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Introduction Tl Me

Overview

| ntroduction

Thistheme is about the basic concepts, principles and ideas on which TIMeisfounded.
They are presented here to give an overview, and also an introduction to other themes,
in particular you should read parts of thistheme before using Activitiesand Descriptions
actively. Here we present the foundation for the “1” in TIMe (The Integrated Method).

Theideaisthat thistheme will present the key features underpinning the methodology.
It will start in textbook style, but will contain parts that are more of areference nature.
It will serve asthe domain description for TIMe.

Thecriteriafor being included hereisthat thetopiciscentral to TIMeand to integration,
and that it is used pervasively in the methodol ogy.

Overview

The basic concepts and ideas are organised along the following dimensions:
» Areasof concern (p.5-3): how we organize descriptionsin different areas of concern.

» Descriptions (p.5-6): how the descriptionsin each area of concern are organised in
formal models and other descriptions.

» Abstractionsin models (p.5-9): the main abstractionswe use in models to understand
and describe systems for different purposes.

» System reference models (p.5-13): coarse architectures for each system abstraction
(introduced to give methodologica advice).

* Objects and properties (p.5-16): how models are organised into object models and
property models and into specification and design. Also about how specificationsare
used before, during and after design synthesis.

» Activity categories (p.5-18) the various categories of activities that operate on
descriptions.

» Development stepsand activities (p.5-23): the dynamic aspect of how the modelsand
documents are developed and maintained. Flexible service evolution.

* Property models (p.5-36): how descriptions are related and rel ationships traced. For-
mal relationships, transformation and analysis, V&V.

» Descriptions and documents (p.5-29): how descriptions are put together and used in
documents.

» Object models (p.5-32): how object models are composed/decomposed and related
to each other by means of inheritance, instance-of, and other relationships. How
properties relate to the object models.

* Requirements (p.5-38): how we make projections and describe properties on the var-
ious abstraction levels, and how we use properties to construct and analyse object
models.

They will be described in the following chapters.
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Areas of concern

Rationale

A major concern of most companiesisto sell and deliver as many systems as possible.
However, if their focusis entirely on the short term profits of each particular system
delivery, they risk:

that the overall quality islimited and gradually deteriorates;

that the maintenance cost increases and eats up resources that could better be used
elsewhere;

that high cost of adaptation and production of each individual system severely
reduces the profits.

To dleviate these problemsit is necessary to have alonger planning horizon and to shift
focus from individual users and systems towards the more generic aspects of market
segments and system families. For this purpose we distinguish between three areas of

concern:
Figure5-1: Areas of concern
Open figure
Areas of concern Descriptions Departments
Domain domain Marketing and
descriptions product planning
1
*
System family family Development and
descri pti ons maintenance
1
*
instance Sales, engineer-
descriptions ing, production
System instance 1 1
concrete
system

Domains, which are the phenomena, concepts and processes that need to be sup-
ported (the problem) in amarket segment irrespective of particular system solutions.
By gaining better understanding of the needs existing in aproblem domainwearein
abetter position to specify and design solutions that will provide real user value. We
are al'so in abetter position to identify general concepts that will be reusable across
many systems.

System families, which are generalised system or component types that can be
adapted (configured) and instantiated to fit into asuitable range of user environments.
They represent the product base from which a company can make a business out of
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producing and selling instances. The ideaisto focus development and maintenance
effort mainly on the familiesin order to: 1. reduce the cost and time needed to pro-
duce each particular instance; 2. reduce the cost and time needed to maintain and
evolve the product base.

» System instances, which are particular systems satisfying particular user environ-
ments. When a system family is defined, a system instance can be defined by
referenceto asystem family using relatively simple configuration statementsto binds
the variability in the family. If thereis no family however, it is necessary to define
each system instance completely in self a contained instance description.This can
only be recommended for one-of-a-kind devel opments.

In each area of concern the method recommends to make the descriptionsindicated in
Figure 5-1 (p.5-3), which will be elaborated in the next chapter.

Responsibility for the different areas of concern will often rests with different depart-
ments within a company. Problem domain knowledge is essential for marketing and
high level product planning. System families are the main products of the system- and
development departments, while system instances are the main concern of the sales,
engineering and production departments. In many companies these departments have
difficulties communicating effectively with each other and this may lead to misunder-
standings that are very expensive. They often have problems introducing new staff too
because they lack a high level description of the problem domain and the systems they
make. TIMe seeksto overcome these problems by providing high level domain and sys-
tem models that can be shared across departments and thus provide a common ground
of communication.

Advantages TIMe offers the following advantages to the different departments:

5-4

» Market and product planning:

- A clear picture of the needs and a sound foundation for product planning achieved
through the domain descriptions.

- Precise communication with the development department (and the market) using
common domain descriptions and family descriptions that make sense for both
departments.

» Development and maintenance:
- Better understanding of the user needs achieved through domain models.
- Support to all development steps.

- A constructive approach to family designs where reuse and validation is an inte-
gral part.

- Automatic generation of implementations.
- Service flexibility and architectural modularity.

- Reduced maintenance cost and improved control through maintenance at the fam-
ily level.

» Sales, engineering and production:
- Easeof instance configuration using system families with well defined variability.
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- Clear feedback to devel opment through precise specification of new features, and
the possibility for devel opment to assess the impact of new features on the design.

More Thevarious descriptions and the activities that produce them are elaborated in the Activ-
ities and descriptions theme.
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Descriptions

Rationale  Theessence of systemsengineering isto understand needs and to design systems having
properties that satisfy the needsin a cost effective way. Without descriptionsthisis
impossible. Descriptions are indispensable in systems engineering and all other engi-
neering disciplines.

To avery large extent systems engineering is a matter of creating, understanding, ana-

lysing and transforming descriptions. Consequently, the selection of descriptions, their
organisation and languages, are central to any systems engineering methodology.

Which Within each area of concern the methodology recommends to make the models and
descrip- descriptionsindicated in Figure 5-2 (p.5-6).
tions?

Figure5-2: Themain descriptionsused in TIMe

Open figure
Domain Descriptions Dictio-
nary
Domain
models State-
ment
System Family descriptions
System Family models
py Application Dictio-
models nary
L — Framework Statement
models
L Architecture Auxiliary
models
Implemen-
tation

Instance descriptions

Instance Implemen- [l | Auxiliary
models tations system

i
i
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These descriptions are necessary and sufficient to achieve central goals of TIMe:

1. to improve common under standing and communication among the
peopleinvolved in al areas of concerns;

2. to achieve a controlled process towards quality results;.
3. to achieve flexibility in services and system designs;

4. to minimise cost and lead times and to increase reuse.

