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1 Introduction 

1.1 General goals 
The goal of DESS is to define an innovative object-oriented component based software 
development methodology for embedded real-time systems, to create supporting 
environments by integrating state of the art tools and to prove the appropriateness of the 
methodology by implementing several validation test cases.  

Unfortunately, diversity is the common denominator in the embedded real-time world. The 
number of programming languages and development methodologies in use today is as high 
as the number of companies developing embedded units. The reason for this diversity is the 
lack of broad standardized development approaches suiting all needs. As a result, general 
incompatibility between the different strategies prevents reuse and co-operation. It is therefore 
of uttermost importance to the future of embedded software development to arrive to a 
common standardized asset. This requires a broad view on the field, a view that was achieved 
by merging the expertise from various partners working in diverse domains. 

In addition, a broad methodology increases its formal or de-facto standardization capabilities. 
Tool vendors will be tempted to implement a widely used methodology into their products. 
Standardization and tool support creates a gateway to general acceptance of DESS outside 
the consortium.  

1.2 Focus of the methodology 
The goal of the DESS methodology is to provide an instrument that brings the benefits of 
modern Object-Oriented (OO) and Component Based Development (CBD) strategies to the 
embedded world with its unique constraints of limited time and memory resources.  

The methodology will lead the developer to innovative architectures that are extendible, 
evolution capable and reusable, as building product families is an important aspect of modern 
projects. In the embedded context these goals can only be achieved when the timing and 
memory requirements are handled as early in the development cycle as possible. The way to 
meet these goals is through component-based development techniques focusing both on the 
development of components as on component architectures. Besides these primary goals, 
other requirements are to be met as well. 

To ensure compatibility with existing approaches, the DESS methodology has been built on 
top of existing modeling languages and methodologies (UML, UP, V-model…) and extends 
their semantics where necessary. Also, code generators are available to support fast design-
to-code mappings.  

Clearly, defining a method with all its powerful notations and providing supporting design and 
implementation tools is not enough to transform an idea into a working product. One also 
needs to adopt a suitable development process, defined in conformance with the underlying 
methodology, relying on available tools, and customizable according to the real-time and 
embedded application domain. 

Therefore we modeled the development activities, specifying the working details, to which 
phase they relate (i.e., when they have to be carried out), what the conditions are for initiating 
and finishing the activities, what resources they need, etc.  
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2 Scope and structure of the document 
The present document describes the DESS methodology. The aim of this document is to 
provide an overview of the DESS methodology for its future users. It does however not directly 
address the tool support. 

Chapter 3 introduces the Core DESS Methodology and the concept of a Workflow V. The 3 
different Workflow Vs are described in chapters 4, 5 and 6. In chapters 6, 7 and 8 all artifacts 
used in the Workflow Vs are defined in detail.  
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3 Core DESS Methodology and Process  
The core of any development methodology consists in how to design and interrelate the 
various artifacts that are produced on the way from the user requirements to the implemented 
and tested system. Artifacts can be text documents like design specifications, but also 
implementation code and tests. They are, for example, interrelated in that specifications are 
input for writing the implementation. 

The DESS methodology borrows from the Unified Process (UP) model. The relevant 
information can be found in the section about the DESS software management process or, 
e.g., in [21]. The DESS methodology reuses the following concepts: artifacts, activities and 
workflows. Reference [21] gives the following definitions for these concepts:. 

 

artifact 

A tangible piece of information that (1) is created, changed, and used by workers when 
performing activities, (2) represents an area of responsibility, and (3) is likely to be put 
under separate version control.  An artifact can be e.g. a model, a model element, a 
test case, or a document. 

 

activity 

A tangible unit of work performed by a worker in a workflow that (1) implies a well-
defined responsibility for the worker, (2) yields a well-defined result (a set of artifacts) 
based on a well-defined input (another set of artifacts), and (3) represents a unit of 
work with crisply defined boundaries that is likely to be referred to in a project plan 
when tasks are assigned to individuals.  Can also be seen as the execution of an 
operation for a worker.   

 

worker 

a position that can be assigned to a person or a team, requiring responsibilities and 
abilities such as performing certain activities and developing certain artifacts. In the 
DESS methodology - as we did not aim to handle this concept - the worker roles will 
not be identified. 

 

workflow 

The Unified Process defines a workflow as a realization of (a part of) a business use 
case. Can be described in terms of activity diagrams that include participating workers, 
the activities they perform, and the artifacts they produce. 

 

 

The DESS methodology adopts a more practical concept of a workflow. A workflow is 
regarded as a set of related activities that are grouped by nature and produce a collection of 
related artifacts. Various kinds of specification may occur in one workflow: graphical ones, 
textual ones, and formal ones. 

Workflows are not necessarily ordered in time: they are related in the sense that information 
from one or more workflows serves as input for another one. This gives rise to the idea of 
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transitions between workflows: the transitions relate the collections of artifacts that are passed 
from one workflow to another. For example, an implementation workflow at a certain iteration 
cycle during the development of a system may take as its input the implementation from the 
previous iteration together with the current specification.  

The Unified Process defines 5 core workflows (requirements, analysis, design, 
implementation and test workflows) and one generic iteration workflow. The DESS 
methodology adopts the generic iteration workflow from the UP. The core DESS workflows 
that have been defined, are grouped into three Workflow Vs. A Workflow V is defined as a 
grouping of related workflows that can logically be connected by an artifact information flow 
and that can be placed in a kind of V structure (see below). We use the defined workflows and 
Workflow Vs to structure the presentation of the DESS methodology.  

The basic idea for a development methodology goes back to the well-known V-model. The 
DESS methodology, as stated in the introduction, borrows from previous development 
methods that have already proven their use in classical software development. It tries to 
capture not only the best practices of the V-model, but also the iterative development 
concepts as defined by the UP.  

The development model itself consists of three development Vs, all working in parallel (see 
figure 3-1). The first, the realization Workflow V, is backed up by two other, ’shadow’ V-
models: a validation and verification Workflow V, and a requirements management Workflow 
V.  

 

 

 

 

Figure 3-1: the 3 DESS Workflow Vs and information flow 
across them 
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A V-model is used to highlight two important routes of information flow within the development 
process:  

• one along the V, from top-left through middle-down to top-right,  

• another across the V, horizontally from the left branch of the V to the right branch of the V.  

Because DESS introduces three V’s in parallel, the realization Workflow V, the validation and 
verification Workflow V, and the requirements management Workflow V, there will be a third 
route of information flow in between the V’s themselves. 

The addition of embedded characteristics led to a number of new insights, as described 
below.  

 



ITEA  

ITEA Title: DESS 14 

4 DESS Realization Workflow V 

4.1 Outline 
The DESS Realization Workflow V contains all workflows directly related to the realization of 
the system. It is the main part of system development, but it excludes workflows related to 
validation and verification and requirements management.  

The boxes that relate to the V-shaped DESS Realization Workflow V (quite differently from 
the original V-model) are, in fact, workflows. Workflows have artifacts as inputs and outputs. 
Each workflow contains activities constructing new output artifacts from previous input 
artifacts.  This means that there are artifact flows between connected boxes.  

There are two routes of information flow between boxes in the Realization Workflow V. 

• Firstly, information flows along the Workflow V, starting in the upper-left corner and ending 
in the upper-right corner.  The output artifacts of each box are the input artifacts for the 
next one. This route corresponds to the realization path from user requirements to 
deployed system: each new artifact is a further development of an earlier one.  

• Secondly, there is information flow across the model, a typical characteristic of a V-
shaped model. Output artifacts on the left branch may be input artifacts for the 
corresponding workflow on the right branch. This route corresponds to the fact that 
information, used to achieve decomposition of the system during specification is, at a later 
stage, used again to compose the implemented parts.  

It should be noted that these artifacts can be of various kinds: a set of requirements, a 
specification, an implemented component, etc. The workflows in the boxes may well be 
carried out incrementally: in that case intermediate artifacts are created.   

In figure 4-1, the Realization Workflow V is presented. The colored boxes emphasize the 
workflows the DESS methodology worked out in detail. 

 User Requirements Engineering 

System Requirements Engineering 

System Design 

Software Requirements 
Engineering 

Analysis 

Spec & Design 
Components, Plugs, 
Frameworks & Connectors 

Implementation  
Components, Frameworks & Connectors 

Software Integration 

Deployment 

System Integration  
Software/Hardware 

Start of Hardware 
Development End of Hardware 

Development 
Instantiation  
Components & Frameworks  

Figure 4-1: The DESS Realization Workflow V - workflows to which the DESS-project 
contributed are highlighted. 
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4.2 Workflow Descriptions 
In what follows, external input and output artifacts draw their information from sources outside 
of the realization Workflow V. That is, they are not directly produced by any of the V’s 
workflows (e.g., artifacts reused from a previous project). Graphically they will be marked in 
gray. Notice that an arrow from an artifact that ends at the left line of a workflow  indicates that 
the artifact is used in all activities of the workflow 

 

4.2.1 User Requirements Engineering 

Purpose: to capture the overall functionality the user expects from the system 

External Input Artifacts: stakeholder requirements, work context, domain and product 
knowledge, domain model, project drivers and internal/external constraints, standards and 
policies. 

Output Artifacts: formal user requirements, informal event based UML models. 

 

 

Formal User 
Requirements 

Stakeholders: 
Customer, 
Client/marketing 

Other stakeholders : 
Users, Developers, 
Consultants,  
Industry. 

Other stakeholders : 
Legal, 
Opposition, 
Standards bodies 

Other stakeholders : 
Management, 
Inspectors 
etc. 

Work context,  
Product & 
domain 
knowledge 

informal 
event 
based 
UML 
models 

Project 
drivers 
& constraints 

Domain  
model 

Standards 
and 
Policies 

Define Project 
Drivers 

Define Project 
Constraints 

Identify Sources 
of Requirements 

Elicitate 
Requirements 

Define Context of 
Work 

Model Problem 
Domain 

.. 

 

Figure 4-2: User Requirements Engineering 
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Definitions: 

Term Description 

Change Control 
Board 

A group responsible for the decision making on submitted change requests (CR’s) and 
problem reports (PR’s) at a particular artifact level. For the formal user requirements the 
essential stakeholders are represented.  

Context of the 
Product 

The boundaries between the product that to be built and the people, organizations, other 
products and pieces of technology that have a direct interface with the product. 

Context of the 
Work 

The subject matter, people and organizations that might have an impact on the requirements 
for the product. Study of the context identifies the intersection of all the domains of interest. 

Customer The customer is the person(s) who will buy the product from the client. 

Client The client is the person(s) paying for the development, and owner of the delivered system. 
The management of the organization building the product may also act as the client. 

Mandated 
Constraint 

This specifies constraints on the way that the problem must be solved.: constraints on the 
requirements and the eventual design of the product.  

Other 
Stakeholders 

The roles and (if possible) names of other people and organizations affected by the product 
or whose input is needed in order to build the product. 

Examples of stakeholders include: Users, Sponsors, Testers, Business Analysts, Technology 
Experts, System Designers, Marketing Experts, Legal Experts, Domain Experts, Usability 
Experts, Representatives of External Associations  

Requirement A measurable statement of intent about something that the product must do, or a property 
that the product must have, or a constraint on the system. 

Stakeholder A stakeholder is a person who can affect the outcome/success of the project and/or is 
affected by its outcome/success. 

User or End User Someone who has some kind of direct interface with the product. 

Requirements engineering consists of a set of transformations that attempt to clarify the exact 
needs of a software-intensive system. The statement of the needs is converted into a 
complete and unambiguous description of the requirements, documented according to a 
specified standard.  

Requirements engineering starts at the project start-up meeting, in which all the principal 
stakeholders are present and the project drivers and constraints are agreed on. Each product 
requirement is identified and documented, analyzed and finally, each requirement is signed-
off by the respective stakeholders. 

The formal user requirements specification is often a textual presentation of the requirements. 
The reason is that there are simply not very many customers who understand graphical 
models. 

The formal user requirements specification usually conforms to a template, which is defined 
by the product development organization. The Volere template 1 [27] is an example of such a 
template. For more details, see section 7.1.2 on page 55. This document is formally controlled 
by the Change Control Board (CCB) involved. 

                                                  

1 Note on Volere:  

The Volere template provides sections for each of the requirements types appropriate to today’s software systems. 
The Volere work is copyright © 1996 - 2000 Atlantic Systems Guild, but may be adapted for internal use provided 
copyright is acknowledged. james@systemsguild.com http://www.atlsysguild.com/GuildSite/Robs/Template.html 

Figure 4-3: User Requirements Engineering Terminology 
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The project drivers and constraints are important requirements for the product development. 

Activities: The following activities can be identified within this workflow: define the project 
drivers, define the project constraints, elicit requirements, identify the sources of 
requirements, define the context of the work, and model the problem domain. 

� Define the project drivers:  

At the very beginning of this phase the project drivers are defined in terms of: 

1. The purpose of the product. This is a short description of the work context and 
the situation that triggered the development effort. It should also describe what 
the user wants to do with the delivered product.  

2. The goals of the product: “What do we want this product for?” In other words, 
the real reasons for which the product is developed for.  

3. The definition of the client, customer and other stakeholders.  

The client must finally accept the system, and must thus be satisfied with the 
system as delivered. If a real client cannot be found, one must seriously 
consider if the product should be built at all. However, when the system is 
developed for in-house consumption, the same person may fulfill the roles of 
the client and the customer. 

The customer is ultimately responsible for deciding whether or not to buy the 
product from the client. The product must be built to satisfy the aims of the 
end users whilst conforming to the constraints of the client. Even if the end 
users are people who work for another part of the client’s organization, they 
might still have the authority to decide whether or not to invest budget in the 
new product. 

Other stakeholders are other people and organizations who are affected by 
the product or whose input is needed in order to build the product. An 
appropriate person should be found to represent each role. Examples of 
stakeholders include Users, Sponsors, Testers, Business Analysts, 
Technology Experts, System Designers, Marketing Experts, Legal Experts, 
Domain Experts, Product-line Experts, Usability Experts and 
Representatives of External Associations. For each type of stakeholder 
identify  

a) Knowledge needed by the project,  

b) Necessary degree of involvement for that stakeholder/knowledge 
combination,  

c) Degree of influence for that stakeholder/knowledge combination, 

d) Agreement on how to address conflict between stakeholders who have 
an interest in the same aspects of the product. 

The reason for this is that a failure to recognize stakeholders will result in 
missing requirements. All stakeholders are involved in the formal approval of 
the requirements that involve these aspects. 

4. End users of the product.  The involvement of the end users ensures that the 
product meets their requirements.  
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� Define the project constraints:  

In order to have well defined project boundaries, a number of issues must be 
agreed on. These are called mandated constraints, which are constraints on the 
requirements and the eventual design of the product.  

1. Solution constraints. Describe if there are constraints on the way that the 
problem must be solved. These could be mandated solutions or mandated 
technology. If the solutions constraints are not met, the solution is not 
acceptable. 

2. Partner applications/external interfaces. Describe if there are applications that 
are not part of the product but which the product will collaborate with. These 
can be external applications, commercial packages or pre-existing in-house 
applications. These partner applications impose design constraints. Their 
behavior, interfaces, resource constraints, data etc. are implicitly inherited. By 
describing or modeling these partner applications, potential problems of 
integration are discovered and highlighted. 

3. Commercial off-the-shelf packages or components. Describe if there are 
applications or components that must be used to implement some of the 
requirements for the product. The characteristics, behavior and interfaces of 
the package or components are design constraints.  

4. Development schedule constraints. A list of known deadlines or windows of 
opportunity. Critical times and dates might have an effect on product 
requirements. If the deadline is short, the requirements must be kept to 
whatever can be built within the time allowed. 

5. Development environment constraints. Describe requirements for the 
development environment that is to be used to develop the product. Examples 
are: methodologies and tools for engineering and modeling (UML real-time), 
Design methods/techniques (SA/SD, RUP, UML, etc.) and Configuration 
Management (repositories). 

6. Financial constraints. State the financial budget (money and available 
resources) for the system.  The requirements must not exceed the budget. 
This may constrain the number of requirements that can be included in the 
product.  

 

� Identify the sources of requirements:  

The input for the requirements is derived from the: 

1. Knowledge of the domain context. 

2. Desires and ideas of the market, marketing department, commercial 
department, product engineers etc. 

3. Existing products. 

4. World standards, company standards. 

5. Any stakeholder. 
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� Elicit Requirements:  

Requirements elicitation can be done in various ways: 

1. Define a questionnaire. 

2. Collect requirements from End User viewpoints by interviewing. 

3. Brainstorming sessions. 

4. Problem-domain storyboarding. 

5. Study related product. 

6. Scenario analysis. 

7. Prototyping. 

8. Determine the essential requirements. Essential requirements are concepts; 
they will be present regardless of any technology 

For each requirement one or more stakeholders is identified. 

The requirement is identified and documented, analyzed and finally, each 
requirement is signed-off by the respective stakeholders. 

 

� Define the context of the work:  

The context of the work is defined. The context of the work is the application 
domain description in relation with other subject matter domains (systems, people 
and organizations) that need to be understood. It is also the definition of the main, 
general functionality. The product, which is to be developed, may cover a part of 
this context. Which part of the context depends on the technology, which can or 
may be used by the product. The technology used depends on the project budget, 
availability of the technology, phasing of the product realization etc. 

The context described gives a broader view of the application of the product. The 
product to be developed is always part of a higher-level system or sub-system. 
Definition of the context specifies where the context ends and the work starts, 
which sets the scope for the product. Once the scope is defined, the actors and the 
business events they generate, the input for the product use cases and the product 
scope are known.  
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Figure 4-4: defining the product boundary 
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Figure 4-5: Deriving product use cases from business events. 

 

The event list is defined by a study of the actors and the adjacent systems of the 
business and the interactions between them.  

A special type of event is the temporal event. Temporal events occur when it is 
time to take a pre-defined business action. A temporal event can be any expiring 
timer, which causes a predefined activity to take place. Examples are the end of a 
time-slice of a scheduler, a timeout during data communication. 

A planned response to these events is described in the related use case. 
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Figure 4-6: Business use cases / event lists 
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� Model the problem domain:  

Initially, only the problem domain and not the product is modeled in order to stay 
away from solutions. Through this activity, new requirements may be discovered, 
knowledge of the domain is obtained and the proofs of the correctness of the 
functionality of the requirements can be given. 

This initial modeling is done in the Inception Phase. Part or possibly complete 
data-, process- and state- models are constructed for the problem domain.  These 
models are called the informal event based UML models, and they are only used 
temporarily. 

The requirements are ’looked at’ from the different views. Static and dynamic 
models are constructed based on all events from the environment and the required 
responses to these events. This results in an early stabilization of the 
requirements, because no modifications are needed in later phases due to use 
cases that were not considered initially. 

Product design starts in an early stage, providing early design feedback to the 
requirements process. 

The validation and verification process already starts by verifying the fit criterion of 
the requirements. Therefore, this starts the creation of the system acceptance test 
specifications.  
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Figure 4-7: Requirements engineering tasks 
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4.2.2 System Requirements Engineering 

Purpose: to capture the entire functionality of the system 

Internal Input Artifacts: formal user requirements. 

External Input Artifacts: project-drivers and constraints, standards and policies. 

Output Artifacts: system requirements 
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System requirements engineering is the transformation of the formal user requirements to 
more elaborate, detailed requirements for the system. The system requirements clarify what 
the product/system will do. The system requirements form a model of the system and are the 
basis for the system design. At the system level, only the system-wide requirements should be 
stated. Sub-systems should not be introduced, leaving enough design space for the 
designers. 

The system requirements include non-functional requirements, like memory and time 
constraints. These are linked to the relevant system functions. Requirements that are delayed 
for some reason (put in the waiting room), but may influence the architectural design must 
also be considered. 

The system requirements are linked to the formal user requirements, to ensure that user 
needs are met.  

The conceptual view of the system architecture is specified. The conceptual views of the 6-
View Model of Architecture are described as completely as possible. 

The extra detail added in the system requirements may result in new requirements, which are 
added to the formal user requirements by means of a change request submitted to the CCB. 

The system requirements document is reviewed and approved by the client and stakeholders. 

Figure 4-8: System Requirements Engineering 
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The CCB of the system requirements document is installed. 

4.2.3 System Design 

Purpose: to define a split-up between the hardware and software functionality of the system 
and how they interact 

Internal Input Artifacts: system requirements, informal event based UML models. 

External Input Artifacts: project drivers and constraints, standards and policies 

Output Artifacts: system architecture, hardware/software allocation 
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Term Description 

The 6-View Model 
of Architecture 

The Architecture MetaModel divides each architecture into six so-called Views. The 
model includes a Meta architecture defining the essentials of the six Views. Specific 
versions based on this Meta architecture are presented for system and software 
architecture. The electrical and mechanical architecture can be modeled according to 
the Meta architecture as well but are not included in this chapter. 

In literature, a few architecture models have been published. Two examples are the 
“Soni model” [23] and the “4+1 View Model” [24], both applicable to software 
architecture. 

The Architecture MetaModel is used as a guideline to specify the system- and software-
architecture. 

The 6-View Model of Architecture is used as a template for the System Architecture 
definition. See also the Detailed Artifacts descriptions for the requirements 
management workflow V on page 112. 

 

 

Figure 4-9: System Design 

Figure 4-10: System Design Terminology 
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The objectives of system design are 

• The production of a design that will meet the requirements of the user requirements and 
system requirements according to the project drivers and constraints.  

• The definition of the components to be built and the infrastructure to be used. This 
includes specification of Quality of Service (QoS) attributes of the components. 

• The generation of the integration test strategy. 

 

Software as part(s) of a system 

 

 

 

 

 

 

 

 

 

 

Software can be part of an Integrated Circuit (e.g. DSP software), part of a hybrid component 
(IC and software), or can be a software-only component.  

When developing products containing embedded or in-product software, three engineering 
disciplines are often involved: mechanics, electronics and software. Typically, architectures 
can be defined for each discipline resulting in a mechanical, an electrical and software 
architecture. Of course, many decisions made within each of these disciplines will influence 
the other disciplines. Therefore, it is essential in product development to have a system 
architecture as well, that deals with discipline independent abstractions and with all inter-
disciplinary issues. 

In product development, many mono-disciplinary design decisions cannot be made without 
taking the other disciplines into account. Therefore, the system architecture plays a vital role 
in carefully weighing the consequences of mechanical, electrical and software choices for 
each of the disciplines, e.g. how much memory to use and what kind of connections and 
protocols to install.  

Activities: The following activities can be identified within this workflow: Define the 
architectural model 

� Define the architectural model  

Architectural modeling is a technique to generically structure systems into various 
complementary units. Each unit addresses a specific concern, thus enabling 
separation of concerns. Architectural modeling also helps to decrease complexity, to 
ensure completeness of the architecture, to organize its documentation and to improve 
communication with the various stakeholders. 
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Figure 4-11: Software inside a system 
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The contents of the system architecture depend on the product constraints described in the 
user requirements like the Solution constraints, implementation environment, partner 
applications, commercial off-the-shelf hardware and software components etc. The system 
requirements and the informal event based UML models are used to create functional 
diagrams. The system design activity may result in new requirements, which are added to the 
user requirements by means of a change request submitted to the CCB. 

 

4.2.4 Software Requirements Engineering 

Purpose: To provide a model of the functionality that the user can assess, structured 
according to the view of the users. 

Internal Input Artifacts: system architecture, hardware/software allocation 

External Input Artifacts: project drivers and internal/external constraints, standards and 
policies 

Output: software specifications 
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The software development group inspects the constraints of the project and product, risks, 
completeness and priorities of system requirements before any commitments are made to the 
(principal) client.  

The produced software specifications that are produced describe all externally relevant 
aspects of the software product. This covers the functionality provided by the software, its 
interfaces (hardware- software, software-software, user interfaces, communication), normal- 
and abnormal operations, the site adaptation requirements, the product functions, 
requirements which are delayed for some reason (put in the waiting room) but which may 
influence the architectural design, the non-functional requirements. 

The software requirements are linked to the system requirements. 

As for the system architecture, the conceptual view of the software architecture is specified. 
The conceptual views of the 6-View Model of Architecture are described as completely as 
possible. Also the logical and physical static views are prepared from the system 

requirements. 

The software engineering activity may result in new requirements, which are added to the 
system requirements and or User Requirements by means of a change request submitted to 
the respective CCB. 

The software requirements document is reviewed and approved by the stakeholders. The 
CCB of the software requirements document is installed. 

 

4.2.5 Analysis 

Purpose: To provide specifications that allows developers to construct a good design 
architecture, to define a first work breakdown, task allocation and planning, structured 
according to the view of the software developers 

Internal input artifacts: software specifications 

External Input Artifacts: standards and company policies 

Figure 4-12: Software Requirements Engineering 
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Output artifacts: analysis specification 

� Analysis specification: An analysis model of the domain, described in the language 
of the developer. This analysis model consists of use cases, class diagrams, object 
diagrams, scenario's, … 

Activities: architectural analysis, analyze a use case, analyze a class, analyze a package 

The analysis workflow is not further elaborated within the DESS project. For more information, 
see the description of the analysis workflow in the Unified Process. 

 

4.2.6 Specification & Design - Components, Plugs, Frameworks & Connectors 

Purpose: to specify and design the component architecture. Since both the specification of 
components, plugs and connectors, as well as the design of components, frameworks and 
connectors are highly coupled, the DESS methodology defines these as separate activities 
within the same workflow. 

Internal input artifacts: analysis specifications 

External input artifacts: component blueprint libraries, connector blueprint libraries, standards, 
company policies 

 

Output artifacts: component blueprint specifications, component plug specifications, 
component blueprint designs, connector blueprint specifications, connector blueprint designs. 
More detailed information about these artifacts can be found in section 7.2. 

� Component blueprint specification: A full specification of a component blueprint as 
a black box, containing all its externally visible elements: identification interfaces, 
outside view and Quality-of-Service (QoS) attributes. A component blueprint defines a 
concrete type of a component, allowing the creation of a number of concrete 
component instances. 

� Component plug specification: A specification of a set of interfaces that serve as a 
kind of abstract component within a component framework. It can be seen as an 
interface set, an abstract component, a placeholder for a replaceable component. It 
defines the needed and expected dependencies from the framework in which it 
resides. A concrete component instance complying with the component plug 
specification can then later be plugged into the framework containing this plug.  

Figure 4-13: Analysis 

.. 
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� Component blueprint (framework or OO) design: A full, detailed and specific 
realization of a component blueprint as a white-box. It contains all its internal 
elements: inside view and structure, internal architecture (decomposition into a 
component framework or a basic OO architecture). This design can contain a number 
of reused components. 

� Connector blueprint specification: A full specification of a connector blueprint, 
which can be used to connect two component plugs and/or component instances 
within a framework. A connector blueprint defines a concrete type of a connector, 
allowing the creation of a number of concrete connector instances. 

� Connector blueprint design: A full, detailed and specific realization of a connector 
blueprint, containing all its internal elements: structure (decomposition into other 
connectors, component plugs and component instances or a basic self-containing 
connector), connector properties, QoS properties. This design can contain a number 
of reused connectors. 

 

Activities: The following activities can be identified within this workflow: specify a component 
blueprint, specify a component plug, design a component blueprint, specify a connector 
blueprint, and design a connector blueprint 

� Specify a component blueprint: The goal of this activity is to develop a black-box 
specification of a component blueprint, defining all its externally visible specifications 
and interfaces. The component to be specified can be a new component that is 
considered to be reusable, a subsystem within the overall system, or even the overall 
system itself specified as a component. A possible input artifact can be a number of 
component plug specifications to which the component blueprint must comply. The 
output artifact is a component blueprint specification. 

� Specify a component plug: The goal of this activity is to specify a component plug. 
This can be seen as an interface set, i.e. an abstract component defining the needed 
and expected dependencies. A concrete component instance complying with a 
component plug specification can later be plugged into the framework containing this 
plug. There are no direct input artifacts for this activity. The output artifact is a 
component plug specification. 

� Design a component blueprint (framework or OO): The goal of this activity is to 
realize a component blueprint by defining its internal architecture. A component 
blueprint can be decomposed into other components, building a framework containing 
component plugs, connectors between them and eventually a number of internal 
objects and classes fulfilling a specific task within the framework. A component 
blueprint can also be designed as a basic, self-containing component, containing only 
a number of internal objects and classes. The input artifact of this activity is a 
component blueprint specification. The output artifact is a component blueprint design, 
which can be either a pure object-oriented design or a component framework design. 
During the design, existing selected components can be reused (see the activity about 
selecting a relevant component blueprint). 

� Specify a connector blueprint: The goal of this activity is to specify a connector 
blueprint, which can be used to connect two component plugs and/or component 
instances. There are no direct input artifacts for this activity. The output artifact is a 
connector blueprint specification. 

� Design a connector blueprint: The goal of this activity is to realize a connector 
blueprint by defining its internal structure. A connector blueprint can be decomposed 
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into other connectors, component plugs and component instances, or can be designed 
as a basic, self-containing connector, containing no other connectors or components. 
The input artifact of this activity is a connector blueprint specification. The output 
artifact is a connector blueprint design, which can either be a flat, direct design or a 
hierarchical connector design. During the design, existing selected connectors can be 
reused (see the activity about selecting a relevant connector blueprint). 

� Select a relevant component blueprint: The goal of this activity is to evaluate and 
retrieve existing components from a component library. This activity is especially 
aiming for reuse on the component level. 

� Select a relevant connector blueprint: The goal of this activity is to evaluate and 
retrieve existing connectors from a connector library. This activity is especially aimed 
at reuse on the connector level. 
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4.2.7 Implementation - Components & Frameworks  

Purpose: to implement the components, component frameworks and connectors that were 
identified, specified and designed in the workflow which was described previously. 

Internal input artifacts: component blueprint designs, connector blueprint designs 

External input artifacts: component blueprint libraries, connector blueprint libraries, standards, 
company policies 

Output Artifacts: component blueprint implementations, connector blueprint implementations. 
More detailed information about these artifacts can be found in section 7.2. 

� Component blueprint implementation: A full implementation of a component 
blueprint, containing all necessary code (classes, methods, procedures) and 
eventually one or more binary forms. 

� Connector blueprint implementation: A full implementation of a connector blueprint, 
containing all necessary code (classes, methods, procedures) and one or more binary 
forms. 
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Figure 4-14: Specification & Design - Components, Plugs, Frameworks & Connectors 
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Activities: The following activities can be identified within this workflow: implement a 
component blueprint, implement a connector blueprint 

� Implement a component blueprint: The goal of this activity is to implement a 
component blueprint design. As described above, a component blueprint can be 
designed as a framework of component plugs with connectors between them and 
eventually a number of internal objects and classes, or a self-containing number of 
classes and objects. This activity thus has to deal with implementing classes, objects, 
and framework glue code. To perform this activity, the code can be written directly, or 
generated using tool support for automatic code and/or skeleton generation. The input 
artifact of this activity is a component blueprint design. The output artifact is a full 
component blueprint implementation. 

� Implement a connector blueprint: The goal of this activity is to implement a 
connector blueprint design. A connector blueprint could have been designed as a 
composition of connectors, plugs and component, or a self-containing connector. The 
input artifact of this activity is a connector blueprint design. The output artifact is a full 
connector blueprint implementation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.8 Instantiation - Components & Frameworks  

Purpose: to instantiate a component framework with concrete component instances. As such, 

Implement a  
component blueprint 

Implement a  
connector blueprint 

.. 

Component 

implementation 

Connector 

implementation 

Component 

design 

Connector 

design 

Standards 

 Policies 

Connector 

Component 

Figure 4-15: Implementation - Components & Frameworks 
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a concrete architecture will be built by choosing suitable component instances to be plugged 
into the component plugs of a framework. This can be done at any moment during the 
software development: at specification time, design time, compilation time, load time or run-
time. 

