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1 Executive Summary 

The SERIOUS project focuses on maximizing the long-term value of an investment 
made in software development by utilizing evolutionary software development models 
aimed at prolonging the lifetime and improving the quality of a software product. This is 
done by taking into account the requirements of the whole lifecycle of the product from 
the beginning of the development. 
 
Most software development models focus extensively on the initial development phase, 
not taking into account the requirements for the period from the delivery to the end of the 
product's lifecycle. Evolutionary software development models, as defined in the 
SERIOUS project, are methods that are aimed at combating software quality 
degradation, usually beginning right after the initial development cycle has ended. 
 
The focus of the SERIOUS project is on practical methods that are applicable in real-life 
development of software intensive systems, most of which have been in production long 
before the project and which may still last several years or decades before being 
replaced by whole new systems. It is therefore important that the evolutionary 
development models can be applied to improve the quality of both new systems to be 
developed from scratch and existing systems already in production. 
 
Upon investigation of the development models that are currently available, within both 
industry and academia, it became obvious that none of the current models were able to 
meet the goals of the project. Although the so-called agile software development models 
generally allow for the flexibility required for software to evolve during its lifecycle, thus 
contributing to the quality of the software even after its initial release, even they did not 
meet the criteria required to be effectively applied to the ongoing software development 
processes. 
 
The available models did not take into account the current trend of distributed software 
development crossing organizational boundaries or the increasing complexity caused by 
more and more software components interacting and integrating with each other. 
 
In order to achieve practical results, it was therefore decided that instead of trying to 
identify a single model which would meet the goals of the SERIOUS project, it would be 
better to gather a set of tried and tested best practices which have been successfully 
applied in real life software development projects from the Serious partners. 
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2 Concept of Process Patterns 

The Industries Best Practices in this document are described as Evolutionary Software 
Development Process Patterns, further referred as Process Patterns. 
A Process Patterns is a universal way to describe re-usable best practices of a 
development process. It is developed in analogy to Object Oriented Design patterns. 
A Process Pattern is a standard (process) modular solution for implementing 
evolutionary development processes. 
 

2.1 Evolutionary Development Process Patterns 

As part of the SERIOUS project we have developed a notion of process patterns in the 
context of evolutionary development. The main idea behind these process patterns is to 
stimulate exchange of knowledge between different industries. Practices are gathered 
and more or less isolated in order to facilitate the incorporation of the process pattern in 
another development process (without having to change too much in the existing 
process or organization). Changing organizational processes is maybe the hardest thing 
to achieve. We hope to realize fast and clear results by applying evolutionary process 
patterns in an organization. 

2.2 Describing Evolutionary Process Patterns 

How do we describe evolutionary process patterns? Currently used graphical notations, 
as in Object Oriented Design Patterns, while important and useful, aren't sufficient. They 
simply capture the end product of the design process as relationships between classes 
and objects. To reuse the evolutionary process, we must also record the decisions, 
alternatives, and trade-offs that led to it. Concrete, proven examples are important too, 
because they help you see the design in action. 
In the Serious project, we have developed a template for describing Process Patterns. 
The template lends a uniform structure to the information, making process patterns 
easier to learn, compare, and use. 
In the next paragraph, the layout of this template is given 
With respect to the size of a process pattern, the following rule of thumb applies: It 
should not contain more than 4 to 5 pages. If more pages are needed to describe the 
Process Pattern, the subject being covered maybe too large / less modular. In that case 
it is advised to reconsider the scope of the Process Pattern.  

2.3 Process Pattern template 

2.3.1 Pattern Name and Classification 

 Pattern Name and Classification (Guideline: Couple of words that conveys the 
essence of the pattern and that becomes part of the vocabulary 

2.3.2 Intent  

 Some sentences describing the intent of the pattern 

 What does the pattern do? 

 What is its rationale and intent? 
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 What issue or problem does it address? 
 

2.3.3 Also Known As 

 Other names of the pattern 

2.3.4 Motivation  

 A scenario that illustrates the problem (from experiences) 

 How the pattern solves the problem 

 (Guideline: 1/2 page) 

2.3.5 Applicability  

 What are the situations in which the pattern can be applied? E.g. in which kind of 
process could it fit, in which it will certainly not fit (in terms of e.g. used process, 
organization, particular product aspects). 

 What are examples of poor performance that the pattern can address? 

 How to measure whether it is successful? 

 How can you recognize these situations? 

 (Guideline: Couple of bullets) 

2.3.6 Structure 

 A graphical presentation of the pattern, or some plain text 

 Maybe UML picture or flow diagram 

2.3.7 Participants 

 Roles/People? 

 Other processes (e.g. outside development)? 

 Explain which people and other processes play a role in the pattern 
(Guideline: 1/2 page list) 

2.3.8 Collaborations 

 How the participants collaborate to carry out their responsibilities 

 (Guideline: 1/2 page) 

2.3.9 Consequences 

 How does the pattern support its objectives? 

 What are the trades-off and results of using the pattern? 

 (Guideline: 1/2 page) 

2.3.10 Implementation 

 What pitfalls, hints, or techniques should you be aware of when implementing the 
pattern? 

 (Guideline: 1/2 page) 
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2.3.11 Sample  

 Provide fragments that illustrate how you might implement the pattern. Typically 
provide examples of documents, procedures etc. 

 (Guideline: 1 page) 

2.3.12 Known Uses 

 Examples of the pattern found in real systems. Give for instance examples of 
organizations that applied the process pattern and provide for instance some 
statistics about the frequency of use. Also experiences when someone introduced 
the process pattern in an existing (other) development process is important. 

 (Guideline: 1/2 page) 

 

2.3.13 Related Patterns 

 What patterns are closely related to this one? 

 What are important differences? 

 With which other patterns should this one be used? 

 (Guideline: Few sentences per related pattern) 
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3 Overview of Process patterns 

 Overview available Process Patterns 
 Pattern Keywords 

Requirements related patterns 

 Rapid UI prototyping Rapid UI prototyping method replaces early written 
software specifications with a ñfully workingò HTML 
prototype. Agile method, 

 Requirements Impact 
description 

Requirement Impact Description (RID), PRES (Project 
Requirements Sheet) 

 Feature description high-level system requirements, customer 
requirements 

 Light Analysis of a 
feature pattern  

First Analysis, Initial Analysis, Initial assessment of a 
feature, Budgets estimates 

 Delta SRS & System 
overview (incremental 
requirements 
documentation) 

Requirement Impact Description (RID), requirementsô 
gathering, re-used  components, adding isolated 
features, System Overview, Delta System 
Requirement Specification, impact on existing 
requirements and design, define incremental 
requirements, evolutionary product development 

 Manageable 
requirements 
traceability. 

requirements traceability, Bidirectional requirements 
traceability , Traceability Matrix, Unit Verification 

Design related patterns 

 Critical Computer 
Resource Management 

CPU memory, CPU capacity, disk space, object 
oriented languages, Field Programmable Gate Arrays, 
On Board Controllers, Network Processors, CCR 
requirements, CCR estimates, Capability Maturity 
Model (CMM), Capability Maturity Model Integration 
(CMMI) 

 Multidisciplinary product 
configuration 
management 

Multiple view points,Conceptual Product Structure, 
Commercial Product Structure, Engineering Product 
Structure, Manufacturing Product Structure, Customer 
Support Product Structure 

