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Evolution of Software Products

source: apple

Original iPhone

iPhone 3G

iPhone 3GS

iPhone 4
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Technical View:
SPM = Lifecycle Management

Sneed et al (2005): Software-Produktmanagement
Rajlich, Bennett (2000): „A Staged Model for the Software Life Cycle“, IEEE Computer.

• Software Engineering in the Large

• Prototype, Product, Project, Process

Entsorguns-
projekt †

Legally critical phase
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Software Evolution

Improvement and
Extensions

Maintenance

Jansen, Brinkkemper: „Ten Misconceptions about Product Software Release Management Explained
Using Update Cost/Value Functions“. IWSPM 2006.
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Release Plans

Regnell, Beremark, Eklundh: „A Market-Driven Requirements Engineering Process: Results from an Industrial
Process Improvement Programme“. RE 3:121-129. 1998.
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Kittlaus, Clough (2009): Software Product Management and Pricing.
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Focus

Van de Weerd et al (2006): „Towards a Reference Model for Software Product Management“. RE‘06.
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Contents

Learning Objectives

• Understand release planning

• Be able to propose a release
plan

Agenda

• Release Planning

• Fundamentals

• Prioritization

• Simplification

• Criteria

• Techniques

• Visualization

Samuel Fricker
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Software Product: Definitions

• Software product: a software that is offered to a market and that
satisfies given customer expectations.

• Release: published version of the product.

• Feature: a functional or non-functional property of a product that
is actively marketed. A feature corresponds to a thematic set of
requirements.

van de Weerd, Brinkkemper, Nieuwenhuis, Versendaal, Bijlsma: „On the Creation of a Reference Framework
for Software Product Management“, IWSPM’06.

Product

Release 1.0 Release 1.1 Release 2.0

Feature A Feature B Feature C

...

...

Requirmt B.1 Requirmt B.2 Requirmt B.3 ...
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Case Study iPhone: Features

http://www.apple.com/iphone/iphone-3gs/
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Case Study iPhone: Releases

Merkmal Version Original 3G 3GS 4

Preis - $99 für 8GB $199 für 16GB

Releasedatum 29. Juni 2007 11. Juli 2008 19. Juni 2009

Lautsprecher Ja Ja Ja

Kopfhöhreranschluss - Ja Ja

Digitaler Kompass - - Ja

Safari Ja Ja Ja

EDGE Netzwerk Ja Ja Ja

3G Netzwerk - Ja Ja

4GB Ja - -

8GB Ja Ja -

16GB Ja Ja Ja

32GB - - Ja

http://grydz.com/grid/show/iphone-evolution
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Development Project

Development Project

Case Study iPhone: Development
Projects

Original 3G 3GS

Development Project

Version Version Version

4

Version

Development Project
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• A software product exists in different versions during ist lifecycle.

• Conventions:

–„X.0“ = significant changes,

„x.Y“ = improvements

–Alternative: publication year (e.g. Windows 2007)

Evolution of Software Products

As few parallel
versions as possible

Balzert: Lehrbuch der Software-Technik: Software-Management, Software-Qualitätssicherung,
Unternehmensmodellierung. Spektrum Verlag.
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Release planning within the
project: Rational Unified Process

Analyse und Design

Implementierung
Testen

Installation

Konfigurations- +
Änderungsverwaltung

Projektmanagement
Anderes

Businessanalyse

Anforderungen

Development
iteration

Internal
release

Public
release

Kruchten (1996): “A Rational Development Process”. Crosstalk.
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Release planning within the
project: Scrum

Entwicklungs- Iteration Zwischen-Version
öffentliches

Release

Pichler (2008): Scrum – Agiles Projektmanagement erfolgreich einsetzen. dpunkt.verlag.
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Generic Release Planning
Process

• Objectives:

• Assign the right requiremnets to the right releases

• Optimize release planning with experiences over time

• Process:

1. Understand product context: organisation, process, culture

2. Product RE: stakeholders, interests, expectations

3. Evaluate requirements: dependencies, value, effort, etc.

4. Prioritize requirements: development sequence

5. Negotiate with stakeholders: agree on release plan

6. Develop: Implement release

7. Analyze experience: lessons-learned, process development

Amandeep, Ruhe, Stanford (2004): „Intelligent Support for Software Release Planning“. Product Focused
Software Process Improvement.
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Easiest Case:
Agile Planning Game

Product Manager Development
Team

Anforderung

Anforderung

Anforderung

Anforderung

Anforderung

Anforderung

Anforderung

Anforderung

2. DT evaluates effort

1. PM defines requirements

$

$

$

$

$

$

$

$
3. PM selects requirements

for given budget

Larman: Agile & Iterative Development: A Manager‘s Guide. Addison-Wesley. 2003.
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No conflicts between stakeholders:
no need for negotiation

Easiest Case:
Agile Planning Game

Product Manager Development
Team

Anforderung

Anforderung

Anforderung

Anforderung

Anforderung

Anforderung

Anforderung

Anforderung

$

$

$

$

$

$

$

$

Interest: maximal
value

Evaluate: implementation
effort

Evaluate
efficiency (= value/cost)

Iteration retrospective:
Reflect on lessons-learned

Larman: Agile & Iterative Development: A Manager‘s Guide. Addison-Wesley. 2003.