Internal input artifacts: component blueprint framework designs, component blueprint 
specifications 

External input artifacts: component blueprint libraries, standards, company policies 

Output artifacts: instantiated component framework. More detailed information can be found in 
section 7.2. 

� Instantiated component framework: A component instance model, based on a 
component blueprint framework design, where all component plugs present in the 
framework are substituted by concrete component instances. These component 
instances are plugged into the framework, using the components plugs of the 
framework as placeholders. 

Activities: The following activities can be identified within this workflow: instantiate a 
component blueprint framework. 

� Instantiate a component blueprint framework: The goal of this activity is to 
instantiate an abstract component blueprint framework design, by selecting the 
appropriate component instances and plugging them into the framework. The 
component instances must fit into the component plugs of the framework. Therefore 
the component instances must comply with the component plug specifications. The 
input artifacts of this activity are a component blueprint framework design and a 
number of component blueprint specifications to be plugged into the framework. These 
can be reused from a component library. The output artifact is an instantiated 
component framework. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.9 Software Integration 

Purpose: to produce consistent software, still in simulation mode with stubs for hardware 
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Figure 4-16: Instantiation - Components & Frameworks 
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Internal input artifacts: software specification, analysis specification, component blueprint 
specifications, component blueprint designs, component blueprint implementations, connector 
blueprint specifications, connector blueprint designs, connector blueprint implementations, 
component instance model (instantiated component framework) 

External input artifacts: component blueprint libraries, connector blueprint libraries, standards, 
company policies 

Output artifacts: integrated code, consistent software package set (code base) 

 

 

The software integration workflow is not further elaborated within the DESS project.  
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Figure 4-17: Software Integration 
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4.2.10 System Integration - Software/Hardware 

Purpose: to integrate hardware and software development for a system, using the embedded 
software on the concrete hardware 

Internal input artifacts:  integrated code, hardware development results, system requirements, 
system architecture, hardware/software allocation 

External input artifacts: standards, company policies 

Output artifacts: runnable system 

The system integration workflow is not further elaborated within the DESS project 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2.11 Deployment 

Purpose: to produce the total system as a product 

Internal input artifacts: runnable system 

External input artifacts: standards, company policies 

Output artifacts: shippable system 
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The deployment workflow is not further elaborated within the DESS project 

Figure 4-19: Deployment 

 
Shippable 
System 

.. 
Formal 
user 
requirements 

Runnable 
System 

Standards 

Policies 



ITEA  

ITEA Title: DESS 36 

 

5 DESS Validation & Verification Workflow V 

5.1 Outline 
Validation and verification (V&V) activities can and should be executed in parallel to all system 
and software realization activities. As always, it is understood that the earlier an error is 
detected, the lower the cost of its elimination will be. The DESS realization model provides 
workflows like Requirements Definition, Design, Coding, and Integration (figure 4-1). V&V 
workflows can be carried out correspondingly in parallel to all these realization workflows, e.g. 
Requirements-Review, Model-Checking, Component-, Integration-, System- and Acceptance 
testing (figure 5-1). 

Figure 5-1: Validation & Verification Workflow-V 

A typical, minimal V&V-model intends to check at least the artifacts that result from the 
different development phases (figure 5-2). The artifacts that emerge first during the 
development constitute the requirements for those that arise at a later stage during the 
development. Thus, the Component Design as well as the implemented subsystems, for 
example, need to meet the requirements of the Architectural Design. 

In addition to the activities mentioned above, V&V can also take on other tasks, like, for 
example, a risk analysis on the basis of requirements or process quality evaluations. The 
effort invested in generating V&V depends on the project quality goals and the software 
criticality. 

Figure 5-2 is a detailed version of figure 5-1. At a close look, the arrows presented in figure 5-
2 are V&V processes. As inputs, they have the object to be checked, and the requirements on 
the object. As outputs, they produce analysis results (cp. figure 5-3). As previously stated, the 
requirements on the object under analysis are artifacts which have evolved at an earlier 
development stage. A detailed illustration of the V&V process is shown in figure 5-4. The 
process consists of the following phases: 

� Planning & Control: Managing, planning, and tracking the V&V process. The main 
results of this activity are plans and standards describing strategies and procedures to 
perform and control the V&V process. 

� Preparation: Description of a detailed analysis strategy. Among other things, it will be 
defined which aims are to be achieved by the analysis, and which V&V techniques should 
be used.  

� Specification: Exact specification of the analysis, for instance by describing the 
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environment and the analysis cases.  

� Implementation: Technical realization of the analysis by providing an executable 
analysis environment and executable inputs for the object to be analyzed.  

� Execution: Analysis execution, possibly including a coverage analysis for the object to be 
analyzed. 

� Wrap-up: Evaluation of the analysis results. If applicable, release advice for the analyzed 
object. 

Figure 5-2: Artifact-oriented V&V 

In principle, this procedure may be carried out for all sorts of V&V, i.e. for early analysis 
activities such as reviews up to tests. Activities such as implementation and execution thereby 
have varying meanings.  

Figure 5-3: V&V process 

V&V activities in earlier development phases are of a rather static character whereas in later 
development phases they are more dynamic. Reviews are, for example, static procedures, 
and testing is the most important dynamic V&V-procedure. The V&V of requirements is of a 
rather static character. The V&V of the design can, among other things, be supported by 
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model checking. If code is available dynamic component, integration, system, and acceptance 
tests can be carried out. 

Validation and verification are distinguished as follows (cp. [112]): 

Validation: “Do we build the right product?” The developers (and the customer) examine if the 
development results in the product the customer desires. The primary focus of validation is 
customer satisfaction. 

Validation checks a solution against the requirements as stated by the customer. The aim is to 
prove that the solution is adequate regarding the customer's requirements. Validation requires 
considering real application conditions of the object under analysis. Thus, validation includes 
that the contractors, the developers, check whether they are developing exactly the product 
ordered by the customer. Validation is mostly carried out by testing. The customer should 
participate in validation, at least in acceptance testing. 

P S E WI

P+C

Preparation

Wrap-up

Specification

Execution

Implementation

Planning
& Control

 

Figure 5-4: V&V process in detail 

Verification: “Do we build the product right?” The developers check whether they are working 
properly during the development.  

Verification is intended to check one development result against a previous one. For instance, 
an implemented, embedded subsystem against an architecture description, which was 
developed during design. Another example is checking a model that has been developed 
during design against requirements of an earlier development phase. In case a development 
step is being automated and in case this transformation has been proven to be accurate, 
verification may be simplified or even be omitted. 

Customer participation is mandatory for validation. Concerning verification, his participation 
will be certainly a useful support. Basically: the more the customer and his requirements are 
involved in the analysis, the sooner the quality aimed at can be achieved (catchword: 
customer satisfaction based V&V).  

Many techniques are available for validation and verification, e.g. 

• static analysis, 

• simulation, 

• model checking, 

• formal correctness proofs, 
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• symbolic execution, 

• review (inspection, walkthrough), 

• testing, 

and many more. For a general survey about techniques see for example [110] and [109]. 

Figure 5-5 shows the V&V activities that can be applied within the DESS process model, in 
accordance with the DESS Realization Workflow-V described in chapter 4. Reviews can be 
applied during the early development stages (and also in the later stages), model checking 
during design, and testing as soon as code is produced (see [111] for a detailed description of 
V&V activities for embedded real-time systems). 

Figure 5-5: Realization Workflow-V and the impact of the V&V Workflow-V 

5.2 Workflow Descriptions  

5.2.1 Review 

Purpose: to statically check whether the V&V object (the object which is going to be analyzed) 
meets its requirements or not 

Input Artifacts: the V&V object, requirements on the V&V object defined by earlier 
development workflows and specified in artifacts used and produced by these workflows 

Output Artifacts: review results 

A review is an effective form of static analysis with a strong reference to the functionality of 
the V&V object. Static analysis means checking without running the V&V object. These 
checks are text analyses, in which the syntactic correctness of the texts is taken for granted.  

The review is carried out in a team, which should include both people having participated in 
the development of the V&V object and people having not. We can distinguish two kinds of 
reviews: walkthrough and inspection: 

� Walkthrough: The review team simulates the execution of a V&V object by means of its 
source text. Test data are created with which the team can work through the program 
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step by step. This allows to see how the V&V object works internally. The walkthrough is 
suited, among other things, to reveal awkward algorithmic solutions and errors in 
algorithms. 

� Inspection: The team checks the V&V object by means of its source text, e.g. line by line 
against a checklist. A particular form of inspection is the technical review. Here, team 
members first prepare themselves separately and then introduce a number of discussion 
points in the subsequent inspection. Apart from the aim to prove conformity with 
functional requirements, an inspection can also aim at, for instance, proving whether the 
V&V object conforms to standards.  

Static techniques are able to uncover missing, deficient, redundant, or not required 
functionality in the source text of the object under analysis. A big advantage of static analyses 
is their use in early development phases. The object to be analyzed does not necessarily have 
to be executable. Thus, static analyses can also be applied to requirements and design. 

5.2.2 Model checking 

Purpose: to check whether a model (a prototype) fulfills its requirements or not 

Input Artifacts: model requirements defined by earlier development workflows, the model to be 
checked 

Output Artifacts: model checking results 

Model checking is a technique for analyzing models. Models are abstractions (prototypes) of 
the system to be created. They evolve at an early development stage, frequently during 
design. Software models are usually graph-shaped, and they may be interpreted, simulated, 
and executed symbolically. Examples are finite state charts, message sequence diagrams, 
and Simulink block diagrams (for Simulink look at http://www.mathworks.com). 

Model checking tests models against previously defined requirements or properties. It is 
particularly important for the DESS context to test whether temporal requirements are met by 
the model. Other forms of tests are possible, e.g. whether deadlocks or unreachable model 
parts exist. For analysis purposes, the model is traversed, and it is checked whether it meets 
the required properties or not. An approach for the special topic model testing is described in 
[110]. 

5.2.3 Component testing 

Purpose: to test whether a single component meets its requirements or not 

Input Artifacts: component requirements, component under test 

Output Artifacts: component testing results 

Testing means to check dynamically whether requirements are fulfilled. Testing includes the 
execution of a test object with test data and the subsequent evaluation of test run results. Both 
validation and verification can be accomplished by testing. As previously stated, validation is 
predominantly done by testing. Compared to other V&V techniques, testing has the big 
advantage of analyzing the system in realistic application conditions. This allows, for instance, 
realistic examining real-time behavior and the interplay with the hardware.  

Component testing aims at checking if the developed and isolated components behave as 
required, and if deviations from the target behavior exist, respectively. For this purpose, the 
components have to undergo isolated tests. The target behavior of components can be taken 
from the design and the requirements. 

Component testing is accomplished by a software engineer. It is very effective if the tester is 
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an independent person, i.e. an engineer who has not developed the component under test. 
Software with a high criticality (e.g. safety or mission critical software) should always be tested 
by an independent tester, e.g. a test engineer or a member of the quality management. 
Component testing can be carried out in the form of either a black box or a white-box 
approach. In order to be able to test a component in isolation we need a test bed (or test 
harness). A test bed represents the minimal essential environment for the execution of the 
component.  

5.2.4 Integration testing 

Purpose: to test whether the interfaces between components and between components and 
their surrounding target hardware meet its requirements 

Input Artifacts: interface requirements (e.g. the architectural design), a (sub)system containing 
components (the test object), target hardware 

Output Artifacts: integration testing results 

Integration testing is carried out when several software components are integrated into one 
subsystem/system, and when components are integrated on the target hardware. The 
components’ interrelation (the interfaces) will be tested as well as the components’ 
interrelation with the target hardware. It is presupposed that the composed system parts 
(software as well as hardware) have already been tested in isolation. Integration testing can 
also be referred to as interface testing.  

Interfaces between components are not merely the interfaces that are directly visible, like 
those via parameters, for example, that are explicitly handed over when calling components. 
There are also less obvious interfaces, like, for example, the integration via global data areas. 
Especially these hidden interfaces are very error-prone and therefore integration testing 
should be particularly thorough in these cases.  

Errors, which are primarily to be revealed by integration testing, are errors in interrelation or 
communication between components and between components and their target hardware. In 
addition, it often happens, according to experience, that by using the method of integration 
testing, errors inside of components are revealed which were not revealed during component 
testing. The detection of component errors, however, rather remains the objective of 
component testing. 

Integration testing is carried out by the software developers. Also here it should be 
considered: the more independent the tester the more effective the testing will be. The 
architecture description generated during the design and higher system specifications (system 
requirements, system design) serve as a basis for the test, as far as they contain statements 
on the architecture and on the interfaces between components. The integration to be tested 
must comply with the requirements contained within these descriptions.  

When components are reused the test of these within their new environment starts with 
integration testing. Dealing with reused components, we proceed on the assumption that they 
have been tested before. During integration testing it is tested if the reused component proves 
itself in the new environment. 

5.2.5 System testing 

Purpose: to test whether the complete system fulfils its requirements. The test is done outside 
of the developer’s point of view 

Input Artifacts: system requirements, the complete system 

Output Artifacts: system testing results 
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System testing means testing the whole system (consisting of hardware and software), 
including GUI-testing. While integration testing focuses on the interfaces between software 
components and between components and target hardware, system testing focuses on testing 
the relevant quality attributes of the system as a whole. 

System testing checks whether the total system meets the specified system requirements. In 
this case, the test object consists of the software system, being completely composed of 
components, and its hardware environment. The tests have to be performed in an 
environment that matches the operational target environment as much as possible. With this 
test, the primary view is that of the customer and of the subsequent system users, 
respectively. Developers and/or an independent testing team will carry out the system testing. 
High-level system descriptions, particularly the system requirements, the system design and 
manuals serve as basis for system testing. 

Performance testing checks the behavior of memory space and time in both, usual and 
extreme situations. Among other things, the focus will be on the behavior in extreme 
situations, for instance when processing large amounts of data, and on its response time 
behavior in such a situation. Robustness testing exceeds the limit of acceptable charge, and 
tests the subsequent system behavior. Software tools, being able to provide the system with 
large charges are useful for both, performance and robustness testing. Beta testing is testing 
the system by chosen pilot customers. It is one of the last tests being executed before 
delivering the system to the customer. 

5.2.6 Acceptance testing 

Purpose: to test whether the complete system fulfils its requirements. The test is done outside 
of the customer’s point of view 

Input Artifacts: user and customer requirements, complete system 

Output Artifacts: acceptance testing results 

Acceptance testing aims at receiving the customer’s acceptance for the system. The test is 
carried out from the customer’s point of view, involving the customer. It is intended to test 
whether the product meets the requirements of the customer, and whether it can be deployed. 
The software quality management should also be strongly involved in this test. 

Acceptance testing is a high-level requirements validation on the target. The test is carried out 
on the target computer, and from the customer’s perspective. Technically viewed, acceptance 
testing is similar to system testing, but during acceptance testing the customer is strongly 
involved and the test is executed under real application conditions. The outcome of these 
tests enables the customer to determine whether or not to accept the system. 

The main goals for acceptance testing are to determine whether a system meets its initial 
requirements, i.e. the requirements as defined in the requirements specification, as set-up by 
the customer. Therefore, it depends on the customer what specification will be the input for 
the acceptance testing. In general, system descriptions from the customer’s perspective, in 
particular user requirements and manuals (and maybe contracts), serve as basis for 
acceptance testing.  

5.2.7 Regression testing 

Purpose: to test whether an previously tested (sub)system fulfils its requirements 

Input Artifacts: (sub)system requirements, (sub)system to be tested 

Output Artifacts: regression testing results 
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Regression testing means to repeatedly test an previously tested (sub)system after a change. 
Aim of the test is to ascertain whether the modified system fulfils its requirements (possibly 
modified meanwhile) as always or not.  

Strictly speaking, it is tested whether 

- unmodified system parts show unchanged behaviour, 

- modified system parts operate as required, and whether 

- the system as a whole fulfils its requirements. 

Test information (in particular test data and test results) of previous tests will be reused 
thereby. 

Repeated testing of an already tested system occurs, for instance, after  

- errors were eliminated,  

- the system was embedded in a new environment,  

- a component was replaced by another, or after  

- the system was extended by new functions.  

Regression testing constitutes a large part of maintenance. 

If a reused or a new component is going to be used in an already tested system, a subsequent 
regression testing will also have to be executed. With regression testing, we assume that the 
new component has already been tested in isolation, and may have been used in other 
systems. In this case regression testing concentrates on the interplay between the new 
component and its new environment. 

A major precondition for regression testing is analysing the impact of changes. Here, we have 
to determine which system parts are being affected by a change. Of interest are, apart from 
the purely static (textually determinable) changes, in particular the dynamic changes, i.e. 
changes that arise during system execution. The effect, which results, for instance, from 
replacing one component by another is, statically viewed, likely to be localisable. However, the 
dynamic system changes are usually much more far-reaching. For instance, the new 
component could (other than its predecessor) access to global data areas also used by other 
components, and could thus change the behaviour of the other components. These change 
effect need to be analysed in order to state an appropriate test strategy, and to determine 
effective test cases for regression testing. 
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6 DESS Requirements Management Workflow V 

6.1 Outline 
Requirements Management (RM) involves establishing and maintaining an agreement with 
the customer on the requirements for the software project. The "customer" may be an external 
customer, but can also be the system-engineering group, the marketing group, or another 
internal organization.  

The agreement covers both the technical and non-technical (e.g., delivery dates) 
requirements. The agreement forms the basis for estimating, planning, performing, and 
tracking the software project’s activities throughout the software life cycle. 

Within the constraints of the project, the software-engineering group must ensure that the 
system requirements allocated to software, for which they are responsible, are documented 
and controlled.  

Figure 6-1: Requirements Management Workflow-V 

To achieve this control, the software-engineering group reviews the initial and revised system 
requirements allocated to the software to resolve issues before they are incorporated into the 
software project. Whenever the system requirements allocated to software are changed, the 
affected software plans, work products, and activities are adjusted to remain consistent with 
the updated requirements. 

6.2 The scope of the Requirements Management 
Requirements are managed at the different levels within the organization: the enterprise level, 
the project level, the system level and the component level. Management is done by analyzing 
the information produced during the various stages of product development.  
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Figure 6-2: The stakeholders in Requirements Management 
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Figure 6-3: Stakeholders overview of several roles 

It is important to define all relevant stakeholders, the roles and (if possible) names of other 
people and organizations, that are affected by the product or whose input is needed in order to 
build the product.  

Examples of stakeholders are: Users, Sponsors, Testers, Business Analysts, Technology 
Experts, System Designers, Marketing Experts, Legal Experts, Domain Experts, Product-line 
Experts, Usability Experts and representatives of external associations.  

6.3 Project management activities related to requirements management 
The development project manager makes an agreement with the customer about the process 
of the requirements gathering and about approval and change management. The Project 
Management Plan (PMP) contains the requirements management activities, the approach in 
terms of the collection of metrics, (senior management) reporting and effort etc. 

The Project Management Plan contains amongst others the Requirements Management Plan, 
the Quality Assurance Plan and the Configuration Management Plan. The PMP is formally 
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inspected and signed by the parties involved.  

Adequate resources and funding must be provided for managing the allocated requirements.  

The project characteristics definition help the Project Manager to select the proper quality 
filters and to estimate the effort to be spent RM and V&V. 

V&V activities related to requirements management.  

Documents produced during all phases of the development process are reviewed or 
crosschecked according to the PMP.  The V&V group reviews the artifacts, starting with the 
User Requirements. 

Part of the review process is a check of the fit criteria, the traceability to the respective test 
specifications, the inspection of the requirements attributes and updating the attributes 
defined for V&V. 

The information of the test results is traced to the respective test cases. 
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Figure 6-4: Traceability in product-line based development 
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Figure 6-5: Realization Workflow-V and the impact of the  
Requirements Management Workflow V 

 

At the start of a project the RM Plan is written. It defines the scope of requirements 
management for the project.  

The RM activities Traceability management, Change Management, Attribute management and 
Management Reporting are performed in parallel with the DESS Realization Workflow V and 
the DESS V&V Workflow V. The output artifacts of a workflow are reviewed and traced to the 
artifacts of the next workflow. 

Hardware development is not addressed in this document. For hardware the same 
methodology is applicable. 

 

 Write Requirements management plan 

Traceability Management, Change Management,  
Attribute Management, Management Reporting 

End of Hardware 
Development

Start of Hardware 
Development 

Traceability Management, Change Management,  
Attribute Management, Management Reporting 

Traceability Management, Change Management,  
Attribute Management, Management Reporting 

Traceability Management, Change Management,  
Attribute Management, Management Reporting 

Traceability Mgmt, Change Mgmt, 
Attribute Mgmt, Mgmt Reporting 

Traceability Mgmt, Change Mgmt, 
Attribute Mgmt, Mgmt Reporting 

Traceability Mgmt, Change Mgmt, 
Attribute Mgmt, Mgmt Reporting 

Traceability Mgmt, Change Mgmt, 
Attribute Mgmt, Mgmt Reporting 

Traceability Mgmt, Change Mgmt, 
Attribute Mgmt, Mgmt Reporting 

Traceability Mgmt, Change Mgmt, 
Attribute Mgmt, Mgmt Reporting 

 

 



ITEA  

ITEA Title: DESS 48 

6.4 Workflow Descriptions 
6.4.1 Definitions 

 

Term Description 

Attribute An attribute is an item of information. For each traceability item you have identified, list what 
attributes you will be using and briefly explain what they mean. For example, an attribute of  a 
“feature” could be its status, priority, or stakeholder-list 

Attribute matrix Per requirement type a list of related attributes is shown, depending of the attribute-list view 
defined. 

Impact analysis Impact analysis establishes the impact of a change in one requirement on one or more other 
requirements. For example: a change request in the Formal User Requirements may impact 
requirements in the Software Specifications, Components Specifications, test specifications 
etc. 

Traceability Traceability of the requirements of the user requirements to the system requirements etc. It 
implies that a link has been created between these requirements. Traceability can be created 
between any type of information like test results, fit criteria, use case and change requests. 

Traceability item A traceability item is any project related element that needs to be explicitly traced from 
another project element in order to keep track of the dependencies between them. The 
format can be a textual description or graphical model item etc. 

Traceability 
Matrix 

A matrix of two traceability items, which shows the links defined between them 

Figure 6-6: Requirements Management Terminology 

 

6.4.2 Write the Requirements Management Plan 

Purpose: to define Requirements Management related activities, the responsibilities for  
creation and maintenance of the  attributes and for the traceability of the traceability items, the 
security aspects. 

External Input Artifacts: project drivers and constraints, repository information 

Output Artifacts: Requirement Management Plan 
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Figure 6-7: Write Requirements Management Plan 

The RM Plan of a project documents which concrete RM activities are to be performed. 

It covers the following aspects: 

• Which information is gathered and maintained by whom. Which role has access (read 
and/or write permission) to which information. The information model defines the 
traceability of information and their attributes. For the each role, a list of attributes and the 
attribute owner is defined. 

• How the information is managed. Is a RM tool to be used and if so, which one. The use of 
a tool implies that training and support must be organized.  When an Integrated 
Development Environment is used the transition to the Local Repository and supporting 
tool-chain is to be taken into account. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6-8: Write the Requirements Management Plan 

 

6.4.3 Manage traceability 

Purpose: to guarantee the proper implementation of the planned traceability. 
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Figure 6-9: Manage Traceability 

Requirements traceability enables stakeholders to follow the life cycle of a requirement. This 
is especially important for product-lines, because they have to verify that the roadmap of the 
product-line is still valid and properly implemented. The product-line manager actively checks 
the specifications and takes decisions on component reuse. 

For the other roles involved in the development, the traceability of requirements to the other 
related life cycle artifacts is used for different reasons. Reasons can be, for example, 
consistency, coverage, history and quality management. 

Different traceability matrices are required: 

1. Traceability of the formal user requirements to system requirements and system 
requirements to software requirements etc (for consistency and coverage). 

2. Traceability of the product requirements to domain-specific assumptions and to 
configuration parameters that select, adapt and compose the reusable components (for 
realization and use). 

3. Traceability of the requirements to design, code, test cases and results (for coverage and 
quality management). 

4. Traceability of the Change Requests, E-mails are traced to the related user requirements 
etc. (for problem tracking and history). 

By defining the proper traceability and the attributes per requirement, the information model is 
defined. Traceability enables impact analysis for change management, resource usage, 
quality analysis etc. to be performed in an efficient way. See also chapter 9.1.  

Non-domain related requirements are product specific and address common parts of a 
product. Examples are those related to the user-interface, infrastructure and other services. 
Requirements related to component configurations are defined for tailoring components to 
product specific requirements in order to improve reusability. 

At each review of a document the proper traceability is checked and reported. 
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Figure 6-10: Manage Traceability 

 

6.4.4 Manage attributes 

Purpose: To have the attributes defined for the respective traceability items up-to-date. 

Internal Input Artifacts: RM Plan 

Output Artifacts: Attribute matrices 
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Figure 6-11: Manage Attributes 

All attributes are defined in the RM Plan. One person is given the responsibility to ensure the 
proper contents of a specific list of attributes.  For example, a tester is assigned responsibility 
for all attributes related to testing and an employee of a commercial department is assigned 
responsibility for attributes like cost and planning. 
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Figure 6-12: Manage Attributes 

 

6.4.5 Manage Changes 

Purpose: To process changes to requirements according to the PMP. 

External Input Artifacts: Change request, Problem report 

Internal Input Artifacts: RM Plan, Configuration Management Plan 

Output Artifacts:  Status of the change requests, impact analysis reports 
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Figure 6-13: Manage Changes 

Change requests on the user requirements document are managed by the CCB. The 
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organization of the CCB is documented in the Configuration Management Plan. 

The impact of change requests on the related traceability items is reported to the CCB. The 
impact of a change may be the change of a number of software requirements, test cases etc.; 
when a non-functional requirement is changed the impact must be quantified too. 

 

6.4.6 Manage reporting 

Purpose: To inform the management on the requirements management process. 

Internal Input Artifacts: RM Plan 

Output Artifacts: Metrics and reports 
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Figure 6-14: Manage Reporting 

At regular intervals, the management is informed about the progress of the RM related issues 
of the project. 

• Create metrics on the user requirements. Metrics showing the coverage of these 
requirements by the software requirements, components specification, test cases. 

• Create metrics that show the quality of the construction of the Formal user Requirements.  

• Create metrics that show the number of change requests on the requirements and 
specifications. 

• Create metrics on non-functional requirements like the requirement costs (planned cost 
of a component is recalculated), memory constraints (realized memory usage of a 
component is recalculated). 
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Figure 6-15: Manage Reporting 
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7 Detailed Artifacts Descriptions for the Realization Workflow V 

7.1 Artifacts related to Requirements Engineering 
7.1.1 Requirement classification 

 

 Requirement classification 

Project Product Process 

Money 
Safety 
Quality 
Information 
Time 
Organisation 

Undefined 

Functional Non-Functional 

Suitability  
Accuracy  
Interoperability 
Security 
Compliance 

Reliability 
Availability 
Integrity 
Maintainability 
Testability 
Flexibility 
Portability 
Reusability 
Performance 
Usability 
Constraints 

Process 
Process improvement 

Requirement types 

Application area’s 

 

Figure 7-1: Requirement Classification and Types 

Several requirements-types are defined, each of which demands a different approach. 
Together they form the complete requirements specification 

1 Functional requirements are the fundamental subject matter of the system and are 
measured by concrete means like data values, decision-making logic and algorithms. 
These requirements are covered by the quality factors: suitability, accuracy, 
interoperability, security and compliance. 

1. Non-functional requirements are the behavioral properties that the specified functions 
must have, such as performance, usability, etc. Non-functional requirements can be 
assigned a specific measurement. This template will give examples of quantifying non-
functional requirements.  

2. Project constraints identify how the eventual product must fit into the world. For 
example the product might have to interface with or use some existing hardware, 
software or business practice, or it might have to fit within a defined budget or be ready 
by a defined date. 

3. Project drivers are the business- related forces. For example the purpose of the product 
is a project driver, as are all of the stakeholders – each for different reasons.  
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4. Project issues define the conditions under which the project will be done. We include 
these in the requirements specification to present a coherent picture of all the factors that 
contribute to the success or failure of the project. 

7.1.2  Requirements specification template 

7.1.2.1 Project drivers 

7.1.2.1.1 Purpose of the Product 

This section describes the purpose of the product in terms of its context and goals.  

Background to the project effort 

Content 

A short description of the work context and the situation that triggered the development 
effort. It should also describe the work that the user wants to do with the delivered 
product.  

Motivation 

Without this statement, the project lacks justification and direction. 

Considerations 

Consider whether or not the user’s problem is serious, and whether and why it needs to 
be solved. 

Goals of the product 

Content 

This boils down to one, or at most a few, sentences that say, “What do we want this 
product for?” In other words, the real reason that the product is being developed.  

Motivation 

There is a real danger of this purpose getting lost along the way. As the development 
effort heats up, and the customer and developers discover more and more what is 
possible, it may well be that the system as it is being constructed wanders away from 
the original goals. This is a bad thing unless there is some deliberate act by the client to 
change the goals. It may be necessary to appoint a person to be 'custodian of the 
goals', but it is probably sufficient to make the goals public, and periodically remind the 
developers of it. It should be mandatory to acknowledge the goals at every review 
session. 

Examples 

“We want to give immediate and complete response to customers ordering our goods 
over the telephone.”  

“We want to be able to forecast the weather.” 

Fit Criterion  

An objective measure that will enable testing to determine if the goal has been met by 
the product.  

 

7.1.2.1.2 Client, Customer and other Stakeholders 

This section specifies the major stakeholders in the project.  
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The client 

Content 

This item must give the name of the client. It is permissible to have several names, but 
more than three negates the point. 

Motivation 

The client has the final acceptance of the system, and thus must be satisfied with the 
system as delivered. Where the system is being developed for in-house consumption, 
the roles of the client and the customer may be filled by the same person. If you cannot 
find a name for your client, then perhaps you should not be building the product. 

Considerations 

Sometimes, when building a package or a product for external users, the client is the 
marketing department. In this case, a person from the marketing department must be 
named as the client. 

The customer 

Content 

The name of the person who plays the role of the customer for the product. In the case 
of in house development the roles of the client and the customer are often played by the 
same person. In the case of the development of a mass market product there may be 
several people playing the role of customer. In the case of a product that is being 
developed for an international market, there might be a different customer (or customer 
profile) in each country. 

Motivation 

The customer role is ultimately responsible for deciding whether or not to buy the 
product from the client. The product must be built to satisfy the aims of the customer/s 
whilst conforming to the constraints of the client. Even if the customer/s are people who 
work for another part of the client’s organization, they might still have the authority to 
decide whether or not to invest budget in the new product. 

Other stakeholders 

Content 

The roles and (if possible) names of other people and organizations who are affected by 
the product or whose input is needed in order to build the product. 

Examples of stakeholders include: 

• Users  

• Sponsors 

• Testers 

• Business Analysts 

• Technology Experts 

• System Designers 

• Marketing Experts 

• Legal Experts 

• Domain Experts 
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• Product-line Experts 

• Usability Experts 

• Representatives of external associations  

For each type of stakeholder identify: 

• Stakeholder Identification (some combination of role/job title, person name, 
organization name),  

• Knowledge needed by the project from this stakeholder,  

• Necessary degree of involvement for that stakeholder/knowledge combination,  

• Degree of influence for that stakeholder/knowledge combination, 

• Agreement on how to address conflict between stakeholders who have an interest 
in the same knowledge 

Motivation 

Failure to recognize stakeholders results in missing requirements. 