 Software failure mode 
and effect analysis 

Increase product quality and reliability, identification of 
failures, pre-design step  

 Security and Privacy 
Pattern 

Personal data, intellectual property, security/privacy 
requirements, Product Security Leadership Council, 
OCTAVE 

Code related realization patterns 

 Continuous Builds software builds, quality of the software, effectiveness 
of the development, critical errors, agile method 

Testing related patterns 

 Risk Based Testing 
Pattern 

Product Risk Analysis, total costs of defects, Product 
Test Risk Matrix 

 Incremental testing- 
Master Integration 
Diagram 

ñintegration is leadingò approach 

 Technical Review Methodic way to assess the quality of your 
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deliverables 

 Verification & integration 
in incremental 
development 

Integration plan (IP), Master Test Plan (MTP), System 
Verification Specification (SVS), Supported 
Configurations Specification (SCS), V-model, Fade in / 
Fade out operations, pre production models, 
Configuration control, Integration / Testing,   

Supporting process related patterns 

 Incubator for reducing 
project risk 

reducing project risk, lifecycle development, Pre-
proposal and proposal phases, Validation/review 
phase, project launching, project establishment,  

 Incremental 
Configuration 
Management 

configuration management aspects, Software 
Components, configuration items, product stability & 
quality, risk reduction, timing constraints, Quality levels 
for a CI, product archive remains stable  

 Defect root cause 
analysis 

Determine the weaknesses, problem reports, Fight the 
cause, Learn from the mistake, Prevent defects, 
Safety based root cause analysis, Production based 
root cause analysis, Process based root cause 
analysis, System based root cause analysis, Data 
collection, Pareto, Four-blockerò sheet, Phase related 
root causes, Human related root causes, Fish-bone 
diagram(Ishikawa diagram) 

 Proactive Quality 
Assurance 

Process Quality Assurance, Product Quality 
Assurance, Project Quality Assurance, Quality 
Management 

 Quality Assurance 
driven process 
improvements 

Process/Product/Project/Software/Development 
Quality Assurance, track the non-compliances to 
closure, non-compliances, Plan Do Check Act 
(PDCA).   

 Effort estimation in 
evolutionary SW 
development 

Analogy Method, Fuzzy Logic, Matrix Sizing Method, 
Standard Component Sizing Method, Change Sizing, 
Wideband Delphi Technique, Selecting size metrics        

 Baseline auditing and 
configuration status 
accounting 

Configuration auditing, Status accounting, 
Configuration Management Plan, Analyzing build 
results, Maturity grid 

 Software defelopment 
stream pattern 

Multiple development, Evolutionary development, 
Multi-site development, Development of an embedded 
system, Cascade model 

 Product baseline 
overview 

Configuration management at the product level, 
Configuration Items  
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4 Requirements related Process Patterns 

4.1 Rapid UI prototyping pattern 

4.1.1 Pattern Name and Classification 

The Rapid UI prototyping method replaces early written software specifications with a 
ñfully workingò HTML prototype. It enables the software architect to visualize the 
interactions and potential logical problems in the software from early on. 
 

4.1.2 Intent 

Whilst rapid UI prototyping is a powerful tool to communicate and sell the software 
internally and externally, it also enables rapid software design by reducing the amount of 
initial written documents and the time spent on updating the documents. Rapid UI 
prototyping can produce the final user interface as a side product of the specification 
phase. 
 

4.1.3 Motivation 

The initial software specification phase takes a lot of time and resources with no 
guarantee of the applicability of the initial design documents. Replacing the early written 
design documents with rapid prototyping accelerates the software development and 
enhances the quality of the software via better internal and external communications. 
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A picture is worth a thousand words, a ñworkingò UI prototype is worth more than a thousand words. 

 

4.1.4 Applicability 

The usefulness of the method increases when the complexity of the software increases. 
Also, the benefits increase as the number of people/organizations involved in the 
development process increases. The method is not suitable for software with no user 
interface. It  also does not benefit simple design processes. 
 

4.1.5 Participants 

The participants include software architects, software developers, UI designers, product 
manager, marketing, etc. personnel, and internal/external customers. 
 

4.1.6 Collaborations 

Once the customer together with marketing and product manager have decided on the 
functionality, the software architect and UI designer produce the prototype which will 
then be distributed to all parties involved for further actions. 
 

4.1.7 Consequences 

Rapid UI prototyping speeds up the development process and eases the 
communications between the participants. Being an agile method, it highlights potential 
problems in the design and enables to address them early on. It should be noted, that 
the method requires a competent UI designer to work with the software architect. 
 

4.1.8 Implementation 

The method may lead to overoptimistic expectations from the customer. They may feel 
they have seen the finalized product when they actually have seen the prototype. The 
method may be difficult to implement in organizations with narrow roles/competences. 
 

4.1.9 Known Uses 

Although there most probably are other organizations utilizing a similar approach to 
software development, Calassa Labs is the only known user of the rapid UI prototyping 
method. 
 

4.2 Requirement Impact Description (RID) pattern 

4.2.1 Pattern Name and Classification 

Requirement Impact Description helps identifying the impact of several stakeholders 
requirements on the scope of the project. 
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4.2.2 Intent 

Describe a high level requirement in an early stage of development focusing on its 
impact on existing requirements and design and provide a rough estimate of the effort. 
 

4.2.3 Also Known As 

PRES (Project Requirements Sheet) 
 

4.2.4 Motivation 

Determine the impact on requirements and design of adding isolated features to the 
system without the overhead of updating and formalizing large documents. This speeds 
up the initial phases of the project because it supports the discussion and decision 
making process regarding the contents of the projects instead of just doing paperwork. 
Writing and updating the Requirements Specification for an entire system is often a lot of 
work when the system is big and complex. Especially in organizations where these 
changes occur frequent. Every update big or small of a System Requirements 
Specification brings overhead with it for reasons of configuration management. When 
changes are frequent the amount of overhead becomes un-workable. Sometimes 
requirements are scattered over many different documents which makes it even more 
complex to handle. 
Changes also have to be explicitly recognizable among lots of other texts in the System 
Requirements Specification(s) because the changes may have to be removed again 
when the feature is removed from the project. 
When a feature is added changes have to be done at several places in the SRS. When it 
is decided that the feature does not fit in the project and has to be removed then at all 
the places in the SRS the applicable text would have to be removed. It might be the case 
however that the text in the requirements (or design) has to stay because of some other 
feature that needs the change in requirements or design. When this should be tracked in 
one requirements of design it would be difficult to keep track of the necessary changes.  
 
The following drawing gives a graphical presentation of this situation: 

 

System

F3F1

F2

O1 O2

 

 

Figure 1: Overlapping Requirements. 
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The oval represents the entire requirements specification. The squares F1 - F3 
represent the RID of features 1-3 and the impact they make. The areas O1 and O2 
represent the overlapping impact on the requirements specification of respectively F1 
and F2 and F2 and F3.  When e.g. feature F1 is removed then the changes that are 
needed from feature 2 are still addressed by the RID from feature 2. Only in case both 
features are removed from the project the overlapping part also disappears as should 
be. This is similar for the impact on design since the RID also addresses design issues. 

