evaluation of a methodology for SRP in actual practice poses a major challenge, 

as it would involve the transformation of existing processes in various departments, 

require a variety of different data for the individual process steps, and necessitate a longer 

observation period for the measurability of the long-term success (e.g. change of sale 

figures). In order to apply the methodology, a large variety of information about corporate 

and product strategy, competition, customers, markets, laws and regulations, financial 

data as well as a multitude of individual release and feature related information is 

required. The collection of this data in a real environment can only be achieved by a 

long-term and consistent implementation of the developed methodology. Similarly, the 

true success of the methodology for upgrading products can only be measured by figures, 

such as sale volumes, revenues, profits, or customer satisfaction of the planned releases.  

Therefore, an initial evaluation is only possible on the basis of an application example 

that provides a corresponding database for the application of the developed methodology. 

For this purpose, the continuous upgrading of a Robotic Vacuum Cleaner by SRP 

was defined as a suitable use case for the evaluation of the methodology due to the 

appropriate product complexity and manageable data basis. Based on the use case, the 

consistency, completeness and functionality, as well as the requirement fulfillment of the 

developed methodology, were initially ensured by a support evaluation. Building on this, 

the application evaluation of the developed methodology was carried out. For this 

purpose, a total of three workshops (4-5 hours) were performed with a total of seven 

participants with an engineering background and involvement in methods development 

for engineering design, coming from areas such as product management, requirements 

management, sales, and engineering units. The participants of the workshops 

experienced all activities and decisions of the methodology, followed by a systematic 

evaluation based on a provided evaluation form. 
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5.2 Strategic Release Planning for a Robotic Vacuum Cleaner 

The objective of this section is to present the application of the developed methodology 

for SRP. For this purpose, the initial problem situation for upgrading a Robotic Vacuum 

Cleaner is presented (Section 5.2.1). Here, also the considered product as well as the 

feature repository are presented, providing the input of the SRP process with possible 

features for upgrading the Robotic Vacuum Cleaner. Following the presentation of the 

initial situation, the developed methodology is applied along the SRP process and 

individual supporting methods (Sections 5.2.2-5.2.4). 

5.2.1 Initial problem situation and the Robotic Vacuum Cleaner V 1.0.0 

Since the beginning of the millennium, the first autonomous Robotic Vacuum Cleaners 

have been offered by various companies, both for industrial applications and private 

households. Also, the considered company as a provider for household appliances 

is aiming to establish itself in the market as a provider of digitalized robotic vacuum 

cleaners by continuously upgrading their product (Figure 5-1). The considered 

product is at an early stage of maturity with comparatively basic functionalities of a 

Robotic Vacuum Cleaner. In line with the corporate strategy, a digitalization initiative has 

been initiated under the product strategy in order to establish the product in the premium 

segment. This means that the Robotic Vacuum Cleaner is expecting to undergo a special 

introduction of software-based features alongside new functionalities and innovations to 

provide connectivity, autonomy and consequent product-service systems. 

 

Figure 5-1: Strategic Release Planning for a Robotic Vacuum Cleaner 
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From a market perspective, the Robotic Vacuum Cleaner is offered in a relatively young 

market with financially powerful competitors. A high level of innovation dynamics can be 

observed within the markets, whereby customer expectations tend to be relatively 

moderate in comparison to other sectors due to the novelty of the product and sector. 

Due to the low level of product maturity, customers complain regularly about the Robotic 

Vacuum Cleaner, revealing improvement opportunities and ideas. The market also 

experiences only limited regulation dynamics, such as changes in law or standards. 

Nevertheless, due to the planned digitalization of the product, an increase in the dynamics 

of data protection regulations is expected.  

The development of the Robotic Vacuum Cleaner is organized in interdisciplinary teams. 

Due to the complexity and involved domains (software, electronics and mechanics) in the 

development of the product, a cross-domain development of the product is intended 

within the company. 

Based on the existing product Robotic Vacuum Cleaner (Version 1.0.0) and the 

described market conditions as well as the development organization, the company aims 

to plan the continuous upgrading of the product by a systematic and proactive 

planning of future releases with the support of the developed methodology. By applying 

the methodology for SRP, the company pursues the goal of increasing the value of the 

product, enhancing its attractiveness, developing the product incrementally as well as 

fostering the digitalization and positioning of the product in the premium segment in order 

to ultimately increase sales figures and profit of the product in the long term. 

The Robotic Vacuum Cleaner 1.0.0 reflects an entry level product with basic 

functionalities and capabilities. The vacuum cleaning principle of a robotic vacuum 

cleaner works in much the same way as conventional vacuum cleaners. A vacuum is 

generated by a suction nozzle, which transports dust and dirt into a filtered dust collector, 

whereas the air passes the filter to the outside. The Robotic Vacuum Cleaner 1.0.0 also 

features two different brushes, a main brush with shorter bristles and side brushes with 

longer bristles for the cleaning of hardly reachable areas. The motion is ensured by two 

drive wheels provided by an electric motor, which receives its energy from an integrated 

battery. Thereby, a single swivel wheel enables the steering of the robot. The body case 

with integrated control buttons and exchangeable cover serves as a protection and mainly 

for optical purposes.  

The additional smartphone application allows the Robotic Vacuum Cleaner to be remotely 

controlled and to receive activity reports. 
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5.2.1.1 Feature repository for upgrading the Robotic Vacuum Cleaner 

The upgrading of the Robotic Vacuum Cleaner is enabled by the introduction of new 

features that provide the product with useful functions, capabilities, properties and 

services. The basis for the SRP process is the feature repository which is filled by 

different units and departments of the company and contains potential features to 

upgrade the product. The corresponding feature repository for the Robotic Vacuum 

Cleaner contains 48 features, as listed in Table 5.1. 

Table 5.1: Feature repository for upgrading the Robotic Vacuum Cleaner 

Feature repository - Robotic Vacuum Cleaner 

Acoustic Feedback Intelligent Suction Control 

Adjustable Suction Mode LED-Display 

Aroma Diffusor LED-Lighting  

Automated Wiping Water Exchange LiDAR-based Navigation 

Bumper Long Lasting Battery 

Camera-based Navigation Maintenance Monitoring 

Carpet Detection Multi-Floor Mapping 

Carrying Handle Novel App-Interface 

Crash Sensor Over-the-Air Update Interface 

Design Upgrade Reactive AI Technology 

Dirt Detection Remote Viewing 

Device Mapping Rubber Brush 

Docking Station Scheduled Cleaning 

Dual Brush System SLAM-based Navigation 

Dynamic Wheel Bearing Sound Absorbing Casing 

Extended Main Brush Spot-Cleaning Mode 

Extraction Station Touch-Keys 

GPS Sensor UV-Disinfection 

Floating Brush Vibrating Cleaning Plate 

Gyro Sensor Virtual No-Go Zones 

Height-Adjustable Cleaning Head Voice Control 

High Quality Casing Material Washable Click-In Container 

Higher Energy Efficiency Class Wheel Sensor 

Intelligent Reloading Wet Wiping 

 



138 5 Application and Evaluation of the Developed Methodology  

5.2.2 Release types and strategies definition - Robotic Vacuum Cleaner 

The initial release type and strategy definition phase defines the main principles for the 

release planning process of the Robotic Vacuum Cleaner. Here, the release types and 

their release patterns as well as the organizational guidelines for the subsequent planning 

steps, are specified. For this reason, primarily specific release types are selected for 

upgrading the Robotic Vacuum Cleaner and provided with specific release strategies. 

5.2.2.1 Selection of release types - Robotic Vacuum Cleaner 

The selection of suitable release types for the Robotic Vacuum Cleaner is done by 

comparing the provided selection of release types for complex products with the product 

strategy and characteristics, as well as the feature repository with the support of the 

developed method in Section 4.3.1. 

The analysis of the product strategy and characteristics indicates a comprehensive 

renewal of the product in long-term by introducing new fundamental technologies and 

revising the design, concept or even the overall architecture of the product. In addition, 

the features of the repository point to relatively high change impacts, so that release types 

with high volumes will be required. This leads to the need for extensive and radical 

changes to the product at certain times by introducing new Product Generation 

Releases (PGR).  

These extensive changes are coupled with high upgrading pressure due to dynamic 

competition and the goal of being a premium supplier, which requires frequent upgrading 

of the product to offer new features to customers on a regular basis. Accordingly, there is 

a need for frequent Product Improvement Releases (PIR) that enable the deployment 

of customer-perceivable visual, functional and performance-related upgrades. These 

releases provide market impulses after the launch of a product generation and serve as 

a preparation for the next product generations, while avoiding long intervals without 

upgrades. 

The analysis of the feature pool with regard to the feature domains (Appendix B.5) 

indicates that different type of domains are involved, particularly an increased number of 

features on a mechatronic basis, requiring cross-domain releases. However, due to the 

large number of existing software features and the digitalization strategy for a connected 

and autonomous product service system, it is necessary to offer solely software releases 

in order to be able to address the expected high release dynamics for software features. 

These can be offered by Software Improvement Releases (SIR) that incorporate pure 

software features to be introduced independently from all other types of changes. An 

extension through patches or specific releases for the smartphone application is not 

planned based on the relatively simple software system for the current state. After a 

certain share of software features, it is worth reconsidering whether a specific release 

type for the smartphone application or software unit of the product might be beneficial. 

Due to the frequent customer claims resulting from the low maturity level of the product, 
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there is a need to plan budgets for emergency releases (ER) in order to react to 

unplanned changes or upgrades. This provides an option to introduce urgent changes 

and features with high response times. In this respect, there is no particular distinction to 

be made between individual domains, but emergency releases must always be taken into 

account in planning and budgeting. Special edition releases are not currently planned 

within the product strategy.  

Due to the relatively small number of product modules and the monolithic product 

architecture, the specific assignment of certain release types to the individual product 

modules is not required. Accordingly, the entire product is considered as a release unit 

for the selected release types. The selected release types are shown in Figure 5-2. 

 

Figure 5-2: Release types for the Robotic Vacuum Cleaner 

A completed specification of the release types can be made after selecting their release 

strategies. 

5.2.2.2 Release strategies of the individual release types - Robotic Vacuum 
Cleaner 

The release strategies define the launch patterns as well as the specific organization of 

release timing and release content definition processes of the individual release types 

according to the characteristics. For this purpose, the respective release strategies for 

the four selected release types are defined by applying the developed methodical 

support for the release strategy definition in Section 4.3.2.  

For this purpose, initially the change probability and change complexity of the 

individual release types are assessed by analyzing their dynamic and structural 

complexity, which is shown in Figure 5-3 using the example of the release type of the 

Product Generation Release. 

Release types - Robotic Vacuum Cleaner

Product Generation Release (PGR) Product Improvement Release (PIR)

Release description

Comprehensive renewal of the product in by 

introducing new and/or extensive fundamental 

technologies, revising the design, concept or 

even the overall architecture of the product

Release description

Enable the deployment of customer-perceivable 

visual, functional and performance-related 

upgrades to provide market impulses after the 

launch of a product generation and serving as 

preparation for the next product generations 

avoiding long intervals without upgrades

Release unit Overall product Release unit Overall product

Release domain Cross-domain Release domain Cross-domain

Release perceptibility Extremely high Release perceptibility High

Software Improvement Release (PIR) Emergency Releases (ER)

Release description

Incorporate pure software features to be 

introduced independently from all other types of 

changes from different domains due to expected 

high release dynamics for software features

Release description

Provides an option to introduce urgent changes 

and features with high response times to reacton 

on unplanned changes or upgrades, emerging 

from customer claims or technical risks

Release unit Overall product Release unit Overall product

Release domain Software Release domain Cross-domain

Release perceptibility Moderate Release perceptibility Depending on the severity of the emergency 

1.1
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Figure 5-3: Complexity assessment of a release type - Product Generation Release 

The external dynamics of the Product Generation Release are considered being 

moderate to high. Since the Robotic Vacuum Cleaner is a young product in a relatively 

new market, changes in the requirements of customers are expected to be moderate 

along with the innovation expectation of the markets. The high level of competition, 

including financially strong companies, leads to a high level of competitive intensity, as 

innovations are developed or imitated quickly by the competitors. Therefore, the 

innovation velocity remains high due to competitive pressure and a high rate of 

technological advances. Legislation dynamics can be classified as being low with respect 

to the overall product, whereas high legislation dynamics tend to be found regarding 

certain software functionalities. 

With regard to the internal dynamics, the release unit readiness can also be classified 

as low due to the early development stage of the product, which indicates potentially high 

change probabilities. The supplier environment can be classified as moderate, since the 

addition of new suppliers or their change is expected to be relatively moderate. A 

significant fluctuation in competencies is not expected. 

Regarding the structural complexity of the Product Generation Release, the 

organizational complexity of the product is considered being moderate, since the number 

of system levels of the product and the corresponding development complexity are low. 

However, the interdisciplinary collaboration for a cross-domain release adds a certain 

organizational complexity. Due to the novelty of the product and the high number of 

mechatronic functions as well as the use of modern technologies in the area of autonomy 

and connectivity, the technical complexity of the release unit is considered as high. The 

portfolio dependency of the release is high, as it brings fundamental changes for further 

product variants.  
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The assessment of the dynamic and structural complexity for all release types enables 

their assignment to specific release strategies using the Release Strategy Classification 

Scheme (Section 4.3.2.2). The classification leads to the definition of specific release 

strategies for the release types of the Robotic Vacuum Cleaner (Figure 5-4). 