 

7.1.2.1.3 Users of the Product 

This section identifies the users of the product and describes their involvement in ensuring 
that the product meets their requirements.  

The users of the product  

Content 

A list of the potential users of the product. For each category of user, provide the 
following information:  

• User name – This is most likely to be the name of a user group like: schoolchildren, 
road engineers, project managers. 

• User role – Summarizes the users’ responsibilities.  

• Subject matter experience – Summarizes the users’ knowledge of the business. 
Rate as novice, journeyman or master.  

• Technological experience – this describes the users’ experience with relevant 
technology. Rate as novice, journeyman or master.  

• Other user characteristics – Describe any characteristics of the users that have an 
effect on the requirements and eventual design of the product. Describe things like:  

• Physical abilities/disabilities 

• Intellectual abilities/disabilities 

• Attitude to job 

• Attitude to technology 

• Education 

• Linguistic skills 

• Age group 

• Gender 
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Motivation 

Users are human beings who interface with the product in some way. The role of the 
client is to pay for the development of the product and the role of the customer is to 
buy the product. The role of the user is to use the product to do work. You use the 
characteristics of the users to define the usability requirements for the product.  

Examples 

Users can come from wide, and sometimes unexpected, sources. Consider the 
possibility of your users being clerical staff, shop workers, managers, highly-trained 
operators, general public, casual users, passers-by, illiterate people, tradesmen, 
students, test engineers, foreigners, children, lawyers, remote users, people using the 
system over the telephone or Internet connection, emergency workers, and so on.   

The priorities assigned to users 

Content 

Attach to each category of user a priority rating. This gives the importance and 
precedence of the user. Prioritize the users into: 

Key users. These are critical to the continued success of the product. Give greater 
importance to requirements generated by this category of user.  

Secondary users. They will use the product, but their opinion of it has no effect on 
its long-term success. Where there is a conflict between secondary users’ 
requirements and those of key users the key users take precedence. 

Unimportant users. This category of user is given the lowest priority. It includes 
infrequent, unauthorized and unskilled users, and people who misuse the product.  

Percentage of this type of user – this is intended to assess the amount of consideration 
given to this category of user.  

Motivation 

If some users are considered to be more important to the product, or the organization, 
then this should be stated because it should affect the way that you design the product. 
For instance, you need to know if there is a large customer who has specifically asked 
for the product, and if they do not get what they want then the results could be a 
significant loss of business.  

Some users may be listed as having no impact on the product. This means that the 
users will make use of the product, but have no vested interest in it. In other words, 
these users will not complain, nor will they contribute. Any special requirements from 
these users will have a lower design priority. 

User participation 

Content 

Where appropriate attach to the category of user, a statement of the participation that 
you think will be necessary to provide the requirements. Describe the contribution that 
you expect this user to provide – product domain knowledge, interface prototyping, 
usability requirements etc. If possible, assess the minimum amount of time that this user 
must spend to determine the complete requirements.  

Motivation 

Many projects fail through lack of user participation, sometimes this is because the 
required degree of participation was not made clear. When people have to make a 
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choice between getting their everyday work done and working on a new project, the 
everyday work takes priority. This requirement makes it clear, from the outset, that 
specified user resources must be allocated to the project. 

 

7.1.2.2 Project constraints 

7.1.2.2.1 Mandated Constraints 

This section describes constraints on the requirements and the eventual design of the 
product.  

Solution constraints  

Content 

This specifies constraints on the way that the problem must be solved. One can think of 
these as mandated solutions. Carefully describe the mandated technology, include the 
appropriate version numbers, and a measurement of how to test compliance. If 
possible, also explain the reason for using the technology. 

Motivation 

To identify constraints that must be part of the final product. Your client, customer or 
user may have design preferences. If these are not met then your solution is not 
acceptable. 

Examples 

The product must use the current 2-way radio system to communicate with the drivers 
in their trucks. 

The product must use the Windows NT operating system. 

The product must be a hand-held device. 

Considerations 

It is necessary to define the boundaries within which the problem can be solved. Be 
careful because anyone who has experience/exposure to a piece of technology tends to 
see requirements in terms of that technology. This tendency leads people to impose 
solution constraints for the wrong reason and it’s very easy for untrue constraints to 
creep into a specification. If untrue constraints are imposed, the danger is that one does 
not have the creative freedom to come up with the best solution to the problem. The 
solution constraints should only be those that are absolutely non-negotiable. In other 
words, however this problem is solved, this particular technology must be used. Any 
other solution would be unacceptable. 

 

Implementation environment 

Content 

This describes the technological and physical environment in which the product will be 
installed. This includes automated, mechanical, organizational and other devices. These 
include the non-human adjacent systems.  

Motivation 

To describe the technological environment into which the product must fit. The 
environment places design constraints on the product. This part of the specification 
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provides enough information about the environment for the designers to make the 
product successfully interact with its surrounding technology. 

The operational requirements are derived from this description. 

Examples 

This can be shown as a diagram, with some kind of icon to represent each separate 
device or person (processor). Draw arrows to identify the interfaces between the 
processors and annotate them with their form and content. 

Considerations 

All the component parts of the current system, regardless of their type, should be 
included in the description of the implementation environment. 

If the product is to affect, or be important to the current organization, include an 
organization chart.  

Partner applications/external interfaces 

Content 

This describes applications that are not part of the product but with which the product 
will collaborate. These can be external applications, commercial packages or pre-
existing in-house applications. 

Motivation 

To provide information about design constraints that are caused by the use of partner 
applications. By describing or modeling these partner applications, potential problems of 
integration can be discovered and highlighted. 

Examples 

This section can be completed with written descriptions, models or references to other 
specifications. The descriptions must include a full specification of all interfaces that 
will have an effect on the product. 

Considerations 

Examine the work context model to determine if any of the adjacent systems should be 
treated as partner applications. It might also be necessary to examine some of the 
details of the work to discover relevant partner applications. 

Commercial off-the-shelf packages or components.  

Content 

This describes applications or components that must be used to implement some of the 
requirements for the product.  

Motivation 

To identify and describe existing commercial products that must be incorporated into the 
eventual product. The characteristics, behavior and interfaces of the package or 
components are design constraints.  

Examples 

This section can be completed with written descriptions, models or references to 
vendor’s application- or components- specifications.  

Re-use of customer software (who is responsible?) 

Software to be purchased: 
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• Communication protocol software 

• DBMS 

• Drivers for hardware control 

Allowed license fees (once and periodically) 

Considerations 

The use of a specific package or component has been mandated. When gathering 
requirements, requirements may be discovered that are in serious conflict with the 
behavior and characteristics of the package or component. Keep in mind that the use of 
the package or component was mandated before the full extent of the requirements was 
known Now that all requirements are known; consider whether the package or 
component is a viable choice. If the use of the package or component is not negotiable, 
the conflicting requirements must be discarded. 

If all internal interfaces are left to the design, this fact must be stated explicitly. 

Anticipated workplace environment 

Content 

This describes the workplace in which the users will work and use the product. This 
should describe any features of the workplace that could have an effect on the design of 
the product. 

Motivation 

To identify characteristics of the physical workplace so that the product is designed to 
compensate for any difficulties.  

Examples 

The printer is a considerable distance from the user’s desk. This constraint suggests 
that printed output should be de-emphasized.  

The workplace is noisy, so audible signals might not work. 

The workplace is outside so the product must be waterproof, have displays that are 
visible in sunlight and allow for the effect of wind on any paper output.  

The user will be standing up or working in positions where he must hold the product. 
This suggests a hand-held product but only a careful study of the users’ work and 
workplace will provide the necessary input to identifying the operational requirements. 

Considerations 

The physical work environment constrains the way that work is done. The product must 
overcome whatever difficulties exist. However, a redesign of the workplace may be 
considered as an alternative to having the product compensate for these difficulties. 

Development schedule constraints 

Content 

How long do the developers have to build the system?  

Any known deadlines, or windows of opportunity, should be stated here.  

Motivation 
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To identify critical times and dates that have an effect on product requirements. If the 
deadline is short, then the requirements must be kept to whatever can be built within the 
time allowed. 

Examples 

To meet scheduled software releases. 

There may be other parts of the business or other software products that are dependent 
on this product. 

Windows of marketing opportunity. 

Scheduled changes to the business that will use your product. For example the 
organization may be starting up a new factory and your product is needed before 
production can commence. 

Considerations 

State deadline limitations that exist: state the date and describe why it is critical. Also 
identify prior dates where parts of the product need to be available for testing. 

You should also ask questions about the impact of not meeting the deadline like: 

What happens if we don’t build the system by ......? 

What is the financial impact of not having, the system by…? 

Development environment constraints 

Content 

How do the developers have to build the system?  

Motivation 

To identify requirements for the development environment that is to be used for 
developing the product. 

Examples 

Tools: modeling (UML real-time) 

Design methods/techniques (SA/SD, RUP, UML, …) 

Configuration Management: Continuus, PVCS, SourceSafe 

IDE: Borland, Visual Studio, LabView 

Programming languages:(C, C++, LabView, IEC1131, ….) 

Coding standard 

Financial constraints 

Content 

What is the financial budget for the system? 

The budget for the system, expressed in money or available resources. 

Motivation 

The requirements must not exceed the budget. This may constrain the number of 
requirements that can be included in the product. 

The intention of this question is to determine if the product is really wanted. 
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Considerations 

Is it realistic to build a product within this budget? If the answer to this question is no, 
then either the client is not really committed to building the product or does not place 
enough value on the product. In either case you should consider whether it is worthwhile 
continuing. 

 

7.1.2.2.2 Naming Conventions and Definitions: the dictionary 

This section gives definitions of all terms used in the project.  

Content 

A dictionary containing the meaning of all the names used within the requirements 
specification. Select names carefully to avoid giving a different, unintended meaning. 

This dictionary should build on the standard names that your organization, or industry, 
uses. The names should also reflect the terminology in current use within the work area.  

The dictionary contains all important names that are used by the project. For each name 
write a succinct definition. This definition must be agreed by the appropriate 
stakeholders. 

Motivation 

Names are very important. They invoke meanings that, if carefully defined, can save 
hours of explanations. Attention to names at this stage of the project helps to highlight 
misunderstandings.  

The dictionary produced during requirements is used and added to throughout the 
project. 

Examples 

Gritter Truck -- a truck used for spreading de-icing substances on roads in winter.  

Considerations 

Make use of existing references and data dictionaries. Obviously it is best to avoid 
renaming existing items unless they are so ambiguous that they cause confusion. 

From the start of the project emphasize the need to avoid homonyms and synonyms 
and explain how they increase the cost of the project. 

Later on, as the analysis progresses, this description will be expanded to define all the 
elementary terms that describe a gritter truck.  

Gritter Truck = Truck Registration Number, Truck Capacity,  

Truck Service Status 

As requirements specification progresses, each of the elementary terms is defined in 
detail 

Truck Capacity - the number of tonnes of grit that can be carried by a truck. From 0.5 to 
2 tonnes 

 

7.1.2.2.3 Relevant Factors and Assumptions 

This section describes external factors and assumptions that have an effect on the product, 
but are not mandated requirements constraints.  
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External factors 

Content 

Statements describing other forces, systems, activities in the world that have an effect 
on this system. 

Motivation 

Relevant facts might contribute to requirements. They will have an effect on the 
eventual design of the product.  

Examples  

One ton of de-icing material will treat 3 miles of single lane roadway. 

The existing application is 10,000 lines of C code. 

Others (Logging, installation, configurability, backup, multi-single tasking, testability... ) 

Assumptions 

Content 

A list of the assumptions that the developers are making. These might be about the 
intended operational environment, but can be about anything that has an effect on the 
product.  

Motivation 

To make people declare the assumptions that they are making.  Also to make everyone 
on the project aware of assumptions that have been made. 

Examples 

Assumptions about new laws or political decisions. 

Assumptions about what your developers expect to be ready in time for them to use. For 
example, other parts of your products, the completion of other projects, software tools, 
software components, etc. 

Assumptions about the technological environment in which the product will operate. 
These assumptions should highlight areas of expected compatibility.  

The software components that will be available to the developers. 

Other products that are developed at the same time as this one.  

Availability and capability of bought-in components. 

Dependencies on computer systems or people external to this project 

Considerations 

We often make unconscious assumptions. It is necessary to talk to the members of the 
project team to discover any unconscious assumptions that they have made. Ask 
stakeholders (both technical and business-related) questions like “What software tools 
do you expect to be available, will there be any new software products, do you expect to 
use a current product in a new way, are there any business changes you assume we 
will be able to deal with....?”  It is important to state these assumptions up front. Also 
consider the probability of whether or not the assumption is correct, and where relevant, 
a list of alternatives if something that is assumed does not happen.  
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7.1.2.3 Functional Requirements 

7.1.2.3.1 Scope of the Work 

This section describes the context of the work and identifies the business processes and 
events relevant to the use of the product.  

The context of the work 

Content 

The work context diagram identifies the work that needs to be investigated in order to be 
able to build the product. Note that this includes more than the intended product. Unless 
the work that the product will support is understood, there is little chance of building a 
product that will fit cleanly into its environment. 

The adjacent systems on the example context diagram (fig.7-1) e.g. Weather 
Forecasting Bureau, indicate other subject matter domains (systems, people and 
organizations) that need to be understood. The interfaces between the adjacent 
systems and the work context indicate why the adjacent system is relevant. In the case 
of Weather Forecasting Bureau the details of when, how, where, who and why they 
produce the District Weather Forecast information are relevant. 

Motivation 

To clearly define the boundaries for the work study and requirements effort. Without this 
definition, there is little chance of building a product that will fit seamlessly into its 
environment. 

Examples 

Road
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Figure 7-2: Context Example 
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Considerations 

The names used on the context diagram should be consistent with the naming 
conventions discussed in Naming Conventions and Definitions on page 64. 

Work partitioning 

Content 

An event list, identifying all the business events to which the work responds. The 
business events are user-defined. The response to each event represents a portion of 
work that contributes to the total functionality of the work.  

The event list includes: 

Event Name 

Input from other systems (identical with name on context diagram) 

Output from other systems (identical with name on context diagram) 

Internal objects/entities that are connected to this business event. For example, 
both events 8 and 9 (see table below) would be connected to an internal object 
called road. In other words there is a need within the context to remember 
information about roads and that information is relevant to events 8 and 9 (and 
many other events as well). It is this identification of common internal objects that 
provides a link between events. 

Motivation 

To identify logical chunks of the system that can be used as the basis for discovering 
detailed requirements. These business events also provide the subsystems that can be 
used as the basis for managing detailed analysis and design. 

Example 

Event Name Input & Output I/O 

1. Weather Station transmits reading Weather Station Readings  I 

2. Weather Bureau forecasts weather District weather Forecast  I 

3. Road engineers advise changed roads Changed Road  I 

4. Road Engineering installs new weather station New Weather Station  I 

5. Road Engineering changes weather station Changed Weather Station  I 

6. Time to test Weather Stations Failed Weather Station Alert  O 

7. Truck Depot changes a truck Truck Change  

Amended De-icing Schedule  

I 

O 

8. Time to detect icy roads Road De-icing Schedule  O 

9. Truck treats a road Treated Road  I 

10 Truck Depot reports problem with truck Truck Breakdown  

Amended Gritting Schedule  

I 

O 

11. Time to monitor road gritting Untreated Road Reminder  O 

 

Figure 7-3: Event List 
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Considerations 

Attempting to list the business events is a way of testing the work context. This activity 
uncovers uncertainty and misunderstanding about the project and helps with precise 
communications. 

 

7.1.2.3.2 Scope of the Product 

This section identifies the scope of the product in terms of the Use Cases. A use case 
diagram identifies boundaries between the users and product.  

 

The product use cases are derived by deciding where the product boundary should be for 
each one of the business events. These decisions are based on your knowledge of the work 
and the requirements constraints. 

Use case list 

The use case diagram is a graphical way of summarizing all the use cases relevant to the 
product. If there are more than 15-20 use cases, it is better to list the use cases and model 
each one individually. For each use case on the list there must be a use case number, 
user/actor name(s), a use case description and a use case fit criterion. Also if a use case 
description and/or any scenario models have been built for this use case, this list can point to 
them. 

Figure 7-4: Scope of the Product: Use Case Diagram 
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Example: 

Use Case 8 

User/actor name 

Truck Depot Engineer 

Description 

Produce road de-icing schedule 

Fit Criterion 

Sensor readings shall be used to prepare a schedule for the de-icing trucks. 

Use Case Scenarios 

The description for this use case describes the normal way that it operates. 
Additional scenario models could illustrate exception cases for this use 
case. 

Each of the individual requirements that relates to this use case will contribute to meeting the 
fit criterion of the use case. Each individual requirement will also have its own detailed fit 
criterion.  

 

7.1.2.3.3 Functional, Component and Data Requirements 

Functional Requirements 

Content 

A specification for each individual functional requirement. As with all types of 
requirements, use the Requirements Shell. A full explanation is included in the 
introductory material for the template.  

Motivation 

To specify the detailed functional requirements that must be supported by the system. 

Fit Criterion 

Each functional requirement must have a fit criterion. The fit criterion depends on the 
required action. For example, if the requirement is to record some data, then the fit 
criterion would say that the data must be able to be retrieved and must match certain 
standards. For calculations, the resulting data must conform to predicted results.  

Considerations 

If an event/use case list was produced (see page 68), these can be used to help trigger 
the functional requirements for each event/use case. If an event/use case list was not 
produced, give each functional requirement a unique number and, to help with 
traceability, they can be partitioned into event/use case-related groups later in the 
development process. 

Component and data requirements 

Content 

A specification of the essential subject matter/business objects/entities/classes that are 
germane to the system.  

When the deliverables are one or more components, the capabilities of those are 
specified here. 
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This might take the form of a first-cut data model, an object model, or a domain model. It 
might also be adequately dealt with by defining the terms in the dictionary described in 
section 7.1.2.2.2. 

Motivation 

To clarify the system’s subject matter and thereby trigger requirements that have not yet 
been thought of. 

 

Fit Criterion 

Any type of data or object model can be used to capture this knowledge. The issue is to 
capture the meaning of the business subject matter and the connections between the 
individual parts and that consistency is maintained within the project. If an established 
company standard notation exists, then use that, as it will help to reuse knowledge 
between projects.  

To support the data model also define: 

1. Name of business object/entity (use naming convention from 5) 

2. Statement of the purpose of the class/entity 

3. Description of relationships between classes/entities 

4. Attributes of the object/entity  

Considerations 

Are there any data/object models for similar/overlapping systems that might be a useful 
starting point? Is there a domain model for the subject matter dealt with by this system? 

 

Figure 7-5: Data Requirements 
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7.1.2.3.4 Domain Model 

A domain model a generic model of knowledge that applies to any product built for use in that 
domain. 

7.1.2.3.5 Product-line requirements 

This section defines the product-line to which the product or component is to be part of. 

The product-line specification and architecture specifications are identified. 

 

7.1.2.4 Non-functional requirements 

7.1.2.4.1 Precedence and Priority requirements (if applicable) 

Content:  

A specification of the order of precedence, criticality, or assigned weights that indicate 
the relative importance of the requirements. 

Motivation: 

To support the definition of the contents and the functionality of the different increments of the 
product. 

 

7.1.2.4.2 Look and Feel Requirements 

The interface 

Content 

A description of the spirit of the interface. This can be in the form of text descriptions or 
preliminary sketches of a possible interface.  

The intention of this section is to state requirements relating to the interface. The client 
may have given particular demands such as style, colors to be used, degree of 
interaction and so on. This section captures the requirements for the interface rather 
than the design for the interface. 

Motivation 

To capture the expectations, the constraints and the client’s demands for the interface 
before designing it. 

 

Considerations 

Interface design may overlap the requirements gathering process. This is particularly 
true if prototyping is used as part of the requirements process. As prototypes develop it 
is important to capture the requirements that relate to the look and feel and to 
understand the client’s intentions for the product’s look and feel. Record these as 
requirements instead of merely having a prototype.  

The style of the product 

Content 

A description of salient features of the product related to the way a potential customer 
will see the product. For example, if the product must appeal to the business executive, 
a look and feel requirement is that the product has a conservative and professional 
appearance.  
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The requirements recorded here guide the designers to produce a product as 
envisioned by the client. 

7.1.2.4.3 Usability Requirements 

Ease of use 

Content 

Description of the ease-of-use the client wants for the intended users of the product. 
The product’s usability is derived from the abilities of the expected users of the product 
and the complexity of its functionality. 

Motivation 

To guide the product’s designers to build a product that meets the expectations of its 
eventual users. 

 

Fit Criterion 

To completely specify what is meant by the requirement it is necessary to add a 
measurement of acceptance.  

Examples: [An agreed percentage] of a test panel of 11 year olds shall be able to 
successfully complete [list of tasks] within [specified time] 

One month’s use of the product shall result in a total error rate of less than [an agreed 
percentage]. 

Ease of learning 

Content 

A statement of how easy it should be to learn to use the product. This ranges from zero 
time for products intended for placement in the public domain (for example a parking 
meter) to a considerable time for complex, highly technical products. 

Fit Criterion 

Examples: An engineer shall produce a  [specified result] within [specified time] of 
beginning to use the product, without needing to use the manual. 

 

7.1.2.4.4 Testing Requirements 

Testing starts as soon as the requirements specification is started. The first test is to 
determine if a requirement can be quantified by specifying its fit criterion. This fit criterion is an 
objective measure of the requirement’s meaning. The criterion serves to evaluate whether or 
not a solution fits the requirement. If a fit criterion cannot be adequately specified, then the 
requirement is ambiguous or ill understood. If there is no fit criterion, there is no way of 
knowing if a solution matches the requirement. 

This paragraph may also contain any information regarding built-in test requirements.  It must 
include mechanisms for error detection, how, if at all, the error information must be indicated 
and what the product shall do upon detection of a failure. 
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7.1.2.4.5 Performance and Safety Requirements 

Speed requirements 

Content 

Specification of the amount of time available to complete specified tasks. These often 
refer to response times. They can also refer to the product’s ability to fit into the 
intended environment. 

Motivation 

Some products, usually real-time products, must be able to perform some of their 
functionality within a given time slot. Failure to do so may mean catastrophic failure (for 
example a ground-sensing radar in an airplane fails to detect an upcoming mountain) or 
the product will not cope with the required volume of use (an automated ticket selling 
machine). 

Fit Criterion 

Unit of measurement 

Required range of values 

Safety critical requirements 

Content 

Quantification of perceived risk of possible damage to people, property and 
environment.  

Note: if this paragraph is not applicable, it shall be stated clearly  

Motivation 

To understand and highlight the potential damage that could occur when using the 
product within the expected operational environment.  

Fit Criterion 

Description of the perceived risk 

Factors that could cause the damage 

Unit for measuring the factors that could cause the damage 

Examples: 

“The product shall be certified to comply with the Health Department’s standard E110-
98. This is to be certified by qualified testing engineers.” 

“No member of a test panel of [specified size] shall be able to touch the heat exchanger. 
The heat exchanger must also comply with safety standard [specify which one].” 

Precision requirements 

Content 

Quantification of the desired accuracy of the results produced by the product. 

Motivation 

To set the client and user expectations for the precision of the product.  

Fit Criterion 

Unit of measure and degree of precision 
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Dependability requirements 

Content 

Quantification of the necessary dependability aspects of the product, such as reliability 
and availability.  It also includes the requirements on remote diagnosis, failure detection 
and safety-failure monitoring requirements. 

The requirements on dependability are expressed by the appropriate measure, such as 
the mean time between failures or the mean time to failure for reliability and the average 
percentage of up time for availability.  

A characterization of the acceptable responses to undesired events (exceptions or 
faults) is specified.  

Fit Criterion 

Specification of the required dependability expressed by the appropriate measure. 

 

Capacity and Resource utilization requirements 

Content 

Specification of the volumes that the product must be able to deal with and the numbers 
of data stored by the product. It specifies the computer hardware resource utilization, 
such as: 

1. Maximum allowable use of processor capacity,  

2. Memory capacity, input/output device capacity,  

3. Auxiliary storage device capacity, and  

4. Communications/network equipment capacity.   

The requirements (stated, for example, as percentages of the capacity of each 
computer hardware resource) must include the conditions under which the resource 
utilization is to be measured. 

Motivation 

To ensure that the product is capable of processing the expected volumes. 

Examples 

The product shall cater for 300 simultaneous users within the period from 9:00am to 11:am. 
Maximum loading at other periods will be 150 

Fit Criterion 

In this case, the requirement description is quantified, and thus can be tested. 

 

7.1.2.4.6 Operational Requirements 

Content 

This section specifies the physical environment in which the product will operate.  

Motivation 

To highlight conditions that might need special requirements, preparations or training. 
These requirements ensure that the product can be used in its intended environment.  
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Considerations 

The work environment. Is the product to operate in some unusual environment?  Does this 
lead to special requirements? Also see section on Usability Requirements. 

Expected technological environment 

Content 

Specification of the hardware and other devices that make up the operating environment 
for the new system. 

Motivation 

To identify all the components of the new system so that the acquisition, installation and 
testing can be effectively managed.  

Partner applications 

Content 

Description of other applications that the product must interface with. 

Motivation 

Requirements for interfacing to other applications often remain undiscovered until 
implementation time. Avoid a high degree of rework by discovering these requirements 
early. 

 Fit Criterion 

For each inter-application interface specify: 

• The data content 

• The physical material content 

• The medium that carries the interface 

• The frequency 

• The volume 

Required States and Modes  

If the system or component is required to operate in more than one state or mode having 
requirements distinct from other states or modes, this paragraph identifies and defines each 
state and mode.  The distinction between state and modes is arbitrary. It may be described in 
terms of states only, modes only, states within modes, modes within states, or any other 
scheme that is useful.  If no states or modes are required, this paragraph states this, without 
the need to create artificial distinctions.  If states or modes are required, each requirement or 
group of requirements in this specification must be correlated to the states and modes.  

 

7.1.2.4.7 Maintainability and Portability Requirements 

Maintainability 

Content 

A quantification of the time necessary to make specified changes to the product. 

Motivation 

To make everyone aware of the maintenance needs of the product. 
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Special conditions 

Content 

Specification of the intended release cycle for the product and the form that the release 
will take. 

Motivation 

To make everyone aware of how often it is intended to produce new releases of the 
product. 

Fit Criterion 

Description of type of maintenance and amount of effort budgeted 

 

Portability requirements 

Content 

Description of other platforms or environments to which the product must be ported. 

Motivation 

To quantify client and user expectations about the platforms on which the product can 
run. 

Fit Criterion 

Specification of system software on which the product must operate. 

Specification of future environments in which the product is expected to operate. 

Time allowed to make the transition. 

Product adaptation requirements 

Content 

Specification of the requirements, if any, imposed on the product to make it adaptable to 
several environments and operational parameters Operational parameters may vary 
according to operational needs (such as parameters indicating operation-dependent 
targeting constants or data recording). 

Motivation 

To scale a product to the target environment.  

Examples 

“nr of input buffers = “, 

 “buffer size = “,  

“include security checks =” 

 

7.1.2.4.8 Security Requirements 

Confidentialness / Access constraints 

Content 

Specification of who has authorized access to the system, and under which 
circumstances access is granted. 
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These requirements include: 

• the security/privacy environment in which the product must operate 

• the type and degree of security or privacy to be provided 

• the security/privacy risks the product must withstand 

• required safeguards to reduce those risks 

• the security/privacy policy that must be met 

• the security/privacy accountability the product must provide 

• the criteria that must be met for security/privacy certification/accreditation 

Note: if this paragraph is not applicable, it shall be stated clearly 

Motivation 

To understand the expectations for confidentiality aspects of the system. 

Fit Criterion 

System function name or system data name 

User role/s and/or names of people who have clearance 

File integrity requirements 

Content 

Specification of the required integrity of databases and other files. 

Motivation 

To understand the expectations for the integrity of the system’s data.   

Audit requirements 

Content 

Specification of the required audit checks. 

Motivation 

To build a system that complies with the appropriate audit rules. 

 

7.1.2.4.9 Cultural and Political Requirements 

Are there any special factors about the product that would make it unacceptable for some 
political reason? 

Content 

Specification of requirements that are specific to the sociological and political factors 
that affect the acceptability of the product. If a product is developed for foreign markets, 
these requirements are particularly relevant. 

Motivation 

To bring out in the open requirements that are difficult to discover because they are 
outside the cultural experience of the developers.  

In the case of political requirements the requirements sometimes appear irrational.  
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Examples 

The product shall keep a record of public holidays for all countries in the European 
Union and for all states in the United States. 

Our company policy says that we shall buy our hardware from company XXX. 

The chief auditor shall verify all the user interfaces. 

 

7.1.2.4.10  Legal Requirements and Standards 

Legal Requirements 

Content 

Specification of the legal requirements for this system.. 

Motivation 

To comply with the law so as to avoid later delays, law suits and legal fees. 

Fit Criterion 

Lawyers’ opinion that the product does not break any laws. 

Standards 

Content 

Specification of applicable standards and reference to detailed standards descriptions.  

Fit Criterion 

The appropriate standard-keeper that the standard has been adhered to. 

The section defines a set of qualification methods and specifies for each requirement the 
method(s) to ensure the requirement has been met. 

 

7.1.2.5 Project issues 

7.1.2.5.1 Open Issues 

Issues that have been raised and do not yet have a conclusion. 

Content 

Statement of factors that are uncertain and might make significant difference to the 
product. 

Motivation 

To bring uncertainty out in the open and provide objective input to risk analysis. 

 

7.1.2.5.2 Off-the-shelf Solutions (ready-made systems/components)  

Is there a ready-made system or component that could be bought?  

Content 

List of existing products that should be investigated as potential solutions. Reference 
any surveys that have been done on these products. 

Motivation 

To give consideration to whether or not a solution can be bought.  
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Can ready-made components be used for this product?  

Content 

Description of the candidate components, either bought-in or built by your company, that 
could be used by this project. List libraries that could be a source of components. 

Motivation 

Reuse rather than reinvention.  

Is there something that we could copy?  

Content 

List of other similar systems. 

 

7.1.2.5.3 New Problems 

What problems could the new system cause in the current environment?  

Content 

Description of how the new system will affect the current implementation environment. This 
section should also cover things that the new product should not do.  

Will the new development affect any of the installed system?  

Content 

Specification of the interfaces between new and existing systems 

Will any of our existing users be adversely affected by the new development?  

Content 

Details of any adverse reaction that might be suffered by existing users 

What limitations exist in the anticipated implementation environment that may inhibit the new 
system?  

Content 

Statement of any potential problems with the new automated technology or new ways of 
structuring the organization. 

Will the new system create other problems?  

Content 

Identification of situations that possibly cannot be handled. 

 

7.1.2.5.4 Tasks 

The specification of development phases and the breakdown of the work into tasks is 
described in the Project Management Plan [PMP]. 

What steps have to be taken to deliver the system?  

Content 

Details of the life cycle and approach to deliver the product. A good representation is a 
high level process diagram showing the tasks and interfaces between them.  

Development phases 

Content 
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Specification of each phase of development and the components in the operating 
environment. 

Motivation 

To identify the phases necessary to implement the operating environment for the new 
system so that the implementation can be managed. 

 

7.1.2.5.5 Implementation procedures 

This section describes the activities required to ensure that the product is integrated into the 
user’s environment and processes (design-in). 

What are the special requirements to get the existing data and procedures to work for the new 
system?  

Content 

A list of the cutover activities. Timetable for implementation. 

 

What data has to be modified/translated for the new system?  

Content 

List of data translation tasks. 