 

In UML notation this would like this: 

Sub design

impact

Sub System

requirements

impact

Resource

impact

Resources

Project

Existing sub

system

requirements

Existing system

design

Existing sub

system design

Impacts Impacts

Impacts

Impacts

Uses

Impacts

Uses

Controls

Existing system

requirements

System

requirements

impact

System Design

impact

Requirements

Impact Description

RID

Business

decision maker

 

The RID is placed in the centre of this UML drawing. The RID consists of impact 
descriptions on system requirements and system design who at their turn consist of sub 
system requirements and sub system designs. The RID also describes the impact on 
those sub system requirements and designs. The RID also describes the impact (effort 
estimation) on the (human) resources of the project. The RID provides the information 
which the business decision maker needs. 

 

4.2.5 Applicability 

Use the Requirements Impact Pattern when, 

 You are in the early requirements and design phases 

 You deal primarily with more or less isolated requirements. (Not for for-instance 
improving reliability or performance of an entire system). 

 There is an existing system and system design with which you continue. 
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 Especially meaningful when the requirements list of the project is frequently 
changing during the early phases. 

 

4.2.6 Structure 

In UML (sub section of the picture above): 

 

Sub design

impact

Requirements

Impact Description

System Design

impact

System

requirements

impact

Sub System

requirements

impact

Resource

impact

 

 

Feature title; Title Project Name: Name Effort estimate: # hours 

Author: name  Date: Date Status: Status       DocNR: DocNR 

Reviewers: Name 1, Name 2, Name 3 é Name N. 

 Authorizer : Name 

 

Requirements Specifications  Design Specifications 

System 

Purpose 

 Intention of feature 

 
General 

 Brief descriptions of feature 

 
System aspects 

 Impact on requirements of system aspects. 

 

 

 System  

General 

 General impact on system design. 

 
System aspects 

 Impact on design related to system aspects 

 
 

 

   

Impacted Subsystems  Impacted subsystems 

   

   

Impacted subsystem x 

 Requirements Impact 

 Impacted subsystem x 

 Sub system design impact 
   

Impacted subsystem y 

 Requirements Impact 

 Impacted subsystem y 

 Sub system design impact 

 
   

Impacted subsystem z 

 Requirements Impact 

 Impacted subsystem z 

 Sub system design impact 
   

Rejected Requirements 

 Subsystem requirements which cannot be included in the projects. 
 

 Open issues 

 List of  open issues 

 

 

  

4.2.7 Participants 

The following people play a role when using the RID: 

 The marketing department as representative of the customers plays a role in the 
discussions regarding the market wishes for the features. They have to know the 
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value of the feature in the market in order to have a proper cost / benefit 
discussion. 

 The system designer or architect writes the RID because he is the person that 
has enough overview to determine the impact of the feature on the requirements 
and design. He also has to have an idea about the amount of effort that is 
involved. 

 The project leader is ultimately responsible for the content of his project within 
the boundaries that are provided to him. The sub-project leader(s) are involved in 
providing more detailed data regarding the impact on resources on the parts of 
the project they are responsible for. They have discussions with the designers in 
order to get the first order estimates. 

 

4.2.8 Collaborations 

The input of the participants as mentioned above is gathered by the project manager. He 
collects all RIDôs for the project, does the math regarding the resources that are needed 
in total and whether it fits within the constraints of the project. When such is not the case 
the project manager starts the discussion regarding which features are out of the project 
and which are in. The wishes of the marketing department have to be balanced against 
the possibilities within development and against the (long term) benefits and commercial 
value of the features. 
 

4.2.9 Consequences 

Since it is an iterative process we do not want to update the entire System Requirements 
Specification or Design specification. Every project however has to end with a complete 
set of documentation that is consistent within itself (the design has to match the 
requirements) and with the implementation.  This means that after all discussions 
regarding the features that are to be delivered by the project the documentation has to 
be made up to date. This has some annoying impact on the later phases of the projects 
because then the effort has to be put in updating and finishing all the documentation. It 
needs no arguing that this is not a popular task and therefore holds a risk towards this 
project and especially its successors for whom the system documentation forms a base 
for further development. Update of the system documentation has to take place in order 
to be able to smoothly run the RID process of the next project. A list of RID cannot serve 
as a requirements specification document. 
 

4.2.10 Implementation 

The RID is applied in the early phases of development (phase 2 out of the 5 phases) and 
lose their meaning afterwards. This implies less effort regarding the configuration 
management of the sheets and therefore less overhead. 
The input is the base lined system specification and design from the previous project(s). 
The RID serves as the ódelta specificationô. Besides the RID also other forms of delta 
specifications exists such as Delta SRS and System overview. They serve a similar 
purpose but are merely in use in case of more correlated features and properties of the 
system that are implemented by the project. 
The Project Team decides which variant(s) are used in the project, taking into account 
the stakeholder needs and the impact on the system. 
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Creating sheets takes 2-5 days including discussions. A RID is a 1 sheet paper which 
makes editing easier. 
Care should be taken to use isolated features of a manageable size i.e. in the order of 
100 days to a few man-years. A project should contain a manageable amount of RIDôs 
i.e. up to a maximum of 20. 
Care should also be taken that the feature does not grow in size itself by adding are 
removing requirements on the RID itself because this requires management of the RIDôs 
and of the versions of the RIDôs which makes it much more complex. 
 

4.2.11 Sample 

Find below a sample of a RID: 
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M. Mermans 

  Page  1 
  2006 - 05 - 18 Philips Medical Systems 

  

page  1 
  

  
    

ExamCards SystemWide   Project: Spica   WBS: 300 days   
Author: xxxx  

  
Date:  

  
Status: Concept       DocNR: XJR - 

   Reviewers:  
 

,  
   

  
Authorizer :  

   Requirements Specifications 
    

Design Specifications 
  System 

  Purpose 
    Introduce viewing pages and overview protocols 

    Extend the ExamCards mechanism for automatic /scheduled  start of processing  
jobs and easy starting of processing an d viewing packages, all of it as defined in  
the EC - protocol. 

    I mprove the ease of use of ExamCards 
  General 

    Introduce viewing pages in all contexts in NSUI. 
    Introduce the ExecutionList in all contexts in NSUI. 

  
(but only in the acquisition  

case of GV) 
    I nclusi on of  NSUI - based  processing  and viewing  steps in  the  Execution List. 

    Automated  or scheduled  start of processing.  For packages with user input, the  
processing is  only  invoked  after user input (e.g.  after pressing the submit button ) . 

    Repeat processing from d ata - entries, or save in EC while the processing package  
is used. 

    Processing protocols can have a help text in the info browser 
    Import/Export of ECôs, including processing & viewing steps. 
    Define networking for all nodes (including DVD) using three levels:  system, EC,  

series. 
    ExamCard editor on the host, but also offline. The editor has a SW - key. Parallel  

usage of the same ExamCard is not supported. 
    ExamCard can continue after a crash or system restart. 

    Execution of ExamCards in batch mode for testing purpos es (e.g. TEIMA) 
  IQ 

  Performance 
    Parallel start and execution of processing & scanning.  

    Start of processing does not influence scanning. (<0.1 sec ) 
  Safety 

  Option and Configuration 
    SW - key R2 

  Stierablility 
    Upgrade of R1 ECôs  

    BDAS & CDAS 
  

  
  

  
System  

  General 
    U se a queue - mechanism for larger tasks, also in NSUI 

  
  IQ 

  Performance 
    Package - Engine: Memory usage < ??, CPU < ?? 