 

Figure 5-4: Release strategies of individual release types - Robotic Vacuum Cleaner 

The high level of change probability and uncertainty, as well as the high efforts for the 

introduction of new features, requires a highly-systematized release strategy for the 

Product Generation Releases. For further planning, this means that the timing and 

capacities of the product generations are determined in advance, irrespective of the 

timing and number of potential features. Due to the high probability of change, it is also 

advisable to launch the Product Generation Releases on a cyclical basis, whereby the 

release cycles can be classified as relatively low to moderate due to their scope and 

complexity. The high effort and complexity of the implementations requires a fixed 

planning horizon, preventing changes after the planning as far as possible.  

For the other selected release types of the Robotic Vacuum Cleaner, appropriate release 

strategies were similarly defined on the basis of the assessment. The Product 

Improvement Releases follow a highly-systematized release strategy with high 

release cycles.  

The Software Improvement Releases follow a resource-oriented release strategy 

requiring high release frequencies and release-specific resource allocations, whereby the 

planning of the release contents can be arranged more flexible due to the lower 

implementation and organizational complexity of software features.  
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Emergency Releases follow a flexible strategy, which means that these releases have 

to be introduced depending on the emergence of unexpected changes and therefore 

cannot be planned in advance, except that corresponding budgets have to be reserved 

for the emergency releases within defined periods. Therefore, Emergency Releases are 

not undergoing the further planning steps. 

The result of the defined release strategies are fully specified release types for the further 

planning process (Figure 5-5) 

 

Figure 5-5: Release types and strategies - Robotic Vacuum Cleaner 

It should be noted here that the release strategies provide an orientation for the planning 

process. Depending on the particular circumstances, certain aspects (e.g. timing) can be 

adjusted if necessary due to external and internal conditions. The definition of the 

corresponding release strategies influences the timing and content definition of the 

releases and features in a narrower sense. In a more general sense, it defines the overall 

upgrade strategy of the Robotic Vacuum Cleaner. 

The first phase of the SRP for the Robotic Vacuum Cleaner results in product-specific 

release types and their release strategies.  

Release types and strategies - Robotic Vacuum Cleaner

1.2

Product Generation Release (PGR) Product Improvement Release (PIR)

Release description

Comprehensive renewal of the product in by 

introducing new and/or extensive fundamental 

technologies, revising the design, concept or 

even the overall architecture of the product

Release description

Enable the deployment of customer-perceivable 

visual, functional and performance-related 

upgrades to provide market impulses after the 

launch of a product generation and serving as 

preparation for the next product generations 

avoiding long intervals without upgrades

Release unit Overall product Release unit Overall product

Release domain Cross-domain Release domain Cross-domain

Release perceptibility Extremely high Release perceptibility Extremely high

Planning horizon Fixed Planning horizon Fixed

Release budgeting Release-related Release budgeting Release-related

Release timing Time-based Release timing Time-based

Release rhythm Cyclic Release rhythm Cyclic

Release frequency Moderate Release frequency High

Software Improvement Release (PIR) Emergency Releases (ER)

Release description

Incorporate pure software features to be 

introduced independently from all other types of 

changes from different domains due to expected 

high release dynamics for software features

Release description

Provides an option to introduce urgent changes 

and features with high response times to reacton 

on unplanned changes or upgrades, emerging 

from customer claims or technical risks

Release unit Overall product Release unit Overall product

Release domain Software Release domain Cross-domain

Release perceptibility Moderate Release perceptibility Depending on the severity of the emergency 

Planning horizon Variable Planning horizon Variable

Release budgeting Release-related Release budgeting Time-related

Release timing Time-based Release timing Content-based

Release rhythm Cyclic Release rhythm Case-related

Release frequency High Release frequency Moderate
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5.2.3 Release schedule and capacity definition - Robotic Vacuum Cleaner 

The release plan for the Robotic Vacuum Cleaner is concretized further with the Release 

Schedule and Capacity Definition Phase of the developed SRP process. At this phase, 

the question is answered at which points in time the Robotic Vacuum Cleaner has to 

be upgraded with which release types and capacities. For this purpose, initially 

release times and according release types are determined, followed by the assignment 

of capacities to the releases. Here, essential specifications for scheduling and capacity 

determination are provided by the previously defined release strategies of the individual 

release types.  

For scheduling the releases of the Robotic Vacuum Cleaner, firstly critical release times 

are identified to upgrade the product. Consequently, suitable release types are identified 

for the identified release times. Ultimately, the planning horizon and exact release dates 

are determined by considering external and internal value-influencing aspects leading to 

a scheduled release plan. 

In terms of release scheduling, the individual release strategies for the Product 

Generation Releases, Product Improvement Releases and Software Improvement 

Releases require that the release times have to be specified in advance, independently 

from the features due to the highly dynamic change behavior of the product. The release 

strategy of the Emergency Releases specifies that there is no prior release scheduling is 

needed, where releases are launched according to demand and the occurrence of 

unexpected features. 

The critical release times of the Robotic Vacuum Cleaner are identified by analyzing 

when the individual features and ultimately the overall product become less valuable in 

the eye of customers and further stakeholders over time. For this purpose, the current 

features of the Robotic Vacuum Cleaner are analyzed one-by-one with regard to their 

value behaviour and according need for upgrade. The individual resulting upgrade 

frequencies can also be used to identify the overall upgrade frequencies for the Robotic 

Vacuum Cleaner. For this purpose, the method for identifying critical release times is 

applied, described in Section 4.4.1.2.1. 

In the first step, the current features of the Robotic Vacuum Cleaner V 1.0.0 are analyzed 

in terms of their change priority to determine their CPI (Change Priority Indicator), 

measuring the importance, dynamics and probability of changes for a specific feature. 

Accordingly, the Probability for Change Occurrence of the features (C), Dynamics of the 

Changes (P) and Importance of the Changes for the Consumer and Competitiveness (I) 

are assessed with the help of the rating scales presented in Appendix A.2. 

The highest CPI constitutes the feature Smartphone Application (CPI=648) of the 

Robotic Vacuum Cleaner, as shown in Figure 5-6. This is due to the fact that the 

Smartphone Application provides the command and control of the Robotic Vacuum 

Cleaner and the interface to the user, meaning a high level of customer visibility and 
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competitive impact (C=9). Due to the planned digitalization of the product and the 

software features available in the feature pool, the probability of changes to the 

Smartphone Application is expected at a very early stage (P=9). The dynamics of changes 

due to the expected features for the Smartphone Application are highly dynamic (D=8). 

 

Figure 5-6: Change Priority Assessment of existing features - Robotic Vacuum Cleaner 

By specifying the minimum upgrade frequency of 24 months at a CPI=80 and highest 

upgrade frequency of 6 months at a CPI > 250, corresponding upgrade frequencies of 

the features result within the Upgrade Frequency Model that can be projected over the 

time, as shown in Figure 5-7.  

 

Figure 5-7: Identification of critical release times and assignment of 

release types - Robotic Vacuum Cleaner 
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By projecting the upgrade frequencies of the individual features over time, it is possible 

to identify accumulations of feature upgrade times representing critical release times 

and according release types from an overall product perspective.  

The analysis of the critical release times indicates the necessity of software feature 

upgrades twice a year. These are covered by introducing half-yearly Software 

Improvement Releases. In addition, there are major annual upgrades for features of 

various domains that can be covered by the Product Improvement Releases. After 24 

months, a comprehensive collection of features to be upgraded is evident, which can be 

covered by the introduction of a Product Generation Release. The half-yearly Software 

Improvement Releases are not used in the beginning of each year since they can be 

replaced by Product Improvement Releases and Product Generations, which can also 

contain software features. Thus, the Robotic Vacuum Cleaner undergoes an upgrade 

every year and a purely software-based upgrade in the middle of the year. This results 

in an initial timing of the product upgrades with assigned release types. 

Due to the lack of experience in developing release plans for Robotic Vacuum Cleaners, 

no corresponding guideline or suggestion for a reasonable planning horizon of a release 

plan is available. The literature recommends at least planning up to one Product 

Generation as well as planning further releases. Taking into account competitor products, 

presenting product generations approximately every 2-4 years, the expected duration for 

the potential features development within the repository, and the maximum upgrade 

frequency of the features of 36 months, the planning horizon of the release plan is set 

to three years. This means that for all releases, the features have to be planned for the 

next three years. The release strategies of the individual release types specify that the 

planned features of the Product Generation Releases and Product Improvement 

Releases remain unchangeable, whereas for the Software Improvement Releases, it is 

possible to variably adjust the content. 

Based on the identified critical release times with corresponding release types, in the next 

step, the exact release times are determined for the Robotic Vacuum Cleaner by 

applying the method for determining release times (Section 4.4.1.2.2) according to 

value-influencing external and internal aspects (Figure 5-8). For this purpose, launches 

of competing products (e.g. Ecovacs Deebot, Roomba), important market events such as 

relevant trade fairs (e.g. Consumer Electronics Show), strategic dates (e.g. digitalization 

milestones of the product) as well as relevant regulations and policies are identified and 

documented. The identified events are prioritized and compared with the critical release 

times. By the comparison it is identified whether certain events are close to the critical 

release times and therefore can be used as a purpose to publish the releases. By 

comparing the critical release times with the external and internal events, the exact 

release times for upgrading the Robotic Vacuum Cleaner are determined. 
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Figure 5-8: Determination of release times - Robotic Vacuum Cleaner 

The releases of the product are then provided with corresponding release capacities in 

the form of development budget as well as employee resources (person-months). 

According to their release strategies for all release types, budgets are assigned in a 

release-related form for the individual releases (Figure 5-9). 

 

Figure 5-9: Determination of release capacities - Robotic Vacuum Cleaner 
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With the completion of this phase, the launch dates, release types and their capacities for 

upgrading the Robotic Vacuum Cleaner are defined, taking into account the key 

value-influencing factors and stakeholders. As a result, a scheduled and budgeted 

release plan for upgrading the Robotic Vacuum Cleaner is provided. 

5.2.4 Release content definition - Robotic Vacuum Cleaner 

In the preceding phases, the release plan for the Robotic Vacuum Cleaner was specified 

with regard to upgrade times and according release types with their capacities. The next 

and final phase of the planning process is to define the features of the individual 

releases respectively the individual contents of the product versions for upgrading the 

Robotic Vacuum Cleaner. For this purpose, the 48 potential features available in the 

repository are undergoing the release content definition steps, with a standardized 

description, dependency and temporal analysis, as well as a value assessment and 

prioritization as part of the feature preparation process. Ultimately, the prepared features 

are selected and assigned to the planned releases. For the purpose of illustrating the 

procedure, the application is explained by using the example of the Wet Mopping 

feature, which enables wet cleaning of surfaces in addition to vacuuming. 

5.2.4.1 Feature description - Robotic Vacuum Cleaner 

Several departments, units and other stakeholders are involved in identifying the features 

for the Robotic Vacuum Cleaner and providing the relevant data for the release planning 

process. This includes, besides product management at least, product planning and 

design, production, marketing and sales departments (Section 2.3.3). To obtain a 

common understanding of the feature as well as collection of all relevant data, the feature 

profile developed in Section 4.5.1 is used with its corresponding attributes.  

The feature profile provides the basis for describing, communicating, and maintaining 

feature-relevant data within the repository.  
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Figure 5-10 shows an example of the feature profile for the feature Wet Mopping. 

 

Figure 5-10: Feature profile - Wet Mopping 

The resulting feature descriptions provide the fundamental data basis for the 

release content definition phase and are specified further during the feature 

preparation phase by the obtained data. 
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5.2.4.2 Feature dependency analysis - Robotic Vacuum Cleaner 

The feature repository contains 48 potential features for upgrading the Robotic Vacuum 

Cleaner giving a high probability for numerous dependencies between the features. 

Accordingly, it requires an analysis of the dependencies between potential features to 

determine whether certain features are mutually exclusive or must be released in the 

same, separate, or sequential releases for technical, monetary, customer-related, or 

strategic reasons. For this, the potential features are subjected to a dependency 

analysis according to the method presented in Section 4.5.2. 

After performing the dependency analysis, 46 mandatory dependencies between the 

highlighted features are identified (Appendix B.2), from which a section is presented 

in Figure 5-11.  

 
Figure 5-11: Section of the Dependency analysis - Robotic Vacuum Cleaner (Appendix B.2) 
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Using the example of the Wet Mopping feature, dependencies with the features 

Automated Mopping Water Exchange and Vibrating Cleaning Plate were identified. The 

Wet Mopping feature has a weak precedence over the other features for customer value 

related reasons. The two features Automated Mopping Water Exchange and Vibrating 

Cleaning Plate would be technically feasible independently of the Wet Mopping feature, 

however, would not be usable as long as Wet Mopping is not available. Therefore, these 

features have to be introduced at least within the same release or in a later release after 

the introduction of the Wet Mopping feature. Furthermore, the features SLAM-based 

Navigation, LiDAR-based Navigation and Camera-based Navigation provide differing 

technologies for the same purpose of intelligent navigation of the Robotic Vacuum 

Cleaner. As a result, these features are mutually exclusive from a technical perspective 

as well as being a prerequisite for many features related to the navigation. 

The identified dependencies are of vital importance and define constraints, especially 

when it comes to the final assignment of features to releases. 