Fit Criterion 

Description of the current technology that holds the data 

Description of the new technology that will hold the data 

Description of the data translation task/s 

Foreseeable problems 

 

7.1.2.5.6 Risks 

Project risks are described in the PMP. All projects involve risk, i.e.,  something may go 
wrong. Risk is not necessarily a bad thing, as no progress is made without taking some risk. 
However, there is a difference between unmanaged risk and managed risk where the 
probabilities are well understood, and contingencies made. Risk is only a bad thing if the risks 
are ignored and they become problems. Risk management is assessing which risks are most 
likely to apply to the project, deciding a course of action if they become problems, and 
monitoring projects to give early warnings of risks becoming problems.  

 

7.1.2.5.7 Costs 

Project costs are described in the PMP  

The other cost of requirements is the amount of money or effort that must be spent building 
them into a product. Once the requirements specification is complete, one of the estimating 
methods can be used to assess the cost, and to express this in a monetary amount or time to 
build.  

There is no best method to use when estimating. However, estimates should be based on 
some tangible, countable, artifact. If the Volere template is used, many measurable 
deliverables are produced as a result of requirements specification. For example: 
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• Number of input and output flows on the work context 

• Number of business events 

• Number of product use cases 

• Number of functional requirements 

• Number of non-functional requirements 

• Number of requirements constraints 

• Number of function/feature points 

The more detailed the requirements the more accurate the deliverables. The cost estimate is 
the amount of resources each type of deliverable is estimated to take to produce. Some very 
early cost estimates can be based on the work context. At that stage,  knowledge of the work 
is general and this should be reflected in a range for the cost estimate rather than one figure. 
As more knowledge about the requirements is obtained, a good method is feature point 
counting. 

It is important that the client knows at this stage what the product is likely to cost. This is 
usually expressed as a total cost to complete the product, but it may also be advantageous to 
be able to point out the cost of individual requirements.  

Whatever is done, costs should not be estimated too optimistically. Make sure that this section 
includes meaningful numbers based on tangible deliverables. 

 

7.1.2.5.8 Product- User documentation 

User Manual 

Content: 

Purpose and contents of the User Manual. Discuss desired length, level of detail; need 
for index, glossary of terms, tutorial vs. reference manual strategy, etc. Formatting and 
printing constraints should also be identified 

 

Production and Service Guides 

A document that includes production and/or service guidelines is important to a full 
solution offering.  

Training 

A description of the required training and training materials 

Labeling and packaging 

Today’s state of the art applications provide a consistent look and feel that begins with 
product packaging and manifests through installation menus, splash screens, help 
systems, GUI dialogs, etc. This section defines the needs and types of labeling to be 
incorporated into the code. Examples include copyright and patent notices, corporate 
logos, standardized icons and other graphic elements, etc 

 

7.1.2.5.9 Waiting Room 

This section describes requirements that will not be part of the agreed product. These 
requirements might be included in future versions of the product. 
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Content 

Any type of requirement.  

Motivation 

To allow requirements to be gathered, even though they cannot be part of the current 
development. To ensure that good ideas are not lost. 

Considerations 

The requirements gathering process often throws up requirements that are beyond the 
sophistication of, or time allowed for, the current release of the product. This section is 
a holdall for requirements in waiting. The intention is to avoid stifling the users and 
clients by a repository of future requirements. It is made clear that these requirements 
are taken seriously but they will not be part of the agreed product requirements are 
taken seriously but they will not be part of the agreed product. 

 

7.1.2.5.10  Ideas for Solutions 

This section describes relevant ideas to ensure that they are not lost. When requirements are 
gathered, the focus is on finding out what the real requirements are, solutions are avoided. 
However, when creative people start to think about a problem they always have ideas. This 
section of the template is a place to put those ideas so that they are not forgotten and they 
can be separated from the real business requirements. 

Content 

Any idea for a solution that is worth keeping for future consideration. Possible forms are 
rough notes, sketches, pointers to other documents, pointers to people, pointers to 
existing products.  

Motivation 

To make sure that good ideas are not lost and to help you separate requirements and 
solutions. 
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7.1.3 Requirement template 

 

 

Figure 7-6 The Volere requirement shell 
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7.1.4 Requirement attributes 

 

Req. attributes Description 

Requirement number / 

Requirement type 

A unique identification 

Give each requirement a unique identifier to make it traceable throughout the 

development process. The numbering scheme suggested in the requirement 

shell is: 

Requirement number is the next unique requirement number 

Requirement Type is the section number from the template for this type of 

requirement 

According to the Volere method, the inclusion of the section number is not 

absolutely necessary because we have a unique requirement id. However it 

serves as a reminder of what this requirement relates to and helps to remind 

why the requirement is considered important. Also the ability to compare 

requirements of the same type makes it easier to identify contradictions and 

duplications. 

In the ITEA DESS method we have defined requirement types, using 

Volere2, ISO9126 and the IEEE standards as input. 

Event/use case number List of events/use cases that need this requirement. 

This is the identifier of a business event or use case that contains this 

requirement. There might be several Event/use case numbers for one 

requirement because the same requirement might relate to a number of 

events.  

The term business event is used to mean a business related happening that 

causes an event-response within the work that we are studying. 

The term event-driven use case (or product use case) is used to mean a 

user-defined (or actor defined) piece of activity within the context of the 

product. Business events and product use cases provide a way of grouping 

business-related requirements and tracing them through into implementation; 

they are used throughout the development process 

Description One sentence statement of the intention of the requirement. 

Rationale The justification of the requirement. 

Source Stakeholder or stakeholder list. They will be signing off the requirement. 

The name of the responsible requirement editor/writer also needs to be 

documented. This can be an analyst, who has studied a current product or 

has carried out interviews with a number of stakeholders. 

Fit Criterion A measurement of the requirement: Which test proves the correctness of the 

solution. 

Customer Satisfaction /  Value: 1 – 5, expressing the customer value of the requirement 

                                                  
2 Source: SHELL explanation: copyright © 1996 - 2000 Atlantic Systems Guild. 
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Req. attributes Description 

Customer Dissatisfaction Customer Value is a measure of how much the client cares about each 

requirement. 

Ask the stakeholders to grade each requirement for Customer Satisfaction on 

a scale from 1 to 5 where 1 means mild interest if this requirement is 

satisfactorily implemented, and 5 means they will be very happy if this 

requirement is satisfactorily implemented 

The stakeholders also grade each requirement for Customer Dissatisfaction 

on a scale from 1 to 5 where 1 means that it hardly matters, and 5 means 

that they will be extremely displeased if this requirement is not satisfactorily 

implemented 

The point of having a satisfaction and a dissatisfaction rating is that it guides 

your clients to think of the requirement from two different perspectives, and 

helps you to uncover what they care about most deeply. 

Req. dependencies This keeps track of other requirements that have an impact on this 

requirement. 

If the dependency exists because requirements use the same information, 

then use of standard naming conventions and definitions will implement this 

dependency. 

Other dependencies exist because a solution to this requirement has a 

positive or negative effect on solutions to other requirements. Capture these 

types of dependencies by cross-referencing the requirements. 

Some requirements, especially project drivers and project constraints, have 

an impact on all the other requirements.  

Req. conflicts This keeps track of other requirements that disagree with this one. Conflicts 

that are caused by mistake are solved simply by bringing them to the surface 

and resolving them. Other conflicts are because of true differences in 

opinion/intention. These are the conflicts that might eventually need to be 

addressed using negotiation or mediation techniques. There is nothing wrong 

with having conflicting requirements provided that they are identified so they 

can be addressed. 

Supporting material Documents that illustrate and explain the requirement 

History Follow the requirement from the date that it was created, through all its 

changes. Minimize future confusion by recording the rationale for making 

major changes. When a requirement is deleted, record when and the 

rationale behind the deletion. The date that the requirement passes its quality 

checks, and who passed it, is also recorded. 

Figure 7-7 Requirements Attributes 
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7.2 Artifacts related to Components 

7.2.1 Introduction 

This section provides a common definition and vocabulary of what a component can and must 
be within the context of the development of real-time embedded software systems. It defines a 
common terminology that allows people from different application domains to understand 
each other about component development. 

 

7.2.2 High-level definition of a component 

A component is a logically highly cohesive, lowly coupled, documented software module that 
can be used as a unit of development, reuse, composition and adaptation. It therefore is an 
exchangeable architectural element of a software system that acts as a part within a larger 
whole. It provides dedicated functionality that can be used in a specific application 
environment in order to accomplish higher-level goals.  

In order to define a clear terminology, a distinction is made between a component blueprint, 
as a description of a reusable software element, and a component instance, as a real run-
time entity and therefore an instantiation of its blueprint. The term component is more 
general. The word component refers to both the component blueprint and the component 
instance aspects and is used when the distinction between the two is not important. 

A component blueprint is a reusable documented entity that is used as a building block for 
software systems. It is used to perform a particular function in a specific application 
environment. Component blueprints are composed using their interfaces.  

An interface describes an interaction point between components, specifying well-defined 
services. An interface can be applied within a component in two manners, on the one hand as 
a provided interface, an incoming interaction point, or on the other hand as a required 
interface, an outgoing interaction point. A provided interface describes how the functionality of 
a component has to be accessed. A required interface describes what other functionality a 
component needs in order to perform its own functionality. 

A component instance is an instantiated component blueprint. This instance behaves as 
described in the blueprint. Every component instance needs a kind of component system to 
operate in. A component instance can have its own data space and possibly also its own 
control flow. A component blueprint does not have a state, while a component instance can 
have an own state. Also, more than one component instance can exist at the same time, all 
based on the same component blueprint. A component blueprint has no runtime properties, 
since only component instances have runtime properties.  

A component blueprint specification contains the description of the component that is meant 
for other components that wants to make use of the services of the component. It contains all 
information necessary to have proper access to the provided interfaces of the component. As 
such, the component specification acts as the only description of the component outside 
visible. In all other aspects, it can be seen as a black-box. A component blueprint design 
contains the description of the internal realization structure of the component. This information 
is not necessary for a proper usage. It describes the internal structure in terms of other 
components and objects. As such, the component design can act as a glass-box view on a 
component. A component blueprint implementation contains the actual code necessary to 
implement and execute the component.  

A Component Plug is a specification of a set of related interfaces that describes what is 
necessary to plug a component into a component framework. It can be seen as an abstract 
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component or as an interface set. A framework containing a number of component plugs can 
be instantiated by plugging a number of component instances into the framework. Each of 
these instances must comply to the corresponding component plug specification. 

A Connector is a communication connection between two components, linking a required 
interface of a component to a provided interface of another component. Connectors can be 
developed by composing a number of simple connectors and components (a kind of 
middleware-like components) into a more complex high-level connector. In analogy with 
components, a distinction can be made between connector blueprints and instances, as well 
as between connector specification, design and implementation. 

7.2.3 Characteristics of a component blueprint  

7.2.3.1 List of possible component blueprint characteristics 

A description of the characteristics of a component blueprint is given as a has/gives table. The 
’has’ column of the table specifies whether the component blueprint must, should or can have 
a specific characteristic. The ’gives’ column specifies whether this characteristic must, should 
or can be made visible to the outside world. This distinction is important, since component 
blueprints typically hide a large number of items inside. 

The last column indicates whether the characteristic is part of the component blueprint 
specification (S), design (D) or implementation (I). 

 Component Blueprint Characteristics Has Gives S/D/I 

A Unique identification Mandatory Mandatory S 

B Outside view: 

• Provides view 

• Requires view (when not self-contained) 

 

Mandatory 

Mandatory 

 

Mandatory 

Mandatory 

S 

C Boundary view: 

• Provides interface 

• Requires interface (when not self-contained) 

 

Mandatory 

Mandatory 

 

Mandatory 

Mandatory 

S 

D Boundary view - multiple interfaces Recommended Recommended S 

E Inside view Mandatory Optional D 

F Inside view - source code Mandatory Optional I 

G Inside view - component decomposition Optional Optional D 

H Binary form Optional Optional I 

I Verification and validation information Recommended Optional D 

J Extra- and non-functional interface for component 
management, configuration, fine-tuning and 
adaptation 

Optional  Optional S 

K Specification of Quality of service (QoS) attributes Recommended Recommended S 

Figure 7-8 Component Blueprint Characteristics 

 
The UML diagram in Figure 7-9 expresses the dependencies between a component blueprint, 
a component instance and an interface. The characteristics of a component blueprint are 



ITEA  

ITEA Title: DESS 88 

schematically expressed in the UML model of Figure 7-10. 

Component Instance

Interface

Component Blueprint

0..*1 0..*1

1..*

0..*

1..*

0..*

Provides

0..*

0..*

0..*

0..*
Requires

Normal Interface Extra- and non-functional Interface

 

Figure 7-9: UML model of the Dependencies between Component Blueprints, 
Component Instances and Interfaces 

Unique ID

Provided Outside View

Required Outside View

Inside View

Source Code

Binary
Validation and 
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7.2.3.2 Description of the component blueprint characteristics 

A. Unique identification 

The unique identification of a component blueprint is a name that uniquely identifies it. 
The identification can be used to specify an unambiguous reference to a component 
blueprint or as a key attribute for the component blueprint within a component 
catalogue. It should also be possible to have multiple versions of a component 
blueprint. Therefore the identification of a component blueprint should consist of 2 
distinguishable parts: an identification name and a version number.  

Not only the whole component, but also its interfaces should be named and versioned. 
The interface characteristics are defined further on in this document. It is even 
possible that a certain version of a component blueprint supports more than one 
version of its interfaces, e.g. for backward compatibility reasons. Note that when using 
the term version here, the implementation version of the component blueprint is 
meant, not merely the version of the interfaces of the component blueprint 

 

B. Outside view:  

A component is always used within a certain application environment. It also creates 
an application environment to the components it requires. The outside view contains a 
description of the context dependencies of the component. This defines the problem 
domain terminology for the component and the elements it depends upon. It actually 
specifies a common language and a number of concepts. These concepts define how 
the component can be used correctly or how a correct interaction with its suppliers is 
achieved. So two views are distinguished: 

- Provides view: 

This view is aimed at the users of the component. With user, we indicate 
component instances that use services of another component, not the actual 
person deploying a component. The ’provides view’ is the application 
environment that the component uses during the interaction with its users 
and/or that the component offers to its users.  

- Requires view:  

This view is aimed at the suppliers of the component. Here, “supplier” means  
the component instances that supply services to another component, not the 
companies that supply components. The 'requires view’ is the application 
environment that the component uses during the interaction with its suppliers 
and/or that the component expects from its suppliers. This can also describe 
some requirements for the deployment environment, OS or execution platform, 
or specify a specific HW component in case the SW component is a wrapper 
for that HW component. As an example, a component could need a specific 
piece of hardware to run on. In that case, this piece of hardware makes part of 
the 'requires outside view', the environment needed for the component in order 
to be fully functional. 

Notice that the 'requires view' is empty when a component is self-contained. 

The outside view can also contain an architectural description of the environment of a 
component. A component instance always functions in a certain environment. A 
component can impose certain restrictions on its usability, both to its users and to its 
suppliers. A component can demand a certain mode of operation, and therefore 
imposes a certain form of architectural style for component instance bindings, such as 
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− Pipeline system, MVC-based, event-based system, multi-tier client/server 

− Active (driving other components, using a certain middleware) or passive (usable 
within a certain framework) 

Polling-based, interrupt- or event-driven run-time environment 

 

C. Boundary view:  

The boundary view describes which interfaces a component offers and possibly which 
interfaces it needs. Thus, two views are distinguished: 

- Provides interface 

This interface represents the services a component supports. The ’provides 
interface’ shows the operations that can be performed on the component, the 
events the component can generate and the properties the component has. 

- Requires interface: 

Via this interface the component describes which external services it needs to 
perform its own internal services. The ’requires interface’ shows which services 
the component requires, which events it observes and which properties it 
accesses. Note that a component does not generally require a specific 
implementation of an interface, but it can require at least a specific version of 
an interface. It thus only requires the services the interface describes, not a 
specific supplier component. When a component really needs a specific 
implementation, it should be described in its outside view. 

It is possible that a component has an empty requires interface, in which case it is a 
fully self-contained, independent component.  

Notice that Rose RT uses a different terminology that can more or less be mapped to 
the terminology in this component definition. The Rose RT capsules map to the 
component blueprints, the protocol role with its incoming and outgoing signals map to 
the provided and required interfaces, and the protocols map to the synchronization 
level of the interface description.  

 

D. Boundary view - multiple interfaces  

A component is free to offer more than one interface and it is free to require more than 
one interface. In fact, it is better to isolate distinct usage roles to separate interfaces 
for each role. 

 

E. Inside view 

The inside view contains the description of the logical internal design and architecture. 
The inside view of a component comprises all documents that explain the internal 
design and implementation of the component. This ranges from analysis documents to 
the implementation documentation and source code of the component. The inside 
view of a component gives more insight in the operation and the use of a component. 

 

F. Inside view - source code 

A component can also be delivered with its source code. Using such component 
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mostly means first compiling the component. When a component has its source code 
associated with it, it can be more easily adapted and understood. Components bought 
from third parties will not always be delivered with their source code. 

 

G. Inside view - component decomposition 

A component can be developed using other components, decomposing the outside 
component into a number of smaller inside components. Although this decomposition 
can be considered as an ordinary ’requires’ dependency from the outside component 
to its inside components, it puts additional requirements on the subcomponents and 
defines more precise semantics for their interdependency.  

The component decomposition defines a specific containment relationship between 
the outside component and its inside components, through a mapping between a 
number of requires interfaces of the outside component and the corresponding 
provides interfaces of the inside components. It defines the outside component as a 
composite component, containing a number of part components. Component 
composition creates a strong ownership between the composite and its part, with 
coincident lifetime of the part with the whole. This means that the part components are 
automatically created when the composite is created, and that they are removed when 
the composite is been removed by the component system. See the section about the 
component system for more information about creating and removing components. 

The part components are dedicated for use by the composite component, so the part 
components cannot be shared or used by another component. Notice that component 
decomposition can be done hierarchically. A component can be decomposed into its 
subcomponents, which can, in turn, be decomposed, and so on. Ultimately, a 
subcomponent is directly realized at a certain level, by an implementation, by a 
mapping onto a device driver of a hardware device, by wrapping a software library, … 

A decomposition of a component into part components creates the possibility of 
delegating provided interface to such subcomponent. This means that any incoming 
messages through a specific provided interface of the composite component are 
automatically redirected to the provided interface of that subcomponent. Also, required 
interfaces of the subcomponents can be delegated to a required interface of the 
composite component. This means that any outgoing messages through a specific 
required interface of the subcomponent are automatically redirected to the required 
interface of the composite component. 

When a number of subcomponents have been defined for a composite component, it 
is possible to define a number of component links that wire subcomponents together. 
Notice that components can only be wired together via their interfaces. Moreover, this 
is only possible when their corresponding provides and requires interfaces are 
compatible. Such design-time connections between subcomponents are part of the 
inside view of a composite component. 

When a component is decomposed into smaller components, the subcomponents 
should preferably not be hard-wired within the containing component. In fact, it could 
be useful to decide at a later time which (version of a) component will be used to 
realize the overall behavior of the complex component. Therefore, the DESS 
methodology splits the decomposition of a component into smaller components into 
two steps: 

o Firstly, the component to be decomposed is designed as a component 
framework, built from component plugs (abstract components) with connectors 
between them. The plug acts as a placeholder for the concrete component 
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within the overall framework. The plug acts as a placeholder for the concrete 
component within the overall framework. As such, the overall structure is 
defined, including the properties and dependencies that the subcomponents 
ultimately should possess. 

o Secondly, the subcomponents are plugged into the framework, thereby 
instantiating the component framework. The resulting component instance 
model is obtained when each plug is replaced by its corresponding 
subcomponent that has to comply with the plug specification.  

Of course, these 2 steps can be directly performed together during system 
development. But logically, component decomposition is always split into two resulting 
actions: a component framework definition and a framework instantiation. 

 

H. Binary form 

A component can be deployed in a binary form. That means that the component 
composer cannot directly see the internals of the component in the form of its source 
code. Delivering a component in binary form also means that the component can only 
be used on platforms that do ‘understand’ this binary form. So in this case, the outside 
requires view should at least mention the platform for which the binary is compiled. 

 

I. Verification and validation information  

To prove the correct operation of a component, it is important to provide a kind of 
component certification. This can be in the form of testing, verification and validation 
information. As information, one could for example provide black-box and/or white-box 
test cases, together with the results that were achieved when performing those test 
cases. Formal proofs of correctness could also be used as a validation of the 
component. From a user standpoint, the verification and validation information can be 
very valuable to trust the correct operation of a reusable component. Notice that it is 
not always possible for component developers to anticipate all application contexts in 
which the component can be used. Therefore, it may be that test cases are incomplete 
and do not cover all possible usages. 

 

J. Extra- and non-functional interface for component management, configuration, 
fine-tuning and adaptation 

An extra-functional interface allows the component composer to make specific choices 
for the component that relate to its functionality. As such, a component could support a 
choice between a shared or a dedicated (exclusive) use to its users and/or demand a 
shared or an exclusive use from its suppliers. In a shared usage, the component can 
have changed its state due to the usage of another simultaneous user.  In an exclusive 
usage right, the user can be sure that a component has not changed its state after its 
last use due to access by other users. Also the name and version number of the 
component blueprint and/or the component instance can be available through the 
extra-functional interface. An extra-functional interface can be seen as a special type 
of a provided or a required interface. 

A non-functional interface allows the component composer to make a flexible choice 
between the Quality of Service (QoS) options that a component supports (see QoS 
attributes). A non-functional interface can also be seen as a special type of a provided 
or a required interface. 
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In some situations it is necessary that components negotiate with each other about the 
properties of their interaction. This is especially the case with Quality of Service. Both 
the user and the supplier can negotiate such QoS parameters. Negotiation between 
components can be useful in a networked environment, where components do not 
know about each other a priori. Such negotiation can be supported by a specific non-
functional negotiation interface. 

 

K. Specification of Quality of Service (QoS) attributes 

In order to make components useful for real-time embedded systems, the non-
functional, QoS properties of the components must be known. QoS properties are 
also called operational characteristics. A component blueprint should provide a 
specification of its QoS attributes in order to be reusable. This is of course strongly 
dependent on the context of the component. Based on the QoS attributes of the 
individual components, a system developer can better verify if the QoS constraints of 
the overall system are met. QoS attributes can also include estimates, 
measurements, etc. Non-functional aspects are for example persistency, security, 
transactional, robustness and timing requirements, such as the memory usage, the 
time complexity, maximum response delay (worst-case time complexity), average 
response time, precision and quality of the result and loss of messages. It is possible 
that a component offers its users the choice between a number of QoS attributes 
through a non-functional interface. 

 

7.2.4 Characteristics of a component instance  

7.2.4.1 List of possible component instance characteristics 

The description of the characteristics of a component instance is also given as a has/gives 
table.  

 Component Instance Characteristics Has Gives S/D/I 

a Unique identification Mandatory Recommended S 

b Replaceable at run-time Optional Optional S 

c Component migration Optional Optional S 

d Persistent Optional Optional S 

e Introspection at runtime Optional Optional S 

f Change of non-functional properties at run-time Optional Optional S 

g Own control flow (active component instance) Optional Optional S 

Figure 7-11 Component Instance Characteristics 

 

The characteristics of a component instance are schematically expressed in Figure 7-12, 
using a UML model. 
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Unique ID

Component Instance

Is Replacable at run-time : boolean
Support Migration : boolean
Is Persistent : boolean
Support Introspection at run-time : boolean
Support QoS change at run-time : boolean
Is Active Component : boolean

1

 

Figure 7-12: UML model of the Component Instance Characteristics 

 

7.2.4.2 Description of the component instance characteristics 

a. Unique identification 

Every component instance is unique in the component system. Even when component 
instances are instantiated from the same component blueprint, they can be made 
distinguishable. This is indeed necessary when the component instance is able to 
capture state during its lifetime. Note that the unique identification of a component 
blueprint and of a component instance is not the same.  

The difference between name, reference and binding must be outlined here. Name is 
unique in a deployment space and is implementation independent. Reference is the 
local handle in a domain, e.g. its memory address, and is thus implementation 
dependent. Binding is a list of references that are used to map the name onto the 
reference of the component instance. With unique identification, only the 
implementation independent name is meant here. 

 

b. Replaceable at run-time  

Some component systems support dynamic plug-in components. In these component 
systems, component instances can be removed, added or replaced at run-time. This 
feature can help to maintain, adapt, upgrade or fix a running application without 
stopping it. As such, a component can have the ability to be dynamically plugged into a 
hosting system without requiring any recompilation of the entire application code. 

 

c. Component migration 

Some component instances could migrate from one processor or machine to another. 
This feature can be used to balance the load in a system. When the component 
instance captures some state, it is of course necessary to maintain this state. 
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d. Persistent state  

In a running system, a component instance can have a state associated with it. When 
the component instance has to remain persistent, it is necessary to store this state at 
certain moments in time, and recreate it at a later time. This can be needed to 
overcome system restarts, reboots, crashes or power failures. An example of such a 
component is an ’Address Book’ component: when the system shuts down, the 
component instance has to be made persistent; otherwise the content of the ’Address 
Book’ is lost.  

 

e. Support for introspection at run-time  

Sometimes it is necessary that a user component can query a component instance 
about its services. Classically, the user is bound to the component blueprint interface 
at user construction time (e.g. when the user is compiled). When introspection is 
possible, the user is not bound at user construction time, but it can dynamically (at 
runtime) find the services of a component instance. Notice that the Java reflection 
mechanism supports this automatically from within its environment (language & Virtual 
Machine). 

 

f. Change of non-functional properties at run-time 

When a component blueprint offers a non-functional interface for fine-tuning and 
adaptation, there still are several possibilities to support a QoS choice. It can be a 
fixed choice on the level of the component blueprint (one choice for the whole 
component blueprint), a variable choice at creation time of the component instance, or 
a dynamic choice during run-time (the lifetime of the component instance). In the last 
case, a component instance can change its non-functional properties and state at run-
time when a certain user component asks it to. 

 

g. Own control flow (active component instance) 

Components can be classified as passive or active regarding the control flow in a 
system. Active and passive control flow can be defined based on the possible 
concurrent execution. A component, which uses an internal control flow, is passive if 
uses it’s internal thread only in a synchronous manner. Synchronous means that the 
internal control flow is activated only when another component sends a synchronous 
request to the component and the calling control flow is blocked while the internal 
control flow is executing. A component that executes its services in the context of the 
calling control flow is passive too. An active component has a control flow that 
executes concurrently to other control flows in the system. 

This own control flow can independently initiate communication to other components. 
As such, active components can create outbound communication without the 
occurrence of communication events. For passive components, every outbound 
communication automatically relies on the occurrence of communication events sent 
by other components. 
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7.2.5 Characteristics of an interface 

7.2.5.1 List of possible interface characteristics 

A description of the characteristics of an interface is given in the following table, specifying 
whether the interface must, should or can have a specific characteristic. Since an interface 
consists only of a specification, the interface always gives all characteristics it has to the 
outside world. 

 

 Interface Characteristics Has S/D/I 

I Unique identification Mandatory S 

II Syntactic interface specification level Mandatory S 

III Semantic interface specification level Mandatory S 

IV Synchronization interface specification level Recommended S 

Figure 7-13 Interface Characteristics 

 

The characteristics of an interface are schematically expressed in Figure 7-14, using a UML 
model. 
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Figure 7-14: UML model of the Interface Characteristics 

 

7.2.5.2 Description of the interface characteristics 

I. Unique identification 

The unique identification of an interface is a name that uniquely identifies the interface. 
It can be used to specify an unambiguous reference to a specific interface or as a key 
attribute to find a component blueprint within a component catalogue that implements 
this interface as a provided interface. It should also be possible to have multiple 
versions of an interface. Therefore the identification of an interface should consist of 2 
distinguishable parts: an identification name and a version number. It is advisable 
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that a newer version of an interface is always a pure extension of a previous version, 
so that client components could remain operational when server components upgrade 
to a higher version of a specific interface.  

 

II. Syntactic interface specification level 

An interface can be specified at three different levels. Only the first level, the syntactic 
specification level, is supported in most component systems today. On this level, the 
supported services are specified in a syntactical manner. The specification of each 
operation of the interface consists of the name of the operation, the parameters, the 
return value and the exceptions that can occur. 

 

III. Semantic interface specification level 

This second level, the semantic specification level, is mostly supported in a rather 
restricted, informal way. The semantic level provides a description of the behavior of 
the services at a semantic level. The specification of behavior can be done informally, 
but it can also be done in a (possibly partial) formal, contractually based style with pre- 
and post-conditions, invariants and exception conditions.  

 

IV. Synchronization interface specification level 

This level specifies the protocol that has to be followed between two components. This 
protocol provides a description of the synchronization rules and the restrictions on the 
order of its usage. This is also called a protocol contract. Notice that order rules can 
also be described using preconditions of the semantic level, but it is more difficult and 
unclear. A separate specification at the synchronization level is therefore advisable. 

 

7.2.6 Characteristics of a component plug  

7.2.6.1 List of possible component plug characteristics 

The description of the characteristics of a component instance is also given as a has/gives 
table. Since a component plug is a kind of ’abstract component’, the characteristics of a 
component plug are a subset of the characteristics of a component blueprint. 
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 Component Plug Characteristics Has Gives S/D/I 

i Unique identification Mandatory Mandatory S 

ii Outside view: 

• Provides view 

• Requires view (when not self-contained) 

 

Mandatory 

Mandatory 

 

Mandatory 

Mandatory 

S 

iii Boundary view: 

• Provides interface 

• Requires interface (when not self-contained) 

 

Mandatory 

Mandatory 

 

Mandatory 

Mandatory 

S 

iv Boundary view - multiple interfaces Recommended Recommende
d 

S 

v Extra- and non-functional interface for 
component management, configuration, fine-
tuning and adaptation 

Optional  Optional S 

vi Specification of Quality of service (QoS) 
attributes 

Recommended Recommende
d 

S 

Figure 7-15 Component Plug Characteristics 

 

The UML diagram in Figure 7-16 expresses the dependencies between a component plug, its 
interfaces, the component blueprint and framework design to which it belongs and the 
component instance that is plugged in at run-time. The characteristics of a component plug 
are schematically expressed in the UML model of Figure 7-17. 
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Figure 7-16: UML model of the Dependencies between Component Plugs, Interfaces, 
Component Blueprints, Component Instances and Frameworks 
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Figure 7-17: UML model of the Component Plug Characteristics 

 

7.2.6.2 Description of the component plug characteristics 

i. Unique identification 

The unique identification of a component plug is a name that uniquely identifies the 
component plug. It can be used to specify an unambiguous reference to a component 
plug, or as a key attribute to find a component blueprint within a component catalogue 
that is compliant to this component plug. It should also be possible to have multiple 
versions of a component plug. Therefore the identification of a plug should consist of 2 
distinguishable parts: an identification name and a version number. It is advisable 
that a newer version of a plug is always a pure extension of a previous version, so that 
component blueprints could remain compliant to a lower version when they are proven 
compliant to a higher version of a specific component plug.  