Interest: feasible
project
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More general way of looking at
the release planning problem

Limited
resources

Potentially many
valuable

requirements

Legacy constrains
change

Limited time;
fixed timing

Samuel Fricker
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• Understand release planning

• Be able to propose a release
plan

Agenda

• Release Planning

• Fundamentals

• Prioritization
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• Criteria

• Techniques

• Visualization

Samuel Fricker
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Typical Situation in a Market-
Driven Environment

goals
needs
ideas

constraints

release
specification

stakeholders

release
planning

development project

>>5‘000 vague needs and ideas

500-5‘000 requirement candidates

10-500 concrete requirements

Gorschek, Wohlin: „Requirements Abstraction Model“, Requirements Engineering, 2006.
Regnell, Svensson, Wnuk: „Can We Beat the Complexity of Very Large-Scale Requirements Engineering?“, RefsQ‘08.
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Structuring Requirements

• Objectives

• Reduce the number of entities to be considered by evaluation and
prioritization activities

• Prepare the argumentation for a release plan proposal

• Approaches

• Separation of abstraction levels: goals, requirements, and design
constraints

• Means and ends should not be compared to each other when prioritizing.

• Thematic grouping

• Requirements part of a thematic group should be implemented together.

• Allocation to beneficiaries

• A software release should sufficiently satisfy selected stakeholders.

Based on Carlshamre: „Release Planning in Market-Driven Software Product Development: Provoking an Understanding“, Requirements Engineering (2002) 7:139-151.
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Theme: lending process automation

Theme: theft protection

Theme: data storage

Beneficiaries of the Library
Management System

Reduce lib rary

operation cost

Autom ate

Lending Process

Lend Book

Protect assets

Protect aga inst

theft of books

Ch eck

authorizatio n of

books be ing

checke d out from

the library

Return BookProlong Lending

Make Reservation

Insta ll Th eft

Protecti on

System

Use Oracle

Data base

Company GoalsCompany Goals

Product GoalsProduct Goals

RequirementsRequirements

Design ConstraintsDesign Constraints

Library
Management

Librarian
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Different Criteria for Different
Project Phases

Analyse und Design

Implementierung
Testen

Installation

Konfigurations- +
Änderungsverwaltung

Projektmanagement

Anderes

Businessanalyse

Anforderungen

Concretize

Development Risks

Customer Value:
Value/Cost

Corrections:
Urgency

Each iteration leads to a
project-internal release

Kruchten (1996): “A Rational Development Process”. Crosstalk.



Nov 8, 2010 / 25

Prioritization Criteria

• Hard Factors

• Dependencies between requirements

• Regulation

• Cost, ressources, capacity, and time budget

• Soft Factors (difficult to estimate)

• Stakeholder influence (politics)

• Value creation

• Risks

• Development effort

Svahnberg, Gorschek, et al: „A Systematic Review on Strategic Release Planning Models“. Information
and Software Technology 52: 237-248. 2010.
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Not all criteria are equally
important

- 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0

Management: Support for Education and Training

System: Maintenance

Business: Requirements Volatility

System: Evolution

System: System Impact

System: Requirements Dependencies

System: Complexity

Business: Competitors

Management: Resources and Competencies

Management: Development Cost/Benefit

Business: Beneficiaries

Management: Delivery Date, Calendar Time

Business: Stakeholder Priority

Importance (contribution in % for release decision)

Depends on product type,
development process, and

project phase.

Wohlin, Aurum: „What is Important when Deciding to Include a Software Requirement in a Project Release?“,
4th Intl Symp on Empirical Software Engineering. 2005.



Nov 8, 2010 / 27

Fundamental Prioritization
Considerations

• Different stakeholders have different knowledge.

• The following roles prioritize:

• Importance and criticality:
Customers, User Representatives, Stakeholders

• Cost and risk:
Architect, Developers

• Prioritize only comparable items

• Goals among each other

• Functional and quality requirements among each other

• Ideas and constraints for solutions among each other

Samuel Fricker
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Prioritization Techniques

• Manual techniques

• Top-Ten

• Numerical assignment (grouping)

• Ranking (sorting)

• Cummulative voting (100$ Test)

• Analytical techniques

• Wiegers Prioritization Matrix

• Tool-based techniques

• Integer Linear Programming (ILP)

• Analytical Hierarchy Process (AHP)

• Tool-based techniques are simple to perform if tool available

• ILP: Release Planner (Expert Decisions)

• AHP: Focal Point (IBM Rational)