5.2.4.3 Feature value assessment and prioritization - Robotic Vacuum Cleaner  

Following the standardized description of the features and identification of their 

dependencies in the previous steps, the value assessment and feature prioritization 

of the features is performed to ensure the subsequent value-oriented selection and 

assignment of the features to the releases. This involves both the analysis of the holistic 

value and the monetary value and ensures a comprehensive assessment of the features. 

The ultimate goal is a value-oriented prioritization of the features in order to select and 

assign the most valuable features in future releases of the Robotic Vacuum Cleaner. 

Initially, the holistic value assessment (Section 4.5.3.2.1) of the features is performed. 

For this purpose, key criteria are selected from the developed criteria catalog for the 

value assessment. To achieve a consistent value orientation, at least one criterion is 

selected from the value-influencing categories of the criteria catalog. By applying the 

pair-wise comparison method, a weighting of the individual assessment criteria is 

achieved, resulting that the factor of Customer Purchase Decision Impact is the most 

significant and the Influence on the Product Portfolio the least due to the relatively young 

and limited product portfolio.  
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Building on the resulting assessment method, all features are undergoing the same 

assessment. The result of the assessment is ultimately a unit less value for the holistic 

value, which is illustrated by the example of the Wet Mopping feature (Figure 5-12).  

 

Figure 5-12: Holistic value analysis - Feature 'Wet Mopping' 

With the help of the presented assessment, all potential features for the Robotic Vacuum 

Cleaner can be assessed. The holistic values allow a uniform comparison and 

value-oriented prioritization of the features.  

In addition to the holistic value assessment, it requires a monetary value assessment 

of the features to identify the profitability of the features as well as their financial load to 

the release budget. For this purpose, the developed Net Present Value and 

Return on Investment calculations (Section 4.5.3.2.2) are performed for all potential 

features.  

  

Holistic value analysis - Feature ‘Wet Mopping’
3.3

Value assessment criteria amd Weight (%) Rating Value

30% Customer benefit 5 - Perfomance Feature 0.4

30% Customer perceptibility 9 - Strong perceptibility 0.73

40% Customer purchase decision impact 5 - Moderate 0.54

30% Competitive situation 5 - A few of competitors introduced the feature 0.26

40% Market size 7 - 70% of customers 0.48

30% Market impact 5 - Sustaining 0.26

Product value 12% 100% Product usage impact 7 - Adding substantial product capability 0.84

35% Enablement of new business potentials 6 - Enables the introduction of additional features and services 0.21

35% Product portfolio 5 - Can be utilized for other products 0.15

50% Existence of infrastructure and organization 3 - Partially available 0.26

50% Implementation complexity 5 - Moderate 0.43

50% Technical risks 5 - Moderate 0.43

50% Temporal risks 9 - Low 0.77

Feature Value 5.76

Risks

27%

17%

10%

17%

17%

Customer Value

Market and

competitive value

Strategic value

Feasability

Category and Weight (%)
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For the example of the feature Wet Mopping, this results in the following investment 

calculation (Figure 5-13). 

 

Figure 5-13: Monetary value analysis - Feature 'Wet Mopping' 

Year 1 Year 2 Year 3 Year Discount factor Revenues Costs Profit Net Present Value

30% 40% 50% 0 1.00 147,383 € -147,383 € -147,383 €

1 0.91 135,000 € 68,063 € 66,938 € 60,852 €

2 0.83 252,000 € 139,755 € 112,245 € 92,764 €

Year 1 Year 2 Year 3 3 0.75 420,000 € 256,218 € 163,783 € 123,052 €

9000 16800 28000 807,000 € 611,418 € 195,582 € 129,286 €

Year 1 Year 2 Year 3

61,875.00 €    115,500.00 €        192,500.00 €              

15 € 8.13 €

Total

Feature costs per year

Interest rates

10%

Surplus 

charge per 

feature 

Gross profit 

per feature

Net Present Value of Feature

Installation per year

Installation rate

Investment calculation

Monetary value analysis - Feature ‘Wet Mopping’
3.3

129,286 €

21%

611,418 €

147,383 €Release Effort (Costs Before Launch)

Monetary value of feature
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Return on Invest

Total Costs

Cost

Product planning costs 13,671.89 €    

Concept Development costs 21,875.00 €    

Design costs 43,750.00 €    

Testing costs 21,875.00 €    

Production planning costs -  €                

Assembly planning costs -  €                

Quality Management costs -  €                

Tooling costs -  €                

Supplier selection costs 5,468.75 €      

Supplier coordination costs 10,937.50 €    

Assembly planning costs 2,734.38 €      

Marketing costs 8,203.14 €      

Service and maintenance training costs 5,468.75 €      

Risks General risks costs  (10%) 13,398.44 €    

Total costs before launch 147,382.85 € 

Material costs -  €                

Production costs -  €                

Assembly costs -  €                

Operating costs -  €                

Labour costs -  €                

External service costs -  €                

Purchase per Feature -  €                

Outsourced Feature  - Manufacturing Purchasing costs 6.88 €
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Outsourced Feature - Manufacturing
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The prediction of the revenues of the Wet Mopping feature are calculated based on the 

additional charge paid by the customers for the respective feature multiplied by the 

expected installation rate. The expenses are differentiated into non-recurring 

development costs and running costs after development. The development related costs 

refer to all initial expenses until the feature is developed. Since the Wet Mopping feature 

is a purchased function from a third-party supplier, no in-house production costs are 

incurred. These development costs are accounted to the release capacities during the 

allocation of the features. Costs after the development period refer to the running costs 

per feature, such as manufacturing or logistic costs. By comparing the income and 

expenses with interest rates over the three years to be planned, the Net Present value 

and ROI of the individual features are determined. All features are subjected to the 

monetary assessment, resulting in the profitability of each feature for the Robotic Vacuum 

Cleaner. 

Figure 5-14 shows the prioritization of the potential features according to their Net 

Present Value, whereas the holistic value in use and the ROI are used as complementary 

parameters for the prioritization.  

 

Figure 5-14: Value-oriented prioritization of features - Robotic Vacuum Cleaner 

The feature LiDAR-based Navigation generates the highest monetary value, while the 

Wheel Sensor provides the lowest values due to their low relevance for the use case. 

Through the holistic and monetary value assessment and prioritization of the features, 

the individual feature values, a value-based feature prioritization and feature 

workloads are provided for the selection and assignment of the features to the releases 

of the Robotic Vacuum Cleaner. 

Value-oriented prioritization of features - Robotic Vacuum Cleaner 
3.3

ID Feature label
Net Present

Value

Holistic

Value
ROI

Development

costs

Total 

costs

F8 LiDAR-based Navigation 184,153 € 7.14 18% 138,359 € 1,023,072 €

F12 Camera-based Navigation 158,541 € 6.85 11% 126,328 € 1,441,282 €

S8 Over-the-Air-Update Interface 135,153 € 6.02 21% 150,391 € 643,586 €

F14 Wet M opping 129,286 € 5.76 21% 147,383 € 615,648 €

F24 Washable Click-In Container 125,454 € 5.40 19% 86,625 € 660,284 €

F15 SLAM -based Navigation 125,145 € 7.10 12% 168,215 € 1,042,875 €

F eature Effo rtsValue

F22 Gyro Sensor 58,465 € 3.43 8% 69,180 € 730,813 €

F16 Remote Viewing 57,848 € 1.89 7% 99,258 € 826,400 €

F19 LED-Display 55,215 € 2.11 7% 108,281 € 788,786 €

F27 Sound Absorbing Casing 54,535 € 3.12 13% 60,156 € 419,500 €

F18 Floating Brush 46,845 € 2.85 10% 48,125 € 468,450 €

F33 High Quality Casing M aterial 45,845 € 2.88 7% 99,258 € 654,929 €

F6 Wheel Sensor 36,458 € 1.95 7% 63,164 € 520,829 €
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5.2.4.4 Feature temporal analysis - Robotic Vacuum Cleaner  

The potential features for upgrading the Robotic Vacuum Cleaner require a final 

preparation step in terms of a temporal analysis before they can be selected and assigned 

to releases. Here, based on the methods described in Section 4.5.4 the temporal 

availability and urgency of the features to identify their possible launch periods are 

analyzed. Furthermore, the time consumption of the features can be identified that are 

relevant to determine the temporal workload (person-month) for the releases. 

Initially, the specific time needed to launch a feature is determined. For this purpose, 

the corresponding departments along the development of a feature report their required 

time per development stage in months. This involves determining the durations of the 

development phases and the specific activities involved until the launch of a feature. In 

addition to the duration of the individual activities, the associated personnel resources 

(in person-months) for the development are determined. The summation of the individual 

activities results in the total duration and availability as well as the total temporal resource 

consumption of a feature, as shown in the example of the Wet Mopping (Figure 5-15). 

 

Figure 5-15: Temporal availability - Feature 'Wet Mopping' 

  

Temporal availability analysis - Feature ‘Wet Mopping’
3.4

Duration
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employees 

needed
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(months)

0.5 1 0.50

0.8 1 0.75

1.0 2 2.00

2.0 2 4.00

1.0 2 2.00

Production planning - - -

Assembly planning - - -

Quality Management - - -

- - -

0.8 1 0.75

0.5 1 0.50

0.5 1 0.50

0.8 1 0.75

0.5 1 0.50

7.25 12.25

Earliest  

possible 

release 

Product Improvement 

Release 1  (PIR 1.1.1)

Service and maintainance training

Testing

Requirements identification

Supplier Selection and Coordination

Market research

Sales

Conception

Marketing

Design

Activities for 

feature launch

Tooling

Quality Management

Assembly planning

Development

In House Feature - Manufacturing

Outsourced Feature - Manufacturing
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Since the Wet Mopping feature is a bought-in feature from a third-party supplier, the 

development task is limited to the selection of a suitable supplier based on the identified 

feature requirements and the subsequent adaptation of the feature for the Robotic 

Vacuum Cleaner. The production of the feature is executed by the supplier, which means 

that only the temporal effort required for the assembly has to be determined. 

The total time required for any activities to prepare the feature for launch within a release 

totals 7.25 months, with a total personnel resource need of 12.25 person-months. This 

results in the availability of the Wet Mopping feature for the release PIR 1.1.1. 

The indication of the temporal availability alone, however, does by itself not provide 

sufficient clarity for an adequate assignment of a feature to certain release. This requires 

the additional consideration of the urgency of a feature. The urgency is determined 

according to the defined urgency criteria, and the associated questions in Section 4.5.4, 

as shown in Figure 5-16 for the ‘Wet Mopping’ feature. 

 

Figure 5-16: Temporal urgency analysis - Feature ‘Wet Mopping’ 

Temporal urgency analysis - Feature ‘Wet Mopping’
3.4

Supporting question
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1.0.1
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From a customers' point of view, there is no particular urgency to integrate the 

Wet Mopping feature. However, a significant influence on the market and a competitive 

advantage can be achieved before the expected launch date from the customer's point 

of view. There are hardly any perceptible barriers to market entry for the feature, since 

no special safety, legal or socially critical aspects need to be considered. Likewise, the 

feature has no significant influence on the product strategy, which means that there is no 

urgency in this respect. A global view on the specific urgencies leads to an urgency for 

the Wet Mopping feature at the latest for the release PGR 2.1.2. 

Ultimately, the availability and urgency of the features create a multi-perspective, 

temporal overview, which determines the launch period of the feature. Based on the 

analysis, the feature Wet Mopping can therefore be assigned at the earliest in PIR 1.1.1 

and at the latest in PGR 2.1.2  

5.2.4.5 Feature selection and assignment - Robotic Vacuum Cleaner 

The selection and assignment of the prepared features to appropriate releases 

represents the final and most important step in the definition of the release content for the 

Robotic Vacuum Cleaner. The features are selected and assigned to appropriate 

releases by applying the selection and assignment logic introduced in Section 5.2.4.5, 

resulting in the release plan for the Robotic Vacuum Cleaner.  

The basis for the selection and assignment step is the feature repository with the identified 

feature characteristics from the dependency analysis, the value assessment and 

prioritization, as well as the temporal analysis. Figure 5-17 shows a section of the 

prepared features in the repository with the respective information for the selection and 

assignment process. On the other hand, the scheduled but empty releases are 

provided with the given budgets, launch times and specific release types, which need to 

be filled with valuable features in the sense of the knapsack problem. 
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Figure 5-17: Feature selection and assignment - Robotic Vacuum Cleaner 

Here, finally, the features for upgrading the Robot Vacuum Cleaner are selected and 

assigned to the releases according to the previously defined logic in Section 5.2.4.5. 

In the following, the steps for the selection and assignment of the features are 

applied using the example of the Wet Mopping feature: 

1. Value prioritization of features according to their value and obligation 

The features can be prioritized here according to their Holistic Value, Net Present 

Value or ROI. For the planning of the Robotic Vacuum Cleaner, the NPV is used 

as the primary prioritization indicator, whereas the ROI and Holistic Value are 

supporting indicators. 
 

2. Value-based selection of the highest ranked feature based on the value 

prioritization 

The first feature to be selected and assigned is the LiDAR-based Navigation 

feature with the highest Net Present Value. The Wet Mopping feature is selected 

and assigned in third position. 