 

ii. Outside view:  

A component plug is always used within a certain component framework. The outside 
view contains a description of the context dependencies of the component plug, 
defining problem domain terminology for the component plug and the elements it 
depends upon within the framework. It actually specifies a common language and a 
number of concepts to attain a correct usage of the component plug or to attain a 
correct interaction within the frameworks in which it will be applied. So two views are 
distinguished: 

- Provides view: 

This view describes the ’provides’ side of the component plug. The ’provides 
view’ is the application environment that the component plug uses during the 
interaction with the framework and/or that the component offers to the 
framework.  
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- Requires view:  

This view describes the ’requires’ side of the component plug. The ’requires 
view’ is the application environment that the component plug uses during the 
interaction with the framework and/or that the component plug expects from 
the framework. Notice that the ’requires view’ is empty when a component plug 
must be self-contained. 

 
iii. Boundary view:  

The boundary view describes which interfaces a component plug offers and eventually 
which interfaces it needs. This defines a restriction on the component blueprints that 
can be plugged in this component plug within a framework during instantiation time. 
Only component blueprints that comply with this boundary view description can 
successfully instantiate the framework. Two views are distinguished: 

- Provides interface 

This interface represents the services a component plug supports. The 
’provides interface’ shows the operations that can be performed on the 
component plug, the events the component plug can generate and the 
properties the component plug has. Notice that a component blueprint that will 
substitute this plug must provide all defined operations, events and properties. 

- Requires interface: 

Via this interface the component plug describes which external services it is 
going to use from the surrounding framework in order to perform its own 
internal services. The ’requires interface’ shows which services the component 
plug requires, which events it observes and which properties it accesses. 
Notice that a component blueprint that will substitute this plug must define this 
interface as its own required interfaces. There is no ’requires interface" when a 
component plug must be self-contained. 

 
iv. Boundary view - multiple interfaces  

A component plug usually consists of more than one interface. This is actually the 
reason why interfaces are being grouped into a plug as a kind of ’abstract component’. 
When the component plug consists of only 1 provided interface, the framework design 
of the component to which the plug belongs could easily be transformed into an 
additional required interface for that component. The component plug is also free to 
require more than one interface. In fact, it is better to isolate distinct usage roles to 
separate interfaces for each role. 

 
v. Extra- and non-functional interface for component management, configuration, 

fine-tuning and adaptation 

An extra-functional or non-functional interface allows the framework to which the 
component plug belongs, to make specific choices at run-time for the actual 
component that is actually going to be plugged in the framework at instantiation time. 
In this manner, the framework can choose and change the Quality of Service (QoS) 
options that the plugged component supports As said earlier, an extra-functional and 
non-functional interface can be seen as a special type of a provided or a required 
interface. 
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vi. Specification of Quality of Service (QoS) attributes 

When QoS properties are defined for a component plug, the actual components that 
are plugged into the framework at instantiation time must comply with these 
additional properties. This defines further restrictions on the components blueprint 
that will be used as a substitute for this plug. 

 

7.2.7 Characteristics of a connector 

The connection between interfaces of components is the responsibility of the component 
system. For real-time systems, the knowledge about properties of the inter-component 
connections plays an important role. E.g., the time a request requires to arrive at the called 
component is needed when a schedulability analysis is done. 

The DESS component notation allows different basic types of connections: 

� bounded data : a bounded amount of data is sent from a required to a provided 
interface, after which the called component may reply with a bounded amount of 
data. Examples are: 

o signals/events 

o method calls with or without return data 

� streamed data : (an unlimited amount of) data is sent from a required to a provided 
interface, after which no data is to be sent back to the required interface side. Or a 
bounded amount of data is sent from a required to a provided interface, after which 
the called component replies with an unbounded amount of data. Examples are: 

o video streams 

o voice transmissions 

As with components, a distinction has to be made between connector blueprints and 
connector instances. A connector blueprint defines the properties of a set of connector 
instances. Connector instances are realizations of a connector blueprint and provide the 
defined properties. A connector instance is by default not related to other connector instances. 
However, connector instances may compete for the same resources (media access, 
processing time, ...). 

The set of properties attached to a connector depends on the application domain of the 
component system. In the simplest case, a connector blueprint doesn’t has to define any 
properties besides the mandatory properties given in the next section. A connector instance 
must have at least one additional property, which is the protocol used to transmit messages 
between interfaces. 

Important properties in the context of embedded real-time systems are 

o protocol (local method call, remote method call (CORBA, DCOM, RMI, RPC), ...) 

o end-to-end communication delays for allowed set of messages (worst case, average 
case, etc.) 

o QoS (Reliability, ...) 

o consumed resources (media, processor cycles, ...) 

A connector is always used within a certain component system. A connection between 
components can be provided either by the component system (basic connectors) or can be 
realized by combining existing connector types and connector components into new connector 
types (compound connectors). 



ITEA  

ITEA Title: DESS 102 

Compound connectors can also be used to define properties of a specific set of connectors, 
like state machines, protocols, etc. 

 

7.2.7.1 List of possible connector characteristics 

The description of the characteristics of a connector is also given as a has/gives table. Since 
a connector can be seen as a kind of ’abstract component’, the characteristics of a connector 
are a subset of the characteristics of a component blueprint. 

 

 Connector Blueprint Characteristics Has Gives S/D/I 

01 Unique identification Mandatory Mandatory S 

02 Inside view - connector decomposition Optional Optional D 

03 Extra- and non-functional interface for connector 
management, configuration, fine-tuning and 
adaptation 

Optional  Optional S 

04 Specification of Quality of service (QoS) attributes Recommended Recommended S 

05 Connection type Mandatory Mandatory S 

06 Protocol Optional Optional S 

07 Media type Optional Optional S 

 

Figure 7-18: Connector Blueprint Characteristics 

 

7.2.7.2 Description of the connector characteristics 

01. Unique identification 

The unique identification of a connector is a name that uniquely identifies the connector. It 
specifies an unambiguous reference to a connector, or a key attribute to find a connector 
within a connector catalogue that is compliant to this connector. It should also be possible to 
have multiple versions of a connector. Therefore the identification of a connector should 
consist of 2 distinguishable parts: an identification name and a version number. It is 
advisable that a newer version of a plug is always a pure extension of a previous version, so 
that connectors could remain compliant to a lower version when they are proven compliant to 
a higher version of a specific connector.  

02. Inside view - connector decomposition 

A connector can be developed by composing other connectors and components (a 
kind of middleware-like components), decomposing the more complex high-level 
connector into a number of simpler connectors and additional components. As such, a 
complex connector between a requires component and a provides component can be 
decomposed into a middle-ware component, a simple connector between the requires 
component and the middle-ware component, and a second simple connector between 
the middle-ware component and provides component. As such, the middle-ware 
component can transform the messages passed over the connection in an arbitrary 
way. 

Another example where a connector decomposition can introduce more detail is when 
a specific protocol must be used to communicate between two components. A high-
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level connector can represent this communication protocol. Afterwards, the high-level 
connector can be decomposed into three simple connectors and two protocol-
transforming components: 

� A first simple connector can link the requires component with a message-to-
protocol transformation component. 

� A second simple connector can link the message-to-protocol transformation 
component on the requires side with the protocol-to-message transformation 
component on the provides side. 

� A third simple connector can link the protocol-to-message transformation 
component to the provides component. 

 

03. Extra- and non-functional interface for connector management, configuration, 
fine-tuning and adaptation 

An extra-functional or non-functional interface allows the component system in which 
the connector is applied, to make specific choices at run-time for the actual connector 
that is actually being used at instantiation time. In this manner, the component system 
can choose and change the Quality of Service (QoS) options that the connector 
supports As stated earlier, an extra-functional and non-functional interface can be 
seen as a special type of a provided or a required interface. 

 

04. Specification of Quality of Service (QoS) attributes 

When QoS properties are defined for a connector, the actual components that are 
connected using the connector at instantiation time must comply with and can rely on 
these additional properties.  

 

05. Connection type 

The connection type defines the kind of data, which can be transmitted using this 
connection. There two different types of connection possible: 

o bounded data : a bounded amount of data can be send from a required to a 
provided interface. The called component may reply with a bounded amount of 
data. 

o stream data : (an unlimited amount) of data can be send from a required to a 
provided interface, after which no data is to be sent back to the required 
interface side. Or a bounded amount of data is sent from a required to a 
provided interface, after which the called component replies with an 
unbounded amount of data.  

 

06. Protocol 

The protocol defines how the data to be transmitted is received from the sending 
component and delivered at the receiving component. 
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07. Media type 

The media type defines the physical layer of the underlying connection 
mechanisms. This allows defining properties of the connector by referencing the 
properties of the media. 

 

7.2.8 The component system 

A component instance can interact with other component instances through the use of an 
implicit or explicit component system. The component system is the context in which a 
component has to operate. It is the supporting architecture that makes components work 
together, that glues them and creates a homogenous environment for them. This system is 
first of all responsible for handling the communication and interaction between component 
instances, but it can also be responsible for the support of the characteristics of component 
instances. The component system also contains an implementation part, a run-time 
component system supporting components, in which components can be executed. This 
infrastructure is similar to the one provided by an operating system to the application running 
on the top of the OS. What is important in this approach is that the hosting system is not 
aware of the functions provided by the component it hosts. 

Depending on the application domain, component systems enabling component-oriented 
development vary and can allow the following key points: 

� The system is extensible using plug-in components at runtime 

� There is a polymorphic base of component types through the use of component plugs 
and/or interfaces 

� There is a late linking mechanism such as a loader 

� There is a centralized and automatic management of resources such as garbage 
collection or processor load balancing 

� There is something like a low level API allowing components to access to the 
component system and its services mentioned above 

The Microsoft COM/ActiveX, the Unix OpenDoc and CORBA technologies are examples of 
existing systems enabling component-oriented development in a certain way.  

 

7.2.8.1 Message passing 

The run-time component system can handle message passing between components. If 
components want to obtain a specific function from other components or whenever the state 
of a component has to be changed, a message is sent to the component in question. The 
component system can also provide support for asynchronous and/or synchronous events. In 
some situations it is necessary that components negotiate with each other. Negotiation 
between components should be handled by the component system. The component system 
can also play the role of an Object Request Broker (ORB) by offering a distributed platform for 
component interaction. A strong requirement on the component system is the support of 
various binding and interaction models.  

The component system also takes care of sending data over the network, calling the right 
function on components and possibly other ways of passing messages between components. 
This includes changing the data format if necessary (when two interacting components run on 
different environments and OSs), as is done in CORBA for example. 
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7.2.8.2 Creating, removing and connecting components 

The component system should be able to create new component instances based on their 
component blueprint, remove component instances, connect component instances to each 
other, disconnect component instances from each other or change components plugged into a 
component framework. Components can only be wired (connected) together via their 
interfaces. This is only possible when their corresponding provides and requires interfaces are 
compatible.  

When working with components one also needs the ability to find, name and rename 
components. These abilities should preferably be provided by the component system. This 
naming facility should be supported at creation time of the component. 

 

7.2.8.3 Scheduling 

The component system can handle the scheduling between components. Because 
components can be thought of as active entities, it is necessary to map this view to a real 
operating environment. This can be done by the run-time component system, which ensures 
priorities of messages between components, which takes care of real-time constraints and 
scheduling in general. For real-time embedded systems, it is crucial that the component 
system achieves real-time performance and behavior. 

 

7.2.8.4 Component glue 

The component system can ensure that interfaces are used correctly, as specified by the 
interacting components, and provide some standard glue components to adapt interfaces 
between different components. The glue components provided by the component system 
should be generic, well designed components with as little overhead as possible towards the 
global system. They can possibly be removed when compiling. For example, a certain 
component can return a callback with a specific name, while the receiver expects a message 
with another name. This adaptation can be performed by certain glue components. 

 

7.2.8.5 Logging and debugging 

The component system can help in debugging by checking whether interfaces are used in the 
right way. The component system understands the synchronization interfaces provided by the 
components and can automatically check whether the right calling sequence is used. Another 
possibility is logging all sent messages. 

 

7.2.8.6 Component system interfacing 

The interfacing of a component instance with its component system should be as simple as 
possible. Calling the component system can be done by sending a message to the run-time 
component system. The component system can also be seen as a component itself. It can be 
an advantage to do the interfacing to the component system as if it were a component itself. 

 

7.2.8.7 Stability enforcement.  

A good component system should take care of stability enforcement. One of the 
characteristics a component must have is its ability to be safely introduced in an existing 
system. When introducing a component in a system, the global integrity of the system could 
require additional checking. The introduction of a new component must involve a limited 
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perturbation on the state of the running system. This principle of continuity, i.e., a local 
perturbation has a local consequence, must be a very important goal when developing new 
components. This is especially important when considering the continuity principle from the 
point of view of the resource consumption in an embedded real-time system. The newly 
included component shouldn’t question the performance of the system. 
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8 Detailed Artifacts Descriptions for the Validation & Verification 
Workflow V 

8.1 Validation & verification plan (V&V plan)  
At the outset of the complete V&V process and, if necessary, also during the V&V process 
(e.g. before the start of the single V&V workflows) each individual V&V process is planned. 
Results of the planning are concepts (documents like the V&V master plan and V&V workflow 
plans) and, where applicable, standards to regulate the V&V process. The planning needs to 
be coordinated with the customer of the system to be generated. If the system is one that 
requires the approval of a licensing authority (this refers to e.g. embedded avionic software) 
then the licensing authority is to be involved in the planning. 

Planning includes the following points: 

� V&V goals (incl. V&V process improvement goals), quality goals which should be 
reached. 

� Manpower needed, estimated budget. 

� Responsibilities, roles. 

� The degree of independence of the V&V team. 

� Technical infrastructure, required resources. 

� V&V end criteria, V&V release procedure (e.g. coverage criterion is to be met or all 
defined analysis activities are to be passed without error). 

� V&V strategy. 

� V&V work breakdown, milestones. 

� Configuration management plan (e.g. for the management of V&V objects, 
specifications, data, results). 

� Traceability. 

8.2 V&V object 
All kinds of (intermediate) development products to be checked by V&V (i.e. inputs for V&V). 
Examples are Requirements, Design, Models, Component code, Subsystem code, System 
code, and Interfaces. 

8.3 V&V case 
V&V cases are situations which are of interest for V&V. They are largely determined on the 
basis of the V&V object analysis’ results, the system descriptions underlying the analysis, and 
the intended quality targets. For each user requirement at least one V&V case should be 
generated which examines if the developed embedded software system meets the 
requirement (or not). In doing so, it is important to determine and test the quality criteria linked 
with the requirements.  

V&V case determination is an essential activity with the help of which the quality and scope, 
and thereby also the effectiveness and the costs of a analysis can be assessed. Additionally, it 
is a very creative phase in which the imagination, intuition, and experience of the V&V team 
play a vital role. V&V case determination often aims at detecting most possible errors and 
realizing the highest possible V&V object coverage. 
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A test case is a special instance of a V&V case. It consists of a set of inputs, execution 
preconditions, and expected outcomes developed for a particular objective, such as to 
exercise a particular program path or to verify compliance with a specific requirement (after 
IEEE and DO-178B). Figure 8-1 shows an example of a test case template. 

Test case example: SEF_2: Test CC discontinuities and duplicate packet handling 

Purpose This test covers continuity counter management and the section filter duplicate packet 
handling. The stream contains a short sequence with a normal duplicate packet and 
announced duplicate packet (discontinuity indicator =1). The section filter should discard 
these packets. 

The stream also contains a short sequence with ‘missing’ packets. The section filter should 
again accept the whole sequence. A wide range of adaptation field length / section length 
combinations are included.  

Quality 
attributes 

Continuity 

Test Items MS_SEF_DELETE, MS_SEF_START_FILTERING, MS_SEF_REQUEST, 
MS_SEF_FILTER_REQUEST, MS_SEF_STOP_FILTERING, MS_SEF_GET_SECTION 

Bit-rate min 1000 bits/sec, max 125000 bits/sec. 

PID information MPEG2 allows a maximum of two consecutive CC discontinuities, 
announced by discontinuity indicators of value ‘1’ (“legal” 
discontinuities). The stream contains a short sequence with two 
consecutive, legal CC discontinuities. First a duplicate, then a CC 
jump. The duplicate packet should be discarded. 

The CC’s on PID’s 129 and 130 start at value 0. Since the PID filter 
is initialized at CC value 0, it regards the initial incoming packets of 
CC = 0 as duplicates. Therefore, these packets should be discarded. 

See Appendix 1 for detailed stream information 

Input 
Specification 

Input port TSP input 

Start Setup a section filter which gathers sections in range 0xe0..oxe3 

Setup another section filter which gathers sections in range 0xf0..oxf3 

Output 
Specification 

Packets equal sections here  

The section which should be accepted and which packets must be discarded by the MSP 
block are: 

PID 129: section accepted are 0xe1, 0xe3 

PID 130: sections accepted are 0xf1, 0xf3 

The correct handling of these stream parameters is proven if the number of sections are 
arrived.  

All section payload data are ramp functions (1, 2, 3, ...), except for the section in packet 21, 
which should be discarded by the section filter. For reasons of analysis this section is filled 
with ‘DC’ data. 

Environmental 
needs 

A buffer pool segment must be configured with 10 buffers of 2 Kbytes. 

Special 
procedural 
requirements 

MS_SEF_filter_default_config must be used in this test 

Remarks None 

Figure 8-1: Test case template 
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8.4 V&V procedure 
A document providing detailed instructions for the execution of one or more V&V cases. 
Contains descriptions of the set-up, execution, and evaluation for given V&V cases. 

8.5 V&V results summary 
The V&V Results Summary organizes and presents the test results and key measures of 
analysis for review and assessment. In addition, the Summary contains an evaluation, by the 
V&V team, of this information and recommendations for future efforts. 
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9 Detailed Artifacts Descriptions for the Requirements 
Management Workflow V 

9.1 Requirements  Management Plan 
The Project Management Plan (PMP) is used to document all development-related decisions 
and rules for the project roles involved. It is contains amongst others the Requirements 
Management Plan, the Quality Assurance Plan and the Configuration Management Plan. 

9.1.1 PMP Section: The Requirements Management Plan 

The Requirements Management Plan (RMP) is a section of the PMP; it describes 
all requirements management related issues specific to the project. The effort of 
the activities performed depends on the type and size of the project and include 
one or more of the following: 

• Human and non-human resources. 

• Management reporting 

• Required Tooling 

• Information models used. The Traceability overview, attributes definitions, 
requirements identification. 

Element Description 

<req-identifier> ::=  [<req. type prefix>[_<component name>]< reqnr>] 

< req. type prefix > ::= Example: FUR | SYRS | SAD | SRS | SATS | SITS | 
SCTS  

< component name > ::= <string>  Should be unique for a certain component of a 
system.  

 

Figure 9-1: Requirements Identification 

• Metrics. Metrics Measurement: Percentage of changed requirements per 
requirement type. , The number of defects found per test run the quality of 
implementation of the requirements (defects found during the Verification). 
Also the trend analysis is used to support the Requirements Management 
process 

• Project tracking activity. Examples of activities: RM Planning, RM support, 
Repository Administration, Requirements, Change Analysis, Communication, 
Documenting. 

• Predefined information Views. 

• User privilege, security. 

• Requirements management related responsibilities. 

The RAEW tables define the roles and responsibility related to a number of RM 
activities. 
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 Description 

R Responsibility for the proper execution of the activity. 

A Authority to decide on the Go/No Go matters of the activity 

E Expertise on the activity 

W Performing the actual work 

Figure 9-2: Legend of the RAEW tables 

9.1.2 PMP Section: Quality Assurance Plan 

The quality assurance is dealing with the development process, the product-, 
project-, company-, and world- quality standards.  

Product domain specific quality 

The focus is the compliance of the specifications to the world standards defined for 
the domains of the product. 

Safety related 

For requirements related to safety, a traceability matrix is required. Examples are 
medical products like a MRI scanner and radiotherapy systems. The correct 
implementation of safety standards has to be proven, depending on the law (USA). 

9.1.3 PMP Section: Configuration and Change management Plan 

The configuration management plan defines the level of formalism per status 
promotion of an artifact, e.g. formal inspection, cross checking. The organization of 
the CCB is documented in the Configuration Management Plan. 
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Note: Traceability is a N to M relationship

TI_CR

TI_CR

TI_CR

TI:       Traceability Item
CR:     Change request
FUR:   Formal User Requirements
SYRS: System Requirements
SAD:   Software Architectural Design
SRS:   Software Requirements Specifications
SATS: Software Acceptance Test Specification
SATX: Software Acceptance Test eXecution
SITS: Software Integration Test Specification
SITX: Software Integration Test  eXecution
SCTS: Software Component Test Specification
SCTX: Software Component Test eXecution
PDRAT: Product Defect Report Acceptance Test
PDRIT: Product Defect Report Integration Test
PDRCT: Product Defect Report Acceptance Test
(comp): Component name  

Figure 9-3: Traceability Item Overview 
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9.2 The 6-View Model of Architecture 
The Architecture MetaModel divides each architecture into six so-called Views. The model 
includes a Meta architecture defining the essentials of the six Views. Specific versions based 
on this Meta architecture are presented for system and software architecture. The electrical 
and mechanical architecture can be modeled accordingly to the Meta architecture but are not 
included in this chapter. 

Architectural modeling is a technique to generically structure architectures into various 
complementary units. Each unit addresses a specific concern, thus enabling separation of 
concerns. Architectural modeling also helps to decrease complexity, to ensure completeness 
of the architecture, to organize its documentation and to improve communication with the 
various stakeholders.  

In literature, a few architecture models have been published. Two examples are the “Soni 
model” [23] and the “4+1 View Model” [24], both applicable to software architecture. 

The physical level was often not included in the architecture, causing the architecture to miss 
the link to every-day reality of programming resulting in a design that was not reflected in the 
source code. Typically, inconsistencies in the code and duplicate mechanisms were found. 
Also, mismatches in physical interfaces sometimes disabled integration, especially in multi-
site development. 

We now present an architecture reference model that is applicable to various kinds of 
architecture, hence its name: the Architecture MetaModel. The model describes both a 
generic Meta architecture and specific versions for both system and software architecture. 
A 6-view approach is used, which is based on three levels of architectural description.  For 
each level, a static and a dynamic view are presented. The static view describes the 
components of the level whereas the dynamic view describes the interaction between these 
components.  

Two very important elements of architecture are present in almost all Views of the MetaModel: 

1. Time span: Each View contains both short-term and long-term aspects. 

• In the conceptual Views, the short-term aspects are covered by the actual 
requirements and the long-term aspects are covered by possible future extensions. 

• In the logical and physical Views, the actual decompositions and mechanisms handle 
the short-term aspects whereas the various rules, paradigms and guidelines ensure 
the long-term flexibility and expandability of the system. Typically, the decomposition is 
evolved based on these rules. 

2. Rationale: Each View that describes solutions, i.e. logical and physical Views, should 
include a rationale. The rationale describes the reasons for choosing the solution and, if 
relevant, the rejected alternatives. 

In order to ensure that enough attention is paid to these elements, sections in the architecture 
templates must be included that represent time span and rationale. 

9.2.1 The MetaModel 

The Meta architecture specifies three levels of abstraction: 

1. Conceptual level: This is the highest abstraction level. Here the architecture is described 
in terms of black box reasoning. This means that the context of the architecture and the 
essential aspects from the requirements specification that focus on non-functional 
requirements are taken into account. No design decisions are presented yet, only an 
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analysis of the application area is presented including long-term rules that apply to the 
architecture. 

2. Logical level: Here all design decisions are described and their rationales explained 
(white box reasoning). The architecture is defined in terms of decomposition, a set of 
design rules and the dynamic aspects of the design. 

3. Physical level: Typically, an architecture is not a product of its own. It is input to other 
activities that add more detail. For the system architecture, these activities are the 
development of the mechanical, electrical and software architecture. For the software the 
interfaces are described.  

Whereas the logical level concentrates on the design and its behavior, the physical level is 
necessary to enable the transition from the design to the detailed activities. It defines a 
mapping and a set of rules and conditions. 

Each level is partitioned into two parts: 

1. Static: The static part describes the components and concepts that are important for the 
level. In case of the logical level, the design can incorporate multiple nested levels of 
component definition. 

2. Dynamic: The dynamic part describes the interaction between the components, the run-
time behavior and examples of how the architecture will operate (e.g. use cases and 
scenarios). The latter is meant to gain insight and to verify correctness of the architecture. 

The following figure gives an overview: 

 

 

Conceptual: 
Black box view of the system describing its 
context and the user’s view. 

Logical: 
White box view of the system describing the 
actual (top level) design. 

Physical: 
Transformational view of the system 
describing the consequences of the design 
for the implementation. 

 

Figure 9-4: Overview of the MetaModel 

9.2.2 Managing the MetaModel 

The MetaModel primarily describes terminology and a structure to organize your 
documentation. It enables the reduction of complexity by separation of concerns. Also, the 
model can help in structuring the process of developing and maintaining architectures. 

9.2.3 Stakeholders 

Besides the architects, different stakeholders are involved in discussions about the 
architecture. Instead of all stakeholders discussing the entire architecture, typically 
stakeholders can be matched to only one or a few Views in the MetaModel. Below an example 
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is given of a possible stakeholder assignment to the Views. (Take into account that roles are 
often defined differently depending on the organization and the terminology used.) 

Whereas the separation between static and dynamic parts per level is primarily based on 
cutting down on complexity, the three levels are the major drivers for the stakeholders to be 
involved. 

Conceptual level: 

• For the system architecture, the stakeholders are typically the product manager 
(representing the customer) and/or the requirements engineer.  

• The system architect needs to agree with the product manager on the content of the 
conceptual level. 

• For the software architecture, the same process applies with one additional stakeholder: 
the system architect. The system architect must deliver as input the conditions from the 
system architecture to the software architecture. 

Logical level: 

• For the system architecture, there is one major stakeholder: the project manager. 
Depending on the decomposition and its dependencies (static aspects only), a rough 
schedule can be defined and decisions about organizing the project into development 
teams can be taken. 

• For the software architecture, there are two stakeholders: the software project manager 
and the software designers. Again, the software decomposition and its dependencies 
determine the planning of the development. The software designers are involved, because 
they have to use the logical level as a basis for their detailed software designs. 

Physical level: 

• For the system architecture, the stakeholders are the architects of the various disciplines 
(mechanical, electrical, software). They have to agree on the decisions made on the 
physical level. 

• For the software architecture, the stakeholders are the programmers and the configuration 
manager (especially for the static View). The physical level must provide a useable 
framework for the programmers to do their job. The configuration manager uses the 
physical View to set up the development environment. (Take care to start with this as soon 
as possible; the same holds for coding and naming standards.) 

Some roles do not fit into specific Views: testers and integrators usually operate on various 
levels of the MetaModel.  

9.2.4 The Cyclic Time-boxing Approach.  

A danger of defining system and software architecture each into six Views is that the 
architects start working on the conceptual level and do not reach the physical level in time to 
transfer the architecture to the rest of the development organization. What results then is an 
architecture that is merely a vision of the future instead of the first step towards the future. 

So, if time is limited, which it mostly is, it is better to deliver a less perfect but complete 
architecture rather than to have only a partial, but perfect architecture. 

To ensure that each of the six Views of each architecture gets enough attention and to be able 
to correct unwanted consequences of the architecture choices in an early stage, the idea of 
cyclic time boxing is proposed here. 
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This means that each of the Views is assigned a fixed amount of time beforehand. The Views 
are traversed in a left-to-right and top-down order. 

When the allotted time has passed, the cycle is repeated setting new fixed amounts of time for 
each of the Views. After two to three cycles, the architecture becomes more stable and the 
development organization can start working with it. 

Typically, for small projects the cycle-time will be smaller than for large projects. Also, the first 
cycle should be short, no longer than a few weeks preferably. 

It is vital to never postpone major difficulties until the next cycle. This means that an important 
bottleneck should always be considered first and its impact analyzed, and preferably solved.  
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static
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dynamic

Physical
dynamic

Logical
dynamic

Time-boxing per requirement/event / use case

 

Figure 9-5: Time boxing approach 

Depending on the size of the project one or more persons are allocated to a specific view, or 
are responsible for one or more views.  

9.2.5 Tailoring the MetaModel 

Depending on the actual system at hand, parts of the Meta-Model gain or loose relevance. It 
is the decision of the architects to omit those parts that are not relevant or to add extra 
application-specific subjects. 

9.2.6 The Meta Model for System architectures 

When adopting the Meta architecture for the system architecture, the following six Views 
emerge: 

1. Conceptual static: This View describes the system context, types of users, fundamental 
and non-functional requirements. These are described in terms of actual and future 
context and requirements. 

2. Conceptual dynamic: This View describes typical usage (e.g. by means of system use 
cases) and behavioral rules. Also, various system configurations and variants and how 
they are switched are described. Performance requirements are defined here as well. 

3. Logical static: This View describes the system in terms of system components and their 
mutual dependencies. These system components are defined independently of the actual 
hardware and software. Design paradigms can be defined that are to be maintained 
throughout the system (both with an actual and a future scope). 
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4. Logical dynamic: This View contains the dynamic behavior of the system components, 
e.g. how and when a component is connected or disconnected, what kind of 
communication takes place. System start-up and shutdown rules are to be defined and 
examples of internal system operation can be added (e.g. scenarios). 

5. Physical static: This View transfers each system component and the connections 
between them into a set of mechanical, electrical and software parts. For each part, 
specifications and interfaces are defined (e.g. physical dimensions of electrical 
components). 

6. Physical dynamic: This View adds to the physical static View a number of dynamic 
aspects like protocols and run-time resource budgets (memory and performance) for all 
mechanical, electrical and software parts. 
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Figure 9-6: System architecture MetaModel. 

9.2.7 The MetaModel for Software architectures 

When adopting the Meta architecture for the software architecture, the following six Views 
emerge: 

1. Conceptual static: This View describes the context of the software architecture including 
a context diagram, external interfaces and resources such as libraries and operating 
systems, fundamental software requirements and possible future extensions. 

2. Conceptual dynamic: This View describes typical usage (software use cases), user-
visible software states, configurations and variants, software performance requirements 
and software behavioral rules. 

3. Logical static: This View is the heart of the software architecture in that it defines both the 
basic paradigms of the software (e.g. via design patterns) and the decomposition of the 
software. The decomposition takes place in subsystems and/or a layering model. The 
actual decomposition is dependent on the design method chosen. Also, the major internal 
interfaces in the software system need to be defined and all persistent data aspects are to 
be described. 

4. Logical dynamic: This View describes all design-related run-time aspects, including 
mechanism descriptions, start-up and shutdown behavior, major algorithms and inherent 
parallelism. Also, examples of internal software operation can be added (scenarios) to 
verify correctness of the design. 
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5. Physical static: This View focuses on the file, directory and code level. This means that 
the design needs to be mapped to a file and directory structure. Also, rules for 
constructing libraries and executables are included as well as coding and code-naming 
standards. 

6. Physical dynamic: This View focuses on run-time processes, threads and tasks (defining 
generic rules and a physical mapping of the design). Also, scheduling, interrupt aspects 
and performance and memory issues are to be considered here. 
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Figure 9-7: Software Architecture MetaModel. 
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9.3 The template of the architecture Meta Model.  
 

Conceptual 
static view  

Description 

Context This section contains one or more context diagrams describing the surroundings of the system, 
depicting the system itself as a black box. This can be done in terms of: Surrounding hardware, 
surrounding software, surrounding files, the end-user  

External 
resources 

This section actually lists the various external resources that need to be available for the 
software system. For each of the items listed, a short explanation and an indication of the 
delivering party are available. 

Typical items to be listed are: surrounding hardware, software libraries (that are delivered to be 
linked into the software product), software executables (to communicate with), resource files 
(e.g. bitmaps, fonts, user-defined files to be incorporated), standards (e.g. protocols). 

Typical 
users/actors 

This section describes the types of user/actors that will be using the software system. This list 
of users is mainly input to the use cases. 

Major user-
visible functions 

This section describes the major user-visible functions (not software functions but functionality 
delivered by the software).  Also, describe the relation between the user-visible functions and 
the users (which user is allowed to perform a function). 

External 
interfaces 

This section describes the external programming interfaces that are delivered by the software 
system, i.e. API’s. 

Axioms This section describes the main consequences from the requirements specification that will be 
essential to the design. Focus on the aspects of the requirements that have a high impact on 
the logical view.  