The descriptions have been carefully selected. They are neither too few, nor too many.
Thereislittleredundancy, asthey describe different aspects and complement each other
in acomplete, concise and readable documentation. TIMe keeps the amount of tempo-
rary (throw away) descriptions to a minimum, and emphasizes descriptions that end up
asfinal documentation. This does not prevent us from identifying partial descriptions
that are useful in their own right, such as requirements specifications, and to issue them
In separate documents when needed.

We distinguish between formal models, implementations and other descriptions. The
formal core of the methodology is the models which are expressed using the well
defined languages UML, MSC and SDL.

Domain descriptions are organised in:

» Domain modelswhich are collections of classes with attributes, relations and associ-
ated properties. They may be organised in several abstractions. Since the domainis
about general concepts and processes that are common to many systems, it is likely
that some parts of the domain models will be used within the family models. These
parts will often be quite stable, reusable and resilient to change.

» Domain statements which are concise statements about the domain, and is normally
expressed in prose.

» Domain dictionaries over common domain terminology. It isimportant that the ter-
minology used in other domain descriptions are harmonized with and defined in the
dictionary.

» Domain auxiliary descriptions, which are any other description used. Will often be
informal text and illustrations used to help reading the models.

Family descriptions are organised in:
« Family models which are object models and property models describing the family
on several levels of abstraction:

- Applicationsthat describe what the user environment want the system to do (user
services).

- Frameworks that describe how applications are distributed and supported by an
infrastructure. Frameworks and applications together define the compl ete system
behaviour.

- Architecturesthat describe how frameworks and applications are realised in terms
of hardware and software nodes.
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» Family implementations which are implementations of family concepts. Here we
find the general parts of implementations that are stable over all instances.

« Family statements which are concise statements about the family: its main purposes,
its market and qualities.

» Family dictionaries which define the family specific terminology.
» Aukxiliary descriptions which are any other description used, for instance test plans.

Instance I nstance Descriptions are organised in:

 Instance modelswhich define the particular system instance on al abstraction levels.
These may be self contained system models, but it is recommended to define
instances as configurations of families.

* Implementations which are the instance specific implementations, such as configura-

tion files.
» Aukxiliary descriptionswhich are any other description of theinstance, for instance a
test suite.
Textual Textual explanations may be attached to models as well as to other descriptions.
explana-
tions
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Abstractionsin models

Rationale

The concrete system that actually exists in the real world is composed from physical
parts and software that executes to provide servicesto its users. In order to implement
such systems we need detailed descriptions of their physical composition and their soft-
ware. Thisiswhat we consider implementations.

However, in order to understand how the system is constructed, and in particular to
understand what it doesfor the users, implementations are not adequate. They arefar too
technical and detailed. Thusthereisaconflict between the needs of the machine and the
needs of the human. To satisfy the human, we need abstractions that remove the techni-
cal detail of implementations and allow usto concentrate fully on the aspects that are
important for the human designer and user.

In order to bridge the conflicting needs of human interpretation on one hand and physi-
cal construction on the other, TIMe models the world using two main abstractions as
illustrated in Figure 5-3 (p.5-9):

Figure 5-3: The main model abstractions

Open figure
Framework
Application
i WHAT
Abstract world Infrastructure

Concrete world

Architecture HOW

Abstract world models which emphasi zes concepts and behaviour related to the user
needs. They serve to define the behaviour in an abstract form that can be understood,
communicated and analysed as much as possible without binding the implementation.
They will often be organised in a Framework with two main parts:

- anapplication that describe what the user environment want the system to do (user
services);

- aninfrastructure that describe additional behaviour and supporting functionality
that needs consideration, e.g. in order to fully simulate its behaviour.

» Concreteworld model s describe the implementation architecture. Thisisahigh level
description of the physical implementation expressed in a unified notation. The pur-
pose isto give a unified overview over the implementation and to document the
major implementation design decisions.

The implementations are composed from a variety of notations and languages for hard-
ware design and programming.
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Model organisation

In principle al model abstractions may be used in all areas of concern. The focusin the
domain is, however, mainly on the abstract world with emphasis on applications. This
does not rule out the possibility of including infrastructures and even concrete world
models in the domain where thisis relevant.

Note that the main model abstractionsis arather coarse classification. There may more
abstractionsin a practical project.

To some extent the abstraction depends on the language used in descriptionstoo. But we
have tried to follow some general underlying principlesin TIMe that make the method-
ology less dependent on particular language than one could expect. To some extent itis
possible to changelanguage and still be able to usethe principles of TIMe. For instance,

it has been possible to move from the SOON notation, through OMT to the forthcoming

UML notation.

All thisis detail however. The main point is that we use abstractions primarily to
improve human understanding and communication, and concrete systemsto build the
physical systems.

Model organisation

Asexplained in Objects and properties, models have the facetsillustrated in Figure 5-8
(p.5-17). In general there are object models and property models. Seen together they
define a context and a content. The context represents the entity being defined (e.g. a
system type) as a“black” box and details its environment, while the content detailsits
internal composition in terms of object structures and behaviour.

Figure 5-4: Thefacets of a type model

Open figure

objects properties

context
/E_\
specification

content

A specification covers those aspects of amodel that are relevant for its external repre-
sentation and use, while the design covers the internal composition and the internal
properties.

The distinction between specifications and designsis not so important in domain mod-
els, whilein system family modelsit isimportant. This has been illustrated for
application, framework and architecture modelsin Figure 5-2 (p.5-6).

Foundation of TIMe TIMe Electronic Textbook v 4.0 © SINTEF Modified: 1999-07-16



TIMe

Secifica-
tions are
partial
models

Secifica-
tionsvs.
design

TIMe Electronic Textbook v 4.0 © SINTEF - Modified: 1999-07-16

Abstractionsin models
Model organisation

A specification covers those aspects of amodel that are relevant for its external repre-
sentation and use. The context part is often sufficient as a specification, but if parts of
the content areimportant it may beincluded in the specification. Specifications are asso-
ciated with the abstractions they belong to.