  

Feature selection and assignment - Robotic Vacuum Cleaner 
3.5

feature selection and assignment

Feature repository

Release schedule and capacities

01/2023

Software 

Improvement 

Release 1

(SIR 1.0.1) 

Product

Improvement

Release 1

(PIR 1.1.1)

06/2022 02/202406/2023 01/202507/2024

Software 

Improvement 

Release 2

(SIR 1.1.2)

Product 

Generation

Release 2

(PGR 2.1.2)

Software 

Improvement 

Release 3

(SIR 2.1.3)

Product

Improvement 

Release 2

(PIR 2.2.3)

t

300,000 €

25 PM 

500,000 €

45 PM 

300,000 €

25 PM 

1,000,000 €

90 PM 

300,000 €

25 PM 

500,000 €

45 PM 

ID Feature label
Net Present

Value

Holistic

Value
ROI

Development

costs

Total 

costs
PM Availability Urgency

F8 LiDAR-based Navigation 184,153 € 7.14 18% 138,359 € 1,023,072 € 11.50 PIR1 PIR1 XOR (F15,F12) ; <(F7,S2) M echatronics

F12 Camera-based Navigation 158,541 € 6.85 11% 126,328 € 1,441,282 € 10.50 PIR1 PIR1 XOR (F1,  F8,  F15,  F21,  F22) ;  <(F7,  S2) M echatronics

S8 Over-the-Air-Update Interface 135,153 € 6.02 21% 150,391 € 643,586 € 12.50 SIR3 PIR2 - Software

F14 Wet M opping 129,286 € 5.76 21% 147,383 € 615,648 € 12.25 PIR1 PGR1 < (F17, F26) M echatronics

F24 Washable Click-In Container 125,454 € 5.40 19% 86,625 € 660,284 € 7.20 SIR1 PIR1 - M echanics

F15 SLAM -based Navigation 125,145 € 7.10 12% 168,215 € 1,042,875 € 15.00 PIR1 PIR1 XOR (F8, F1, F12, F7) ;  <S2 M echatronics

S6 Reactive AI Technology 111,542 € 6.21 16% 138,359 € 697,138 € 11.50 SIR2 PIR1 <F12 Software

F eature Effo rtsValue Launch P erio d

F eature

interdependencies
D o main
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3. Assignment of the selected feature to a suitable release 
 

 

3.1. Domain-based selection of suitable releases for the selected feature with 

regard to the release domain and feature domain  

The Wet Mopping feature represents a mechatronic system that cannot be 

assigned to the Software Improvement Releases (SIR 1.0.1, SIR 1.1.2, 

SIR 2.1.3). As a result, only the cross-domain releases are available for the 

assignment of the feature (PIR 1.1.1, PGR 2.1.2, PIR 2.2.3) 

 

3.2. Time-based selection of suitable releases for the considered feature  

The Wet Mopping feature can be introduced at the earliest in PIR 1.1.1 and 

has to be introduced at the latest in PGR 2.1.2. As a result, the releases 

PIR 1.1.1 and PGR 2.1.2 remain within the launch period for the assignment 

of the feature. 

–  

3.3. Dependency-based selection of suitable releases for the selected feature 

The Wet Mopping feature has to be introduced before or together with the 

features Vibrating Cleaning Plate and Automated Mopping Water Exchange. 

The earliest launch date for both features is the release PGR 2.1.2, allowing 

the Wet Mopping feature to still be assigned for both releases PIR 1.1.1 and 

PGR 2.1.2. 

 

3.4. Release-type-based selection of suitable releases for the considered 

feature  

The Wet Mopping feature is compatible with the objectives and characteristics 

of both the Product Improvement Release (PIR 1.1.1) and the Product 

Generation Release (PGR 2.1.2). However, the feature represents a radical 

functional extension for the Robotic Vacuum Cleaner that is correspondingly 

more likely to be assigned to the Product Generation release. 

 

3.5. Value-based selection of suitable releases 

At the time of the assignment of the Wet Mopping feature, the release 

PIR 1.1.1 provides the same value among the remaining selectable releases 

but less budget. In order to achieve a value-balanced release plan, it is also 

advisable to assign the feature to the release PGR 2.1.2 in order to increase 

its value. 
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In summary, considering the launch period and the domain of the Wet Mopping 

feature and its interdependencies with Vibrating Cleaning Plate and Automated 

Mopping Water Exchange the feature can be launched within the releases 

PIR 1.1.1 and PGR 2.1.2. Considering further, the better compatibility of the 

feature with the release types of a Product Generation Release and the lower value 

of the associated release at the time of assignment, the Wet Mopping feature can 

be clearly assigned to the PGR 2.1.2. 

The Wet Mopping feature serves to illustrate all possible steps of the feature and 

selection and assignment process. For the majority of the assigned features, after 

considering the domains, launch periods, and dependencies, only one release 

remained to be selected for assignment. 

 

4. Completion of the release plan for the Robotic Vacuum Cleaner 

All features are assigned according to the logic presented in step three. If a 

feature cannot be assigned to a release, the next feature with the highest priority 

is selected as a release candidate.  

As a result, the final release plan for the next three years to upgrade the Robotic 

Vacuum Cleaner is generated (Appendix B.4). As shown in the examples of the 

Software Improvement Release 1.0.1 and Product Generation Release 2.1.2, the 

releases contain the features for upgrading the Robot Vacuum Cleaner with all relevant 

data for further planning of their realization (Figure 5-18).  
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Figure 5-18: Release plan - Robotic Vacuum Cleaner 

Thereby, the release capacities are almost fully utilized and filled with the possibly most 

valuable features, so that a release plan with a maximized value is achieved.  

Feature-ID Net present value Holistic Value ROI Development costs PM Availability Urgency

F14 129,286 € 5.76 21% 147,383 € 12.25 PIR1 PGR1 <(F17, F26) Mechatronics

F3 111,354 € 6.89 14% 81,211 € 6.75 PGR1 PIR2 <S9 Mechatronics

F31 103,354 € 8.1 30% 72,188 € 6 PIR1 PGR1 &F10 Mechanics

F29 94,246 € 5.1 14% 72,188 € 6 PGR1 PIR2 &F34 Mechatronics

F17 92,452 € 5.25 12% 66,172 € 5.5 PGR1 PGR1 >F14 Mechatronics

F26 91,543 € 5.75 14% 78,203 € 6.5 PGR1 PGR1 >(F14, F23) Mechatronics

F20 91,411 € 5.75 14% 60,156 € 5 PIR1 PGR1 - Mechanics

F34 89,845 € 5.87 12% 111,289 € 9.25 PIR1 PGR1 &F29 Mechatronics

F2 88,412 € 4.57 9% 48,125 € 4 SIR1 PGR1 - Mechanics

F10 82,544 € 4.53 9% 72,188 € 6 PGR1 PIR2 &F31 Mechatronics

F9 77,845 € 5.21 19% 30,078 € 2.5 SIR1 PGR1 - Mechanics

F13 65,454 € 3.81 9% 87,227 € 7.25 PIR1 PGR1 - Mechanics

F27 54,535 € 3.12 13% 60,156 € 5 PIR1 SIR3 - Mechanics

Total 1,172,281 € 69.71 15% 986,563 € 82.00

13,438 € 8.00

Bumper

Dynamic Wheel Bearing

Wet Mopping

Dirt Detection

Design Upgrade

Higher Energy  Ef f icieny  Class

Vibrating Cleaning Plate

Automated Wiping Water Exchange
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300.000 €
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300.000 €
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500.000 €
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Release plan - Robotic Vacuum Cleaner 

3.5

Feature-ID Net Present Value Holistic Value ROI Development costs PM Availability Urgency

S12 91,574 € 4.43 14% 75,195 € 6.25 SIR1 PIR1 - Softw are

S3 84,536 € 6.56 12% 57,148 € 4.75 SIR3 PGR1 - Softw are

S4 78,546 € 4.1 15% 75,195 € 6.25 SIR1 SIR2 - Softw are

S10 75,843 € 4.25 14% 66,172 € 5.50 SIR1 SIR2 <F35 Softw are

Total 330,499 € 19.34 14% 273,711 € 22.75

26,289 € 2.25

Software Improvement Release 1 (SIR1) "1.0.1"

Feature Value Efforts Launch Period Feature

interdependencies
Domain

Scheduled Cleaning

Maintainance Monitoring

Voice Control

Remaining capacities

Novel App-Interface

Feature label

Release date

06/2022
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Figure 5-19: Summarized release plan values - Robotic Vacuum Cleaner 

The application of the SRP methodology results in a release plan for the continuous 

upgrading of the Robotic Vacuum Cleaner with specific scheduled releases consisting of 

features that maximize the value, taking into account value and time related aspects as 

well as budgets. In a narrower sense, the planning results in a release plan with six 

releases and 37 out of 48 features (77.1%) achieving 80.1% of the maximal possible 

Net Present Value at an exploitation of the release capacities by 93.9%. 

5.3 Evaluation results 

This section presents the evaluation results of the initial self-application 

(Success Evaluation) and application workshops (Application Evaluation) of the 

methodology in terms of the defined requirements (Section 2.4.2) and objectives 

(Section 3.3 and 4.1).  

Regarding the contextual requirements, the developed methodology is positioned 

between product planning and design (Req. 2.1) by translating strategic objectives and a 

feature repository (Req. 2.2) into a formally structured release plan (Req. 2.3), describing 

a product’s evolution in form of specific releases and features (Req. 2.2). Thereby, the 

planning of multiple and different types of releases (Req. 2.2 & 2.4) is enabled (e.g. six 

releases and three different release types using the example of the Robotic Vacuum 

Cleaner). The synchronized consideration of different domains (e.g. software, electronics, 

mechanics) and all system levels for upgrading a product enables the methodology to be 

applied for complex products (Req. 2.5). The synchronized consideration of different 

domains for complex product was indicated by users of the methodology as a special 

characteristic of the methodology. 

With regard to the application-oriented requirements on a methodology to support 

SRP, an operatively applicable process (Req. 1.1) with tangible goals, activities and 

decisions consisting of three phases and nine steps could be developed. The developed 

process for SRP is supported in the respective process steps by adequately adapted or 

newly developed methods (Req. 1.2). Based on a continuous process and connected 

methods, the traceability of decisions and results (Req. 1.5) during the SRP are ensured. 

The usability and applicability of the methodology (Req. 1.3) by different users (Req. 1.4) 

was verified by applying the methodology and the corresponding tool in a self-guided 

application and in three further workshops with different users using the example of a 

Robotic Vacuum Cleaner. By applying the methodology at least on four separate 

Net Present Value Holistic Value Development costs PM

Max. possible - 48 4,265,138 € 246.16 3,000,000 € 250 -

Planned 6 37 3,415,378 € 200.16 2,817,719 € 234 15.0%

Ratio - 77.1% 80.1% 81.3% 93.9% 93.7% -

Value
Features

Capacity consumption
ROIReleases
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occasions for the same example, a first indication of the reproducibility of the obtained 

results (Req. 1.6) was demonstrated in the form of similarly selected release types and 

strategies, similar release times, and similarly high release values. The operational 

usability and applicability of the methodology was rated as being excellent to good by the 

participants of the application workshops.  

In the following, the decisional, value-related and time-related requirements are 

jointly evaluated along the phases of the SRP process. The initial phase Release Type 

and Strategy Definition of the developed methodology enables the selection of 

product-specific release types (Req. 3.1) by providing a newly developed collection of 

release types for different domains and complex products (Req. 2.5) together with a 

methodical support. Also, a selection of release strategies is provided, pointing out 

specific release patterns and planning instructions depending on the characteristics of 

the release types. This process step was evaluated by the participants as a particularly 

novel and valuable, whereby the same release types and strategies resulted for all three 

applications. 

The second phase of the developed SRP process Release Time and Capacity Definition 

enables the determination of release times, in which critical upgrade times and according 

release types are identified, followed by the determination of exact release times 

(Req. 3.2). Thereby, both during the identification and determination of the release times, 

value-influencing (Req. 4.1-4.4) as well as time-related aspects (Req. 5.1) and alternative 

release time (Req. 5.2) are considered consistently. From the perspective of the users of 

the methodology during the workshops, the initial scheduling of releases by identifying 

release times based on the value behaviour of the own product rather than a reactive 

scheduling of releases in response to competitors or market events, was emphasized as 

a valuable way for proactive scheduling of product upgrades. The participants identified 

the aspect of regulations and laws during release timing as particularly relevant, which 

could be integrated to the methodology. 

The last phase of the SRP process Release Content Definition enables the selection and 

allocation of the most valuable and suitable features to the planned releases (Req. 3.3). 

The selection and assignment of features is thereby performed in a consistently 

value-oriented way, considering customers, markets, competition, corporate strategy, 

risks and feasibility, as well as financial implications supported by a criteria catalog 

(Req. 4.1-4.4). In addition, time-related factors such as availability and urgency from the 

perspective of different value-influencing stakeholders are considered in the selection and 

assignment of features while alternative feature introduction times are considered by 

measurable criteria and guiding questions (Req. 5.1-5.2). Furthermore, dependencies of 

features and their domains are considered. The feature profiles enable a systematic 

acquisition and provision of feature-relevant data generated during the SRP process, thus 

improving the involvement of relevant stakeholders, applicability of the methodology and 

the traceability of information and results. From the viewpoint of the users of the 
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methodology at the application workshops, the phase of Release Content Definition 

provides the highest benefit, but at the same time is the most effort-intensive part of the 

SRP process. In this context, the hybrid intelligence approach based on a software-tool 

to support for the feature selection and assignment step was highlighted as very helpful 

by the participants. 