Future 
extensions 

This section describes a number of possible future extensions to the system. Also, give an 
indication of how difficult it would be to introduce this extension. 

Figure 9-8: Conceptual Static View 

 

Conceptual 
dynamic view 

Description 

Typical usage This section contains a number of typical examples of how the software system will be used. 
This can be described by means of use cases, pictures, lists or plain text.  

User-visible 
software states 

This section describes the actual states that are visible to the user. As a technique, typically 
use a state transition diagram and indicate what the user notices in each of the states. 

Versioning This section describes the various ways of delivering the software system. Versioning 
describes the variants that emerge when switching options/features on and off or by having 
country specific settings. This section describes all possible combinations and how they are 
dealt with (externally to the design). Typical issues here can be static and dynamic upgrading, 
interoperability of different versions and the mechanisms for switching between 
options/configurations. 

Performance 
requirements 

This section can be a brief summary of the requirements specification’s performance 
statements. As performance issues are often difficult to predict, extra information should be 
available about feasibility, importance, and consequences for the design and hardware 
relations. 

Rules & 
guidelines 

This section describes the typical dynamic rules of the software system’s behavior.  

Figure 9-9: Conceptual Dynamic View 
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Logical static 
view 

Description 

Paradigms This section describes design concepts that are used as starting points for this design. Typical 
examples could be the design patterns as described in the book by Gamma ea. 

The paradigms section should be viewed as a basis for extension and reuse. It should help in 
determining how new functionality could fit into the design. 

Subsystems This section describes some decomposition of the system. This can be functionality based 
(e.g. SASD) and/or object based (e.g. UML, OMT). The decomposition itself can be described 
in more than one picture.  

Layering model This section should be based on the subsystem section. It describes the layering model, i.e. a 
hierarchical model that defines the decomposition of the system adding general calling 
conventions. Next to a picture, this section must describe the functionality of each layer in text. 

Dependencies This section describes the type of the relations between the elements of the layering model in 
more detail (e.g. calls, call-backs, subscription, and inter-process communication). 

Major internal 
interfaces 

This section describes the major internal interfaces within the system.  

Persistent data This section defines the stored data model of the software system or any other type of 
persistent storage.  

Rationale This section describes the reasons of the design choices made in the previous sections. Main 
goal is to document history and to prevent the same discussions from starting again. 

Figure 9-10: Logical Static View 

 

Logical 
dynamic view 

Description 

Scenario’s This section describes typical examples of how the software will co-operate. This can be done 
by means of message sequence charts or calling trees. Use this section to get a better insight 
in the functionality of the software and to validate the logical static view. 

Internal SW 
states 

This section can be used to describe the states of the software or parts of the software. Use 
state transition diagrams as a technique and make sure to describe transitions in data and/or 
functional changes. 

Mechanisms This section is to describe all mechanisms in the software system that are typically used by all 
or a number of parts. Examples are error and exception handling, memory management, 
messages and events, assertions, file handling, dB access, UI tools, graceful degradation 
solutions. 

Run-time 
entities 

In case of using OO techniques, this section describes the run-time budgets for object entity 
creation and gives information on the multiplicity of the run-time relations between classes. 

Possible non-OO type of information can be an indication of the multiplicity of the number of 
mallocs for structures and arrays. 

Start-up & 
shutdown 

This section is to be used to describe typical start-up and shutdown behavior. For start-up, the 
initialization order of parts of the system should be described. 

Inherent 
parallelism 

This section is to be used to describe inherent parallelism and synchronization. This is an 
alternative for describing scenarios. Typically, an activity state diagram technique could be 
useful.  

Major 
algorithms 

This section describes the typical core functionality of the software. 

 

Rationale This section describes the reasons of the design choices made in the previous sections.  

Figure 9-11: Logical Dynamic View 
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Physical static 
view 

Description 

File & directory 
mapping 

This section describes how the logical static view decomposition maps onto files and 
directories. Define also general naming conventions and file-extension rules 

Libraries & 
executables 

This section describes how files/directories form together a library or an executable. Also 
describe make files, compiler settings, paths where the targets are put and how the software 
release structure is set up. 

Coding & 
detailed design 
rules 

This section describes the coding rules (layout, naming conventions, safety,) and design rules 
(do’s and don’ts of detailed designing). 

Often this section is a reference to a separate document. 

Templates This section defines templates for subsidiary documents, especially the detailed design 
document. 

Often this section is a reference to a number of separate documents. 

Figure 9-12: Physical Static View 

 

 

Physical 
dynamic view 

Description 

Process 
paradigms 

This section contains the general rules that describe the underlying philosophy in process 
creation (when to create a thread or a process and when not to). This section can be compared 
with the paradigm section in the logical static view. It should be viewed as a basis for extension 
and reuse. 

Processes & 
threads 

This section describes a model for actual processes and threads. This can be done by means 
of a process model (graphical notation). Also, each process/thread is to be described in terms 
of the software parts that run within it, the processor it is assigned to and a number of rules for 
the multiplicity, the priority and life cycle of the process/thread. 

Scheduling & 
priorities 

This section describes the scheduling mechanism(s), e.g. (non-) pre-emptive, round robin, time 
slicing, 

If there are different priorities to attach to processes and threads, these should be described 
here. 

Events & 
interrupts 

This section describes the events and interrupts in the system. Events are used as a general 
term for asynchronous behavior (user/software/hardware originated), whereas interrupts are 
hardware originated events with a high priority. 

Performance 
issues 

This section describes what is done to deal with the performance requirements (time related)  

Memory budget This section describes what is done to deal with the memory requirements. Both foreground 
memory (e.g. RAM) and background memory (disk space) are to be dealt with. 

Rationale This section describes the reasons of the design choices made in the previous sections. Main 
goal is to document history and to prevent the same discussions from starting again. 

Figure 9-13: Physical Dynamic View 
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Development 
process issues 

Description 

Development 
dependencies 

This section describes the consequences of the chosen architecture for development order 
and organization (into teams). Including the creation of stubs and emulators. Also 
dependency management rules can be included here. 

Testing issues This section describes how the software system is to be tested with respect to the design. (If 
the testability of the design turns out to be inadequate, the design should be reconsidered.) 
Testability includes rules for module test cases and integration testing. 

Configuration 
management 

This section describes (optionally) whether the architecture leads to specific requirements for 
configuration management.  

Release 
management 

This section describes the consequences for the releasing of the software. 

Figure 9-14: Development Process Issues 
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10 DESS component development processes 

10.1 Introduction 
A development process provides further practical detail for the application of a methodology. It 
makes the methodology more concrete in the sense that it introduces a specific timing of the 
activities within the methodology. The process defines which workflow must perform which 
activities at what time. 

The DESS methodology does not impose a specific software development process. It merely 
offers a framework in which one can define a concrete CBD process. This allows defining a 
process that is specific for a certain company, application domain, project or system. The 
DESS methodology only offers a good structured process framework existing of 3 Workflow 
Vs, each of them containing a number of workflows. 

Nevertheless, it is possible to describe a number of typical component development 
processes. Three example processes are presented: a top-down process, a bottom-up 
process and a middle-out process, all applied on the component-related workflows of the 
DESS methodology. So the workflows that are especially focused within the presented 
process are the ’Specification & Design - Components, Plugs, Frameworks & Connectors’, the 
’Implementation - Components & Frameworks’ and the ’Instantiation - Components & 
Frameworks’ workflow, as presented in sections 4.2.6 until 4.2.8. Of course, these processes 
take a quite extreme point of view, which is not always advisable to obtain a fitted process. 

 

10.2 Top-down component development process 
A pure top-down component development process defines the overall system as one big 
component, and then hierarchically decomposes this component into a number of smaller 
components, until ultimately the components are small enough to be implemented directly 
without the need of any subcomponents.  

The following steps can be identified in a pure top-down component development process (a 
more detailed description of the activities are presented in sections 4.2.6 until 4.2.8): 

A. Specify the overall system as one big component blueprint, having a number of 
provided and required interfaces that matches to the user interfaces and input/output 
devices of the system. 

B. Design the system as a component decomposition into a number of subcomponents, 
by building a framework and defining plugs for each subcomponent to be placed in the 
framework. Connectors can be used to link the plugs to each other and to the provided 
and required interfaces of the system component. 
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C. The following steps can be done in parallel: 

C1. For each plug: 

C1.i Specify the component plug. 

C1.ii Specify a component blueprint that is compliant with the plug, or reuse a 
plug-compliant component specification by selecting a relevant 
component blueprint from the component libraries. 

C1.iii {optionally} Design the component blueprint as an OO design, or (again) 
as a component decomposition into a number of subcomponents, by 
building a framework and defining plugs for each subcomponent to be 
placed in the framework. Connectors can be used to link the plugs to 
each other and to the provided and required interfaces of the system 
component. Repeat step C for all identified plugs and connectors. 

C1.iv {optionally} Implement the component blueprint as an OO component 
implementation or a framework implementation. 

C2. for each connector: 

C2.i Specify the connector blueprint, or reuse a connector blueprint 
specification by selecting a relevant connector blueprint from a 
connector library. 

C2.ii {optionally} Design the connector blueprint by decomposing it into a 
number of sub-connectors and middle-ware component plugs. Repeat 
step C for all identified middle-ware plugs  and sub-connectors. 

C2.iii {optionally} Implement the connector blueprint. 

C3. Implement the system component framework. 

D. Instantiate the system component blueprint framework, by plugging the appropriate 
compliant component instances into the plugs present in the framework. 

E. For each subcomponent designed as a framework: 

E1. Repeat step D and E. 

 

The pure top-down component development process is illustrated in Figure 10-1. 
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Figure 10-1: Top-Down Component Development Process 

 

 

10.3 Bottom-up component development process 
A pure bottom-up component development process starts with developing a number of fine-
grain components, combining them into bigger and bigger ones, until ultimately a very big 
component is composed that corresponds with the overall system.  
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The following steps can be identified in a pure bottom-up component development process (a 
more detailed description of the activities are presented in sections 4.2.6 until 4.2.8): 

 

A. Specify a number of component blueprints, and/or reuse a number of component 
specifications by selecting a relevant component blueprint from the component libraries. 

B. {optionally} Design the component blueprints as an OO design 

C. {optionally} Implement the component blueprints as an OO component implementation 

D. Repeat 

D1. Specify a component blueprint or reuse a component specification by selecting a 
relevant component blueprint from the component libraries. 

D2. Design the component blueprint as a component decomposition into a number 
of subcomponents that were defined earlier, by building a framework and 
defining compliant plugs for each subcomponent to be placed in the framework. 
Connectors can be used to link the plugs to each other and to the provided and 
required interfaces of the system component.  

D3. The following steps can be done in parallel: 

D3.i Implement the component blueprint as a framework implementation. 

D3.ii Specify the component plug identified in step D2. 

D3.iii for each connector identified in step D2: 

D3.iii.a Specify the connector blueprint, or reuse a connector 
blueprint specification by selecting a relevant connector 
blueprint from a connector library. 

D3.iii.b {optionally} Design the connector blueprint by decomposing 
it into a number of sub-connectors and middle-ware 
component plugs. Repeat step C for all identified middle-
ware plugs  and sub-connectors. 

D3.iii.c {optionally} Implement the connector blueprint. 

D4. Instantiate the component blueprint framework, by plugging the appropriate 
developed component instances into the plugs present in the framework. 

Until the specified component blueprint in step D1 forms the description of the overall 
system as one big component blueprint, having a number of provided and required 
interfaces that matches to the user interfaces and input/output devices of the system. 

 

The pure bottom-up component development process is illustrated in Figure 10-2. 
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Figure 10-2: Bottom-Up Component Development Process 
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Appendices 

Appendix A: Description of the Common Characteristics with 
Attributes and Metrics 

A.1 Introduction 
The purpose of this appendix is to establish the common characteristics of real-time 
embedded software development. This set of common characteristics will be based on the 
individual contributions of the DESS partners. Where appropriate, some definitions and 
concepts, which are in widespread use in specialized literature, were included as well. 
Feedback from workshops, conferences and private discussions will also be taken into 
account. 

 

A.2 Real-Time Embedded characteristics 
A.2.1 Embedded system 

A.2.1.1 Common characteristics 

The systems, for which this project aims to develop a software methodology, are indeed 
embedded systems. The types of systems the DESS WP1.1 partners are developing are all 
dedicated to specific tasks. In some applications, the complete system even consists of 
multiple embedded systems. The user can only access what the application allows him to. 
Access to the underlying operating system (if any) is never granted. 

 

A.2.1.2 Generic definition 

An embedded system is a system where the user can see the functionality but has no access 
to the underlying software technology.  

 

A.2.1.3 Metrics 

If a system fits the generic definition, it will be considered embedded. 

 

A.2.2 Real-Time system 

A.2.2.1 Common characteristics 

The real-time aspect of the embedded systems becomes apparent in many ways. Depending 
on the type of application, emphasis is put on delivering a service, the quality of the service, or 
a certain speed in responsiveness in delivering the service. 

 

A.2.2.2 Generic definition 

Usually, three types of “real-time” are distinguished: 

• Hard real-time; 

• Soft real-time; 
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• Statistical real-time. 

Hard real-time means that the deadlines must be met, and the overall system behavior must 
be deterministic. If this is not the case, then the embedded application will be considered 
“failed” and it will most probably be excluded from use. This is usually the case for safety-
critical systems. 

The soft real-time constraint allows that deadlines are missed, however in this case the quality 
of service comes into play. If the quality might be endangered in such a way that the overall 
result becomes unacceptable, the system may be considered “failed” as well. 

In statistical real-time, deadlines may be missed, as long as they are compensated by faster 
performance elsewhere to ensure that the average performance meets a hard real-time 
constraint. To be able to fully assess the consequences of the statistical behavior, stochastic 
analysis is required. However, it is always possible to transform this into a deterministic 
analysis by investigating the worst-case situation 

 

A.2.2.3 Metrics 

Test equipment will have to be prepared to allow verification of several timing constraints: 

• Period: As the controller behaves periodically, all necessary computations and 
adjustments of actuators must be completed within the given time interval. The period is 
e.g. imposed by a sensor device delivering its value periodically. 

• Deadline: The deadline of a task is measured relative to the beginning of the period. The 
task has to be guaranteed to have finished before this deadline. Note that the deadline is 
less than the period length, if there are several tasks that have to be completed within the 
given period. 

• Response Time: This is the longest time ever taken by a task from the beginning of its 
period until it completes its required computation, i.e. including all possible interferences 
by higher priority tasks and interrupt routines. The real-time constraint is represented by 
the fact that the worst-case response time of a task has to be smaller than its deadline. 

• Release Time: An offset value that represents the arrival (release) of a certain task with 
regard to the beginning of the period. The release time of a task must not be later than 
(deadline - WCET), where WCET is the Worst-Case Execution Time of the task. 

• Jitter: The amount of time the response time of a task can vary due to interferences and 
inaccuracies caused to it and its predecessors. 

 

 

Figure A-1: definition of time-constraint metrics 

 

A.2.3 Memory Constraints 

A.2.3.1 Common characteristics 

Memory constraints come in two flavors: constraints on the size and on the behavior. Size 
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constraints are particularly important in products for mass consumer markets. Indeed, if the 
memory of such products has to be increased, then this will have an immediate influence on 
the price of the appliance. Even for products where price is not an issue, the size is best 
determined in such a way that ample space is left for possible future extensions. Especially 
when micro controllers with on-board RAM and/or ROM are used, a substantial gain in cost 
can be obtained by designing the software in such a way that it fits the on-chip resources, and 
no additional, external memory is required. 

If there is a requirement for predictable, deterministic behavior of the memory, then this 
constraint has an influence on the way the memory is used. Again, there is a hard and a soft 
version of the constraint. The hard variety demands that all bytes that are used are somehow 
accounted for by the application. For the soft variety, this is not required. However, 
deterministic behavior usually disallows dynamic memory use, as well as time-unpredictable 
features such as virtual memory, cache or garbage-collection schemes. 

 

A.2.3.2 Generic definition 

Memory constraints can be summarized as follows: 

• Cost: minimize the size to keep it as low as possible. For micro controllers, the cost 
function has a discontinuity when the size of the required memory resources exceeds what 
is available on-chip. 

• Load: maximize the size to cater for future extensions 

• Hard determinism: no dynamic behavior, and all bytes accounted for 

• Soft determinism: no dynamic behavior. 

 

A.2.3.3 Metrics 

The following metrics apply (and are quite self-explanatory): 

• Size 

• Load 

• Cost 

• Dynamic behavior 

• Accounting for the data 

 

A.2.4 CPU constraints 

A.2.4.1 Common characteristics 

Two main issues are important to CPU constraints: 

• The CPU performance must be well dimensioned; 

• The CPU usage must be deterministic. 

Performance wise, the CPU must be sufficiently powerful so that the application’s algorithms 
still satisfy the real-time constraints. Also, the CPU must not be used at a 100% of its capacity 
at this time, to allow for future expansions. If the application is intended for mass markets, 
then care must be taken not to go for a performance overkill solution, because that might not 
be cost effective. 
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To ensure a deterministic CPU usage, it is better to take a time-triggered approach rather 
than using an interrupt-driven approach, although this cannot always be avoided. 

 

A.2.4.2 Generic definition 

CPU constraints can be reduced to: 

• Overall performance must be sufficient to support current requirements 

• Load must allow to cater for future extensions 

• Determinism: no dynamic behavior, or at least try to reduce to the strict minimum 

 

A.2.4.3 Metrics 

The following characteristics of the CPU can be measured (e.g. with a logic analyzer) or 
estimated by code inspection and processor spec study): 

• Intrinsic performance (from datasheets) 

• Actual performance (to be measured with e.g. logic state analyzer) 

• Load (to be measured with e.g. logic state analyzer) 

• Determinism of the behavior (to be checked with e.g. logic state analyzer and by 
inspection of the code) 

 

A.2.5 Bandwidth Constraints 

A.2.5.1 Common characteristics 

A number of embedded applications have very stringent bandwidth requirements, dictated by 
the amount of communication that is required (e.g. over buses). It specifies the maximum 
amount of data that can be moved over a channel, e.g. in bits per second. Furthermore, there 
may be constraints on the total time that a communication is allowed to take. 

 

A.2.5.2 Generic definition 

The two constraints regarding bandwidth are: 

• Maximum transmission speed, which determines the maximum bandwidth the signal 
can/should use 

• Total transmission time, which becomes important if the speed at which the data is sent, 
has to be artificially reduced to meet the previous constraint, either due to the amount of 
data or the unavailability of the full bandwidth. 

 

A.2.5.3 Metrics 

Both constraints can be measured: 

• The average, maximum and minimum amount of bits, sent per second, can be monitored 

• The total time of a typical, a best case and a worst-case transmission can be measured to 
evaluate the quality of service rendered. 
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A.2.6 Power Consumption Constraints 

A.2.6.1 Common characteristics 

Especially in handheld appliances, power management has an important impact on the 
autonomy of the system. Therefore, it must be under control right from the beginning of the 
design. Also, as the power is in such cases drawn from a battery, these constraints will have 
an impact on the overall design of the appliance, and indeed, the choice of battery. 
Specifically for software, care must be taken that the hardware is used only when required 
(e.g. if the system contains a heater or a backlight, don’t switch it on when it is not necessary). 

 

A.2.6.2 Generic definition 

There are several direct and derived aspects to the power consumption constraints, and this 
time, not all of them can be expressed as electric or temporal quantities: 

• Autonomy of the system 

• Cost 

• Weight 

• Dimensions 

 

A.2.6.3 Metrics 

The power consumption of the embedded system can readily be measured: 

• Power = voltage * current, both of which can be measured 

• Energy capacity of the battery (from the battery specs) 

Other quantities: 

• Dimensions 

• Weight 

• Cost 

 

A.3 Functional characteristics 
Functional characteristics describe the system. Although they can be categorised, deriving 
metrics from them is quite impossible. This feature therefore has been omitted. 

 

A.3.1 Communication 

A.3.1.1 Common characteristics 

Embedded systems usually have one or several means to communicate besides the User 
Interface. They can be classified as follows: 

• Bus as an internal communication between its constituent parts 

• Bus as a dedicated external communication to similar and/or different devices 
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• Network as an open connection to similar and/or different devices 

• Physical read/write devices (magnetic/optical media, …) 

All possibilities share one feature: no matter how the connection(s) is (are) ultimately 
established, strict protocols are to be followed. Those protocols dictate some of the real-time 
and performance requirements. 

 

A.3.1.2 Generic definition 

A distinction can be made based on the communication type: 

• Internal bus 

• External bus 

• (Wireless) network connection. 

• Carrier 

They all make use of one or more: 

• Protocols. 

 

A.3.2 User Interface 

A.3.2.1 Common characteristics 

Most embedded systems perform some interaction with the human operator as well. To 
accomplish this, a large variety of interfaces are available: 

• Keyboard 

• Display with GUI 

• touch screen 

• voice input 

• voice output 

• image input 

• fingerprint (for identification and authentication) 

• sensors, measuring other types of data 

 

A.3.2.2 Generic definition 

A classification is needed here to describe the different I/O possibilities: 

• Manual input (keyboard, touch screen) 

• Visual input (scanners) 

• Visual output (display, possibly with GUI) 

• Voice input 

• Voice output 

• Sensor input 
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A.3.3 Command and Control 

A.3.3.1 Common characteristics 

Command and Control functions usually remain restricted to the embedded system itself, but 
in some applications, an embedded system may get additional authority to control other 
(embedded) systems of the larger system it is part of. This is usually done by allowing the 
embedded system to take in, or drive discrete and/or analog lines. 

 

A.3.3.2 Generic definition 

Basically, only two kinds are available: 

• Discrete I/O 

• Analog I/O 

A.4 Operational characteristics 
For these types of characteristics, it is oftentimes quite difficult to distil some generic 
definitions. Even more cumbersome (and indeed in many cases impossible) is to derive 
metrics from them. Therefore, definitions and/or metrics were only added where they made 
sense. In the other cases, they were simply omitted. Only extensive testing and verification 
against the defined requirements for the system can reveal whether a design goal is not met. 
Needless to say that in view of the large variety of systems, this task is very difficult to 
generalize. 

 

A.4.1 Quality of Service 

A.4.1.1 Common characteristics 

For most of the partners, this is the number one characteristic. Although “Quality of Service” is 
a very vague term, it can be described by the following three phrases: 

• The service must be delivered with the desired functionality; 

• The service must be delivered in a timely manner; 

• Sometimes, also a quick readiness after switching the appliance on is very desirable. 

The level of fulfillment of these aspects can vary even for one and the same embedded 
system, depending on its set of “missions”, or intended purposes. On one occasion, only a 
very basic functionality/service may be required, while put in another situation, much more is 
expected from the same appliance. Depending on the requirements put to it, it may happen 
that the additional functionality/services required from the system need not to be delivered at 
the same high quality of the basic functionality, and that it is perfectly acceptable that the 
quality goes down even further when the system is solicited even more. This is usually called 
“graceful degradation”. 

Although “Quality of Service” is impossible to quantify, it can be broken down into other 
aspects, which may prove a little easier to handle: 

• Functionality: can be checked against specifications 

• Timing constraints: can be quantified 

• Dependability: for more details 
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A.4.2 Dependability 

A.4.2.1 Common characteristics 

This characteristic seems very subjective at first. Yet, it is of utmost importance for most 
embedded systems. The Quality of Service provided by e.g. a handheld appliance “depends” 
on it. In case the embedded system is used in a safety-critical situation, the safety of the 
operators (and possibly many more people) “depends” on it. 

Operators must be able to put their trust into the system. This can only be achieved when the 
system has a high rate of availability, and provides reliable service to the user. However, this 
is usually not enough. How can an operator put his trust in a system when there is no way of 
verifying the correctness of its operation? The notion of safety comes into play at this point. 
This means that dependability can be further expressed in terms of these three 
characteristics, which will in turn provide a way to quantify dependability. 

When redundancy is built into the system, then this will have an impact on the dependability.  

A.4.2.2 Generic definition 

Trustworthiness of a system such that reliance can justifiably be placed on the service it 
delivers. Availability, reliability and safety must be ensured. 

 

A.4.3 Availability 

A.4.3.1 Common characteristics 

In applications where short periods of downtime are acceptable, they must be minimized in 
order to maximize the availability of the service that is delivered (closely related to the Quality 
of Service). A number of statistical methods, based on the history of the system, have proven 
their value on the hardware level. For software, however, most of the stochastic approach is 
still being investigated and/or developed. 

Dependent on how redundancy is built into the system, there will be an impact on the 
availability.  

 

A.4.3.2 Generic definition 

Measure of correct service delivery with respect to the alternation of correct or incorrect 
service (dependability with respect to readiness for usage). 

 

A.4.3.3 Metrics 

Cumulative downtime or uptime over an extended period of time (possibly expressed as a 
percentage) are the typical measures used to describe this aspect. 

Also the number of failures per (extended) period of time (e.g. a year) can provide valuable 
information, or even better, the mean time of occurrence of the first failure. These are 
statistical metrics, which can be drawn from historic data, if available. 

At this time, it makes sense to distinguish between repairable systems (either subject to 
maintenance and/or failing systems can be replaced entirely) and non-repairable systems 
(inaccessible systems like satellites). For the latter ones, cumulative up or downtime has little 
or no meaning. If a failure causes the system to go down, then it becomes practically 
impossible to get it operational again. 
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It is not always necessary to consider the fact if a system is repairable or not, but whenever it 
is believed to have an impact on the characteristic, it will be taken into account. 

 

A.4.4 Reliability 

A.4.4.1 Common characteristics 

The reliability is closely related to the safety: it is the length of time the system must be able to 
operate without the safety aspects being jeopardised. Very often, reliability and safety are 
therefore treated together, and usually, a trade-off will have to be made between them. A 
means to change reliability/safety can be adding redundant systems, or adding components to 
verify the correct operation of the basic functionality. The net result of redundancy is that 
safety increases (more error situations can be detected and trapped/reported), but that 
reliability decreases (the redundant system itself can fail as well). 

Again, probabilistic approaches can be used to refine the reliability measure. Such a metric 
could be the probability that a failure occurs before a certain time elapsed. Those approaches 
are again much better defined for hardware than for software, and if it is not possible to derive 
this from historic data, an a-priori analysis is very difficult for a software application. 

If redundancy is added to the system, with a decision-making algorithm to sort out the failing 
subsystems and (possibly) stop the whole operation as soon as the discrepancies become too 
big, then this will have a definite influence on the four characteristics which are closely linked 
together: dependability, availability, safety and reliability. In general: 

- safety will go up (there are backup subsystems that can take over) 

- reliability will go down: (there are more possible causes for failures, also the decision-
making subsystem itself can fail) 

- if the decision-making algorithm has the authority to shut down the overall system, then 
availability might go down as well (more possible failures can cause more alarming 
situations than before) 

- the dependability will definitely be influenced by the characteristics above, but the question 
if it will improve or deteriorate depends on which of the three characteristics are focused. 

 

A.4.4.2 Generic definition 

Measure of continuous correct service delivery (dependability with respect to continuity of 
service). 

 

A.4.4.3 Metrics 

Usually, quantities like MTBF (Mean Time Between Failures) are calculated/estimated. 

This metric loses its meaning for non-repairable systems. The first failure is usually fatal. 
Therefore, it is more important to use MTTF (Mean Time To Failure) in this case. 

 

A.4.5 Safety 

A.4.5.1 Common characteristics 

A more stringent aspect than reliability is the safety of the embedded application. Potential 
hazards must be defined, and the probability of their occurrence estimated. Of course, this 
occurrence must be avoided at all cost, but the probability is never zero, because electronic 
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failure rates are not zero either. In this case, possible software failures must be: 

• Traced, so that they can not lead to one of the defined hazards (fault tree analysis); 

• If it does lead to a defined hazard, the probability is lower than the one defined; 

• Any occurrence is detected and announced to the operator, so that corrective actions are 
still possible. 

Safety will definitely be influenced by redundancy.  

 

A.4.5.2 Generic definition 

Measure of continuous delivery of either correct service or incorrect service after non-
catastrophic failure (dependability with respect to the non-occurrence of catastrophic failures). 

 

A.4.5.3 Metrics 

Fault analysis will lead to requirements, which need to be added to the specification 
requirements and they must be tested against. This metric as such is unavoidably following 
from a stochastic analysis. 

If historic data is available, then a metric similar to MTBF can be redefined to reflect the Mean 
Time Between Catastrophic Failures, or the mean time of occurrence of the first 
catastrophic failure can be derived. For non-repairable systems, the MTTF should again be 
used instead. 

 

A.4.6 Robustness 

A.4.6.1 Common characteristics 

This depends on the kind of application, but embedded systems are often used in 
environments where reset and/or repair are not desirable. In that case, the system must be up 
at all times, and it must remain functional, even when the data sent to it is erroneous. The 
embedded system must be able to handle any circumstance in which the overall system is 
used. 

 

A.4.6.2 Generic definition 

The degree to which a system or component can function correctly in the presence of invalid 
inputs or stressful environment conditions. 

 

A.4.7 Testability 

A.4.7.1 Common characteristics 

There are two distinct aspects to the testability of an embedded system: the testability of the 
application during development and/or qualification for use, and the ability of the embedded 
system to evaluate its own condition. 

Testability at development time is not an easy issue. Some formal methods/tools allow to test 
and verify (and in some cases: prove) that a certain automaton is behaving the way it was 
designed, or conversely, that it is not. A clear advantage of this approach is that a large part of 
the embedded software application can be tested without the need for the final hardware. The 
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development environment can already be used. Coverage analysis is a good example of what 
can be accomplished in a simulated mode. 

One of the topics described in the safety aspect was the ability to detect and announce the 
occurrence of a failure. This means that substantial efforts must be made to allow for the 
implementation of Built-In-Tests, which monitor the health of the system. In order to 
accomplish this task, it may be required that special components are added to provide the 
required feedback. Although the additional components will reduce the reliability, they will 
have a positive effect on safety. Special care must be taken when such components, or even 
parts of the application, are provided by a third party. 

 

A.4.7.2 Metrics 

Although it is very difficult to measure the complexity and testability of software, a number of 
quantities can be calculated (e.g. McCabe number). Many software development tools allow 
the programmer to calculate this indicator. It is to be used with care though, because it is not 
that difficult to influence the number by non-essential tampering with the source code. 

A good indicator that can be used, however, is the amount of coverage of the requirements 
that can be obtained from the tests that have been conducted. Tools and formal methods exist 
for accomplishing this task. 

Defining a metric about “how well” an embedded system is capable of self-diagnosing its 
current state is next to impossible at this point. 

 

A.4.8 Maintainability/Serviceability 

A.4.8.1 Common characteristics 

For some applications, it is a must that defective systems can be replaced and/or repaired 
very quickly. Even when this aspect is not a requirement, it is highly desirable to ensure 
customer satisfaction. 

 

A.4.8.2 Metrics 

MTTR stands for Mean Time To Repair and is an important indicator for reparable systems. 

Although this is a very deterministic measurement, there are so many external factors that can 
influence the actual repair time. In case a more sophisticated measure is needed, a statistical 
approach may be taken, and instead of looking at the (constant) MTTR, the probability that the 
actual repair time exceeds the MTTR can be investigated. 

In most practical situations, however, the MTTR proves to be adequate to describe a system’s 
maintainability. 

It is clear that MTTR only applies to repairable systems. 

 

A.4.9 Security 

A.4.9.1 Common characteristics 

Some embedded systems have direct access to public networks. The problem at hand is that 
the opposite also holds: the public network has access to the system. This must be handled 
with extreme care, and the usual solutions which hold for “standard” computers, are not 
powerful enough to ensure secured access. 
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A.4.9.2 Generic definition 

Dependability with respect to the prevention of unauthorized access and/or handling of 
information. 