Specifications

TIMe emphasises that specifications are not special models, but integral parts of type
models. The reason is that we want to minimise the amount of descriptions that are
thrown away. In stead we want to make use of specifications throughout the lifetime of
amodel:

1. first to express the required properties so they can be verified and validated,;
2. then to synthesise the design in away that satisfies the specification;

3. finally to describeits provided propertiesfor later assessment, (re)use, validation and
evolution purposes.

System Family specifications contain the specification parts of application, framework
and Architecture models. These are related to the design parts, as indicated below.

Figure 5-5: Specification and design related

Open figure
Application Specification part of models
models
Application Framework
specification modds

Framework
specification

Architecture
models

Architecture
spec

Application
design

Framework
design

Architecture
design

Design part of models
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Specifications and designs are often developed in different phases. Specifications are
produced early and play a central role in quality and process control. Designs are pro-
duced later. Therefore, in adevelopment project they are devel oped by separate steps as
illustrated in Figure 5-10 (p.5-24).

Require- In TIMe we consider a requirements specification as a document. It is normally pro-
ments duced early in adevelopment project and used as a contract for the design work. It will

?pedﬁca' contain specifications and other items of relevance at that stage.
on

Specifications should be kept consistent with the properties provided by adesign. We
foresee that specification are used:

» for marketing;

o for retrievdl;

 for validation of applications,
» for evolution.

Qualitiesof Important qualities of specifications are:
specifica-

tions » precision and detail;

e unambiguity;
* traceability and verifiability;

» modularity that will support evolution and change.
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System reference models

Rationale

Abstract
system

Most peoplefind that the most difficult part of systems engineering isto decide on archi-
tectural solutionsfor the systems. A well engineered architectureisclearly instrumental
to the profitability of a product. Thereforeit is essentia that a methodology provides
guidance and support to architectural solutions. Central competitive issues today are
flexibility, time to market and cost. We seek modular designs:

» where changes can be confined in modules with standard interfaces;
e new services can be introduced quickly and safely;
e parts may be reused in many places.

To achieve thisthe methodol ogy provide system reference models at the abstract and the
concrete level. Another rationale isto identify parts that may have different require-
ments on development methods and often are developed by different teams.

In the abstract system we make a distinction between application and infrastructure, see
Figure 5-6 (p.5-14).

The application part provides the user services and is the most interesting part from a
user point of view. Changing or adding servicesto the system meansto modify the appli-
cation part. It consists of the following main sub-parts:

- Interface given objects that encapsulate the interface specific behaviour, e.g. the
behaviour of graphic user interfaces and protocol stacks. By isolating this part
from therest it is possible to change the interfaces without affecting the other
parts.

- System given objects that encapsulate the system specific services and informa-
tion. These are particular for this system family and not common to all systemsin
a problem domain.

- Domain given objects that encapsul ate services and information that are common
to the entire problem domain. These objects are reused across system families.

The infrastructure part contains additional behaviour needed to fully understand and
analyse what the system does (the complete system behaviour). Here we find objects
that support distribution, system administration and other facilities not directly related
to user services.
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Figure 5-6: Reference modelsfor abstract and concrete system

Open figure
Framework
Application
Interface System Domain
given given given
Infrastructure
abstract system
concrete system

Framework-implementation v
Application-implementation

Interface System Domain
given given given

Infrastructure implementation

Platform

Support software

Hardware

Whenever practical the application and the infrastructure will be put together in an
application framework that serves to simplify the definition of new abstract systems.

A Concrete system consists of :

» Theimplementation of the abstract system in software and hardware. Parts of this
software may be automatically derived using state-of-the-art tools. Software playsa
dual role. Firstly, as a description to be read and understood outside the system, and
secondly as an exact prescription of behaviour to be interpreted inside the system.

» The support software which normally isalayered structure containing operating sys-
tems, middelware for distribution support, SDL runtime systems, DBM S and
interface support.

* The hardware.

Therole of the implementation architecture model isto define the overall architecture
of the concrete system and define how the abstract systems are mapped to (abstract sys-
tem) implementations.

Note that the various parts of the system models are quite independent and may be mod-
ified with little impact on each other. It is, for instance, possible to change the
implementation platform without needing to modify the application. Thusan application
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may survive several platform generations and thereby provide better return of invest-
ment. Similarly a platform may support several applications. Adding or changing
servicesis mainly performed in the application, leaving other parts unchanged.

We will distinguish between a system and its descriptions. A system is part of the real
world and isableto perform behaviour, thus serving its users. Descriptions, on the other
hand, represent the system and enable us to understand, analyse and communi cate about
it. Descriptions are also part of the real world, but they are distinct from the system and
cannot perform behaviour and serve users like the system does. What they can do isto
define the rules of behaviour.

Designerstend not to distinguish clearly between descriptionsand systems. For them the
word “system” often means* system description” . For the users, however, the difference
is profound. From the designers point of view, evolution is mainly a matter of change
and adaptation of descriptions. From the market, or user, point of view, it isamatter of
change and adaptation of systems. Maintaining the relationship between systems and
descriptionsis therefore essential for successful evolution.

It should be noted that any particular concrete system may be composed from more than
one application. TIMe supports the devel opment of heterogeneous distributed systems
using a mixture of languages and methods.

Descriptions may be structured in many ways. Some will be easy to comprehend and
relate to the real system, while others may be hard. A compact description is no better
than alarger one, if it is harder to relate to reality.

Readability * Inorder to maximize our ability to understand and predict what will happen in real-

through ity, we will emphasize that design descriptions are structured in a way that closely

:::,‘l’;‘r’ff‘] reflectsthe system. Thisisparticularly important for the behaviour part. Wewill seek
ilarity

to achieve behaviour descriptions that are structurally similar to actual behaviour
(i.e. state oriented behaviour descriptions).

Our quest for structural similarity have caused us to adopt object orientation and state
orientation as the primary perspectives for system description.
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Objects and properties

Objectand As can be seen from Figure 5-7 (p.5-16), we use two related model types:

property
models

Figure5-7: Object and property models

Open figure
Doman models

object prop-
erty

Framework models

Application models

object prop-
erty

Infrastructure

object prop-
erty

Architecture models

object prop-
erty

* Object models. These are models that describe how a system or component is com-
posed from objects, connections and rel ationships. They are constructivein the sense
that they describe how an entity is composed from parts, be it abstract or concrete.
Thisisthe perspective of designers.

» Property models. These are models that state properties of a system or component
without prescribing a particular construction. They are not constructive, but used to
characterise an entity fromthe outside. There are many kinds of properties: behaviour
properties, performance properties, maintenance properties, etc. Thisis the perspec-
tive preferred by users and sales persons. It is also the main perspectivein
specifications.