From a more generic point of view in terms of the value-related requirements, a 

value-oriented SRP (Req. 4.1-4.4) is provided throughout the individual phases and 

process steps of the SRP process by specific integration of stakeholders and 

value-influencing aspects in the form of measurable criteria, enabling a release plan with 

maximized value creation. The value orientation of the developed methodology was 

perceived by the users of the methodology as important and highly effective. In particular, 

the measurable criteria provided to facilitate value-oriented decisions (e.g. in form of 

criteria catalogs) for the individual process steps, were evaluated as being very helpful. 

By the consistent value orientation during the entire planning process, relatively high and 

reproducible values of the planned releases could be achieved, as illustrated for the 

application example. It must be said that release planning poses a Wicked Problem, and 

therefore no objective measure of success can be defined, making it impossible to clearly 

define the optimal maximum possible value of a release plan. 

In summary, by fully addressing the defined requirements on a methodology for SRP, it 

can be said that the developed methodology represents an operatively applicable 

support for continuous product upgrading of complex products by value-oriented 

Strategic Release Planning.





 

6 CONCLUSION AND OUTLOOK 

 

In this chapter, a conclusion of this thesis is provided by summarizing the achieved results 

and answering the research questions (Section 6.1). Subsequently, the work is critically 

reflected and an outlook for future work is outlined for the field of SRP as well as the 

improvement of the developed methodology and its integration in industrial practice 

(Section 6.2).  

6.1 Summary of the work 

Today’s complex products are undergoing accelerated environmental changes, 

characterized by a rapid evolution of consumer needs and a high rate of technological 

advancements. This dynamism leads to shorter product life cycles and consequently to 

accelerated product obsolescence. The additional transformation of previously 

mechanical-oriented products to complex products with higher software shares presents 

extensive potential to introduce and activate a high range of product features during the 

usage and development of products. The key to high and long-term success under these 

conditions are continuously evolving products to provide ongoing attractiveness 

and value to customers. As a result, modern complex products have to be upgraded 

continuously during their development and usage with high upgrade frequencies, 

considering the dynamics of various customer needs and business objectives as well as 

the increasing complexity and multi-domain nature of products. Consequently, the 

importance of proactive and strategic planning of product evolution and value 

proposition is increasing. For this purpose, the approach of Strategic Release Planning 

offers an approach to support continuous product upgrading by shaping a product's 

evolution in the form of incrementally introduced releases with bundled features. 

Therefore, the objective of this work was to develop a methodology to support the 

planning of continuous product upgrades for complex products by the approach of 

Strategic Release Planning. 
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In order to obtain a fundamental understanding and define requirements to support 

SRP for complex products (Research Question 1), the influence factors, challenges 

and needs regarding continuous product upgrading by Strategic Release Planning were 

identified. This was achieved by a Problem Analysis in Chapter 2, which discussed the 

underlying reasons for the change in product life cycles and the growing significance of 

continuous product upgrading for modern complex products under the influence of 

dynamic markets and increasing software shares of products. Consequently, the concept 

and effects of product upgrades on product value behavior and product obsolescence 

were presented. Based on the gained understanding of the reasons and effects of product 

upgrades, different approaches related to product upgrading were presented and 

classified in the context of product development. As a central element of the Problem 

Analysis, the concept and underlying principles of Strategic Release Planning were 

presented as a measure to support continuous product upgrading. In addition to 

definitions of SRP and its positioning within product development, the importance of value 

orientation and influence of temporal aspects in SRP were discussed. This was followed 

by a description of the advantages of SRP from a market and competitive perspective as 

well as from a product development perspective, together with best practices from the 

automotive, smartphone and software industries. In conclusion, the influencing factors, 

challenges and needs for continuous upgrading by SRP were consolidated and 

requirements on a respective methodology to be developed were defined. 

Against this background, the current state of support for SRP for complex products 

in the literature and industrial practice was analyzed (Research Question 2) to 

determine the specific needs and fields of action for the development of a methodological 

support in Chapter 3. For this purpose, operatively applicable methodologies found in the 

literature on SRP from software development and mechanical engineering were analyzed 

and evaluated with regard to the defined requirements. In addition, expert interviews were 

conducted to analyze the current state, challenges and needs of the industry with regard 

to SRP. The current state of solutions in literature and industrial practice provide punctual 

methods and processes that can be utilized, but support only partial steps of SRP. In 

addition, existing methodologies and procedures represent traditional domain-specific 

approaches that do not ensure the upgrading of complex products with synchronized 

consideration of software and hardware systems. At the same time, these approaches 

reveal a strong effort-oriented planning, lacking sufficient attention on the value creation 

for essential stakeholders. Furthermore, the multiple planning of releases and 

consideration of temporal effects is not adequately incorporated, as it is necessary for the 

highly dynamic life cycles of complex products. Therefore, a consistent methodology that 

covers all requirements for SRP of complex products does not exist. Against this 

background, a methodological support for SRP has to address the characteristics of 

complex systems, a consistent value contribution for conflicting stakeholder interests, and 

temporal effects under highly dynamic conditions.  
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As a result, the specific objective of this thesis was specified as the development of a 

Methodology for Value-oriented Strategic Release Planning of Complex Products 

(Research Question 3), which was developed in Chapter 4. In accordance with the 

defined objectives, a process for SRP was developed consisting of the phases Release 

Type and Strategy Definition, Release Schedule and Capacity Definition, and Release 

Content Definition. To support the process and ensure its operational applicability, 

specific methods for the systematic execution of the individual activities and decisions 

were adapted from existing solutions or developed newly. The result is a methodology 

to support the continuous upgrading of complex products that systematically 

enables: 

 proactive and systematic planning of multiple consecutive releases, 

 definition of product-specific release types and their release strategies,  

 timing of releases, 

 selection and assignment of features, 

 thereby considering the value contribution for stakeholders, 

 influences of temporal aspects, 

 and the implications of complex products under highly dynamic environments 

consisting different domains (software, electronics, mechanics) 

resulting in a tangible release plan. To ensure an operational application of the 

methodology, an initial software tool using hybrid intelligence was developed to support 

the execution of the developed process steps and methods.  

Ultimately, the developed methodology was applied and evaluated using an example 

of a Robotic Vacuum Cleaner in Chapter 5. The initial application of the methodology 

and the evaluation of its functionality and applicability were performed by an initial support 

evaluation. Based on the initial evaluation, the methodology was subsequently applied by 

industrial experts during several workshops and evaluated in terms of comprehensibility, 

applicability, and utility. By fully addressing the defined requirements, it can ultimately be 

concluded that the developed methodology provides an operatively applicable solution 

for the planning of continuous product upgrades for complex products using the approach 

of SRP. 
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6.2 Reflection of the results and outlook for future work 

The presented work provides an essential contribution for the continuous upgrading of 

complex products by Strategic Release Planning. It was highlighted that the approach of 

SRP constitutes an approach to support the planning of product upgrades and can lead 

to more efficient planning processes resulting in higher and sustained value of products, 

with long-term success. To this end, the developed methodology has proven to be an 

adequate support for decision-making in Strategic Release Planning. However, the 

complexity of Strategic Release Planning requires more extensive attention. 

From a methodological perspective, special attention should be directed to the aspects 

described in the following.  

The present contribution addressed the development of a methodology for the continuous 

planning of product upgrades with a strong focus on a single product. Portfolio aspects 

were partially considered as influencing factors in the planning of releases and features. 

However, a more holistic planning of features and releases for product families or even 

product programs has not been the focus of this work. By considering further product 

variants over time, the task of SRP becomes more complex. Against this background, 

future research should consider the planning of releases and features under the 

consideration of product variants and their management.  

Furthermore, as mentioned in several parts of the work and demonstrated by practical 

cases, a trend towards product upgrading during the usage of products is emerging more 

and more. In this case, features are introduced during the operation of the product in 

order to increase product attractiveness. Furthermore, product functionalities are 

prepared in advance for later activation by software upgrades during the usage of 

products. The planning of features and releases to be introduced during the usage of a 

product by appropriate release types is principally possible by the developed 

methodology. However, a special attention to the identification of corresponding release 

types and strategies as well as adapted timing of releases and features need to be 

focused in order to exploit the potentials and establish new business models 

(e.g. function on demand) of upgrades during product usage. At the same time, there 

is a need for approaches and strategies to design according upgradable product 

architectures. 

The developed methodology offers a consistent value orientation in SRP, taking into 

account key stakeholders such as customers, competition, development, and business 

value. The customer perception of releases and features, in addition to the monetary 

value, plays a significant role in the success of a release plan. For this purpose, the 

integration of approaches to design customer-effective releases should be integrated 

by according disciplines (e.g. marketing).  
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The continuous upgrading of products has been a permanent pursuit in the industry. The 

developed methodology offers an initial, product-independent solution with corresponding 

prototypical tool implementation. In order to establish the developed methodology in 

industrial practice, further essential steps have to be carried out from an organizational 

as well as tool perspective.  

In order to achieve sustainable implementation of SRP in the industry, the issue of SRP 

and continuous product upgrading should be addressed both top-down from a 

management perspective and bottom-up from an operational level. Due to the novelty of 

the topic of upgrading complex products with high software shares, responsible 

stakeholders have to be sensitized about the potentials and effects by adequate 

measures. For operational implementation, it is recommended that dedicated, 

responsible central units and experts should be established for continuous upgrading of 

products. These units and responsible individuals should be arranged at an interface 

between strategy, market, and product development. Appropriate roles from different 

units and disciplines have to be integrated to these central units in order to enable a 

synchronized consideration of strategic and realization perspectives, as well as views 

from different domains. 

Once the awareness and central units for SRP have been established, a centralized and 

more effective implementation of the developed methodology is possible. In order to apply 

the developed methodology, according corporate processes have to be developed or 

adapted. 

The need for thoughtful handling of product upgrading will continue over the next years. 

Therefore, a more systematic engagement on SRP should be the goal of research and 

industry. The developed methodology in this work provides a cornerstone on the way to 

this goal. 
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A  Additions to Chapter 4 - Methodology for Value-oriented SRP 

A.1 Literature describing activities of SRP processes 

In the literature, various concepts represent punctual or holistic activities with respect to 

SRP. These include concepts that are not explicitly presented as solutions for SRP, but 

pursue the corresponding objectives. The process for the methodology developed in this 

work is primarily based on individual activities from the sources listed below (Table A.1.1). 

Table A.1.1: Overview of literature describing SRP processes 

Author Title Focus / Objective Domain 

Schuh et al. 

[Sch04a] 

Release Engineering: An Innovative Approach to Handle 

Complexity of Mechatronics Products 

Release engineering for mechatronic 

products 

M
e

c
h
a
n
ic

a
l 
e
n
g
in

e
e
ri
n

g
 

Schuh 

[Sch04b] 

Release Engineering - An Approach to Control Rising 

System Complexity 

Complexity management by release 

engineering 

Umeda et al. 

[Ume07] 

Life Cycle Option Selection Based on the Difference of 

Value and Physical Lifetimes for Life Cycle Design 
Life cycle extension strategies 

Belener 

[Bel08] 

Technical Change Management of Modular Products and 

Processes (translated) 

Release planning for modular 

products 

Maurer et al. 

[Mau14b] 
Cycle-oriented Module and Platform Thinking (translated) 

Release planning for modular 

products architectures 

Aleksic 

[Ale16] 

Sustainable development of modular product 

architectures by release management (translated) 

Release management for modular 

product architectures 

Kühn 

[Küh17] 

Release Planning for Intelligent Technical Systems 

(translated) 

Interdisciplinary release planning for 

intelligent systems 

Inkermann et al. 

[Ink18] 

Towards Cross-domain Release Engineering - Potentials 

and Challenges for the Automotive Industry 

Release engineering for products 

with different domains  

Carlshamre 

[Car02] 

Release Planning in Market-Driven Software Product 

Development - Provoking an Understanding 

Release planning by applying the 

knapsack problem 

S
o
ft

w
a
re

 d
e
v
e
lo

p
m

e
n
t 

Denne  

[Den04b] 

The Incremental Funding Method: Data-driven Software 

Development 

Financial value-based planning of 

features in release planning 

Weerd et al. 

[Van06] 

Towards a Reference Framework for Software Product 

Management 

Release planning in the context of 

software product management 

Regnell et al. 

[Reg08] 
Roadmapping of Quality Requirements 

Release planning for quality 

requirements 

Ruhe,  

[Ruh10] 

EVOLVE II: A Systematic Method for Planning Product 

Releases 

Feature-oriented release planning 

for evolving software products 

Freitas et al. 

[Fre11] 

Software Next Release Planning Approach through Exact 

Optimization 

Feature selection for next release 

planning by optimization techniques 

Wright, 

[Wri12] 

Release Engineering Processes, Their Faults and 

Failures 

Release Engineering processes from 

industrial perspective 

Zorn et al. 

[Zor13] 

Analyzing an Industrial Strategic Release Planning 

Process – A Case Study at Roche Diagnostics 

Customized process for SRP and 

feature generation in the industry  

Ameller,  

[Ame17] 
Towards Continuous Software Release Planning 

Activities and Allocation of Release 

Planning in Software Development  
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A.2 Rating scales to support the assessment of the feature change priority index  

The Change Priority Index (CPI) is calculated by rating the three criteria: probability for 

change occurrence change of a feature (P), dynamics of the changes (D) and relevance 

of the changes for the consumer and competitiveness (C). Each criteria is rated on a 

defined scale from 1 to 10 with the following rating scales.  