    ExecutionList per case: Memory usage < ??, CPU < ?? 
    Viewing Pages Memory usage / expected number of open packages?? 

    Extention of Execution Archi tecture model needed 
    Two way communication needed between processing jobs and EC to keep track of  

the status. 
  

  Safety 
  Option and Configuration 

  Stierablility 
    Upgrade of ECôs during install 

    Only add parameters to EC datamodel 
    CDAS to BDAS downgrade of ECôs n eeded for application  

specialists/Example Card creation. 
  

  
  
  

      Magnet, Gradient, RF,  Patient Support & Comfort, Physiology, Observation &  
Communication, ACQ Control 

    
Magnet , Gradient, RF,  Patient Support & Comfort, Physiology, Observation &  
Communicat ion, ACQ Control 

  
      
      Viewing & Processing 

    Processing protocols for some processing & viewing package which run in NSUI 
    Search tool in EC (to find protocols) 

    Start package automated as define in the ExecutionList 
    EC in GV & NSUI environments should be  easily recognized as being the same  

thing. 
    Multiple pages per context. Defined by o verview protocol s 

    Print EC contents 
  

  
Viewing & Processing  

    Packages: ImageView, NeuroPerfusion, Diffusion, ImageAlgebra,  
PicturePlus & BreastPerfusion. 

  

      Platform 
    The per formed EC (including the steps to be performed) can be saved/retrieved  

from DVD/PACS/PatientDB. 
    Status of an Exam/ExamCard must be known, also on 2 nd  WS or after restart. 

    Protect EC contents (password protected) 
    Backup/Restore EC database 

  
  

  
Platform 

    The pe rformed EC is present in the patient DB 
  ? 

  

      Patient Administration 
    

Patient Administration  
    New parameters needed to keep the status of the ExamCard? Which? 

    Blob needed to keep the complete EC. 
  

      Rejected  Rejected Requirements Requirements 
    Editing of p ackage parameters in EC - UI (only offline supported) 

    Printing automated from EC 
    Planscan in NSUI 

    Downgrading of ExamCards 
  ? 

  

  
Open issues 
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4.2.12 Known Uses 

We know of only one usage of this specific sheet within Philips Medical Systems. The 
RID is in use now for several years and satisfies the needs. 

4.2.13 Related Patterns 

Feature Description in use by Alcatel. 
 

4.3 Feature description pattern 

4.3.1 Pattern Name and Classification 

A feature description is a detailed description of a certain feature, or a number of 
related features, in terms of high-level system requirements. 
 

4.3.2 Intent 

The feature description translates the customer requirements in to more detailed high-
level system requirements that are suitable to serve as input for the product 
development department. This document is also intended to unambiguously define what 
the feature is all about. 
 

4.3.3 Also known as 

The pattern is abbreviated as FD. No other names for this or similar patterns known. 
 

4.3.4 Motivation 

In many cases the requirements or wishes from the customer with respect to a product 
or solution are not suitable to be processed directly in the product development 
department because of one or more of the following reasons: 

 The requirements are subject to different interpretations depending on the person 
that reads them. 

 The technical part of the requirements is not enough elaborated. 

 The requirements can not be placed in a broader overall business strategy. 
The feature description deals with all of the above mentioned shortcomings. 
 

4.3.5 Applicability 

The pattern is used before the start of the processing of a feature within the product 
development. It allows to make an initial objective assessment of the feature and to give 
an estimate of the needed effort and cost. 
 

4.3.6 Structure 

The feature description is a MS-Word document with has a number of mandatory 
explanatory chapters. Besides this, it also contains a table with the high-level system 
requirements, each uniquely numbered in order to be referenced further during the 
product life cycle. 
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4.3.7 Participants 

Product Line Management together with the Product Architect produces the feature 
description document. 
Product Line Management are people that are interfacing with the customers, collecting 
their requirements and place them in the product business strategy and roadmap. 
Product Architects know the architecture of the system and provides the necessary 
technical details for formulating the requirements in an unambiguous way. They also 
make the initial assessment of the feature and provide the initial effort and cost 
estimates.  
 

4.3.8 Collaborations 

Product Line Management and the Product Architect sit together and discuss the 
customer requirement and how it affects the product. The result of this discussion is 
described in the Feature Description document, which is then reviewed by all involved 
parties. 
 

4.3.9 Consequences 

The goal of the pattern is to produce a stable high-level unambiguous requirements 
document that is the base document for the development of a customer feature. It can 
be considered as a contract between the Product Line Management organization and 
the Development Organization with respect to the feature that is requested by the 
customer. 
 

4.3.10 Implementation 

It is better to spend some limited time at the start of making customer requirements 
clear, rather then discovering later in the development cycle that we are making the 
wrong feature. 
 

4.3.11 Sample 

At the milestone where the requirement enters the product development and the 
development life cycle begins, the feature description must be available and reviewed. 
 

4.3.12 Known uses 

The pattern is applied within Alcatel. 
 

4.3.13 Related patterns 

Requirement impact description in use at Philips. 
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4.4 Light analyses of a Feature pattern 

4.4.1 Pattern Name and Classification 

Light Analysis for a feature. 
 

4.4.2 Intent 

Determine a budget within which we expect a quality solution for the feature can be 
developed, in a limited time frame (typical one to four days effort).  
 

4.4.3 Also Known As 

First Analysis / Initial Analysis / Initial assessment of a feature. 
 

4.4.4 Motivation 

If a customer requests a feature then we need to be able to determine the cost of the 
feature in a limited time frame since the effort we spend to define this cost should be as 
minimal as possible. At that point in time, we have not yet a commitment from the 
customer, so the effort spent could be lost in case it turns out that the customer is not 
interested any longer to invest in this feature based on the provided cost or for whatever 
other reason. 
The term ñcustomerò should be considered in a wide scope. It could be an external 
customer but also an internal customer in your company for instance the Product Line 
Management department can be the internal customer that requests the cost of a feature 
to the Research and Development department. 
So the biggest challenge here is to balance the effort spent to perform the analysis 
against the accuracy of this analysis. 
 
Following steps are taken in this process to come to an estimated budget: 

 Understand the real customer problem to be solved 

 Define the criteria that acceptable solutions will have to satisfy 
o Includes high level requirements 
o Includes quality attributes (e.g. performance, availability, security, 
modifiability, interoperability, é) 

o Includes required effort to develop 

 Enumerate possible solutions 

 Evaluate and rank the solutions 

 Derive a budget estimate with which it should be possible to build an acceptable 
solution 

 Do a first risk analysis 
 

4.4.5 Applicability  

This pattern can fit in all development processes.  
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4.4.6 Structure 

The result of the pattern consists of a Word document or a PowerPoint presentation that 
can be used to present the outcome of the Light Analysis.  

4.4.7 Participants 

 Product Line Management are people that are interfacing with the customers, 
collecting their requirements and place them in the product business strategy and 
roadmap. 

 Product Architects know the architecture of the system. They make the initial 
assessment of the feature and provide the initial budget estimates. 

 Domain Architects know in depth the architecture of parts of the system.  
 

4.4.8 Collaborations 

Product Line Management collects the requirements from the external customer and 
translates these into a feature request. The Product Architect performs the Light 
Analysis and consults Domain Architects in different areaôs to get more details as 
needed. 
 