A central ideain TIMeisthat every object (and system) is characterised by properties
that can be used:

1. to understand what the object does;

2. to check that it is suitable for the environment where it is used;

3. to synthesize the content design;

4. to verify that the content design satisfy the properties;

5. toretrieve the object from alibrary (given some required properties).
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Property models are not necessarily bound to object models, but object models shall nor-
mally be bound to property models.This holds for al object models. domain models,
application models, architecture models.

The purposes of separating property models from object models are:

to facilitate reuse of property descriptions;
to ensure consistency by describing properties shared among objects in one place;

to support reuse of objects by using required propertiesto search for objects that pro-
vide the same (or equivalent) properties,

to support V&V by matching provided and required properties;
to facilitate property oriented product planning, marketing and system configuration.

There are many kinds of properties: behaviour properties, performance properties,
maintenance properties, etc. In TIMe, the property models will contain properties that
are relevant for the corresponding object models:

Abstract properties are associated with the abstract object models. Since abstract
models focus on functionality (behaviour) these properties are often termed Func-
tional properties. They characterise the behaviour of objects, and the collaboration
between objects. They are mostly expressed in the style of Use Casesusing the MSC
notation.

Concrete world properties are associated with the concrete models and state proper-
ties relevant for the implementation. They are often termed Non-functional
properties and characterizes the implementation.

Object models consists of two main parts, illustrated in Figure 5-8 (p.5-17):

Figure 5-8: Thefacets of a type model

Open figure

objects properties

context
/E_\
specification

content

The context, where the object being defined is considered as a black box and the envi-
ronment is detailed. This serve to describe the environment and the interfaces aswell

as other external relationships. By associating property models with the context it is
possibleto specify the external propertiesthe object providesaswell asthe properties
it require from its environment.
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» Thecontent, wheretheinternal composition isdefined in termsof component objects
and behaviour. This may involve atree structured decomposition over several aggre-
gation levels. Property models associated with the content will specify properties of
internal objects and interfaces. Obvioudy the content properties shall satisfy the con-
text properties (in some sense).

The object-property dimension and the context-content dimension give every type
model four facets as indicated in Figure 5-8 (p.5-17).

A specification covers those aspects of amodel that are relevant for its external repre-
sentation and use. The context part is often sufficient as a specification, but if parts of
the content isimportant it may be included in the specification. Specifications are asso-
ciated with the abstractions they belong to:

» Application specifications are concerned with functional requirements directly relat-
ing to user needs, i.e. user services and interfaces.

» Framework specifications are concerned with the infrastructure functionality, e.g.
internal protocols, distribution support and system administration.

» Architecture specifications focus on (non-functional) requirements to the implemen-
tation, e.g. the choice of technology, the implementation principles, platform
requirements, performance requirements.

A design cycle start by making a specification where the context object model and the
context property models are defined. It then makes a design where the content object
model and the content property models are defined. In the specification, the emphasisis
on properties, whileindesign it ison objects. But the properties of the specification shall
be satisfied by the design.

Specifications serve three main purposes.

» before the content is designed, they serve to express the required properties, also
called requirements;

 during design they are used constructively to synthesize the content using a mixture
of transformation and composition with reuse;

 after the content is designed they serve to express the provided properties.

The specification serves as a data sheet for a designer looking for existing components
to (re)usein adesign. They also serve to describe interfaces in away that smplify val-
idation of interconnections.

Activity categories

5

18

Viewed from the devel opment processes, activities can be classified in these categories:

1. Makeactivities(p.5-19). Activitiesthat make or synthesi se descriptions (models) for
thefirst time, possibly based on other descriptions, e.g. to make SDL process graphs
from requirements expressed using MSC. A variety of techniques are used: transfor-
mation, trandlation, composition, decomposition and reuse.
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2. Evolve activities (p.5-19). Activities which perform (incremental) development of
existing descriptions. They may either add new properties, e.g. add anew serviceto
existing Application models, or change existing properties, e.g. correct errors.

3. Harmonise activities (p.5-19). Activities which ensure that model s/descriptions are
consistent with each other, e.g. to make the domain dictionary consistent with the
domain object models. The activity will ensure that certain relationships that should
hold between model s/descriptions are satisfied. For instance that an object model sat-
isfiesthe properties specified in aproperty model, or that a content satisfies a context.

4. Analyse activities (p.5-20). Activities that analyse a model/description, e.g to verify
that a design satisfies given properties.

Make activities

The make activities can be subdivided according to the main facets of a model (see
Objects and properties) into:

- Make specification: creates the specification part for the first time. It will also be
concerned with identifying external types (e.g. SDL packages) used as
components.

- Make structure design: synthesises the design object structure with associated
properties for the first time. As part of thisit identifies the component types used
in the structure. For those that must be developed from scratch the same basic
make activities are applied again. This activity follow guidelines that seeks to
ensure consistency with the specification.

- Makebehaviour design: synthesisesthe behaviour of object types (e.g. the process
graph of an SDL process). This activity too, follows guidelinesthat seek to ensure
consistency with the specification.

It is here assumed that the content of amodel is either a structure or a behaviour.

Evolve activities

After adescription is made the first time, it may be evolved by adding, modifying or
removing features. Thisisperformed by evolve activities. They are different from make
activities becausethetarget description already existswhen they areinvoked. They must
consider the impact on the existing target and carry out modifications according to the
new requirements. They must also consider whether the result should be treated as a
revision to replace the previoustarget, or as a variant that shall co-exist withit.

TIMe emphasises flexibility in the design solutions in order to support an evolutionary
approach and service flexibility.

Harmonise activities

Harmonisation is the general term we will use for maintaining desired relationships

between descriptions. Harmonisation applies both to the descriptions within an area of
concern such as between the domain descriptions, and between different areas of con-
cern such asthe between domain object model and the application object model. Within
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the domain, for instance, we harmonise the terminology in the dictionary, the statement
and the models. It also appliesto the different abstractions: we want the application
models and the implementations to be consistent.

Ideally, harmonisation should take place after each step in order to keep the descriptions
consistent at all times. In practice, however, we must accept some deviation from this
ideal. A central pointin TIMe isthat object descriptions and property descriptions rep-
resent two different perspectives on some entity (usually atype). Thisimplies that, that
even if domain-, design- and implementation descriptions are not maintained so that
they are consistent, then the object and property descriptions within the same models
(e.g. thedomain models) are consistent. It also impliesthat the activities producing these
will have atighter interaction than the activities from different areas.