Table A.2.1: Rating scale for rating the probability for change occurrence of a feature  

adapted from Maurer [Mau14a, p.60] 

Rating Description  

1 occurrence highly unlikely 

2 occurrence unlikely 

3 occurrence complex to judge 

4 occurrence takes place suddenly 

5 occurrence is estimated at an later stage 

6 occurrence is estimated at an early stage 

7 occurrence is estimated as continuous  

8 occurrence time frame is defined as a later stage 

9 occurrence time frame is defined as an early stage 

10 occurrence is defined with an exact date 

 

Table A.2.2: Rating scale for rating the change dynamics of a feature  

adapted from Maurer [Mau14a, p.60] 

Rating Description   

1-2 no or very rare recurring changes 

product-specific time 

scale for the 

dynamics of changes 

can support a more 

accurate rating 

3-4 occasionally frequented change 

5-6 moderately frequented change 

7-8 highly dynamic change 

9-10 very highly dynamic change 
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Table A.2.3: Rating scale for rating the relevance of the changes for the consumer and competitiveness  

adapted from Maurer [Mau14a, p.60]  

Rating Description  

1-2 Very low to negative 

 change is perceived negatively by customers 

 changes force customers to unwillingly adjust their usual usage patterns of the product  

 change causes costumers confusion  

 brand identity is degraded by a change 

3-4 low 

 change is perceived negatively by customers 

 changes force customers to unwillingly adjust their usual usage patterns of the product  

 change causes costumers confusion  

5-6 moderate 

 performance feature  

 changes are rarely requested by customers 

 changes have moderate strategic relevance for competition 

7-8 high 

 purchase-decisive feature 

 enthusiasm feature with strategic relevance for competition 

 customers desire moderate recurring changes 

9-10 high 

 essential feature for purchase decision 

 enthusiasm feature with highly strategic relevance for competition 

 customers desire high frequented upgrades  
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B  Additions to Chapter 5 - Application and evaluation of the 
developed methodology 

B.1 Assignment of features to main domains for release type identification 

The analysis of the individual feature domains provides clarification about the release 

types required for the Robotic Vacuum Cleaner. In addition, the feature domains are 

considered during the assignment of feature to the releases to ensure technical 

compatibility. 

 

Figure B-1: Domains classification of the potential features for upgrading the Robotic Vacuum Cleaner 
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B.2 Feature dependency analysis for the Robotic Vacuum Cleaner 

The result of the feature dependency analysis is the identification of all essential 

dependencies between the features during the planning process.  

 

Figure B-2: Dependency analysis - Robotic Vacuum Cleaner  
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B.3 Prepared feature repository for the Robotic Vacuum Cleaner 

The prepared feature repository includes all relevant data for the selection and 

assignment of features to releases in order to define the release contents. 

 

Figure B-3: Prepared feature repository for the Robotic Vacuum Cleaner  

 

  

ID Feature label
Net Present

Value

Holistic

Value
ROI

Development

costs

Total 

costs
PM Availability Urgency

F8 LiDAR-based Navigation 184,153 € 7.14 18% 138,359 € 1,023,072 € 11.50 PIR1 PIR1 XOR (F15,F12) ; <(F7,S2) M echatronics

F12 Camera-based Navigation 158,541 € 6.85 11% 126,328 € 1,441,282 € 10.50 PIR1 PIR1 XOR (F1,  F8,  F15,  F21,  F22) ;  <(F7,  S2) M echatronics

S8 Over-the-Air-Update Interface 135,153 € 6.02 21% 150,391 € 643,586 € 12.50 SIR3 PIR2 - Software

F14 Wet M opping 129,286 € 5.76 21% 147,383 € 615,648 € 12.25 PIR1 PGR1 < (F17, F26) M echatronics

F24 Washable Click-In Container 125,454 € 5.40 19% 86,625 € 660,284 € 7.20 SIR1 PIR1 - M echanics

F15 SLAM -based Navigation 125,145 € 7.10 12% 168,215 € 1,042,875 € 15.00 PIR1 PIR1 XOR (F8, F1, F12, F7) ;  <S2 M echatronics

S6 Reactive AI Technology 111,542 € 6.21 16% 138,359 € 697,138 € 11.50 SIR2 PIR1 <F12 Software

F3 Dirt Detection 111,354 € 6.89 14% 81,211 € 795,386 € 6.75 PGR1 PIR2 <S9 M echatronics

F23 Docking Station 109,875 € 7.70 11% 63,164 € 998,864 € 5.25 PIR1 PIR1 <(S7, F26, F31) M echatronics

F31 Design Upgrade 103,354 € 8.10 30% 72,188 € 344,513 € 6.00 PIR1 PGR1 &F10 M echanics

F32 Extraction Station 101,546 € 4.55 13% 75,195 € 781,123 € 6.25 SIR1 PIR2 >F23 M echanics

S1 Virtual No-Go Zones 101,225 € 6.55 17% 66,172 € 595,441 € 5.50 PIR1 SIR2 - Software

F30 UV-Disinfection 98,548 € 6.32 13% 102,266 € 758,062 € 8.50 PIR2 SIR3 - M echatronics

S5 M ulti-Floor M apping 98,156 € 5.06 21% 72,188 € 467,410 € 6.00 SIR1 PGR1 >F28 Software

F5 Adjustable Suction M ode 95,354 € 6.10 15% 72,188 € 635,693 € 6.00 PGR1 PIR2 - M echatronics

F29 Higher Energy Efficieny Class 94,246 € 5.10 14% 72,188 € 673,186 € 6.00 PGR1 PIR2 &F34 M echatronics

F17 Vibrating Cleaning Plate 92,452 € 5.25 12% 66,172 € 770,433 € 5.50 PGR1 PGR1 >F14 M echatronics

S12 Novel App-Interface 91,574 € 4.43 14% 75,195 € 654,100 € 6.25 SIR1 PIR1 - Software

F26 Automated Wiping Water Exchange 91,543 € 5.75 14% 78,203 € 653,879 € 6.50 PGR1 PGR1 >F14, >F23 M echatronics

F20 Extended M ain Brush 91,411 € 5.75 14% 60,156 € 652,936 € 5.00 PIR1 PGR1 - M echanics

S2 Spot-Cleaning M ode 90,151 € 3.43 9% 57,148 € 1,001,678 € 4.75 SIR1 SIR3 >F8 Software

F34 Long Lasting Battery 89,845 € 5.87 12% 111,289 € 748,708 € 9.25 PIR1 PGR1 &F29 M echatronics

F7 Carpet Detection 88,456 € 4.70 11% 54,141 € 804,145 € 4.50 SIR1 SIR3 >F8 M echatronics

F2 Rubber Brush 88,412 € 4.57 9% 48,125 € 982,356 € 4.00 SIR1 PGR1 - M echanics

F1 Crash Sensor 87,515 € 6.50 11% 72,188 € 795,591 € 6.00 SIR2 PGR1 XOR F8, XOR F15, XOR F12 M echatronics

S9 Intelligent Suction Contro l 85,461 € 6.02 12% 51,133 € 712,175 € 4.25 SIR3 PGR1 >F3 Software

F4 Dual Brush System 85,456 € 5.06 16% 75,195 € 534,100 € 6.25 PGR1 PIR2 - M echanics

S3 Scheduled Cleaning 84,536 € 6.56 12% 57,148 € 704,467 € 4.75 SIR1 PGR1 - Software

S7 Intelligent Reloading 83,423 € 6.54 14% 78,203 € 595,879 € 6.50 SIR3 PIR2 >F23 Software

F10 Touch-Keys 82,544 € 4.53 9% 72,188 € 917,156 € 6.00 PGR1 PIR2 &F31 M echatronics

F11 Carrying Handle 81,453 € 5.75 19% 24,063 € 428,700 € 2.00 PIR1 PIR3 - M echanics

F28 GPS Sensor 79,451 € 6.25 11% 78,203 € 722,282 € 6.50 PIR1 PGR1 <S11, <S5 M echatronics

S4 M aintainance M onitoring 78,546 € 4.10 15% 75,195 € 523,640 € 6.25 SIR1 SIR2 - Software

F9 Bumper 77,845 € 5.21 19% 30,078 € 409,711 € 2.50 SIR1 PGR1 - M echanics

F35 Acoustic Feedback 77,548 € 6.75 14% 63,164 € 553,914 € 5.25 SIR1 PIR1 >S10 M echatronics

S10 Voice Contro l 75,843 € 4.25 14% 66,172 € 541,736 € 5.50 SIR1 SIR2 <F35 Software

S11 Device M apping 67,548 € 3.75 15% 96,250 € 450,320 € 8.00 SIR1 SIR3 >F28 Software

F21 LED-Lighting 66,341 € 3.25 7% 78,203 € 947,729 € 6.50 PIR1 PIR2 XOR F8 M echatronics

F36 Aroma Diffusor 65,489 € 4.44 13% 96,250 € 503,762 € 8.00 PGR1 PIR2 - M echatronics

F13 Dynamic Wheel Bearing 65,454 € 3.81 9% 87,227 € 727,267 € 7.25 PIR1 PGR1 - M echanics

F25 Height-Adjustable Cleaning Head 58,698 € 4.56 13% 57,148 € 451,523 € 4.75 PGR1 PIR2 - M echanics

F22 Gyro Sensor 58,465 € 3.43 8% 69,180 € 730,813 € 5.75 PIR1 PGR1 XOR F8 M echatronics

F16 Remote Viewing 57,848 € 1.89 7% 99,258 € 826,400 € 8.25 PGR1 SIR3 - M echatronics

F19 LED-Display 55,215 € 2.11 7% 108,281 € 788,786 € 9.00 PGR1 SIR - M echatronics

F27 Sound Absorbing Casing 54,535 € 3.12 13% 60,156 € 419,500 € 5.00 PIR1 SIR3 - M echanics

F18 Floating Brush 46,845 € 2.85 10% 48,125 € 468,450 € 4.00 SIR1 PGR1 - M echanics

F33 High Quality Casing M aterial 45,845 € 2.88 7% 99,258 € 654,929 € 8.25 SIR2 SIR3 - M echanics

F6 Wheel Sensor 36,458 € 1.95 7% 63,164 € 520,829 € 5.25 PIR1 PIR2 - M echatronics

F eature

interdependencies
D o main

F eature Effo rtsValue Launch P erio d
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B.4 Release plan for the Robotic Vacuum Cleaner 

The final result of the SRP is the release plan for upgrading the Robotic Vacuum Cleaner. 

 

Figure B-4: Release plan for the Robotic Vacuum Cleaner 

Feature-ID Net Present Value Holistic Value ROI Development costs PM Availability Urgency

S12 91,574 € 4.43 14% 75,195 € 6.25 SIR1 PIR1 - Software

S3 84,536 € 6.56 12% 57,148 € 4.75 SIR3 PGR1 - Software

S4 78,546 € 4.1 15% 75,195 € 6.25 SIR1 SIR2 - Software

S10 75,843 € 4.25 14% 66,172 € 5.50 SIR1 SIR2 <F35 Software

T o tal 330,499 € 19.34 14% 273,711 € 22.75

26,289 € 2.25

Software Improvement Release 1 (SIR1) "1.0.1"

F eature Value Effo rts Launch P erio d F eature

interdependencies
D o main

Scheduled Cleaning

M aintainance M onitoring

Voice Contro l

R emaining capacit ies

Novel App-Interface

Feature label

R elease date

06/ 2022

Feature-ID Net present value Holistic Value ROI Development costs PM Availability Urgency

F8 184,153 € 7.14 18% 138,359 € 11.5 PIR1 PIR1 XOR (F1,  F8,  F15,  F21,  F22) ;  <(F7,  S2) M echatronics

F24 125,454 € 5.4 19% 86,625 € 7.2 SIR1 PIR1 - M echanics

F23 109,875 € 7.7 11% 63,164 € 5.25 PIR1 PIR1 <(S7, F26, F31) M echatronics

F28 79,451 € 6.25 11% 78,203 € 6.5 PIR1 PGR1 <S11 M echatronics

F35 77,548 € 6.75 14% 63,164 € 5.25 SIR1 PIR1 >S10 M echatronics

F25 58,698 € 4.56 13% 57,148 € 4.75 PGR1 PIR2 - M echanics

T o tal 635,179 € 37.8 14% 486,664 € 40.45

13,336 € 2.05

D o main
Feature label

LiDAR-based Navigation

Washable Click-In Container

Docking Station

GPS Sensor

Product Improvement Release 1 (PIR1) "1.1.1"

F eature Value Effo rts Launch P erio d
F eature

interdependencies

Acoustic Feedback

Height-Adjustable Cleaning Head

R emaining capacit ies

R elease date

01/ 2023

Feature-ID Net present value Holistic Value ROI Development costs PM Availability Urgency