4.4.9 Implementation 

Budgets estimates at this stage of the development cycle are not very accurate. One of 
the pitfalls when applying this pattern is that these budget estimates are in most cases 
too optimistic. This is because there are usually unforeseen issues that only come up 
later in the development cycle when more details become available. If this happens then 
one looses the possibility that when taking a few features together the budget 
inaccuracies compensate for each other. So more realistic budget estimates should be 
done, taking into account that unforeseen issues might pop up later. 
 

4.4.10 Sample  

The pattern can be applied as illustrated in the picture below. 
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Pre-LA Light Analysis  Full Analysis  Detailed arch  

Feature acceptance  

Feature 
acceptance  

Start 

Development  

Estimation accuracy  

15-min  

estimate  

High level  

Requirements  

Architecture  

Decisions 

Focus on understanding  
the problem and  

criteria for acceptable  

solutions  

Focus on the solution  
And verification that the  
Solutions meets criteria  

Set forward in previous phase  

 

4.4.11 Known Uses 

The pattern is applied in Alcatel-Lucent. 

 

4.4.12 Related Patterns 

The Feature Description pattern is related to this one. The intention of the Feature 
Description pattern is to translate customer requirements into high-level technical 
requirements. The intention of the Light Analysis pattern is to determine a budget to 
develop the customer requirement. In most cases, both patterns are applied by the same 
people.  
 

4.5 Delta Specifications pattern 

4.5.1 Pattern Name and classification 

Delta Specifications (DELTAôS) for writing incremental requirements and design 
documentation. 
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4.5.2 Intent: 

To be used to define incremental requirements for evolutionary product development 
starting from the specifications of an existing product. The Deltaôs describe a high level 
requirement in an early stage of development focusing on its impact on existing 
requirements and design.  
 
The delta specifications (DELTAôS) are covered in three types of documents: 
1. Delta SRS (Delta System Requirement Specification): focus on new/modified system 
requirements 
2. SO (System Overview): focus on technology (design) updates  
3. PRES (Project Requirements Sheet): focus on adding isolated features (described as 
separate pattern in paragraph 4.2) 
The project team selects what type(s) of documents to use based on the project content. 
 

4.5.3 Motivation 

In an evolutionary development approach, a large number of components will be re-used 
from the previous product and a limited number of components will have to be changed. 
A project team working with delta requirements wants to focus on the management of 
the changes. These changes are described in above documents relative to the previous 
product specifications. The previous product is described in the System Requirement 
Specification (SRS) & System Design Specification (SDS). 
Writing and updating the SRS & SDS for an entire system is often a lot of work when the 
system is big and complex. Every update big or small of a System Requirements 
Specification brings overhead with it for reasons of configuration management. When 
changes are frequent the amount of overhead becomes un-workable. The delta 
specifications speed up the initial phases of the project because it supports the 
discussion and decision making process regarding the contents of the projects. 

 

4.5.4 Applicability 

Use the Delta Specifications for system developments or sub system developments as 
part of the product creation process when: 

 You are in the early requirements and design phases.  

 There is an existing system and system design with which you continue. 

 

4.5.5 Structure 

The following drawing gives a graphical presentation of the relation between the product 
specification documents: 
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SRS, PReS, SO: how they relate

SRS SDS

SRS PReS SO

a. new / modified X X
system requirements

b. adding system X
features

c. technology update X
little new requirements

Delta specôs

 

 

At the project start: Use as baseline the previous product documentation, i.e. SRS & 
SDS. 

At start of detailed design: The delta specifications together with the baseline system 
documentation specify the new product. 

Before start of testing: The delta specifications are merged into the SRS & SDS and 
lower specifications and are of no use anymore.  

 

4.5.6 Participants and collaborations 

The following people play a role when using the delta specifications: 

 The marketing department as representative of the customers plays a role in the 
discussions regarding the market wishes.  

 The system designer or architect writes the Delta Specifications because he is 
the person that has enough overview to determine the impact of the feature on 
the requirements and design. 

 Project Manager and sub-project managers use the delta specification for input 
to effort estimates.  

 

4.5.7 Consequences 

Since requirements gathering is an iterative process, it is helped by focusing on the 
changes in evolutionary developments. However, before the testing phase the delta 
requirements have to be merged into the System Requirements Specification and/or 
System Design specification. Every project has to end with a complete set of 
documentation that can be used for the next project as basis for further development.  
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In case several projects run simultaneously, while making use of shared components 
(e.g. software), these projects will have to work together in order to merge there 
contributions into one shared SRS & SDS. 
 

4.5.8 Implementation 

The input is the base lined system specification and design from the previous project 
that made the existing product (Phase 0). 
 
 
 

 
In the early project phases (feasibility and global design) the delta specifications are 
gathered. Together with the baseline specifications the new product is specified (Phase 
2/3 review). 
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In the detailed design phase the low level requirements and designs are updated based 
on the delta specifications. At system level the SRS and SDS are updated before the 
test phase starts (Phase ¾ review). 
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4.5.9 Samples 

Examples of delta SRS and System Overview are given below 
 
 
 
 
 
 
 
 
 
 
 
 
System Overview example 

Delta SRS example 

Purpose 

The requirements in this section are meant for project scooping and serve as design direction. 
They are detailed in the specifications in the other sections, and in sub-system requirement 
specifications. 
RID Requirement Supports 

RID 

M.SY.G.1 Requirement G1 CRS 

M.SY.G.2 Requirement G2 CRS 

   

   

General: Functional Requirements 

RID Requirement Supports RID 

M.SY.F.1 Requirement F1 M.SY.G.1 

   

 
Design / Appearance 
RID Requirement Supports RID 

M.SY.F.1 Requirement F1 M.SY.G.1 

   

 
Image Quality (FOV/SNR/SNR uniformity)  
 
Performance 
 
Safety and Standards 
 
Option and Configuration 
 
Service, Testing, Development, Manufacturing and Reliability 
 
Rejected Requirements 
 
Obsolete Functionality 

 

------------------------------------------------------------------------------------------------------------ 
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System Overview example 

System Requirements Specification System Design Specification WBS / remarks 

Purpose 
 
General  

  
IQ 

  
 
Performance 

  
 
Safety 

  
Option and Configuration 

  
Service, Testing, Manufacturing and Reliability 

  

 

 
 
General 

  
 
IQ  

  
Performance 

  
Safety 

  
 
Option and Configuration 

  
Service, Testing, Manufacturing and Reliability 

  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1 
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System Blocks Overview 
Insert drawing of (new, modified, removed) (Technical) Building Blocks, taken from, and relative to, the last authorized SDS  
 

Background information 
System function and design rationale. Fill in where appropriate. 

 
Open issues 
 
Rejected requirements 
 

1 Building Block X 
BB X Requirements Specification BB x Design Specification WBS / remarks 

     

 

Background information  

Open Issues. 
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4.5.10 Known Uses 

Philips Medical Systems 
 

4.5.11 Related Patterns 

The Requirement Impact Description (RID), also called ñPresò. 
 
 

4.6 Manageable requirements traceability 

4.6.1 Intent 

When developing large and complex products it is often difficult to check if the end-product 
contains all required functionality. To work around this, Requirements Traceability is developed.  
Requirements traceability allows each specific requirement to be traced from product level down 
to implementation level. 
 