 

A.4.10 Field Loadable SW 

A.4.10.1 Common characteristics 

Upgrading software is a very important aspect: it allows to correct possible flaws, and/or 
provides a possibility to enhance the functionality in the field. Care must be taken that the new 
software versions are still compatible with the older hardware. 

 

A.4.10.2 Metrics 

Some measures will have to be taken and verified to ensure data integrity during and after 
download. Needs proof by analysis. 

 

A.4.11 Configurable SW 

A.4.11.1 Common characteristics 

From a supplier’s point of view, it is very interesting to reuse large parts of previous systems. 
Still, different customers will have different requirements, even when the same standards are 
followed. Also, if the same software is to be used on different systems with different capacity, 
then developing the software in such a way that it is scalable is an important advantage. 
Control over the scale itself is then exerted through configuration. Making the software 
configurable is a major factor in decreasing development time. 

 

A.4.11.2 Metrics 

Care must be taken that only the parts of the software that apply to the application at hand are 
activated and nothing else. Needs proof by analysis. 

 

A.4.12 Flexible SW 

A.4.12.1 Common characteristics 

Closely related to the previous topic is the flexibility of the software that is developed. Not only 
is it desirable to make small adjustments to a particular application (configurable), it also has 
to possible to accommodate for late changes in specs, or simply reuse of a certain part of the 
software in an entirely different area. So, a well-thought API is always a big advantage. 

 

A.4.12.2 Metrics 

Care must be taken that only the parts of the software that apply to the application at hand are 
activated and nothing else. Needs proof by analysis. 
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A.5 SW Architecture characteristics 
Again, generalising the following aspects of embedded systems is quite difficult. The way 
these characteristics are usually verified is through inspection of design/code/test cases,… 

 

A.5.1 Software Architecture 

A.5.1.1 Common characteristics 

Embedded software is usually organised in several layers. Practice has shown that in many 
cases, the number of layers turns out to be three: 

• I/O hardware access, operating system; 

• Middleware, not really tightly linked to hardware, but providing basic services such as 
device drivers and interrupt handlers. Access to this layer is done through an API. A very 
interesting approach is to implement a “virtual machine” at this level. This way a nice path 
towards portability is laid down; 

• Top layer contains the functionality of the application. 

The main advantage of such an organisation is that general and application-dependent 
features can be kept apart quite nicely. Also, if needed, different software development tools 
can be deployed per layer. 

 

A.5.2 Scheduling Type 

A.5.2.1 Common characteristics 

This is very dependent on the type of constraints that were put forward: hard or soft real-time 
requirements. 

For hard requirements, a time-triggered approach is to be preferred, because it is a lot easier 
to prove that the software has a predictable behaviour. 

When reaction time to external influences is of the highest priority, and hard requirements are 
not present, then an event-driven architecture might give better results. 

A mixed approach is also possible. 

For some applications, many events have to be handled in parallel, so yet another scheduling 
is required: concurrency. This can be achieved in close interaction with an operating system 
that has this functionality, or a static or dynamic scheduling scheme can be compiled directly 
in the application. 

It will become apparent from what follows that this choice will have many consequences. 

 

A.5.3 Interrupt handling 

A.5.3.1 Common characteristics 

When hard real-time requirements have the highest priority, then the use of interrupts should 
be avoided as much as possible, because they have a negative influence on the predictability 
of the software. A polling-scheme or other time-triggered approach is better. 

 

A.5.4 Tasking and Exception Handling 

A.5.4.1 Common characteristics 
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The same remark holds for these features, although an exception would be allowed to signal 
hardware failures. 

 

A.5.5 Processor privilege usage 

A.5.5.1 Common characteristics 

In most cases, the mode with most privileges is used to allow direct and strict control over all 
hardware, which again is improving the predictability. The use of dual modes can be beneficial 
when strict software partitioning is required. 

 

A.5.6 Languages used 

A.5.6.1 Common characteristics 

As was to be expected, a large variety of languages are used: from assembly language over C 
to object-oriented languages such as C++, Java and Ada. Also, modelling languages such as 
UML are in use, or ESTEREL for creating finite state machines. For designing GUIs, graphical 
rapid prototyping are used quite often. 

It would seem that when safety-criticality aspects of the software have higher priority, there is 
a shift towards more abstraction: higher languages and modelling descriptions. Although the 
costs involved are usually higher, and learning curves are steeper, the long-term benefits are 
worth it. 

 

A.5.7 Modularity 

A.5.7.1 Common characteristics 

By carefully separating the different functionality of the embedded software into different 
modules, the way lies open to define a consistent, recognisable template that can be reused 
throughout the whole application. By maintaining strict rules and discipline in the 
implementation of such an approach, reuse and a full-fledged component approach are within 
reach. 

 

A.5.8 Portability 

A.5.8.1 Common characteristics 

The development environment and the language constructs used should ensure portability as 
much as possible, to avoid software changes each time the hardware is upgraded or replaced. 

 

A.5.9 Configurability 

A.5.9.1 Common characteristics 

Whereas the previous chapter already discussed this feature to some extent, it only dealt with 
the static aspect of changing the configuration of the embedded software. This time, the 
dynamics of the program sometimes need to be changed on the fly, at runtime. If the changes 
control a part of the software that steers hardware, then the system may behave quite 
differently after such a change. 
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A.5.10 Operating Systems and Kernels used 

A.5.10.1 Common characteristics 

Again, the architecture choice impacts this aspect a lot. If requirements disallow the use of a 
number of features, then an appropriate choice of OS and/or kernel can make the embedded 
software application more deterministic, and can be a big help in proving that this is the case. 
Use of a stripped-down kernel, or even eliminating the need for a kernel can be a valid choice. 
New research efforts about component-oriented run-time layers proves very promising, but 
also the more “classical” real-time operating systems have their merit, depending on the type 
of application, because they provide extendibility towards the future. 

Care must be taken when using the memory features of the processor or the operating 
system. For some application, it is considered no problem to make use of virtual memory 
and/or cache. Other applications can not allow those features to be used, again for reasons of 
predictability. 

 

A.6 HW Architecture characteristics 
Due to the large variety of possible used hardware components and architectures, 
generalisation and measurement is quite difficult, if not impossible and was therefore omitted. 
The characteristics of the hardware usually follow from: 

• The specifications of the customer 

• Decisions made in the design to meet the specifications 

• Conclusions deduced from a prototype. 

 

A.6.1 Processors 

A.6.1.1 Common characteristics 

As was to be expected, a large variety of processors are in use. Some trends: Intel x86, 
Motorola 68K, PowerPC. 

 

A.6.2 Memory 

A.6.2.1 Common characteristics 

Various combinations of ROM, RAM, Flash and EEPROM. 

 

A.6.3 Internal Buses 

A.6.3.1 Common characteristics 

PCI (PC –platform), compact PCI 

 

A.6.4 Communication Buses 

A.6.4.1 Common characteristics 

Some industry standards like CAN are clearly present, and domain specific buses are there 
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as well. 

 

A.6.5 Other Outside Connections 

A.6.5.1 Common characteristics 

Mainly analog/digital I/O directly, and also A/D D/A. 

 

A.7 Development Tools 
A.7.1 Common characteristics 

Various commercial and also experimental environments to control several aspects: 

• High-level design tools + code generators 

• Language-specific development environments 

• Graphical rapid prototyping + code generators 

• Configuration management tools 

• Test case generation packages 

• Documentation generation packages 

• Scheduling tools 

• Problem reporting/tracking tools 

• Requirements tracking tools. 
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Appendix B: Timing Constraints 

B.1 Introduction 
Although the initial idea of this work package was to handle many types of resource 
constraints, the complexity of the problems turned out to be too high to tackle them all in a 
good way. We therefore decided to work in a two-stage process. In the first stage one 
particular type of constraint would be fully worked out. We felt that timing was the most 
important of al constraints and decided to tackle it first. In a second phase, we would use our 
experience of the first constraint type to tackle other constraints too. Unfortunately, due to the 
complexity of timing constraints we had to invest more time than initially anticipated. In 
addition, the experience from timing constraints turned out to be of little use to the other 
constraint types. As a result, this document will cover timing constraints almost exclusively. 

One of the main incentives for the DESS project was the lack of proper support in UML for 
embedded real-time systems. Despite this deficiency, all partners agreed on the importance of 
the technology. It was clear to all that UML was a good basis for our work and that it was 
becoming a standard in the industry. Consequently the DESS project was set to adopt the 
standard and fill some open wholes in the current UML incarnation. Obviously, UML is 
omnipresent in DESS and in this document specifically. 

B.2 Timing constraints 
Timing constraints are different development aspects than the classical functional 
requirements. They are essentially very hard to scale. This means that is not because a 
property holds for some partial solution that it will hold once the application is being extended. 
This behavior is due to the non-functional character of this constraint type. They do not have 
the well-known functional behavior where the effect of a function does not depend on its 
external context. In addition, timing constraints are often considered not to be part of the 
application. The constraints do not some behavior of the software. They just specify that some 
issues have a timing limitation. So, if all would be perfect, the constraints should not add any 
code to the application or otherwise interfere with is in any way. Unfortunately, they do. In 
many cases the interference can be very limited like using a specific scheduling scheme, but 
in other cases the timing constraints will account for a large amount of code and complexity in 
the application. From the rough picture described above, it is clear that timing constraints 
need a specific development strategy. 

Let us start by giving some examples of timing constraints first. When developing a new real-
time product, engineers encounter a large number of constraints that are directly or (often) 
indirectly related to timing. Here are some of the typical constraints: 

• The value from the sensor must be read every 100ms 

• The frequency of the main cycle in 50Hz 

• The interrupt should not read the value for at least 20µs after this update… 

• The inter-arrival time of the signal is 250ms with a jitter of 10ms.  

• The output should be based on the two input values that are sampled within 30ms from 
each other. 

•  The WCET (Worst Case Execution Time) of process A is 160ms 

It is clear that the types of these timing requirements are extremely diverse. A simple mapping 
for an informal timing requirement to some (pseudo-) formal timing annotation obviously does 
not exist. If we want to formally proof that the requirements are not violated or instrument our 
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running application with respect to the timing requirements, we must know what these informal 
requirements exactly mean. We have to know what exactly should be verified. 

For example, what exactly is the meaning of " the period of a main cycle is 50ms"? Does it 
mean that the constraint holds for every step of the execution cycle or only at one point of the 
cycle (for example the start)?  In other words, is a varying execution speed of the cycle 
allowed as long as the constraint is met in one point or does the requirement constrain all 
steps of the cycle? And if the requirement does not provide some measurement for the jitter, 
does this prohibit any amount of jitter?  

Another classical example of semantic confusion is WCET. Literature has several semantic 
definitions of the WCET. Which one do we mean? 

Facing these and other problems, the DESS consortium has come up with a solution (or at 
least some answers), which will be discussed in the rest of this document.  

B.2.1 Basic Concept: Virtual timers 
Our approach is based on the notion of virtual timers. Here is the fundamental reason why 
virtual timers are a good starting point: 

Thinking about timing constraints in a fine-grained way, we find that timing always requires 
two points of an execution trace; a start point and an end point. The start point is the point 
where an imaginary timer should start counting the time and the stop point is the point that 
we have to reach and where a given constraint should be valid.  

So, we can think of a simple timing constraint as a constraint on some stop-watch or timed 
alarm that is started at some point and is halted or triggered at a second point -- the notion of 
a timer.  

B.2.1.1 Semantics of a timer 
In Figure B-1, we show the two things we can do with a timer, resetting some time after its 
start and letting the timer time out. Note that we depicted this on a UML sequence diagram. 
As such the virtual timer is just an ordinary object.  

When a timer is started, we pass it a timeout time; the time after which we want the timer to 
time out. In situation (a) some object in the application resets the timer before it times out. 
This means that the time between the start point (x) and the end point (y) in the sequence 
takes less than timeout time units3. This defines the relationship ’<’:   

ExecutionTime < timeout 

We will refer to this first usage of a timer as the start-reset sequence. 

 

                                                  
3 In most cases we will use ms or s as time units 



ITEA  

ITEA Title: DESS 145 

startTimer(timeout) startTimer(timeout)
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Figure B-1: reset and timeout of a virtual timer 

 

In situation (b) the timer times out at point (y). This means that the execution from point (x) to 
(y) in the sequence takes at least timeout time units. This defines the relationship ’�
��� 
 

ExecutionTime ��WLPHRXW 
 

We will refer to this second usage of a timer as the start-timeout sequence. 

Note that the relationship ’=’ is not defined as a stand-alone operator. Though this would 
theoretically be possible, it would make little sense to do so. It is impossible to indicate exactly 
at what point in the execution trace we would be at the exact time the virtual timer would time 
out. And even if it would theoretically be possible to express such a constraint, if would be 
impossible to verify it for a concrete implementation. One of the main guidelines in the DESS 
approach was that the constraints should not only be usable for theoretical analysis purposes, 
but should also be easy to map to run-time verification models.  

In addition, equality is added to the start-timeout sequence as this seemed to be the most 
logical place to put it at. However, from an implementation point of view, it could be more 
interesting to put it at the start-reset sequence. We would strongly discourage to put the 
equality to both sequences as this would make allow constraint expressions that could be 
easy to express but hard (read impossible) to verify. If anything, we would prefer to drop the 
equality altogether. However, this would make some expression needlessly complex, so we 
leave it at the start-timeout sequence. 

In Figure B-1, the start and end points are both on the same object (Any). This is however not 
necessary and will generally not be the case. Timers can be set at one point and reset or 
receive a timeout at a total different point belonging to a different object and even executed by 
a different thread of execution. The only limit is that there should be a causal dependency 
between the two points.  

B.2.1.2 Virtual timers are objects 
Virtual timers are objects like all other objects in the application. This is important as it means 
that timers have an identity. If the timing constraints are to be verified at run-time identity of 
timers becomes very important. This is one of the most important differences between the 
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notion of virtual timers and a mathematical expression for timing constraints (temporal logic). 

And because virtual timers are objects, they should be modeled in one of the UML object 
diagrams. The best suited one is sequence diagrams as this representation explicitly focuses 
on the timely interaction between entities.  

B.2.1.3 Virtual timers are virtual 
Virtual timers are virtual. This means that they are conceptual things that do not exist in the 
running application. The net result is that they do not consume resources. Communication 
with a virtual timer like setting and resetting it is instantaneous.  In addition, one can have as 
many virtual timers as needed to express the constraints. 

B.2.1.4 No what-if relationship for timers 
The two only interactions with a timer are the start-reset sequence and the start-timeout 
sequence. This means that the time between the starting point and the end point of the timer 
interaction is smaller than (<) or larger than or equal to (��� WKH� JLYHQ� timeout. It is not 
possible to use a timer in a conditional expression of the kind ’if there is a timeout go this way, 
otherwise go that way’ – at least not in a simple diagram. The prime purpose of the virtual 
timers is to annotate the model with timing constraints. Using the timers in conditional 
expressions would mean that timers would no longer be notational entities, but would become 
part of the actual system under development. 

B.2.1.5 Time constraints are instance based  
Functional properties can be modeled successfully with class-based entities. Class based 
works well, because the functional aspects are not affected by the number of instances of the 
class. This is a fundamental property of functions. In mathematical terms, the result of a 
function depends on the parameters of the function only, not on its external context. This 
makes functions scalable and thus well-suited entities for decomposition. Once the interface 
of a function is defined, the behavior is fixed and will not depend on any other aspect of the 
software. Of course, in practice, side effects of imperative languages smut the image 
somewhat, but proper and limited usage of these more problematic aspects allow developers 
to do successful incremental development. 

Timing aspects are different. They do not have this functional behavior. Timing requirements 
generally put constraints on the schedulability and the complexity of the tasks to be 
developed. Ultimately, they impose a restriction on the execution speed. The hardware is 
responsible for this processing and transmission speed and the software is to be seen as the 
users of these hardware resources. And as is always the case with resources, their quantity is 
limited. The net result is that timing constraints can not simply be build with a classical 
decomposition process with their incremental development strategy. As an example, it is not 
because one piece of code respects its timing constraints in isolation, that it will do so in an 
extended context; the additional software can put a load on the processor resource that is too 
high for the initial code to still run ‘fast enough’.  

In order to be able to do proper analysis of any resource-based type of constraint, we need to 
know the total ‘context’ of the entity under development. This can be the whole application’s 
source, but it can also be something more abstract like some partial code and some model of 
the higher priority resource consumers. Anyway, we need the a picture of the full application 
and this means that we need to know what the dynamic properties of the application are with 
respect to the resource consumption.  

As a result, class-based design of timing constraints (like any other resource based 
constraint) is not powerful enough (note that is some cases it can be enough, but in general, it 
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is not). With class-based representations, we do not have any view on the dynamic properties 
of the application with respect to the resources. That is why we need to use object diagrams to 
represent our constraints and that is also a reason why we use virtual timer objects. We say 
that timing constraints are inherently instance based. 

EventOccurence

UsageDemand

AnalysisContext

ResourceUsage ResourceInstance

ResourceServiceInstance

StaticUsage DynamicUsage

*

1..n
+usedResource

1..n
*

*

* 1

1..n

1

1

1..n

+usedServices 1..n

 

Figure B-2: The resource usage framework from [19] 

In this context, we would like to refer to [19]. In this document, a general resource modeling 
framework (GRM) is defined that should be the basis of all resource-based constraints. In 
Figure B-2, a copy of the resource usage framework described in this document is depicted. 
The important thing to note is that the AnalysisContext needs a full picture of all resources 
usages – the list of all ResourceUsages. Interesting too is that they have the notion of a 
Resource Instance. This reflects our observation that timing constraints are instance based. 

B.2.1.6 Time is not a resource 
In our search for other attempts to tackle timing constraints, we have encountered several 
documents where time is said to be a resource. In fact, the title of our own work package, 
“Timing, Memory and other Resource Constraints” suggests this too. However, Timing is not a 
resource. Time is a result of resource shortage. The speed of execution (processing as well 
as communication) will be limited by the hardware resources like the CPU, the network, the 
system busses, the type and amount of memory etc. The fact that time is not a resource while 
memory is, is one of the reasons why the research conducted on timing constraints can not 
easily be reused for these other constraint types. 

B.2.1.7 What about mathematical expressions?  
A classical approach on timing constraints is one where a mathematical calculus (like 
temporal logic) is used to express timing constraints. The advantage is indeed that the 
expressiveness of such a calculus is strong and elegant. However, such a calculus is not 
base on objects that exist during run-time. This makes such techniques harder to verify. 
Especially run-time verification can become difficult, as the evaluation of these expressions 
can be complex and time consuming. This in turn is unwanted behavior as the system to be 
verified should be changed as little as possible by the verification mechanism. 

One of the goals of our DESS approach is to provide a simple mechanism that is easy to 
translate to running code. We believe that virtual timers allow for easy, low overhead 
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implementations and are powerful enough to express the majority of the typical timing 
constraints. Of course, virtual timers are not powerful enough to tackle all possible timing or 
timing related constraints. However, the DESS project members believe that it is far more 
important to be able to handle a big part of the constraints we encounter and have no solution 
for the remaining ones, than to continue our search for a perfect solution and not have a 
concrete answer today. 

B.2.1.8 High-level timing constructs  
With the start-reset and start-timeout sequences, we can only express very simple timing 
constraints. And indeed, many constraints will be of the kind ’the time to execute this should 
not exceed x time’, which can perfectly be expressed with these simple constructs. However, a 
majority of the timing constraints are more complicated that that. It is unreasonable to expect 
that the software engineers will (correctly) use the very fine-grained expressions that virtual 
timers are. What we need is an additional abstraction layer that will hide the details of timing 
constraint expressions in favor of an easy to understand high-level constructs. As is also 
observed in [19], it is important to provide the right tools to help general software developers 
to apply timing and general resource annotations without requiring them to be specialists in 
these fields. The current state of technology is such that a deep knowledge about these 
specific constraint types is needed in order to be a good developer. And virtual timers are 
simply too specific for a general developer to master. Providing high-level timing constraints 
constructs will provide non-specialist developers with the tools they need to annotate the 
designs clearly and unambiguously. It is up to the specialists in the timing domain to define a 
mapping from the high-level timing constraints to the semantics of virtual timers. Those high-
level constructs can then be reused while their clear mapping to virtual timers keeps them 
valuable for analysis and run-time verification techniques. 

Obviously, providing a good mapping of a high-level construct like ‘period of execution’ to low-
level virtual timers is not unique. Many such mappings could be possible, but it is up to the 
specialist to define which one will be used. If multiple mappings of the same high-level 
construct could be required in different situations, multiple high-level constructs can be 
defined with the same name and a good accompanying documentation to help the developers 
in deciding which one to use4. Anyhow, we anticipate that the number of useful high-level 
constraints will be will be limited and more or less fixed across different applications inside a 
company division. As a result, we believe that such mappings from high-level constraint types 
to virtual timers should be grouped into UML packages that can be reused from one project to 
the next.  

B.2.1.9 Timers are not enough 
So far, we only used the timers to express timing constraints. Some constraints might be 
difficult or impossible to handle with timers though. If we have a constraint that uses a 
statistical deviation, we will not be able to map that to virtual timers. It is impossible to set a 
timeout value for such a constraint. It takes several execution loops to do a statistical analysis 
that could indicate if the constraint is violated or not. In such cases, the easiest solution is to 

                                                  
4 Another alternative and probably a better one would be to allow high-level constraint types to 
be modeled via UML classes. In this way, we would be able to use inheritance mechanisms to 
split the responsibilities of the different developers. For example, it would be possible for the 
generalist developer to select a ‘period’ constraint as an annotation wile the ‘period class/type’ 
would be abstract. The specialist would be responsible for ‘instantiating’ these abstract types 
with concrete mappings at the time a proper analysis is to be conducted. However, we did not 
yet work out this idea in detail 
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measure in the code the actual execution time and to do an analysis on it. Without going into 
more detail, it is clear that virtual timers alone will not be good enough. 

B.2.2 Examples 
Now that we have explained the most important aspects of virtual timers, it is time to take a 
look at some examples. 

B.2.2.1 Example 1 
Let’s take a look at the constraint ’The time to execute the code snippet should be 10ms with 
1ms jitter’ 

Such a constraint actually indicates that there are two bounds for the execution time of the 
code snippet, an upper bound and a lower bound. The lower bound is then 9ms and the upper 
bound 11ms. As such, the answer to express the constraint of the execution should be to use 
two virtual timers like in Figure B-3. Here, the indication is that the time between x and y – the 
code snippet – is less than 11 ms and at least 9 ms. Note that the two timers now are two. 
This timing constraint can easily be expressed with the simple virtual timers. 

Note that at point x, the two timers are started ‘at the same point/time’ and that at point y 
timer2 times out while at the same point/time timer1 gets a reset. This may sound strange at 
first since a sequence diagram always shows that one object sends a message one at a time. 
However, our timers are virtual timers and as such have ‘perfect behavior’. Communicating 
with them does not take any time, so it is possible to do multiple virtual timer communications 
at the same time. So the situation at point x is somehow logical. 

However, the situation at point y is more complicated. Note that we asked timer2 to send a 
timeout message after 9ms. Resetting Timer1 should be competed is less than 11ms. So, the 
time that elapses between getting the timeout and resetting the first timer could be (almost) 
2ms. In this case it still looks strange that we have an arriving and a departing arrow at the 
same point/time. But here too, the explanation is easy. The semantics of the start-timeout is 
that the time between the two point of execution (x and y) is larger or equal to (��� WKH�
requested timeout. So the time between the start (x) and the and (y) could in this case well be 
10,2ms. We should not read a timeout message to an object as the real appearance time of 
the timeout, but as a point where the timeout should (will) already have happened. And 
indeed, is would make little to no sense to put a point on our trace where the timeout would 
exactly arrive. This would not allow any variation in speed (elapsed time) between 2 
executions of the same code. So when using a start-timeout sequence, we have to think about 
the end point as the point that should not be reached before the timer times out, not the exact 
point where the timer will timeout. 
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startTimer(T1)

resetTimer

Any

StartTimer(T2)

Timer1 Timer2

Timeout!

 

Figure B-3: 10ms with 1ms jitter 

The same reasoning goes for the start-reset sequence, but obviously with the smaller or 
equals (���UHODWLRQVKLS��&RPLQJ�EDFN�QRZ�WR�SRLQW�\� LQ�Figure B-3, both arrows are linked to 
the same point/time (y) because it is that point that is to be restricted by the timers. 

One interesting aspect is the consistency of the notation. In this example it is obvious that a 
point y can in theory exist, as there is a timeframe for y between 9 and 11 ms (mathematically: 
[9ms, 11ms[). However, if we would request a timeout of 12 ms, such a timeframe can not 
exist. A good UML-tool supporting virtual timers should be able to warn for such ‘basic’ design 
mistakes.  

B.2.2.2 Example 2 
Here is a more complicated example: 'The period of the main cycle should be 50Hz'. 
Obviously, one could say that the solution is very simple using a timer with a timeout of 20ms. 
However, it is not that simple. A first question is, what does this constraint precisely refers to? 
Does it mean that every step in the cycle should be executed 20ms after its last execution or 
does it simply mean that for one point in the main cycle, the start of the execution should be 
20ms after the previous one. In the last case, some jitter is allowed on the execution cycle of 
an inner loop point, but on average, it should be 20ms. Another question is, what is the jitter 
on the period? As we stated earlier, it is in general not possible to use the '=' operator in 
timing constraints, so an exact 20ms period is not possible. These questions can not be 
answered in a general way and will have to be defined per project.  

In Figure B-4 we give one possible solution. The solution takes the approach of allowing some 
jitter on the precise invocation time between two successive iterations. Over a number of 
executions however, the period will be accurate (there is no error drift). Note that in this 
solution, the amount of jitter is not specified (although this could have been done). In the 
diagram, we have used some extensions to the basic UML sequence chart. We will come 
back to UML extensions later in this document, but we will already explain what we need for 
this example. The first extension is the loop5 with a name a. Everything inside the dashed box 
is the body of the loop. The start-reset sequence makes sure that the execution of the code 
inside the loop does not take longer than one period. After completion of the loop body, we 

                                                  
5 Loops can be annotated in UML, but the way to do it is somewhat vague. In addition, we 
want to give loops a name for later referencing. 
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must wait some time before we can execute the next sequence. Because time flows from top 
to bottom, it is not possible to draw the following start-timeout sequence upward from the end 
of the loop body to the beginning of it. Therefore, we have introduced another UML extension, 
the loop continuation. It is the dashed box with specification [a: Loop-next]. This construct 
means that this is the next execution of the loop. The a indicates that it is the [a: Loop] that is 
being executed, so the sequence in this next loop step should be identical to the first one (but 
details can be omitted). Note here that the 2 a’s in the diagram specify the same spot in the 
code. The rectangle filled with horizontal lines indicates that this part of the code does not 
contain any code. It is as if the three arrows connected to this box actually point to the same 
point in the code. 

 

A B C

startTimer(nextStart)

resetTimer

startTimer(nextStart - Now)

timeout!

x

x

a: Loop

a: Loop-next

 

Figure B-4: period constraint 

B.2.2.3 Shorthand Notation 
Using the explicit translation from a constraint type in a sequence diagram complicates the 
understanding of the diagram. This can be solved through the use of a shorthand notation for 
the constraint type – a high-level construct as we called it. For example, the constraint in 
example 2 could simply be called the Period constraint and could be expressed by general 
developers as in Figure B-5. A good CASE-tool should then be able to switch back and forth 
between the shorthand view of the diagram and the explicit one. And especially, the shorthand 
notation should be available to developers, but the correct mapping of the notations to the 
explicit version should be part of the repository of the software under development. This will 
allow analysis tools to extract all information from the (XMI) repository. 
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A B C

Period = 50Hz

 

Figure B-5: Short notation of the constraint 

B.2.3 The relationship with UML 
In this chapter, we will cover some issues concerning the relationship between our virtual 
timers and UML as well as weaknesses in the current UML definition. Many of the topics 
discussed here are of direct concern to real-time development, but some are of more general 
interest. 

B.2.3.1 The relationship with UML – first sketch 
As we want to base our virtual timer approach on UML, we have to provide a way to 
incorporate them into the language. Fortunately, the current UML extensions work well for our 
needs. This way, we do not have to change the foundation of UML -- the so-called metamodel. 
Our extension consists of a UML profile that contains the basic mechanisms of virtual timers. 
The profile adds a Virtual Timers package to the existing UML definition whose contents is 
depicted in Figure B-6. 

The extension is very simple. We can think of the virtual timer objects as being linked to one 
clock. Whenever a timer is started, it creates a deadline (Timestamp). That deadline is also 
passes to the unique clock. The clock keeps track of all timer deadlines via an ordered queue. 
The earliest timeout is a special one as the clock will watch for this one to time out first.  

{ordered (time)}

Queue

Timer

Start_Timer()
Reset()

Clock

Add_Deadline()
Get_Time()
Remove_Deadline() 11 1

1

TimeStamp

0..1
+Deadline
0..1

+Timeout

The chronologically
first Deadline

 

Figure B-6: The relationship between Timers and the Clock 
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If the clock times out, the clock signals this. If the timer associated with the timeout would 
have set the deadline as part of a start-reset sequence, this signal would indicate a timing 
constraint violation. If, on the other hand, the timer can be reset before it times out, the 
Timestamp will be destroyed and no signal will be emitted.  

If the deadline of the timer would have been part of a start-timeout sequence, a timeout signal 
would allow verification that the second point of the constraint will not have been past. Note 
that this is not really a difficult situation as we can allow the task to go to sleep before the end 
point until the timeout signal emits. Such a signal would then just wake our task up. 

In this explanation, it is important that the timers are virtual. As such, the creation of the 
Timestamp objects and the communication between the timers and the clock consume no 
time. The whole mechanism is purely conceptual.  

B.2.3.2 Sequence diagrams 
Using virtual timer objects only works well when the syntax of the diagram used to annotate 
the model provides support for annotating all features. The UML diagram we use as the host 
of our virtual timers is currently the sequence diagram. A problem with the current sequence 
diagrams is that it lacks some power and semantic foundation. We will suggest some changes 
to the current standard. In this sense, we advocate to refine and redefine the current language 
definition to make it more powerful. However, we believe that this wish is not specifically 
linked on our needs, but reflects a desire of many current UML users – real-time developers 
as well as others. 

UML specifies that there are two types of sequence diagram, the instance form and the 
generic form. The difference is that the instance form represents only one possible snapshot 
at run-time while the generic for tries to model a template for possible snapshots. One can 
look at it as if the generic form describes an algorithm that can be used for several executions 
depending on the run-time situations, while the instance for is one specific trace through such 
an algorithm. It is clear then that the generic form needs loop constructs and branches while 
the instance form does not. Unfortunately, the presence or absence of these loops and 
branches is the distinction property between the two forms. It would be preferable to make an 
explicit distinction between these two. By not making this explicit, confusion could occur when 
a sequence diagram would be representing a generic form while it does not contain loops and 
branches. 

However, this is not the only problem with the current incarnation of sequence charts. First of 
all, no good mathematical foundation is given for the semantics of sequence charts. This is in 
sharp contrast to Message Sequence Charts or MSC's for short. They are built on a 
mathematical definition that excludes ambiguity. In addition, they have high-order sequences, 
building blocks that allow MSC's to be augmented with looping and branching constructs. 

Even better than MSC's are LSC's, Life Sequence Charts. LSC's are MSC's , added with 
existential and universal quantifiers. This allows us to express that a sequence represents one 
possible path or all possible paths though a communicating architecture. This is much better 
than the UML instance form and generic form. Our recommendation to OMG would be to 
consider LSC's as the basis for the next UML definition. 