S1 101,225 € 6.55 17% 66,172 € 5.5 PIR1 SIR2 - Software

S5 98,156 € 5.06 21% 72,188 € 6 SIR1 PPGR1 >F28 Software

S2 90,151 € 3.43 9% 57,148 € 4.75 SIR1 SIR3 >F8 Software

S7 83,423 € 6.54 14% 78,203 € 6.5 SIR3 PIR2 >F23 Software

T o tal 372,955 € 21.58 15% 273,711 € 22.75

26,289 € 2.25

Feature label

Virtual No-Go Zones

M ulti-Floor M apping

Spot-Cleaning M ode

Intelligent Reloading

R emaining capacit ies

Software Improvement Release 2 (SIR2) "1.1.2"

F eature Value Effo rts Launch P erio d
F eature

interdependencies
D o main

R elease date

06/ 2023

Feature-ID Net present value Holistic Value ROI Development costs PM Availability Urgency

F14 129,286 € 5.76 21% 147,383 € 12.25 PIR1 PGR1 <(F17, F26) M echatronics

F3 111,354 € 6.89 14% 81,211 € 6.75 PGR1 PIR2 <S9 M echatronics

F31 103,354 € 8.1 30% 72,188 € 6 PIR1 PGR1 &F10 M echanics

F29 94,246 € 5.1 14% 72,188 € 6 PGR1 PIR2 &F34 M echatronics

F17 92,452 € 5.25 12% 66,172 € 5.5 PGR1 PGR1 >F14 M echatronics

F26 91,543 € 5.75 14% 78,203 € 6.5 PGR1 PGR1 >(F14, F23) M echatronics

F20 91,411 € 5.75 14% 60,156 € 5 PIR1 PGR1 - M echanics

F34 89,845 € 5.87 12% 111,289 € 9.25 PIR1 PGR1 &F29 M echatronics

F2 88,412 € 4.57 9% 48,125 € 4 SIR1 PGR1 - M echanics

F10 82,544 € 4.53 9% 72,188 € 6 PGR1 PIR2 &F31 M echatronics

F9 77,845 € 5.21 19% 30,078 € 2.5 SIR1 PGR1 - M echanics

F13 65,454 € 3.81 9% 87,227 € 7.25 PIR1 PGR1 - M echanics

F27 54,535 € 3.12 13% 60,156 € 5 PIR1 SIR3 - M echanics

T o tal 1,172,281 € 69.71 15% 986,563 € 82.00

13,438 € 8.00

Bumper

Dynamic Wheel Bearing

Wet M opping

Dirt Detection

Design Upgrade

Higher Energy Efficieny Class

Vibrating Cleaning Plate

Automated Wiping Water Exchange

Product Generation Release 1 (PGR1) "2.1.2"

F eature Value Effo rts Launch P erio d
F eature

interdependencies
D o main

Feature label

Sound Absorbing Casing 

R emaining capacit ies

Extended M ain Brush

Long Lasting Battery

Rubber Brush

Touch-Keys

R elease date

02/ 2024

Feature-ID Net present value Holistic Value ROI Development costs PM Availability Urgency

S8 135,153 € 5.04 21% 150,391 € 12.5 PGR1 PIR2 - Software

S9 85,461 € 6.02 12% 51,133 € 4.25 SIR3 PGR1 >F3 Software

S11 67,548 € 3.75 15% 96,250 € 8 SIR1 SIR3 >F28 Software

T o tal 288,162 € 14.81 16% 297,773 € 24.75

2,227 € 0.25

Over-the-Air-Update Interface

Intelligent Suction Control

Device M apping

R emaining capacit ies

Software Improvement Release 3 (SIR3) "2.1.3"

F eature Value Effo rts Launch P erio d F eature

interdependencies
D o main

Feature label

R elease date

07/ 2024

Feature-ID Net present value Holistic Value ROI Development costs PM Availability Urgency

F32 101,546 € 4.55 13% 75,195 € 6.25 SIR1 PIR2 >F23 M echanics

F30 98,548 € 6.32 13% 102,266 € 8.5 PIR2 SIR3 - M echatronics

F5 95,354 € 6.1 15% 72,188 € 6 PGR1 PIR2 - M echatronics

F7 88,456 € 4.7 11% 54,141 € 4.5 SIR1 SIR3 >F8 M echatronics

F4 85,456 € 5.06 16% 75,195 € 6.25 SIR1 PGR1 - M echanics

F11 81,453 € 5.75 19% 24,063 € 2 PIR1 PIR3 - M echanics

F36 65,489 € 4.44 13% 96,250 € 8 PGR1 PIR2 - M echatronics

T o tal 616,302 € 36.92 14% 499,297 € 41.50

703 € 3.50

D o main
Feature label

Extraction Station

UV-Disinfection

Adjustable Suction M ode

Carpet Detection

Product Improvement Release 2 (PIR2) "2.2.3"

F eature Value Effo rts Launch P erio d F eature

interdependencies

Dual Brush System

Carrying Handle

Aroma Diffusor

R emaining capacit ies

R elease date

01/ 2025
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9 Andresen, Uwe: Ein Beitrag zum methodischen Konstruieren bei der 
montagegerechten Gestaltung von Teilen der Großserienfertigung. Dissertation TU 
Braunschweig 1975 
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10 Ersoy, Metin: Wirkfläche und Wirkraum, Ausgangselemente zum Ermitteln der 
Gestalt beim rechnergestützten Konstruieren. Dissertation TU Braunschweig 1975 

11 Mette, Manfred: Einfluß der Reibung auf die Änderung der Zahnkraft über dem 
Eingriff bei geradverzahnten Stirnrädern unter Berücksichtigung der 
Massenverhältnisse. Dissertation TU Braunschweig 1975 

12 Naescher, Jürgen: Die rechnerische Simulation und die Messung der Einflanken-
Wälzabweichung geradverzahnter Stirnräder. Dissertation TU Braunschweig 1977 

13 Franke, Hans-Joachim: Untersuchungen zur Algorithmisierbarkeit des 
Konstruktionsprozesses. Dissertation TU Braunschweig 1976. Fortschrittberichte der 
VDI-Zeitschriften, Reihe 1 Nr. 47. Düsseldorf: VDI- Verlag 1976 

14 Müller, Erich: Modellentwicklung für die Synthese Mechanischer Konstruktionen. 
Dissertation TU Braunschweig 1978 

15 Verschiedene Autoren: Veröffentlichungen des Instituts für Konstruktionslehre, 
Maschinen- und Feinwerkelemente 1975 bis 1979, 1979 

16 Birkhofer, Herbert: Analyse und Synthese der Funktionen technischer Produkte. 
Dissertation TU Braunschweig 1980. Fortschrittberichte der VDI-Zeitschriften, Reihe 1 
Nr. 70. Düsseldorf: VDI- Verlag 1980 

17 Scholz, Gerhard: Verschleißuntersuchungen an thermoplastischen Kunststoff-
zahnrädern der Feinwerktechnik in der Paarung Stahl/Kunststoff. Dissertation TU 
Braunschweig 1980 

18 Diekhöner, Günther W.: Erstellen und Anwenden von Konstruktionskatalogen im 
Rahmen des methodischen Konstruierens. Dissertation TU Braunschweig 1981. 
Fortschrittberichte der VDI-Zeitschriften, Reihe 1 Nr. 75. Düsseldorf: VDI-Verlag 1981 

19 Jakobs, Gerhard: Rechnerunterstützung bei der Geometrisch-Stofflichen 
Produktgestaltung. Dissertation TU Braunschweig 1981 

20 Haupt, Ulrich: Keilschrägverzahnung für Getriebe mit einstellbarem Verdreh-
flankenspiel. Dissertation TU Braunschweig 1981 

21 Kollenrott, Friedrich: Ein Verfahren zur Ermittlung von Zahnformen höchster 
Tragfähigkeit für Evolventen-Geradverzahnungen. Dissertation TU Braunschweig 1981 

22 Höffler, Hans-Otto: Konstruktionsregeln als methodische Hilfsmittel für die 
Gestaltung. Dissertation TU Braunschweig 1982 

23 Bohle, Detlef: Rechnerunterstütztes Konstruieren im Rahmen des Algorithmischen 
Auswahlverfahrens zur Konstruktion mit Katalogen. Dissertation TU Braunschweig 1982 

24 Mende, Hasso: Auslegung und Flankenkorrektur von Evolventenschräg-
verzahnungen mit kleiner Ritzelzähnezahl. Dissertation TU Braunschweig 1982 

25 Verschiedene Autoren: Veröffentlichungen des Instituts für Konstruktionslehre, 
Maschinen- und Feinwerkelemente 1979 bis 1983, 1984 

26 Farny, Bernd: Rekonstruktion eines 3D-Geometriemodells aus Orthogonal-
projektionen beim rechnerunterstützen Konstruieren. Dissertation TU Braunschweig 1985 

27 Kopowski, Eckart: Analyse und Konstruktionskataloge fester Verbindungen. 
Dissertation TU Braunschweig 1985 

28 Verschiedene Autoren: Institut für Konstruktionslehre, Maschinen- und Feinwer-
kelemente, Veröffentlichungen auf dem Verzahnungsgebiet 1965 bis 1984, 1985 
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29 Pabst, Ludwig: Rechnerunterstützte Auslegung von Evolventenstirnradpaarungen 
höchster Tragfähigkeit. Dissertation TU Braunschweig 1986 

30 Klausnitz, Detlef: Methoden zur Analyse und Synthese beweglicher Verbindungen 
und ihre Eignung zur Rechnerunterstützten Konstruktion. Dissertation TU 
Braunschweig 1988 

31 Verschiedene Autoren: Veröffentlichungen des Instituts für Konstruktionslehre, 
Maschinen- und Feinwerkelemente 1984 bis 1988, 1988 

32 Zierau, Steffen: Die geometrische Auslegung konischer Zahnräder und Paarungen 
mit parallelen Achsen. Dissertation TU Braunschweig 1989 

33 Petersen, Detlev: Auswirkung der Lastverteilung auf die Zahnfußtragfähigkeit von 
hoch überdeckenden Stirnradpaarungen. Dissertation TU Braunschweig 1989 

34 Sieverding, Hubert: Methoden und Hilfsmittel zum Modellübergang beim rechner-
unterstützten methodischen Konstruieren. Dissertation TU Braunschweig 1990 

35 Brückner, Thomas: Auslegung und Optimierung von 
Komplementprofilverzahnungen nach vorgebbaren Eigenschaften. Dissertation TU 
Braunschweig 1990 

36 Derhake, Thomas: Methodik für das rechnerunterstützte Erstellen und Anwenden 
flexibler Konstruktionskataloge. Dissertation TU Braunschweig 1990 

Nr.  Bericht  

37 Barrenscheen, Jörg: Die systematische Ausnutzung von Symmetrieeigenschaften 
beim Konstruieren. Dissertation TU Braunschweig 1990 

38 Drebing, Uwe: Zur Metrik der Merkmalsbeschreibung für Produktdarstellende 
Modelle beim Konstruieren. Dissertation TU Braunschweig 1991 

39 Weigel, Klaus D.: Entwicklung einer modularen Systemarchitektur für die 
rechnerintegrierte Produktgestaltung. Dissertation TU Braunschweig 1991 

40 Steffens, Ralf: Die Profilsteigungsfunktion, ein neuer Weg zur analytischen 
Bestimmung und Optimierung allgemeiner Profilflankenpaarungen. Dissertation TU 
Braunschweig 1993 

41 Verschiedene Autoren: Veröffentlichungen des Instituts für Konstruktionslehre, 
Maschinen- und Feinwerkelemente 1989 bis 1993, 1993 

42 Böwer, Gunnar: Untersuchung der konzeptionellen Erweiterungsmöglichkeiten von 
CAD-Systemen am Beispiel der rechnerunterstützten Bemaßungsanalyse und 
Toleranzberechnung. Dissertation TU Braunschweig 1993 

43 Speckhahn, Hermann: Systeme zur flexibel konfigurierbaren 
Informationsbereitstellung für die Konstruktion. Dissertation TU Braunschweig 1995 
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44 Kickermann, Heiner: Rechnerunterstützte Verarbeitung von Anforderungen im 
methodischen Konstruktionsprozeß. Dissertation TU Braunschweig 1995 

45 Bielfeldt, Uwe: Ein Beitrag zur konstruktionsmethodischen Entwicklung von Pumpen 
für die Biotechnologie. Dissertation TU Braunschweig 1996 

46 Hacker, Günther: Untersuchungen zur methodischen Gestaltung von 
Maschinengehäusen. Dissertation TU Braunschweig 1996, Göttingen: Cuvillier Verlag 
1996. ISBN 3-89588-609-2 

47 Fischer, Rolf: Product Design based on HyperTrees. Dissertation TU Braunschweig 1996 

48 Renken, Martin: Nutzung recyclingorientierter Bewertungskriterien während des 
Konstruierens. Dissertation TU Braunschweig 1996. Göttingen: Cuvillier Verlag 1996. 
ISBN 3-89588-555-X 

49 Schulz, Achim: Systeme zur Rechnerunterstützung des funktionsorientierten 
Grobentwurfs. Dissertation TU Braunschweig 1996 

50 Tsai, Shyi-Jeng: Vereinheitlichtes System evolventischer Zahnräder. - Auslegung 
von Zylindrischen, Konischen, Kronen- und Torusrädern. Dissertation TU 
Braunschweig 1997 

51 Peters, Michael: Kommunikationssystem rechnerunterstützter Konstruktions-
werkzeuge. Dissertation TU Braunschweig 1998 