This way of tracing requirements has some known drawbacks, as described below. For this 
reason a ñsimplifiedò way of requirements traceability is introduced. 
 

4.6.2 Also known as 

No other names known. 
 

4.6.3 Motivation 

The biggest issues with standard requirements traceability are: 

 The number of requirements to be traced tends to explode into an unmanageable number. 

 The relation between lower level requirements and product requirements becomes unclear. 
 
This results in the following problems: 

 It is hard to determine if all requirements are designed, implemented and tested completely. 

 The impact of requirement changes in the product is unclear. 
 
This pattern describes a way to avoid these problems, thus to keep requirements traceability 
ómanageableô. 
 

4.6.4 Applicability 

To keep the number of requirements manageable, two important rules are introduced: 
 
Rule #1: Product requirements are introduced on product-level, and comprise the: 

 External interfaces of the product. 

 Behavior and functionality of the entire product. 

 The productôs non-functional requirements. 
 
Not part of the requirements: 

 Product internal decomposition. 

 Product internal interfaces. 
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These are considered design of the product, and are a result of specific product requirements. 
 
Traceability is done until the first discipline specific requirements documents.  
 
Rule #2: No new requirement tags are introduced in lower level documents with respect to 
traceability. 
 

4.6.5 Structure 

In this document, as an example, a virtual product is described, consisting of one unit, which 
contains some electronics, mechanical parts and software (from here on called ñdisciplineò). 
This does not imply that a product has to be limited to this architecture.  
 
It is important to remember that in the hierarchy on Product level multi-disciplinary units are 
used and on unit level, the unit is split into three mono disciplinary units, each describing their 
part of the unit. 
 
Product traceability structure is as follows: 

 
Product requirements are determined by the System Designer and documented in the Product 
Requirements Specification. This is the only source of product requirements.  
 
The Product Design Specification decomposes the product into one or more mono- disciplinary 
units.  
 
The Discipline Unit Requirements and Design documents are created for each discipline and 
describe the requirements and design of the unit designed in the Product Design. 
 
Requirements are allocated to the units and disciplines using the Requirements Traceability 
Matrix (not in the picture). 
 
The product verification includes a test traceability matrix that shows for each product 
requirement how itôs tested, and the test result (not in the picture). 

Mono disciplinary Level 

Multi disciplinary Product 
Requirements 

Product 
Design 

Discipline Unit 
Requirements 

Discipline Unit 
Design 

Implementation 

Discipline Unit 
Verification 

Product  
Verification  

Requirements 
are traced 
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The Discipline Unit Verification specification includes a list of all requirements allocated to that 
discipline and how each requirement is tested. 
 

4.6.6 Participants & collaborations 

 System Engineer: Defines the Product Requirements in the Product Requirement 
Specification, Product Design Specification and Requirements Traceability Matrix. 

 Software / Hardware / Mechanics designer: References the allocated requirements in the 
discipline Unit Requirement Specification. 

 Product Verification Engineer: Creates the product verification document and product test 
traceability matrix. 

 Software / Hardware / Mechanics verification engineer: Creates the discipline verification 
specification and allocation of requirements to test cases. 

 

4.6.7 Consequences 

 Such a system of maintaining requirements works well, if it is kept consistent at all times. 
Changes in requirements must be communicated to all parties involved (Requirements 
Traceability Matrix) 

 This approach has the advantage that when a requirement changes, using the requirements 
traceability matrix the effect of this change can easily be determined. 

 Not only requirements need to be traced, but also documents. If the Requirements 
Traceability Matrix allocates a specific requirement to a specific discipline unit, it is crucial 
that the Discipline Unit Requirement specification can be found easily. 

   

4.6.8 Implementation 

 
A standard requirement naming convention is used: 
PRS.RequirementClass.Requirement 
 
Where: 
PRS:  The place where the requirement originates. This is always one of the 

top-level requirements documents.  
RequirementClass: The type of requirement, for example: Manufacturability, or Reliability. 
Requirement:  Short requirement description. 
 
Using such a strict requirement naming convention, including the place where the requirement 
comes from, allows tracing of one specific requirement trough all layers of documentation both 
from product level downwards to the discipline specific requirements and reverse. 
 
Also, this naming convention allows some kind of ñsubclassingò of requirements (for example: 
adding ñ.MySubclassedReqò to a requirement) without loosing traceability. 
 
The document hierarchy looks globally like this: 
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Product requirements Defines product requirements 
Product design Globally decomposes the product into one or more 

multidisciplinary units. 
Requirements traceability matrix Allocates product requirements to units / disciplines 
Test traceability matrix Allocates product requirements to test cases on product 

level. 
Product Verification Specification of test cases and results 
Discipline Unit Requirements Discipline requirements specification, more detailed 

description of requirements for a discipline. 
Discipline Unit Verification Verification specification and results. 
 
 

4.6.9 Sample 

 
Below is an overview on how bidirectional requirements traceability is implemented: 
 
 
Product Requirements Specification: 

 
 
In the Product Design Specification, each chapter is preceded by a list of requirements 
applicable to the specific chapter: 

PRS.Performance.StartupTime 

ü The product shall start within xx seconds. 
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The Requirements traceability matrix allocates the various requirements to units / disciplines: 

 
 
The Unit Requirements Specification of each unit contains all requirements allocated in the 
Requirements traceability matrix. 
 

 
 
Some requirements do not require any more explanation; these are collected in a single chapter 
in the Unit Requirements specification, like this: 
 

 
 
The verification documentation of each discipline contains a list of requirements, and in which 
test case these are tested: 
 

Requirements applicability 

When a requirement is clearly documented in higher level documents, it is listed 
below. Requirements that need any more clarification or specialization are 
discussed in the remainder of this document. 

PRS.Performance.StartupTime 

 

PRS.Performance.StartupTime 

Unit will respond within yy seconds. 
 

Requirements Tag Identification 

U
n
it1

 S
o
ftw

a
re

 

U
n
it1

 H
a
rd

w
a
re

 

U
n
it1

 M
e
c
h
a
n
ic

s
 

 

PRS Requirement Tags 

        

PRS.Performance.StartupTime x x    
     
     

 

Requirements 
allocated to 
each 
discipline in 
each unit 

Timing 

PRS.Performance.StartupTime 

Total start-up time is divided over: 
Unit 1: yy seconds 
Unit 2: zz seconds 
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The product Verification documentation contains a Test traceability matrix that allocates product 
requirements to test items: 

 
 
To make checking the consistency more easy, the Product Requirements specification, Product 
Design specification and Unit Requirement Specification contain a list of all requirements 
referred to: 
 
 
 
 
 
 
 
 
 
 
 

4.6.10 Known uses 

Philips Medical Systems 
 

Requirement ID Test case Description 

PRS.ExposureUpgrade.Compatibility Application functionality (White 
box) 
 

The version numbers of  
Buildingblocks will be 
displayed 

PRS.ExposureUpgrade.New&Obsolete Application functionality (White 
box) 

Test item: AppIitv test 

PRS.ExposureUpgrade.OperationalConc
epts 

Application functionality (Black 
box) 

Test acquisition techniques 

 

 

List of product 
requirement 
tags 

Test case in 
which this 
requirement 
is tested 

Explicit / 
implicitely 
tested and by 
who?? Which 

aspects have 
to be tested? 