Constructive design methodsthat will ensure consistency between the required and pro-
vided properties will be emphasised. Still it will not be feasible to ensure that they are
consistent at all times.

An important aspect to harmonisation istraceability. Asaminimum it shall be possible
to trace how each requirement is mapped to design.

Analyse activities

These are activities that derive properties from descriptions and compare descriptions.
They aretypically used to verify and to validate descriptions on the different abstraction
levels. For instance to seeif an object typeis able to provide some required properties,
or to check that an application system is deadlock-free.

In general, analysis seeks to check that desired relationships hold between models/
descriptions.

Analysis and harmonisation is closely related to the various relationships that may be
defined between descriptions.
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The main modelling languages are summarised in Figure 5-9 (p.5-21).

Figure 5-9: Thelanguagesused in TIMe models
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Domain models will normally have most emphasis on the abstract world which will be

modelled using UML and MSC. SDL may be used in cases where the state transition
behaviour isimportant.

However there may be cases where concrete world models are appropriate, e.g. to
describe physical conditions, implementation principles or non-functional properties
that apply throughout the domain.
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Family Both abstract and concrete world models are relevant for families. Frameworks (appli-
cations and infrastructures) are primarily expressed in SDL, but OMT+- isused asa
supplement both for high level specificationsand for partswhere SDL islesssuited, e.g.
database applications. For reactive systems, SDL-92 will be used as the main language.
However, SDL is best suited for the control part of reactive behaviour, and less well
suited for pure transformations (algorithms), data-oriented applications and user inter-
faces. As modern systems often need to integrate these other aspects, TIMe provides
support for these parts as well based on OMT+- or the forthcoming Unified Modelling
Language, UML.

Instance In the instance area of concern, the main thing is to configurate and to build a system
instance. This can be done both on the abstract level, using SDL, in the Implementation
Architecture, and in the implementation. The common practice in most companiesisto
do this on the implementation level using configuration files and tools like Make. An
aternative isto use special configuration languages in this area.

Mixed TIMe will alow systemsto be described by a mixture of notations and languagesin
modelling  order to cover all system aspects. It will for instance be possible to model control behav-
iour using SDL and data manipulation using OMT+- or UML.

This means that a concrete system well may be composed from parts that are modelled
and developed using different techniques. Each of these parts may then be considered a
system in its own right from a modelling point of view. Consequently, what we choose
to consider asystem will depend on the circumstances, and need not always be the com-
plete system that will be delivered to customers.

What we choose to model as an SDL system may be just the parts where SDL is well
suited. Other parts may be modelled in OMT+- or eventually in UML. The practical
implications are that the SDL system concept will be lessimportant. In stead the focus
should be on generic component types that may be put together and configurated as eas-
ily as possible into complete systems. In SDL terms this means to focus more on block
types and process types than on systems.

Another implication is that some way to define complete systems composed from inho-
mogeneous parts is needed. For this purpose UML will be used for high level
architectures.
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Development steps and activities

Minimum
throw away

Seps

Assuming that the models are the key to systems engineering, how are we going to use
them during the systems engineering processes?

Bear in mind that we make descriptions for two main purposes:
 tofoster learning and communication during the systems engineering processes;
 to document the results at the end.

It is not obvious that these two purposes can be served by the same set of descriptions.
Indeed, there are methodol ogies that emphasi zes the first purpose and produce many
descriptions that only serve the process and not the final product. The modelswe usein
TIMe have been selected to serve both purposes. TIMe seeksto keep the amount of tem-
porary (throw away) descriptions to a minimum, and emphasi zes descriptions that end
up asfinal documentation. Thisdoesnot prevent usfrom identifying partial descriptions
that are useful in their own right, such as requirements specifications, and to issue them
In separate documents when needed.

In systems engineering projects, the various models and descriptions are devel oped
gradually in an order that help to illuminate critical issues and make decisions a the
right points during a systems engineering process. They end up to complement each
other in a complete and readable documentation.

The descriptionswithin different areas of concern and on different abstraction levelsare
developed in steps that help to reduce risk, and to improve quality and control. This
helpsto give better control and also to use the skills of different people better and to run
activitiesin parallel.

Each object type model isdeveloped in two main steps: first the specification step where
the specification part (interfaces and the required properties) is made, and then the syn-
thesisstep wherethe design part isdevel oped. The main development cycleisillustrated
in Figure 5-10 (p.5-24).
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Figure 5-10: The main development cycle
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Thisisof courseasimplifiedillustration of the main steps. Considered over timewewill
sethat the descriptions evolve gradually, that there are many iterations and that changes
take place dueto better insight, new requirements and new technology. Wewill also see
that there are other, smaller cycles. For instance: to add a new service or feature to an
existing product we need not modify the domain. To produce a customized instance we
only need to add a new instance configuration.

Please do not jump to the conclusion that TIMe only supports the classical “waterfall”
model! It is up to the actual projects to determine whether they will adopt a waterfall
strategy, a prototyping strategy, use incremental development, cleanroom, or whatever.

What TIMeprovidesisageneral description of the central activitiesincluding strategies
and rules, seeFigure 5-11 (p.5-25). Theactivitiesare described in the Activity overview.
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Figure5-11: The main activitiesin TIMe
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It isthen up to each project to plan and carry out a process where they are performed in
asuitable order. Some typical process cases are presented in Process models. Processes
will invoke the activities and evol ve the descriptions through a sequence om milestones
and intermediate steps as illustrated in Figure 5-12 (p.5-26).
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Figure 5-12: The methodology context
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Activitiesand processesare about HOW TO DOIT. Or more precisely: how to carry out
property oriented devel opment projects. They providesthe practical guide-lines needed
to achieve a controlled process starting with the initial needs and ideas and ending with
quality products ready to be installed at customer sites.

To read For the activities needed to develop the results, see Activity overview. For genera
more development processes, see Process Models. For process examples, see Example.
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Rationale It is clearly necessary to establish and maintain clear and traceable relationships
between the various descriptions and models. There are severa reasons:

» Since each model or description is concerned with alimited area of concern and
abstraction, a complete documentation is made up of a set of interrelated models/
descriptions. In order to read and understand this compl ete documentation it must be
possible for areader to navigate in the descriptions and to understand the relation-
ships as easily as possible.