52 Jeschke, Andrea: Beitrag zur wirtschaftlichen Bewertung von Standardisierungs-
Maßnahmen in der Einzel- und Kleinserienfertigung durch die Konstruktion. 
Dissertation TU Braunschweig 1997 

53 Lachmayer, Roland: Temperatur- und wärmeflußgerechte Gestaltung axialer 
Gleitringdichtungen. Dissertation TU Braunschweig 1997. Aachen: Shaker Verlag 
1998. ISBN 3-8265-3513-8 

54 Döllner, Gernot: Konzipierung und Anwendung von Maßnahmen zur Verkürzung der 
Produktentwicklungszeit am Beispiel der Aggregateentwicklung. Dissertation TU 
Braunschweig 1997 

55 Kaletka, Ingo: Zielgerichtetes Entwickeln im Methodischen Konstruktionsprozeß 
durch Verwendung ganzheitlicher Modelle. Dissertation TU Braunschweig 1999. 
Göttingen: Cuvillier Verlag 1999. ISBN 3-89712-386-X 

56 Franke, H.-J., Krusche, T., Mette, M. (Hrsg.): Konstruktionsmethodik - Quo vadis? 
Symposium anlässlich des 80. Geburtstags von Prof. Dr.-Ing. Karlheinz Roth. Aachen: 
Shaker Verlag 1999. ISBN 3-8265-4916-3 

57 Lippardt, Sven: Gezielte Förderung der Kreativität durch bildliche Produktmodelle. 
Dissertation TU Braunschweig 2000 Fortschritt-Berichte VDI Reihe 1 Nr. 325, 
Düsseldorf: VDI-Verlag, 2000. ISBN 3-18-332501-2 

58 Fritsch, Joachim: Erhöhung der Betriebssicherheit vollkeramischer Wälzlager unter 
vollständiger Umströmung mit niedrigviskosem Medium.  Dissertation TU 
Braunschweig 2000. Aachen: Shaker Verlag 2000. ISBN 3-8265-7456-7 

59 Kramer, Manfred: Systematische Werkstoffauswahl im Konstruktionsprozeß am 
Beispiel von Kunststoffbauteilen im Automobilbau. Dissertation TU Braunschweig 2000 

60 Krusche, Thomas: Strukturierung von Anforderungen für einen effizienten und 
effektiven Konstruktionsprozeß. Dissertation TU Braunschweig 2000. Aachen: Verlag 
Mainz 2000. ISBN 3-89653-796-2 
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61 Lux, Stefan: Entwicklung rechnerunterstützter Angebotssysteme mit generischen 
Methoden. Dissertation TU Braunschweig 2001. Aachen: Verlag Mainz 2001.              
ISBN 3-89653-856-X 

62 Hagedorn, Uwe: Reibungsverluste von vollständig mit niedrigviskosem 
Mediumumströmten Wälzlagern. Dissertation TU Braunschweig 2001. Aachen: 
Shaker Verlag 2001. ISBN 3-8265-9419-3 

63 Brey, Marco: Konfiguration und Gestaltung mit Constraintsystemen. Dissertation TU 
Braunschweig 2003. Göttingen: Cuvillier Verlag 2003. ISBN 3-89873-643-1 

64 Köberlein, Steffen: Systematische wettbewerbsorientierte Produktentwicklung. 
Dissertation TU Braunschweig 2003. Göttingen: Cuvillier Verlag 2003.                              
ISBN 3-89873-922-8 

65 Firchau, Norman L.: Variantenoptimierende Produktgestaltung. Dissertation TU 
Braunschweig 2003. Göttingen: Cuvillier Verlag 2003. ISBN 3-89873-934-1 

66 Pini, P., Germer, C. (Hrsg.): Konstruktionsmethodik in der Praxis                                                         
- Einsatzmöglichkeiten und Grenzen. Kolloquium anlässlich des 60. Geburtstags von 
Prof. Dr.-Ing. H.-J. Franke, Braunschweig 2004 

67 Otremba, Robert: Systematische Entwicklung von Gelenken für Parallelroboter. 
Dissertation TU Braunschweig 2005. Berlin: Logos Verlag 2005. ISBN 3-8325-0811-2 

68 Germer, Christoph: Interdisziplinäres Toleranzmanagement. Dissertation TU 
Braunschweig 2005. Berlin: Logos Verlag 2005. ISBN 3-8325-0954-2 

69 Kroker, Jens: Schnittstellensystematik für modulare Fahrzeugkarosserien. 
Dissertation TU Braunschweig 2005. Berlin: Logos Verlag 2005. ISBN 3-8325-1096-6 

70 Wandelt, Dennis: Modellierung von mehrstufigen Fertigungsprozessen zur 
mehrdimensionalen Toleranzanalyse und -synthese. Dissertation TU Braunschweig 
2007. Berlin: Logos Verlag 2007. ISBN 978-3-8325-1638-3 

71 Deimel, Markus: Ähnlichkeitskennzahlen zur systematischen Synthese, Beurteilung 
und Optimierung von Konstruktionslösungen. Dissertation TU Braunschweig 2007. 
Düsseldorf: VDI Verlag GmbH 2007. ISBN 978-3-18-339801-0 

72 Koschorrek, Ralph: Systematisches Konzipieren mittels Ähnlichkeitsmethoden am 
Beispiel von PKW-Karosserien. Dissertation TU Braunschweig 2007. Berlin: Logos 
Verlag 2007. ISBN 978-3-8325-1784-7 

73 Löffler, Stefan: Anwenden bionischer Konstruktionsprinzipe in der Produkt-
entwicklung. Dissertation TU Braunschweig 2009. Berlin: Logos Verlag 2009.            
ISBN 978-3-8325-2154-7 

74 Haupt, U., Sánchez Ruelas, J. G. (Hrsg.): Konstruktionsmethodik für Fahrzeug-
konzepte. Kolloquium anlässlich des Ausscheidens von Prof. Dr.-Ing. Hans-Joachim 
Franke aus dem aktiven Dienst und Übergabe des Instituts an Prof. Dr.-Ing. Thomas 
Vietor. Braunschweig: ITS Niedersachsen, 2010. ISBN 978-3-937655-22-2 

75 Stechert, Carsten: Modellierung komplexer Anforderungen. Dissertation TU 
Braunschweig 2010. Verlag Dr. Hut, München 2010. ISBN 978-3-86853-545-7 

76 Grotkamp, Stefanie: Bewertung von Produktstrukturkonzepten im Varianten-
management. Dissertation TU Braunschweig 2010. Verlag Dr. Hut, München 2010. 
ISBN 978-3-86853-624-9 
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77 Alexandrescu, Irène: Werkzeuge für die rechnerbasierte Konfiguration 
kundenspezifischer Produkte. Dissertation TU Braunschweig 2011. Verlag Dr. Hut, 
München 2011. ISBN 978-3-86853-805-2 

78 Straube, Dima: CAD-Features für die Entwicklung von Mikrosystemen. Dissertation 
TU Braunschweig 2011. Verlag Dr. Hut, München 2011. ISBN 978-3-86853-927-1 

79 Pavlović, Nenad: Entwicklung von adaptiven Drehgelenken für Parallelstrukturen. 
Dissertation TU Braunschweig 2011. Verlag Dr. Hut, München 2011.                                   
ISBN 978-3-8439-0148-2 

80 Kirchner, Karsten: Entwicklung eines Informationssystems für den effizienten 
Einsatz generativer Fertigungsverfahren im Produktentwicklungsprozess. 
Dissertation TU Braunschweig 2011. Verlag Dr. Hut, München 2011.                                   
ISBN 978-3-8439-0212-0 

81 Brocke, Thomas: Konzept zur Komplexitätsbeherrschung in der Automobilindustrie 
Dissertation TU Braunschweig 2011. Verlag Dr. Hut, München 2011.                                                
ISBN 978-3-8439-0250-2 

82 Borgmann, Jan Philip: Sicherheit bei Fahrzeugüberschlägen für nicht angegurtete 
Insassen. Dissertation TU Braunschweig 2012. Verlag Dr. Hut, München 2012.             
ISBN 978-3-8439-0409-4 

83 

 

Ziebart, Jan Robert: Ein konstruktionsmethodischer Ansatz zur Funktionsintegration. 
Dissertation TU Braunschweig 2012. Verlag Dr. Hut, München 2012. ISBN 978-3-8439-0567-1 

84 Hammad, Farouk Mohamed Kamel: Dimensionen der Gestaltwerdung. Ein Beitrag 
zur Systematik der Produktentwicklung. Dissertation TU Braunschweig 2012. Verlag 
Dr. Hut, München 2013. ISBN 978-3-8439-0853-5 

85 Müller, Philipp Johann: Konstruktionsmethode zur integrativen Ausführung von 
Bauteilen aus kohlefaserverstärktem Kunststoff im Automobilbau. Dissertation TU 
Braunschweig 2013. Verlag Dr. Hut, München 2013. ISBN 978-3-8439-1362-3 

86 Nehuis, Frank: Methodische Unterstützung bei der Ermittlung von Ermittlung von 
Anforderungen in der Produktentwicklung. Dissertation TU Braunschweig 2014. 
Verlag Dr. Hut, München 2014. ISBN 978-3-8439-1560-1 

87 Türck, Eiko: Systematische Abbildung von Produktlogik für wissensbasiertes 
Konzipieren komplexer Produkte. Dissertation TU Braunschweig 2016, Verlag Dr. 
Hut, München 2016. ISBN 978-3-8439-2599-0 

88 Inkermann, David: Anwendung adaptronischer Lösungsprinzipien für die 
Entwicklung adaptiver Systeme. Dissertation TU Braunschweig 2017. Verlag Dr. Hut, 
München, ISBN 978-3-8439-2997-4. 

89 Tschech, Matthias: Methodik zur Auslegung kosteneffizienter Lithium-Ionen-Zellen 
für ein Fahrzeugportfolio. Dissertation TU Braunschweig 2017. Verlag Dr. Hut, 
München, ISBN 978-3-8439-3130-4. 

90 Prüß, Hauke: Gestaltung und generative Fertigung von Faser-Kunststoff-Verbunden. 
Dissertation TU Braunschweig 2017. Verlag Dr. Hut, München, ISBN 978-3-8439-3193-9. 

91 Bavendiek, Ann-Kathrin: Adaption of engineering design methods for multi-
disciplinary development processes considering heterogeneous teams. Dissertation 
TU Braunschweig 2018. Verlag Dr. Hut, München, ISBN 978-3-8439-3713-9. 
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92 Hartogh, Peter: Generische Vorhersage von Fertigungsmerkmalen additiv 
herzustellender Produkte. Dissertation TU Braunschweig 2018. Verlag Dr. Hut, 
München, ISBN 978-3-8439-3749-8. 

93 Lu, Weijun: A Model-based Approach for Robust Design in the Conceptual Phase of 
Product Development. Dissertation TU Braunschweig 2018. Verlag Dr. Hut, München, 
ISBN 978-3-8439-3914-0. 

94 Watschke, Hagen: Methodisches Konstruieren für Multi-Material-Bauweisen 
hergestellt mittels Materialextrusion. Dissertation TU Braunschweig 2019. Verlag Dr. 
Hut, München, ISBN 978-384-394-167-9 

95 Richter, Timo: A methodical framework supporting product architecture design in 
conceptualization. Dissertation TU Braunschweig 2019. Verlag Dr. Hut, München, 
ISBN 978-384-394-249-2 

96 Ghaffari Mejlej, Vahid: Adaptive search approach in the multidisciplinary optimization 
of lightweight structures using hybrid metaheuristics. Dissertation TU Braunschweig 
2019. Verlag Dr. Hut, München, ISBN 978-384-394-250-8 

97 Kleemann, Sebastian: Wissensmanagement für Multi-Material-Bauweisen. 
Dissertation TU Braunschweig 2019. Verlag Dr. Hut, München, ISBN 978-384-394-445-8 

98 Rahlfs, Sina Maria: Methode zur Bewertung der spezifischen Produktkomplexität. 
Dissertation TU Braunschweig 2021. Verlag Dr. Hut, München, ISBN 978-384-394-741-1 

99 Gebhardt, Philipp: Fertigungsgerechte Faserverbundoptimierung mit der 
Lastpfadmethode. Dissertation TU Braunschweig 2021.Verlag Dr. Hut, München, 
ISBN 978-384-394-840-1 

100 Sandiano, Julian Francisco: Erstellung eines Vorgehensmodells zur Auslegung von 
Fahrzeugkonzepten unter Berücksichtigung zukünftiger Restriktionen. Dissertation 
TU Braunschweig 2021. Verlag Dr. Hut, München, ISBN 978-384-394-876-0 

101 Sánchez Ruelas, Jafet Germán: ABC Design: A Theory for Allaying Biased Choices 
in Design. Dissertation TU Braunschweig 2021.Verlag Dr. Hut, München, 
ISBN 978-384-394-945-3 

102 Tschorn, Jan Alexander: Optimierungsgestützte Fahrzeugauslegung für die 
Zielkriterien Rundenzeit und Handling. Dissertation TU Braunschweig 2021. Verlag 
Dr. Hut, München, ISBN 978-384-394-982-8 

103 Bader, Benjamin: Ein methodischer Ansatz zur Potenzialbewertung hybrider 
Bauweise bei Fahrzeugstrukturbauteilen. Dissertation TU Braunschweig 2022. Verlag 
Dr. Hut, München, ISBN 978-3-8439-5077-0 