Appendix A: Requirement Tags Look-up table 
 
PRS.ExposureUpgrade.New&Obsolete    6 
PRS.ExposureUpgrade.OperationalConcepts   6 
PRS.ExposureUpgrade.Compatibility    7 
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4.6.11 Related Patterns 

 
No related patterns. 
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5 Design related Process Patterns    

5.1 Critical Computer Resource Management pattern 

5.1.1 Pattern Name and Classification 

Resources like CPU memory, CPU capacity, disk space, etc. are limited by nature. These 
resources are known as ñCritical Computer Resourcesò or CCR. During the evolution of a 
product and its SW, these resources should be managed carefully and with special focus in 
order to preserve as much as possible future evolutions of the product. This is more then ever 
applicable in case of embedded SW and HW design where these resources are scarcer. 
 

5.1.2 Intent 

When adding new features or HW to an existing product, the CCR should be properly estimated 
and tracked as an explicit item during the complete development cycle. It avoids unpleasant and 
usually very difficult and costly to fix ñsurprisesò late in the development cycle. Besides this it 
also avoids premature dead of a product variant because of lacking resources to accommodate 
new features 
 

5.1.3 Also known as 

Critical Computing Resources. 
 

5.1.4 Motivation 

Engineers who are developing features, especially in SW, intend to forget about CPU memory 
and CPU performance limitations. This is even more the case when using object oriented 
languages since usually a lot more code is generated by the compiler and memory is used by 
this generated code compared to traditional lower level programming languages. Explicitly 
paying a lot of attention to these critical computer resources during the complete development 
lifecycle avoids in most cases that issues related to this topic only popup very late in the cycle 
(during test).  When these issues pop up late in the development cycle, there are usually not a 
lot of options open to correct the issue without having to start the design (partly) all over again.  
This is not only very costly, but also introduces severe delay in the project. 
 

5.1.5 Applicability 

The process pattern is applicable for all SW design. It is also applicable for HW design in case 
programmable components (Field Programmable Gate Arrays) or processors (On Board 
Controllers, Network Processors) are being used. 
 

5.1.6 Structure 

Below is an overview of applying the process when dealing with the feature development 
process. The same principles can be applied for other development processes aswell. 
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M1 M2 M3 M4 M5 

Identify CCR requirements 

Make CCR estimates 

Define CCR thresholds 

Input for HW design 

Refine CCR estimates 

Input for SW design 

Report CCR actuals 

Take corrective actions 

if thresholds exceeded 

Test usage of CCR 

CCR planning CCR tracking 

Feature Analysis Feature Specifcation Feature Implementation Feature Test 

Mn: Milestones in the project 
 

 
The following phases can be distinguished: 
ü During feature analysis, CCR requirements are identified and formulated. For example: 

number of subscriber lines to be supported, sustainable packet processing speed, etc. 
ü During feature specification, based on the available CCR requirements, CCR estimates are 

made in terms of the amount of memory required, needed CPU capacity, disk space 
needed. For new HW design, in addition some free margin must be taken into account in 
order to allow the product to evolve in time if needed and to be able to cope with additional 
features on the same HW platform. For example, the amount of free memory in case of new 
board design should be at least 50% of the available memory. 
In addition, some CCR thresholds are being defined. These thresholds specify the 
boundaries in which the realized CCR should fall compared to the estimated CCR. When 
these boundaries are crossed, the CCR issue is brought under the attention of the project 
meeting, which can decide on corrective actions. These thresholds allow for some flexibility 
and inaccurateness of the estimated CCR during the development process. 

ü During feature implementation, the CCR estimates done during feature specification are 
taken as requirement (CCR budget) for the feature and are used to steer the SW design. 

ü During the different test phases of the feature, the actual CCR usage by the system is 
measured and compared against the CCR requirements and estimates that were put 
forward. Corrective actions and lessons learned are taken as necessary. 

 

5.1.7 Participants 

Product Line Management together with Product Architects formulate the CCR requirements 
according to the customer requirements and the product future needs. 
The Feature Architect translates the CCR requirements in CCR estimates based on the solution 
selected for the feature. The Product Architect reviews these CCR estimates in order to keep a 
System wide view and control on the overall CCR of the product. 
The SW and HW designers take the CCR estimates into account for making their design. Finally 
they measure the CCR actually used by the feature and try to stay within the CCR budget that 
was put forward. From the moment they cannot maintain any longer their CCR usage within the 
acceptable boundaries, they have to report this as soon as possible to the project management 
board where the necessary corrective actions can be decided. 
During this whole process, the CCR are maintained in a sheet per product or product part 
depending on how it is organized for the product concerned. 
 

5.1.8 Collaborations 

When applying the process pattern, there is close collaboration and discussion between the 
different roles contributing to the CCR from the start of the project all the way to the end of the 
project as has been explained in previous chapter. 
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5.1.9 Consequences 

By formalizing the CCR as special item to be estimated and tracked during the whole 
development cycle, one can in most cases avoid late surprises or premature dead of a product. 
It is also more cost effective, since future evolutions of the product shall be considered when 
doing the analysis, in order to come to the most economical solution in terms of the HW 
required (memory, CPU processing speed, etc.) and the cost associated, to allow sufficient 
evolution of the product being able to meet the future requirements.   
 

5.1.10 Implementation 

Since estimating CCR is not always trivial (for instance in case of estimating needed CPU 
processing capacity that fits the requirements), applying the process smoothly requires some 
experience which can be build up step by step doing the process pattern project after project. 
So initially still some issues related to CCR could pop up late in the cycle. Estimates will not be 
always be accurate from the beginning. However the experiences gained during the execution 
of the process, followed by appropriate lessons learned analysis, will make it possible for the 
participants to gain more and more knowledge in this complex area and gradually will make 
applying the process pattern more mature in future projects. 
 

5.1.11 Sample 

Below is an example of how a CCR estimation and tracking sheet could look like. 
 
CCR Estimation/ Tracking Worksheet Release Rx.x Baseline ReleaseRx.x-1

Amount free 

Baseline Rx.x-1

Board CCR Type Physical Limit Value (%) Value

Diff btw 

Actual 

& 

Estimat Value (%) Value

Card1 RAM 33.554.432 792.128 2,36% 794.524 0,30% 8.388.608 25,00% 822.364

Card2 RAM 33.554.432 10.463.102 31,18% 10.873.648 3,92% 8.388.608 25,00% 11.542.964

Card3 RAM 33.554.432 15.868.426 47,29% 12.345.678 -22,20% 8.388.608 25,00% 17.568.972

Card4 RAM 134.217.728 60.648.242 45,19% 58.462.482 -3,60% 33.554.432 25,00% 62.462.868

Corrective Actions

Board CCR Type Corrective Action

Card1 RAM No further feature evolution on this board

Current Estimated 

Amount Free 

Actual Amount Free 

(date)

Amount free 

Threshold (date)

 
When a new project starts a new sheet is created with all the cards available in the product and 
with the actual CCR (in this case RAM memory) from the  baseline project release. 
During feature specification, the new estimated CCR values are written down in the appropriate 
column. 
Later on when actual CCR become available, the actual amounts of CCR are filled in. In case 
certain thresholds are passed, then the percentages are displayed in red, meaning that most 
probably corrective action needs to be taken for the board concerned. 
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5.1.12 Known uses 

Estimating Critical Computer Resources as part of estimating the cost and effort of a project is 
also mentioned in the Capability Maturity Model (CMM) and Capability Maturity Model 
Integration (CMMI). These models, well known by the industrial community, are used a lot by 
companies trying to get their development process streamlined and under control. So most 
probably, other companies might also have implemented similar process patterns to deal with 
these CCR. 
 