» We need to trace the rel ationships from required properties to the design objects
where they are provided. There are at least, two reasonsfor this:

- guality assurance need to check that every requirement is satisfied,;

- when arequirement is changed we need to analyse what impact it will have on the
design.

» We need to ensure consistency both between models and within models. This can be
achieved either correctively by comparing models or constructively by ensuring that
modelsare derived according to rules, e.g. by automatically translating from abstract
models to implementations.

Relation-  Relationships between all the models and other descriptions shown in Figure 5-2 "The
ships main descriptionsused in TIMe" (p.5-6) must be defined. There are:
* Domainto family relations:
- object to object;
- property to property.
» Family to instance relations:
- object to object;
- property to property.
e Family internal relations:
- application to framework relations,
- implementation relations,
- property to object relations,
- gpecification to design relations,
- validity of interfaces,
- dictionary, statement and model relationships.
* Domaininterna relations:
- dictionary, statement and model relationships.
* Instanceinternal relations
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The precise definition of relationships depend on the languages that are used. They will
be elaborated under the various description modules.
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Descriptions and documents

In the systems engineering literature and practice, the terms “documents’, “descrip-
tions’ and “models’ appear frequently. Do they mean the same, or isthere adifference
in meaning? We will use the terms to mean two different, but related, things:

» Modelsand descriptions express some meaning within an area of concern. They may
use aformal language, like SDL, or informal text and drawings. The form does not
matter. The point isthat model s and descriptions are intended to mean something and
to be up to date on that.

» Documents are carriers of models, descriptions and other information. Documents
are often made for specific occasions and audiences, e.g. a contract, a review docu-
ment, auser manual. A document can contain only parts of amodel or it may contain
several. Likewise may amodel or description be contained in several documents.

Even though formal languages like SDL and MSC are used, textual explanations can
still be necessary. These may be integrated as annotations to models and descriptions,
or they may be combined with models when documents.

Figure5-13: Model - Document relationship
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Why this distinction between models and documents? Because it enables usto distin-
guish between the information which is essentially needed to develop and understand
quality systems (the models and other descriptions), and the accidental form used to
present it on various occasions (the documents). The n:m relationship between models
and document indicates that documents and models should be maintained separately.

Normally, many documents are produced during a project. Asaminimum, formal com-
munications and decision pointsin a project will be based on documents. The structure
and contents chosen for each particular document will depend on the occasion and the
audience that particular document is intended for. Most models, on the other hand, are
not intended for any particular occasion or audience. They express up to date informa-
tion about some area of concern. A domain model, for instance, has meaning in terms of
adomain and is stable as long as the domain remains the same.
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Some companies are very document oriented. The work proceed through a sequence of
documents and much of the effort is centered on document production. To alarge extent
models and descriptions exist only as part of documents. Consequently, where to find
complete and up to date models and descriptions are not always obvious. This problem
may be amplified if different departments prefer to express essentially the same infor-
mation in different ways. As aresult, much effort is spent on trandating and repeating
information.

Figure 5-14: A document oriented organisation
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The cost associated with this repetition is probably the least problem. More seriousis
the likelihood that the model s seen by different people areinconsistent. Even more seri-
ous is the tendency to be preoccupied with document form rather than model content.

Another common problem isthat textual specifications are structured according to doc-
ument standards and not according to the model of the system.

The other extremeisa purely model and description oriented organisation, where every-
thingiscentered around modelsand descriptions. In practicetherewill beamixture. The
guestion is how much emphasis there is on such models compared to documents. Are
model s the main results on which communication, quality control and progress mea-
surements are based, or isit documents? Is one consistent and compl ete set of
interrelated models sought, or is the collection of more or less complete models found
around in various documents considered good enough?
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Figure5-15: A model oriented organisation
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TIMe recommends to be mainly model and description oriented, but recognizes that
documents are needed addition for external communication, formal reviews and con-
tracts, see Figure 5-15 (p.5-31). The basis for communication and common
understanding, isthemodels. It istherefore essential that all team members seethe same
models. Since models are gradually developed and updated in the course of a project it
Isaso essentia that the team members see the same versions.
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Object models

The characteristics of objects

Object have the following characteristics:

Physical substance: we know that e.g. a subscriber isaphysical object with indepen-
dent, sequential behaviour. There is no point in denying this fact by modelling a
subscriber as several objects. Likewise, physical channels will terminate on objects
and not functions.

Concurrency: objects operate concurrently (independently). The mode of concur-
rency may either be true parallelism or some form of quasi-parallelism, e.g.
alternating.

Closed behaviour: objectsare complete units of sequential behaviour inthe sensethat
their action sequences are closed and fully defined.

Signal interface: interaction with other objects take place by signal interchange, not
by direct data manipulation or action chaining.

Data encapsulation: every dataitem belongs to some object, data should be distrib-
uted according to the need-to-know principle

Good objects have the following additional qualities:

Achievement of information hiding, interaction hiding or operation hiding. Do not
use objectswhere no hiding is achieved! (the object should provide some function to
its environment, helping to simplify the environment)

Clear and concise behaviour description in state oriented form.
Application independence, making the object type reusable.

Active and passive objects

Classifica-
tion

We generally classify objects appearing in object models in two categories depending
on their purpose in the model:

1

Passive objects. The purpose of passive objectsisto represent something we need to
know about. Descriptions of passive objectswill abstract from physical details of the
entitiesthey represent and model only what we need to know about them. The behav-
iour of passive objects will normally be very different from the actual behaviour of
the objectsthey represent. A passive object representing a person has asimple behav-
iour concerned with updating of attributes and relationships (data), while the real
person itself has an extremely complex behaviour.

Active objects. The purpose of active objectsisto take care of transformations and
control we need to perform. They are justified more by what they do than by what
they represent. Their behaviour is often detailed and related to physical processes. A
call handling processin atelephone system, is one example. It interactswith physical
users and controls physical connections.
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Note that this classification is according to how we want to describe objects, and not
necessarily depending on real object properties. The same physical object may well be
described both as a passive and an active object. An access point in the Access Control
system, for instance, is apassive object in the validation database, and at the same time
an active object controlling user access to the system. In away the passive objects are
like property descriptions of the active.

Passive and active objects arerelated asillustrated in Figure 5-16 (p.5-33). Wewill nor-
mally describe active and passive objects in separate but related descriptions.

Figure 5-16: Passive objects may describe active objects and be contained in active objects
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Therelationship between passive objects and the objectsthey describe, i.e. the meaning,
Isquite important and central to the correctness of asystem. TIMewill seek to take care
of thisrelationship and use it constructively during synthesis and correctively in V&V.