Still, LSC's do not offer all the features that we would like to see in UML. In UML, the object in 
a sequence diagrams do not belong to Classifiers (are not instances of classes), but are 
ClassifierRoles. This means that the real objects in an interaction could be any object that 
could play the role of the classifier. In some cases, we do want to restrict the object we want to 
one specific one though.  
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Another deviation from the current UML definition is the possibility to ’relax’ the strict flow of 
time from top to bottom6. If we want to allow several messages to be executed randomly in 
time, we now have no other choice than to draw diagrams for all possible combinations of 
these occurrences, or we have to add an informal note to the diagram. We would like to have 
the option to specify a region in the diagram where time axis is ’switched off’ and 
consequently, arrival times of messages are not specified (other than that sending a message 
has to happen before arrival of the message). In the same category, we need to have the 
possibility to stretch one point in time, the idea of what we did in Figure B-4. It is as if we halt 
the time but provide some room for the communication. Note that this is needed because 
virtual times communicate endlessly fast. 

One last point concerns the completeness of a message in terms of object communications. 
In a sequence diagram, it is not because no message is shown between two successive 
messages that no such message exists. And in general, this is exactly what we want. But, 
sometimes, we want to indicate that nothing else can happen between two successive 
messages. It should be possible to annotate such a constraint. 

B.2.3.3 Tool support 
In addition to our suggestions for UML extensions, we also would applaud better support from 
case-tools for manipulating sequence charts.  

What comes to mind is the possibility to zoom-in and zoom-out on a sequence diagram in 
both horizontal and vertical direction. Horizontal zooming would be collapsing or showing the 
interactions of a method call. If we want to hide the reactions to a message call, the tool 
should allow the developer to view only the call and return for that message without the details 
of the sub-interactions of the sequence. The result is that the call takes less screen estate in 
the vertical direction. And if the result would be that after hiding the internals, some object 
would not send or receive messages any more, the object can be hidden resulting in more 
screen-estate in the horizontal direction too. 

Zooming-out in the vertical direction would be hiding method calls and all their sub-
interactions. Zooming-in would be the other direction. This would help the developer in 
designing a complex but complete interaction. Once one part of an interaction is defined that 
part can be collapsed and the rest of the interaction can be modeled without the complexity of 
the initial interaction part. 

Of course, this could lead to overuse of complex interactions, which in turn would result in 
increased difficulty of understanding the design.  This could be remedied by adding ’derived’ 
partial interactions. These are stand-alone interaction diagrams, derived from the ’full 
interaction’, but with selective zoom-in and zoom-out parts. Several of these interactions could 
help understand the overall mechanisms in the design while still only one full version would be 
in the UML repository of the model. 

B.2.3.4 Relation between sequence and collaboration diagrams  
Although the sequence and collaboration diagrams are two different views of the same 
fundamental notion of interacting objects, they do offer different focus points. While sequence 
diagrams make the timely dependency of the interaction explicitly visible, collaboration 
diagrams offer a better view of the architectural dependencies of the communicating objects.   

We have only considered sequence diagrams, as it is a more natural notation paradigm for 

                                                  
6 …or left to right as is also allowed in UML if the diagram is rotated 90 degrees 
counterclockwise 
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timing constraints. More work on representing timing constraints and the additional topics for 
sequence diagrams (existential/universal quantifiers, zooming, etc.) is needed. For the time 
being however, we can live with the definitions in sequence diagrams alone. 

B.2.3.5 State diagrams 
Besides sequence diagrams, state diagrams can also be used to annotate timing constraints. 
The relationship between state diagrams and sequence diagrams is that sequence diagrams 
model inter-object communication while state diagrams model class behavior in terms of 
internal state transitions and communication with the external world.  

A state diagram models the behavior of all objects of a class. In this sense it is very general. A 
sequence chart models possible interactions between objects, not necessarily any possible 
objects of the classes. In this sense, a timing constraint that should hold for all possible 
instances of a class could well be annotated on the state diagram. This will however require 
that the constraint will involve two points on or in the class, it can not do that between an event 
in one class and a second event on another class! 

In [7] and [8] timing constraints are expressed using UML predefined notations (especially 
after). According to the standard, these predefined keywords are open-ended and it is 
possible to define additional ones if needed.  

In [4], the relationship between sequence diagrams and state diagrams is explored and 
defined on a mathematical basis. If we allow virtual timers to be expressed in both sequence 
and state diagrams, such a notion well-defined relationship is needed to ovoid semantic 
inconsistencies or gaps. Especially, more work needs to be done on the inter-diagram 
relationship when viewed in the context of inheritance.  

Communicating with virtual timers from within a state diagram is straightforward. We just can 
send out events to the timers. For example, when doing a transition, the action part of the 
transition could have a signal ^Timer1.start(). A disadvantage is that all communication 
from and to a state diagram can only be represented implicitly. It could be a good idea to 
extend the state diagram notion with an optional explicit communication to other objects. In 
this case, instead of writing ^Timer1.start() on a transition, we could draw the object 
Timer1 and make a connection from the transition’s action part to the timer object with the 
start signal. Of course, such a notation would very soon become clumsy, but with good usage, 
this explicit notion could make the state diagrams easier to understand. Note that this explicit 
communication would be a general notational alternative. It could be used to express 
communication explicitly to any kind of object, not just timers. If such an extension would not 
be appreciated, an alternative could be to sum up all objects that a state diagram 
communicates with in a note linked to the complete diagram. Such a note could be generated 
by the UML tool and derived from the explicit actions in the diagram. Here too, the connection 
between the state diagram and other (external) objects would become easier to grasp, as it 
would be more explicit. 

B.2.4 Constraint verification 
Of course, annotating a design with timing info is nice, but if that is all there is, why bother? 
Things get interesting once we are able to check the consistency of our solution with the 
constraints. Fundamentally there are two ways of doing this, statically (prior to running the 
code) and dynamically (while running the code). 

B.2.4.1 Static Analysis 
Static checking allows us to do the analysis before running the (final) application and, if all 
things are OK, to prove that the constraints will be met. On the downside this requires 
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information about the whole system. This does not mean that every detail of the system needs 
to be known, but that all behavioral relevant, potentially interfering aspects need to be known. 
Only with such a global picture of the full application will the analysis technique have the 
necessary input to make correct conclusions. For example, the exact behavior of the 
scheduler needs to be known, including context switch times. Or if an algorithm is used 
containing a loop, the complexity and the upper bound of the loop needs to be known to allow 
the analyzer to make a valid assumption about the duration of the worst-case execution. And 
to be able to predict this time, the analyzer must know what hardware the application will be 
running on. It should be clear that this global information makes static analysis much harder to 
do and puts some severe constraints on the whole system and their developers. As a result, 
static analysis is only used when their advantages outweigh their disadvantages. That is 
generally the case for safety critical applications. Here it is of utmost importance to know that 
nothing can go wrong because it was proven correct statically. Dynamic run-time verification 
can only provide a high degree of confidence in the correctness of the application. However, it 
cannot proof the absence of errors. 

To allow some form of static analysis, we cannot just put some constraint annotations in our 
system. We need to provide an analyzer with all possible paths through the system, which 
means that we have to provide all sequence diagrams of the system. This is currently not 
feasible with the semantics of UML., but with the suggestions we made in B.2.3, this should no 
longer be a problem.  

Still, the basic notions of virtual timers are simple but powerful enough to allow static analysis 
methods.  

B.2.4.2 Run-time Verification 
The second way of checking constraint compliance is through dynamic run-time verification. 
This method cannot provide a compliance proof, but only a high degree of confidence in the 
solution. On the positive side, run-time verification is relatively easy to perform.  

The timers we discussed until now are virtual timers. Communication with timers does not 
consume any time nor do timers require any system resources. This makes them ideal for 
annotation and analysis purposes.  

However, if we want or need to do run-time verification of timing constraints, we have to map 
the timing constraints into run-time timing mechanisms.  

B.2.4.3 Concrete run-time objects 
The most obvious way to do such a mapping is to translate the virtual timers into concrete 
timer objects that live at run-time. On the downside, we have to realize that some properties of 
the virtual timers can only be approximated by concrete timer objects. For example, 
communication with timer objects does consume some time. The number of timers allowed in 
the running system should also be limited.  

While concrete timers are the most obvious way of handing our virtual timer constraints, other 
solutions are possible too. One possible way would be to use a triggering mechanism that 
would allow an external observer (possibly a hardware one) to survey the system, while the 
running software would have almost no performance degradation. However, a more detailed 
discussion on this and other mechanisms is outside the scope of this document. 

B.2.4.4 Tool support 
To support run-time verification of the constraints, tools should be extended to support 
automatic code generation. Although concrete code generators do not yet exist, we can give 
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some issues generators should deal with. One such issue is that the developer should be able 
to activate and deactivate the verification of individual constraints. An application can have so 
many constraints that verifying them all could put such a weight on the system that the reason 
for constraint violations would be the load of the verification mechanism itself. Toggling 
individual verifications on and off would allow dealing with such overload problems. 

Another issue is that the timers normally need to be passed as a hidden parameter to 
functions. As timers are objects, resetting a timer needs to act on the right object7. Passing 
these hidden parameters changes the (source) code. Good tools should be able to verify 
when such a parameter would not be needed and do some optimization without changing the 
interface. Finally, it is interesting to note that a start-timeout sequence will probably be 
mapped to a potential system call to a sleep function. This would then enable the OS the 
opportunity to schedule some other process. 

B.2.5 Constraint violation policy 
One issue we did not speak about is the constraint violation policy of an application.  
Detecting a timing constraint violation is something that is tightly coupled with run-time 
verification of the timing constraints. If we can statically proof that the constraints will be met, 
there is no point in verifying these constraints at run-time. As a consequence, there is no need 
to provide a timing verification mechanism that could detect constraint violations. 

However, once we do run-time verification, we have to decide what to do when a violation is 
detected. Here, there are two alternatives. The first one is to build into the software a 
mechanism of handling the violations. The second one is an approach where violations are 
not handled but only reported or logged, or where the software goes into a ‘graceful 
degradation’ mode.  

The impact of choosing a violation handling mechanism is considerable. The reason for this 
impact is that the question what to do when something goes wrong now becomes part of the 
application. This in turn needs to be analyzed, designed and implemented. The total amount 
of software increases. The situation gets even more complicated when the constraint violation 
policy tries to bring the software back in a ‘normal’ state after having dealt with the problem, 
as this will most probably impose some timing constraints on the violation handler as well. And 
obviously, this constraint could be violated too. Anyhow, the timing constraints are now more 
than a non-functional requirement, but become part of the functional requirements of the 
software. The result is that annotating the designs is not enough. Remember that the 
semantics of the virtual timers is clear and that they do not have a check whether or not the 
annotation holds at run-time (no what-if test). In these cases, virtual timers are probably not 
what you need. Virtual timers are pure notational entities that can be checked statically or 
dynamically if desired. If virtual timers are to be used in a context with a constraint violation 
policy, additional mechanisms need to be defined to detect and report the violations. It is 
however hard to define one single one that will work for all purposes. In addition, more 
research on this aspect is needed in order to increase our knowledge on this problem domain. 

The other alternative is of course not to deal with violations. In this case, we take somehow 
the design-by-contract approach8. In this approach, we assume that extensive testing has 
happened and did not reveal any problems. If something would still go wrong at deployment 

                                                  
7 We will not go into more details here, but concurrency is the main reason why a hidden 
parameter is necessary. 
8 Note that Meyer’s design-by-contract approach is based on mathematical properties and 
relies on functional behavior which timing constraints clearly do not. However, the idea of how 
to deal with a problem is very comparable to the design-by-contract idea. 
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time, there is little we can do as we did not anticipate this situation. In contrast to the design-
by-contract idea where all checks are switched off at deployment time, timing constraints 
could well be left on just to log the problems that would still occur. Even a basic constraint 
violation handling could be kept, but it would be one where the system is for example safely 
switched off and maybe restarted. The prime difference to the violation handling approach is 
that timing constraints do not migrate to functional entities of the software under development, 
but stay non-functional. Therefore they do not influence the development strategy more than 
what is needed to meet the timing constraints. The overload of the timing constraints is greatly 
reduced. 

In our DESS project, we have build some ideas about handling such violations based on the 
conceptual ideas of design-by-contract. The case tool could provide a lot of support for such a 
policy. The important message here is that you have to know what your violation policy will be 
before rushing to code. The policy for the constraint violation handling could become part of 
the application in which case the design will be greatly affected 

B.2.6 Future work 
In this chapter we have defined the fundamentals of the DESS-approach on timing 
constraints. Although the fundamentals seem simple and sound, a lot of work can and should 
be done in the future.  

First of all, message sequence charts should receive more mathematical and fundamental 
attention so that the diagram type gets both more powerful and more rigorously defined. This 
is needed to allow unambiguous communication between the UML-tool on one hand and the 
analysis tools as well as the developers on one other hand. 

More work is also needed on the relationship between the different diagram types like 
sequence and state diagrams, but collaboration diagrams and activity diagrams as well.  

Code generators should also be built for testing this approach and giving feedback on the 
usability.  

Finally, an effort should be made to come up with a set of ‘standard’ high-level constraint with 
mapping to virtual timers. This standard set could then be a good base for extension towards 
the specific needs of the different partners. 

B.3 Memory constraints 
After our initial work on timing constraints, we found that memory constraints where still 
difficult to tackle. Especially the quest for a general approach turned out to be extremely 
complicated. There is a fundamental difference between timing constraints and memory 
constraints. This difference is the fact that timing is not a resource while memory is. Time is a 
unit that has nothing to do with resources. There is no way to control time. Rather, the 
execution speed of our technology is time-limited and this makes our hardware a resource. 
However, timing constraints are never expressed like ‘should not take more than x execution 
cycles on a CISC-processor. The constraints say that a job needs to be done within a certain 
timeframe.  

In contrast, memory is a resource. It is the application itself that will determine how much 
memory will be needed. Looking at the resource usage framework from [15] (see also Figure 
B-2), it is clear that we need a global view on the memory usage in order to do a memory 
consumption analysis.  

One way we would like to handle memory consumption is to limit the amount of resources that 
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a component9 is allowed to use. However, this becomes complicated once the topology of 
inter-component connections is not a pure hierarchy, which it normally is not. The problem is 
that ownership of a component is sometimes not unique or that it can be move from one 
object to another. For example, if a component a ask a component b to create an object o and 
pass it back, who is the owner of o? Is it a or is it b? Or is it a during creation and b after 
passing o back? And if both a and b keep a reference to o, who is the owner then? In this 
context, it is rather difficult to say that we will allow component a to use no more that some 
fixed amount of memory. Sure, we could define some rules for the ownership, but the rules 
should make sense so that developers understand them and obviously, the total amount of 
memory should be correct in order for the memory constraint analysis to make sense. An 
analysis that would say that all memory is consumed while there still is some amount makes 
little sense (which makes sharing ownership difficult!). 

Another way of limiting the amount of memory is based on following the execution path of the 
application. Such an approach is described in [1] where memory is requirements are 
computed for each invocation of a function and each execution of a statement. The memory 
usage is split into a stack amount and a heap amount. In cases where the memory 
requirements cannot be computed, some help from the programmer is requested to limit the 
general applicability to a limit that would work in the application at hand (the tuning 
parameters). The biggest drawback of this approach is that we do not have memory 
constraints based on the components we would use to decompose our application. As a 
developer tends to think in units of decomposition, he would like to say that some unit should 
not consume more than this amount of memory so that the overall memory consumption can 
be estimated well. Such a split does not work well with this approach. 

B.4 Other constraints 
The consortium is convinced that we first have to tackle timing and memory constraint before 
digging into other constraint types. The reason is of course that these constraints are the most 
important ones for the consortium partners. Tackling these constraint types in the project too 
turned out to be too optimistic. The complexity of constraint types is simply too high to do all 
that in one project. 

One interesting constraint type is bandwidth. As bandwidth (throughput) is defined as memory 
per time units, it is clear that it has some relation with both timing and memory constraints. 
However, components would probably prefer to deal with bandwidth rather than with memory 
and time if throughput is what they care about. So, although there is a relation to the two other 
constraint types, it is a valid constraint type on its own.  

 

                                                  
9 Here ‘component’ is used in a very broad sense. It could be dess-components, but it can be 
classes or other units as well. 
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Appendix C: The DESS Component Notation 

C.1 Introduction 
Within the context of the DESS Project, a notation for the specification, development and 
documentation of components for real-time embedded software development has been 
developed. This is done as a UML profile, a collection of stereotypes, tagged values, 
constraints and notation icons, in accordance with the extension facilities of the UML notation 
standard, as defined by the Object Management Group (OMG). 

 

C.2 Notation for component blueprints 
The UML v.1.3 standard does cover the concept of component, and provides a specific 
notation for it. UML defines a component as follows: 

"A component is a physical, replaceable part of a system that packages 
implementation and provides the realization of a set of interfaces. A component 
represents a physical, distributable piece of implementation of a system, including 
software code (source, binary or executable) or equivalents such as scripts or 
command files, also including business documents etc., in a human system. 
Components may be used to show dependencies, such as compiler and run-time 
dependencies or information dependencies in a human organization. A component 
instance represents a run-time implementation unit and may be used to show 
implementation units that have identity at run time, including their location on nodes. 
Software component instances represent run-time manifestations of code units. 
Components can exist at compile time, at link time, at run time, or at more than one 
time. " 

 

Implementation diagrams, such as component and deployment diagrams, are defined in UML 
as follows: 

"Implementation diagrams show aspects of implementation, including source code 
structure and run-time implementation structure. They come in two forms: (1) 
component diagrams show the structure of the code itself, the organizations and 
dependencies among components, including source code components, binary code 
components, and executable components, and (2) deployment diagrams show the 
structure of the run-time system, the configuration of run-time processing elements 
and the software components, processes and objects that live on them. They can also 
be applied in a broader sense to business modeling in which the ’code’ components 
are the business procedures and documents and the ’run-time structure’ is the 
organization units and resources (human workers and organizational units) of the 
business. A component diagram has only a type form, not an instance form. To show 
component instances, one should use a deployment diagram (possibly a degenerate 
one without nodes)." 
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The standard UML notation for a component is shown in Figure C-1. 

 

 

 

 

Figure C-1: UML component notation 

 

Although component blueprints are defined in UML v.1.3 as a specific type and treated as a 
kind of package, we think this is not sufficient for component modeling and notation. A 
number of problems arise with the current UML notation: 

½ Components in UML are merely defined as a distributable piece of implementation of a 
system, including software code and business documents. Within the DESS project, 
we want to put more stringent requirements on components. 

½ Component blueprints in UML do not own the model elements that are shown within 
the component, but are only using their implementation. Within the DESS project, we 
want to make a strict separation between code usage and dedicated ownership. This 
can be done by choosing between the usage of required interfaces or component 
decomposition. 

½ Components in UML can be associated directly, without using their interfaces. Within 
the DESS project, we want to oblige the developer to make explicit use of component 
interfaces in order to wire components together or to decompose components into 
subcomponents. 

Therefore, we propose a specific notation for component blueprints within the DESS UML 
profile: 

½ A component blueprint is represented as a class, using a specific <<component>> 
stereotype. 

½ UML classes with a component stereotype cannot have any attribute or operations 

½ UML classes with a component stereotype have two specific class compartments: 

o A provides compartment lists the names of all provides interfaces of the 
component blueprint 

o A requires compartment lists the names of all required interfaces of the 
component blueprint 

The DESS UML notation is shown in Figure C-2. 

 

 

 

 

Figure C-2: DESS component blueprint notation 
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C.3 Notation for component instances 
UML component instances are represented as UML components, with both an (optional) 
instance name and a type. The name and type of component instances are underlined, 
representing the instance-property. A property may be used to indicate the life-cycle stage that 
the component describes (source, binary, executable, or more than one of those). 

 

 

 

 

Figure C-3: UML component instance notation 

 

Since component blueprints are represented as a <<component>> stereotyped class within 
the DESS UML profile, component instances therefore are represented as instances of these 
UML classes, using the UML mechanism of name underlining. The DESS UML notation is 
shown in Figure C-4. 

 

 

 

 

Figure C-4: DESS component instance notation 

 

DESS active components will be modeled with a thick border or using the {active} property 
keyword, analogous with active objects in UML. 

 

 

 

 

Figure C-5: DESS active component instance notation 

 

C.4 Notation for interfaces and connections 
An interface can be specified as an UML interface, which actually is a class with an 
<<interface>> stereotype (formally equivalent to an abstract class with no attributes and no 
methods, and only abstract operations). Each usage of a specific interface by a component is 
modeled as an association between the interface and the component.  

However, a clear distinction must be made between provides and requires interfaces of a 
component. UML attaches provides interfaces with a realize relationship to the component (or 
a solid line when the interface ’lollypop’ notation is being used), whereas requires interfaces 
are connected using a <<uses>> dependency.  Moreover, interfaces are shared between all 
classes and components that provide or use them. The standard UML notation is shown in 
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Figure C-6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C-6: UML interface notation 

 

Within the DESS project, 2 new stereotypes for interfaces are introduced: <<provided>> and 
<<required>>. As such, the interfaces stereotyped as <<provided>> can only be attached to 
the component actually providing the interface, whereas the interfaces stereotyped as 
<<required>> can only be attached to the component actually requiring the interface. As such, 
the components do not share the same interfaces, but actually have their own (eventually 
slightly different) provides and required interface specifications. The association between the 
interface and the component class must be a directed association (one-way association): from 
the provided interface to the component on the one hand, and from the component to the 
required interface on the other hand. 

 

 

 

 

 

 

Figure C-7: DESS interface notation 

 

Two components can be only be wired together by linking a provided and a compatible 
required interface using an association. This is a stereotype for a direct association between 
the two components. As such, the DESS UML profile defines 3 direct associations for each 
component link: a first one linking the provided interface to the supporting component, a 
second one linking the required interface to the dependent component, and a third one linking 
the provided interface of the first component to the required interface of the second 
component, expressing the actual link. Normally, a connection is made between two 
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component instances. A connection between two component blueprints is used when a 
component is decomposed into smaller subcomponents, as illustrated in the next sections. 

 

 

 

 

 

 

 

 

 

 

 

Figure C-8: DESS component wiring notation 

 

Notice that UML only uses 2 associations for a component link: a first one (an abstraction 
dependency, stereotyped as <<realize>>) linking the interface to the component providing the 
interface, and a second one (a uses dependency) linking the interface to the component 
requiring the interface. As such, the actual link between the two components is heavily 
neglected in the standard UML notation. 

The DESS component connection between 2 component interfaces can be seen as a 
stereotype for a direct association between the two components. In addition, the interfaces are 
represented as interface specifiers on the association ends, indicating that the behavior that is 
expected from the connected component is defined by the specified interface. Notice that the 
provided and required interfaces have to be compatible in order to establish the component 
connection. 

 

 

 

 

 

 

 

 

Figure C-9: Mapping of DESS component wiring notation to UML 

 

Component connections can be static or dynamic. When a connection is static, it is defined at 
design time or at composition time, and cannot be changed anymore at runtime. A dynamic 
connection can be changed, replaced or removed at runtime. To indicate the status of a 
component connection, the UML {frozen} property can be used to specify a static connection.  
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Two kinds of static connections can be identified: 

• When {frozen} is specified on a required interface of a component blueprint, every 
required component instance that is connected at run-time to an instance of the blueprint 
cannot be changed anymore. So the restriction is put on every component instance of the 
involved blueprint. 

 

 

 

 
 

Figure C-10: DESS notation for frozen component wiring 

 

• When {frozen} is specified on a connection of a component instance, this connection of 
the instance cannot be changed anymore. However, other connections of component 
instances of the same blueprint can be changed. So the restriction is put on a specific 
component instance 

 

 

 

 

 

 

 

 

 
 

Figure C-11: DESS notation for frozen connections 

 

The DESS methodology allows decomposing connections into a middle-ware component and 
2 simple connections. Such middle-ware connections must be able to receive and re-send all 
messages sent over the connection. To model such general interfaces, a universal interface is 
introduced. The notation for such universal interfaces is shown in Figure C-12. 

 

 

 

 

 

Figure C-12: DESS universal interface notation 
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Universal interfaces can always be further detailed by introducing more detail about the 
protocol translations: 

� A message-to-protocol transformation component can accept the original 
interface and generate message compliant to a specific protocol. 

� The middleware component can now be shown with its specific dedicated 
protocol interface. 

� A protocol-to-message transformation component can resend the message, 
accepting messages of the specific protocol, and generating messages of the 
original interface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C-13: DESS connection decomposition notation 

 

C.5 Notation for connectivity restrictions on component connections 
Defining required and provided interfaces for components is not always sufficient. In a classic 
component configuration, a component requires exactly 1 component that is compatible with 
the required interface. On the other hand, a component can provide its services to an 
unlimited number of other components. 

But in some situations, components can put restrictions on the number of components it can 
serve. As such, a component can restrict its usage to at most one or a specific maximum 
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number of components. 

On the other hand, a component can at run-time be connected to a number of components 
that can provide a specific service. This can be the case when a number of duplicate 
components are present in the system, or when an undefined number of plug-in components 
can be added at run-time to the system. 

Since UML already defines a multiplicity restriction on associations, the DESS profile adapts 
this multiplicity item on an association end to express additional component restrictions. In 
fact, the restriction is placed in between the component and its provided interface on the one 
hand, and between the component and its required interface on the other hand. The 
multiplicity values will be applied to the underlying UML association, connecting the two 
components through their interfaces. 

 

 

 

 

 

Figure C-14: DESS connectivity restriction notation 

 

When the multiplicity value is unspecified, the DESS profile defines the default value as 
follows: 

½ The default multiplicity of a required interface is 1..1 

½ The default multiplicity of a provided interface is 0..* 

Notice the following special values for multiplicity constraints on component interfaces:  

½ The multiplicity of a required interface is 0..x: This means that the component can 
function without having to be connected to another component. As such, the 
availability of a component providing the required interface is optional for the 
functionality of the component. 

½ The multiplicity of a provided interface is 1..x: This means that the component 
cannot be present in the system without the presence of at least one component 
requiring the functionality of the component. When the last client component is 
stopped, the component itself will also cease to exist. 

When the interface multiplicity allows many components to be attached, it is possible to create 
a number of connections, each one directed from or to a different component. However, 
analogous with multi-objects in UML, it is possible to use one connection to a multi-
component instead of drawing a number of connections to copies of a component. 
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Figure C-15: DESS multi-component notation 

 

C.6 Notation for component composition, decomposition, frameworks and plugs 
Large components can be realized by means of a number of smaller components, that all 
offer a part of the functionality of the large component. As such, a collection of components 
and connections between components form a new component of its own. This assembly of 
components into a bigger component is called component composition. From the viewpoint of 
the large component, the disassembly into a number smaller sub-components connected 
together, is called component decomposition. 

One could consider the dependency between the large components and its sub-components 
at the same level as other dependencies through required interfaces. This is in fact true. 
However, defining a component as a sub-component instead of a required external 
component puts a number of additional properties and restrictions on the relationship between 
the 2 components: 

½ Component composition creates a strong ownership between the composite and its part, 
with coincident lifetime of the part with the whole. This means that the part components 
are automatically created when the composite is created, and that they are removed when 
the composite is been removed by the component framework.  

½ Also there is a dedicated use of the part components by the composite component, so the 
part components cannot be shared or used by another component.  

UML provides a composition aggregation as a special kind of association. As such, a 
composite object can be defined, containing a number of sub-objects. The DESS profile for 
UML adopts this idea of composition aggregation and defines the relationship between a 
composite component and its sub-components as a composition aggregation between the 
components, through a number of required and provided interfaces. 

As presented in section 7.2.3, the DESS methodology splits a component decomposition in 2 
steps to allow a looser coupling between the internal component design and the 
subcomponents to be used at run-time: 

o Firstly, the component to be decomposed is designed as a component framework, 
built using component plugs and connectors between them, defining the overall 
structure. The notation for such component framework is presented in Figure C-16. 

o Secondly, the subcomponents can be plugged into the framework, thereby 
instantiating the component framework. The resulting component instance model is 
obtained by replacing each plug by its corresponding subcomponent that has to 
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comply with the plug specification. The notation for such instantiated framework is 
presented in Figure C-17. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C-16: DESS framework and plug notation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C-17: DESS instantiated framework notation 
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Also for component decomposition, there is no direct dependency between the outer 
component and a sub-component. The component decomposition always defines a specific 
containment relationship between the outside component and its inside components through a 
mapping between a number of requires interfaces of the outside component and the 
corresponding provides interfaces of the inside components. Notice that component 
decomposition always creates a dependency with connectivity restriction exactly equal to 1..1, 
due to the fact that there exists a dedicated use of the part component by the composite 
component. 

It is also possible that a sub-component on its turn is partly dependent on the composite 
component. This can be the case when the sub-component requires specific additional 
services, or when the sub-component has the need for callback abilities to inform the 
composite component about its internal state change. 

Ultimately, a system can be viewed as the top composite component, containing all 
components that are used to realize the system. The environment of a system can also be 
viewed as a subcomponent of the system itself, or as a component of which the system 
requires a number of services. 

 

C.7 Notation for message delegation 
When a composite component is decomposed into a number of smaller subcomponents, 
these subcomponents can provide a number of services directly to the users of the composite 
component. As such, a provided interface of the composite component can be delegated to a 
provided interface of a subcomponent. This means that any incoming messages through a 
specific provided interface of the composite component are automatically redirected to the 
provided interface of that subcomponent.  

Also, required interfaces of the subcomponents can be delegated to a required interface from 
the composite component. This means that any outgoing messages through a specific 
required interface of the subcomponent are automatically redirected to the required interface 
of the composite component. 

To define a message delegation through a provided interface (from an outer component 
through a composite component to a subcomponent) or through a required interface (from a 
subcomponent through a composite component to an outer component), the interface arrows 
inside and outside the composite component must be directly connected. 
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Figure C-18: DESS message delegation notation 

 

C.8 Notation for decomposition into classes and objects 
Components cannot be decomposed indefinitely into other components. Ultimately, a 
component has to be realized through the use of real code, which can be of the form of 
objects and classes. To model the internals of a component, a component can also be 
decomposed into classes and objects. As such, a large component can be implemented using 
a number of objects to realize the total component functionality.  

An UML composition aggregation is also used to realize a component into a number of 
objects. As such, a component can be implemented as a composite component, containing a 
number of sub-objects instead of sub-components. The provided interfaces of a component 
must be mapped to messages to one or a number of components. The Facade design pattern 
can be useful for delegating the incoming messages to the appropriate objects. 
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Figure C-19: DESS OO component design notation 

 

C.9 Notation for decomposition into subcomponents, classes and objects  
It is also possible that a component implementation makes use of both subcomponents and 
objects. In this case, the internal decomposition view of a component blueprint can highlight 
other component blueprints as well as plain classes. To model the internals of a component, a 
large component can be implemented using a number of other components as well as other 
objects to realize the total component functionality. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure C-20: DESS mixed framework & OO component design notation 
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C.10 Notation for the outside view of a component 
The outside provides and requires views of a component can be specified by classical UML 
models, texts or other artifacts. Use cases, scenarios, class models and textual requirement 
specifications can be used. It is even possible that a component is dependent on a specific 
implementation version of another component. When this is the case, it should also be 
specified in the required outside view. 

C.11 Notation for the unique component and interface identification 
A unique ID is necessary to distinguish one specific version from another. The identification 
can contain different levels, depending on the evolution of the component. A distinction is 
necessary for  

• Interface version 

• Component specification version 

• Component implementation version 

• Run-time component instantiation 
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