5.1.13 Related patterns 

Similar patterns will most probably exist trying to address the same problem, but are not known 
by the author. 
 

5.2 Multidisciplinary product configuration management pattern 

5.2.1 Pattern name and classification 

The Multidisciplinary product configuration management pattern helps to design a product 
taking into considerations the viewpoints from various stakeholders. 
 

5.2.2 Intent  

The intent of the process pattern is to make the organization more aware of the importance of 
multidisciplinary product configuration management in an early phase of product development. 
In order to realize this, a common understanding on various views of a product needs to be 
established. 
The result of this process pattern is a tutorial/guideline for usage of multiple product 
representations and related terminology,  
 

5.2.3 Also known as 

- 
 

5.2.4 Motivation 

Marketing, Product Designers, Product Configuration Managers, Development Engineers (of 
various disciplines), Manufacturing Engineers and Service engineers each use there own 
product structuring and talk about it from their own perspective and with their own terminology.  
 
Traditionally each discipline tends to work as long as possible in their familiar mono-disciplinary 
authoring environment e.g. CAD-M, CAD-E, and Software Development Environment.  
 
All disciplines need to be are aware of these multiple view points, terminology and product 
structures and start working in a multidisciplinary configuration management environment early 
in the design phase. This allows us the make the proper architecture choices (i.e. modularity, 
interfaces) when they have the least impact on development resources. This will improve design 
reuse, manufacturability, testability, serviceability, simplify order management etc. 
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5.2.5 Applicability 

The pattern is targeted and therefore applicable for all disciplines with product development.  
 

5.2.6 Structure 

 

System

design

Product configuration

management Engineering

Marketing
Customer

serviceslogistics manufacturing

Product views

 
Each disciplines looks at a product from their own perspective, and therefore has its own 
requirements and wishes with respect to the representation of a product. In order to optimally 
support these needs, currently several product representations (also referred to as product 
structures) are in use.  Obviously there is a strong relation between these representations.  
 
Each product representation consists of:  
 

o Objects (i.e. parts, documents) 
o Object description data 
o Relations/links between objects (i.e. structures) 
o Attributes on objects & relations (to allow views on structures) 
o Status of objects & relations  
o History of objects & relations 

 
The following product representations are recognized and described: 
 

1. Conceptual Product Structure 
2. Commercial Product Structure 
3. Engineering Product Structure 
4. Manufacturing Product Structure 
5. Customer Support Product Structure 

 
 
The Conceptual Product Structure describes the product from a design perspective. The main 
objects in this representation are called conceptual elements, which represent the design 
decomposition. Each Conceptual Element must follow certain characteristics: 
 

o The conceptual elements reflect a stable product architecture and these elements have 
there own design life cycle 

o The design of the conceptual elements can be independently verified & validated 
o The conceptual elements have clearly defined/described interfaces. 
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o The conceptual elements have there own Design History File i.e. documentation set 
including the following information: 
Á Design input i.e. requirements 
Á Design output i.e. specifications & descriptions 
Á Design review 
Á Design verification & validation 
Á Design transfer  
Á Design changes 

 
Within this representation the following terminology is defined:  

o Family, system, system variant, subsystem, conceptual element & platform 
 
The Commercial Product Structure represents the product from a sales perspective.  
It describes how, based on selection of features and options, a specific variant of a configurable 
sales product can be selected. This structure is used in the product catalog from which an end-
customer orders a product. 
 
Within this representation the following terminology is defined:  

o configurable sales product, feature, option, commercial constraints 
.  
The Engineering Product Structure is the multidisciplinary Bill-of-Materials described from an 
engineering perspective. It contains the materials and related technical product documentation. 
Documents (e.g. CAD-drawings) and data files (e.g. SW executables) are imported for the 
various authoring tools i.e. CAD-systems, Software Development Environment. The material 
contains the basic engineering master data. 
 
Within this representation the following terminology is defined:  

o Materials , Approved Manufacturer List 
 
In our IT solution we have separated the engineering product structure into a configurable (top-
level) Bill-of-Material and fixed (lower-level) Bill-of-Materials.  
This configurable top-level part is referred to as the Product Variant Structure (PVS).  
The PVS describes the conditional relations between the fixed BoMôs in terms of dependencies 
and characteristics. 
 
Within this PVS the following terminology is defined:  

o Configurable product, product variant, dependency, characteristic 

 

The Manufacturing Product Structure is the classic multidisciplinary Bill-of-Material. Currently 
the materials and relations in the manufacturing product structure are the same as for the 
Engineering Product Structure. Only the master data is enhanced with information required 
within manufacturing, procurement, logistics, packaging, distribution etc.  
 
Within this representation the following terminology is defined:  

o Materials, Building Blocks and assemblies 
 
Building Blocks and assemblies should be seen as classification (labeling) of materials in the 
manufacturing Bill-of-Material. A material that is labeled as Building Block need to have clearly 
defined functionality and interfaces and are fully testable. An assembly is an intermediate state 
in the supply chain or manufacturing, created for supply chain / manufacturing purposes only.  
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The Customer Support Product Structure represents the product configuration from a customer 
support perspective. This reflects the physical hierarchy of the product how it is serviced in the 
hospital. This structure is used in e.g. service documentation, reporting of maintenance activities 
and traceability of delivered devices. 
 
Within this representation the following terminology is defined:  

o System, Physical Main Block, Physical Sub Block, Traceable Item 
 

5.2.7 Participants & collaborations 

This pattern focuses on a guideline to be used in all disciplines.  
 
The guideline is developed by the PLM architect in close cooperation with the process owners 
of Software Configuration Management, Hardware Configuration Management, Manufacturing 
Engineering and Marketing.  
 

5.2.8 Consequences 

There is a strong relation between the various product representations. Each product 
representation reflects a process behind it. Therefore a good understanding of all product 
representations is a precondition to understand the consequences of design choices in product 
structuring. This knowledge is a precondition for proper modular design and incremental product 
development and ultimately reducing design complexity and increasing speed in development. 
 

5.2.9 Implementation 

Aspects to be taken into account for this pattern are: 
o Add real-life examples that will be recognized by the target group  (trainees) 
o Realize that old terminology will follow you for years. Consequent usage of the terminology 

by all process owners is necessary. Do not assume, but verify that people use the 
terminology as intended.  

o Make the training as visual as possible so that it will stick in the mind of people.  
o PowerPointôs & posters are helpful in communication but significant training is required 

before it results into changes in our way of working (see 9: consequences) An additional 
process pattern will be assigned to this. 

 

5.2.10 Sample 

A detailed example of these different representations for one specific product is not yet 
available. The usage of the Conceptual Product Structure and the Product Variant Structure is 
currently being piloted. The design documentation which is now planned to be structured 
conform the conceptual elements was until now project oriented. Ideas on the usage of the 
Product Variant Structure are still in a premature stage. 
 

5.3 Software FMEA pattern 

5.3.1 Pattern name and classification 

Software failure mode and effect analysis 
 