Object Modelling has traditionally been used only for passive objects to be handled by
information systems. TIMe will also cover active objects performing general functions.

Traditional data models are object models describing passive objects.

Anatomy of object models

Object models are made where we need a constructive description at a given level of
abstraction.
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Figure 5-17: General organisation of object models
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Object models can be organised in many ways. TIMe assumes that object models are
organised asillustrated in Figure 5-17 (p.5-34) to have two main parts:

» Context. The context describes the object type as a black box in an environment.
Interfaces, associations and object roles in the environment are detailed. Property
model s associated with the context will specify the external properties (to be) pro-
vided from the object and properties that the object require from actorsin the
environment.

« Content. In the case the type is an aggregate of objects, the content is a structure of
component objects. Each component may be further decomposed in the same way as
the type being defined. There is no limits on the number of decomposition levels.

In the casethetypeisasingle object, the content isabehaviour definition stating the
state transition behaviour of the object type.

In the family areathe emphasiswill be on object type models. A type may be defined in
two ways:

1. By explicit and local definition of the content. Thisiswhat isillustrated in Figure 5-
17 (p.5-34).

2. By inheritance from a super-type, possibly adding and/or redefining some
components.

For each component, two similar options apply: it may either be defined, asillustrated

in Figure 5-17 (p.5-34),by explicit local definition, or by instantiating an object type

defined elsewhere.
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If we represent and entire object model, like the one in Figure 5-17 (p.5-34), by atrian-
gle, we may illustrate these various ways that type models may be used asin Figure 5-
18 (p.5-35). Itillustrates that atype may be used in three “dimensions’: in sub-types, in
components and in system instances.

Figure 5-18: Relationships between object models
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For each type model, property modelswill be associated with the context and the con-
tent, see Property models (p.5-36).
Depending on the abstraction and the problem, we will use either OMT/UML or SDL

for object modelling. These languages are based on object oriented principles support-
Ing types, inheritance and instanti ation and can be used to make object modelsaccording

to the principles explained above.

The principles for object modelling are further explained in Object modelling.
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Functional properties and roles

What

5

36

Functional properties characterise the behaviour of abstract systems. In TIMe, abstract
systems are modelled in Application models and Framework models. Figure 5-19 (p.5-
37) illustrate how functional properties are related to Application systems.

Categories of functional properties

Functional properties are classified in the following categories:

* (p.5-37), which are properties that can be expressed independently of particular
objects, services or interfaces.

» Service properties (p.5-37), which are properties related to specific services. Impor-
tant aspects are the Service roles (p.5-40) that objects shall play to perform the
service and the interaction behaviour between these roles. These serviceroles are
played by the domain given and the system given objects, asindicated in Figure 5-19
(p.5-37)

* Interfaces properties (p.5-38), which are properties related to specific interfaces.
Important aspects are the Interface roles (p.5-41) that objects on both sides of the
interface shall play and the collaboration between those. Interface rolesare played by
interface given objects.

» Dataproperties (p.5-38). These express what can be said about the data a system con-
tainsin terms of what they mean for the environment.

Figure 5-19 (p.5-37) illustrates how the properties relate to the different parts of an
application system. Note that interface and service propertiesinvolve at |least two
objectswhere some are in the environment and some in the content. Also note that prop-
erties may be related by layering.
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Figure 5-19: Functional propertiesrelated to application sysems
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General properties

An important class of genera propertiesis safety properties, which state what should
never happen, typically:

» deadlocks;
 unspecified receptions,
» livelocks.

Service properties

It iswell known that userstend to think in terms of services and interfaces. Therefore it
is customary to characterise systems using a service oriented perspective. Thisis best
explained in contrast to the object oriented perspective asillustrated in Figure 5-20 (p.5-

Foundation of TIMe 5-37
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About roles

39). Many services will naturally involve several objects. A normal call in atelephone
system involves at least two objects: the initiating subscriber and the terminating sub-
scriber. Thereis no point in one without the other. The service perspective allows usto
see the two in combination, but only to see fragments of each object. In the object per-
spective we are able to see the complete object, but only fragments of each service.

I nterfaces properties

Services are controlled viainterfaces, and interfaces may have properties of their own.
These properties (protocols) must be followed by both sides of the interface, asillus-
trated in Figure 5-20 (p.5-39). Objects may have several interfaces, and the same
interface may apply to several objects. Indeed, standard interfacesis akey to achieve
architectural flexibility. There may well be mutual dependencies between interfaces.
The behaviour auser experiences on agiven panel depends on the accessrights the user
has been granted through the operator terminal. Such dependencies will be visible as
non-deterministic choices at the observed interface, but the exact nature of the influence
will be hidden.

Data properties

The data stored in asystem or object is central to its purpose. In aspecification theinter-
esting thing iswhat the system (or object) knows about the environment. In other words:
what are the associations between (passive objects in) the system and the environment.

About roles

Require-
ments

Why roles?
We can now make two important observations:

1. Service and interface properties will span several objects. They are composed from
(sub)properties of different objects. Animportant advantage of the property perspec-
tiveisthe possibility to combine and describe properties of different objects that
belong together in one place. Thiswill be utilized to describe service and interface
properties in one place such that they may be used to characterise al object types
using the interface.

2. Object properties are composed from sub-properties belonging to different services
and interfaces. However, composition of propertiesinto objectsis not as simple and
well defined as composition of objectsinto systems. The reason isthat objects encap-
sulate behaviour and have interfaces, whereas object properties are likely to be
fragments of behaviour without interfaces.

We have two requirements to functional property models:

1. It should be possible to express property model swithout referring to specific objects
(or rather types). The reasons for thisis:

- that we sometimes need to specify properties without knowing the objects(types)
they shall be associated with;
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- that we may want several different objects to share the same properties (e.g. a
common interface).

2. 1t should be possible to compose the properties of an object from parts described in

different property model.

Roles Thenotion of roleswill help to satisfy both these requirements. We will userolesto rep-
resent objects (anonymously) in property models, and we may compose the properties
of an object from roles described in different property models. The ovalsin Figure 5-19
(p.5-37) and Figure 5-20 (p.5-39) represent roles.

Figure 5-20: Service and interface propertiesrelated to objects
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Several strands of thought pointed towards roles as a useful idea:

That so much seem to depend on the point of view. Every object will have arelative
view on other objectsin its environment. Even system quality isrelative. System
quality can be formulated as the ability to play interface roles.