Simplicity

Precision,
Robustness

Berander, Andrews: „Requirements Prioritization“. In Arum, Wohlin: Engineering and Managing
Software Requirements. Springer. 2005.
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Key ideas of the manual
prioritization techniques

• Top-Ten

• Choose the 10 most relevant items

• Success enhancer: choose 10%-30% of all items

• Aggregate >1 opinion:
Count the number of item nominations

• Numerical assignment (grouping)

• Assign each items to one of 3 groups
(in case of importance: critical, important, optional)

• Success enhancer: each group has same size

• Aggregate >1 opinion: weighted sum of assignments
(critical=9x, important=3x, optional=1x)

„Relevance“ always according to the
chosen prioritization criterium

Berander, Andrews: „Requirements Prioritization“. In Arum, Wohlin: Engineering and Managing
Software Requirements. Springer. 2005.
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Key Ideas of the Manual
Techniques

• Ranking (sorting)

• Sort all items

• Success enhancer: use Bubble Sort for manual work

• Aggregate >1 opinion:
compute average or median rank of each item

• Cummulative voting (100$ Test)

• Divide 100 points on the items

• Success enhancer: distribute 1‘000, 10‘000, or
1‘000‘000 points as necessary

• Aggregate >1 opinion:
sum up the number of points given to each item

Berander, Andrews: „Requirements Prioritization“. In Arum, Wohlin: Engineering and Managing
Software Requirements. Springer. 2005.
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Analytical Prioritization

• Wiegers Prioritization Matrix
• Evaluate according to chosen set of criteria
• Weight criteria

Wiegers (1999): Software Requirements. Microsoft Press.

Relative

weight
2 1 1 0.5

Requirement

Priority

Group

Benefit

Priority

Group

Penalty

Weighted

Sum
Value %

Priority

Group

Cost

Cost %

Priority

Group

Risk

Risk % Priority Rank

R1 5 3 13 16.9% 2 12.5% 1 8.7% 0.203 1

R2 9 7 25 32.5% 5 31.3% 3 26.1% 0.150 3

R3 5 7 17 22.1% 3 18.8% 2 17.4% 0.166 2

R4 2 1 5 6.5% 1 6.3% 1 8.7% 0.130 4

R5 4 9 17 22.1% 4 25.0% 4 34.8% 0.110 5

* value weight
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Analytical Hierarchy Process
(AHP)

• Preference Matrix

Saaty (1980): The Analytical Hierarchy Process. McGraw-Hill.
Böhm, Fuchs, Pacher (1993): System-Entwicklung in der Wirtschaftsinformatik. v/d/f.

Weight Count ID Item Preferences

30% 3 a Erfassen a c a a

20% 2 b Mahnwesen c b b

40% 4 c MwSt-Abrechnung c c

0% 0 d Auswerten e

10% 1 e Schnittstellen
Pairwise Comparisons

„Preferences“ always according to
the chosen prioritization criterium
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Analytical Hierarchy Process
(AHP): pairwise comparisons

Principal components analysis
allows to use few comparisons.

Comparison

Items to be compared

Comparison Question

Comparison Question

Comparison Question

Example with IBM FocalPoint.
Karlsson, Ryan: „Cost-Value Approach for Prioritizing Requirements“. IEEE Software. 1997.
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Visualize Priorities

Bar Diagrams

Customer Value Development Risk Development Effort

Example with IBM FocalPoint.
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Visualize Priorities

Value/Cost Diagram

Kundennutzen

Grösse der Bubble:
Entwicklungsrisiko

Entwicklungsaufwand

Example with IBM FocalPoint.
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Visualize Prioritization Results

Cummulative
requirements priority chart

P..Z: Requirements

Stakeholder
disagreement chart

Stakeholder satisfaction chart

M1..10: Stakeholders

Regnell, Höst, et al: „An Industrial Case Study on Distributed Prioritization in Market-Driven
Requirements Engineering for Packaged Software“. RE 6: 51-62. 2001.
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Release Planning: Define
Development Timing

Example: Gantt Chart of an
iteration plan

Iteration: start, end,
development capacity

Example with IBM FocalPoint.
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Release Planning: Allocate
Requirements to Releases

Development effort

Development capacity

Example with IBM FocalPoint.
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Release Planning: Tabular release
plan

Release themesRelease identifier

Development capacity
(not shown here)

Release scopeRelease timing

Example with IBM FocalPoint.
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Appraisal of Requirements
Prioritization

• Advantages

• Priorities are a key input for planning:
Risk: elaboration phase of new product development
Value/Cost ratio: construction phase of new product development
Dependencies: maintenance projects

• Visualization:
Base to discuss requirements priorities in release negotiations

• Disadvantages

• Prioritization requires effort

• Tools are expensive

• Themes can be implemented incompletely:
prioritization with feature vectors

• Priorities need to be interpreted carefully:
release scope should tell a story

Samuel Fricker
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