That roles often are attached to associations (or relationships), e.g. the father - daugh-
ter roles. Such roles are important to describe and to understand.

That there is some symmetry among the rolesto be played at two sides of an
interface.

That it should be possible to characterise object behaviour in a purely external way,
removing all irrelevant internal detail.

That it should be possibleto use such external characterizationsto simplify validation
of interconnections. A kind of plug-and-socket check that is (relatively) easy to per-
form, so that we can routinely ascertain that objects are only instantiated in
environments where they will work properly.
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» That validation effort, like development effort, should be modularized. It should be
possible to focus validation and verification effort on typesin a manner that simpli-
fies validation of instances.

Categories of roles

Theword “role” is used quite frequently in everyday life. The meaning is mostly infor-
mal, but will often be synonymous with a function or arelationship.

Inaplay, like Peer Gynt by Ibsen, we find roles such as Peer and Mor Aase. In the the-
atre, during a performance we find actors playing Peer and Mor Aase. Theroles, as
described by Ibsen, specify required properties of the actors without specifying what
other properties they may have. If the actors are good, they provide the propertiesin a
way that make us believe that Peer and Mor Aase are real. After the play is over, the
actorswill do something else and provide other properties. This notion of arole can be
formalized as the properties of an object appearing in the context of a service (or func-
tion), the play.

Another notion of role comes from the relationship between objects. A person has the
role of father in relation to his daughter, husband in relation to his wife and owner in
relation to his car. This notion of role can be formalized as properties of an object
appearing in relation to another object. It istypical for thiskind of roles that they are
related in pairs. Therole of daughter iscomplemented by therole of father. Itisalso typ-
ical that the role correspond to required properties the actor should provide in that
relationship. An object may well play many roles, but they should not be mixed. (Some
reactions are bound to surface if a person mixes the role of husband with the role of
father, for instance).

In general, every object provide somerolesat itsinterfaces, and require complementary
roles from the objects at the other side of the interface.

We will use two main categories of roles:

» Serviceroles (p.5-40), which are the observable behaviour of an object inagiven
service;

» Interfaceroles (p.5-41), which are the observable behaviour of an object at a given
interface;

» Environment roles (p.5-41), which are the observable behaviour expected from an
object in the environment of another object. Environment roles may be composed
from interface roles and service roles.

Serviceroles

Service roles are the parts that objects play in agiven service (or function) In abasic
telephone call for instance, thereis an initiating subscriber role, and a terminating sub-
scriber role. These roles must be played by different objects in the same call (service
invocation), but an object may well play both rolesin different calls. Serviceroles are
often dynamically assigned so that objects take on one service role at the time (but not
aways).
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Interface roles allows us to describe and study (required and provided) properties at a
particular interface, such as a user interface, and to discard the other interfaces. Using
interface roles, we may describe and analyse the properties of each interface separately.
In that way we obtain an external view structured according to the interfaces, e.g. the
usersview and the operators view. Interface roles are statically associated with theinter-
faces of an object (or system).

I nterfaceroles

An object will often be able to perform several service roles and some of these may be
accessible from the same interface asindicated in Figure 5-21 (p.5-41).

Figure5-21: Serviceroles, interfacerolesand M SC

Open figure
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A service may also span several interfaces. Service roles may in special cases, be iden-
tical to interface roles, but more often several service roleswill be visible in the same
interface.

In relation to agiven object structure, service roles observe the structure from “above”,
while interface roles observe it from “the side” through interfaces.

Environment roles

Each object type defines roles for entities in its environment, either explicitly or
implicitly.

In TIMewerecommend to define the environment of each object typein the context part
of the object model, and here we shall describe all the objectsthat arein the environment
and somehow are related to instances of the type being defined.

Entities in the type environment are not real objects but rather anonymous objects that
will becomereal objectswhenthetypeisinstantiated. We consider these asenvironment
roles.
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For each instance of the type, every environment role shall be assigned to an actor, i.e.
an object in the instance environment playing the role. For asystem to be consistent, the
play of all these roles must be valid. (Exactly what this means will be elaborated later.)

Thus, attached to an object type there are environment roles describing properties
required from other objects. Due to symmetry, these implicitly describe properties pro-
vided by the object type as well see Figure 5-22 (p.5-42).

Figure 5-22: PBX Example: SubServer

Open figure
The subserver type defines four roles to be played by other objects
in the environment of its instances. Implicitly its instances must be
able to play the inverse of theseroles.
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Roles are projections

Interfacesand servicerolesarerel ated to object designs by projection. These projections
are similar to the well known geometrical projectionsin that they show everything that
Isvisible from a given angle, and hides the rest. Asin geometry we use projectionsin
two ways:

» we synthesize new objects from projections, like a carpenter builds a house from a
set of blueprints;

» we make projections of existing objects, in order to document and analyse their
properties.

Both ways will be part of TIMe.

Instead of projections as geometrical views, we look at the observable behaviour of

objects. When making such projectionswe can perform some consistency checkswhich
are explained in Risk index.

Toread For more about roles, see The relationship between objects and properties (p.5-44).
more

To read more about property modelling in general, see Property Modelling.
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Describing functional properties

We shall use MSC as the main language to describe role behaviours.
Interface properties and service properties are described using:

object diagrams describing the roles involved;

signal lists for the connections;

textual explanations;

MSC for the interaction behaviour;
data models for any datainvolved if needed.

Asinterfacesand servicesoften will belayered, the property descriptionswill belayered
too.
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Therelationship between objects and properties

It is not obvious that a property description is consistent with an object design. There-
fore, our first issue isto understand the relationship between object design descriptions
and property descriptions. We are seeking principles that helpsto:

1. synthesize a consistent object design from specifications,
2. extract and describe propertiesin away faithful to the design;
3. check consistency between object models and property models;

4. perform verification and validation based on described properties (assuming that this
will be ssmpler than to use derived properties).

The notion of rolesis akey to al this.

Therole-play principle

Through the environment roles of atype (defined in the context part of the type model)
we formalise the requirements that instances of the type have on their environment.

When we use instances of the type in composition, see Figure 5-18 (p.5-35), actual
objectsin their (instance) environment will be assigned the environment roles, and will
have to play these roles as expected. Otherwise the composition will not be valid. Con-
versely, each of these actor objects assign roles the other way. In that way each object
in a composition will assign environment roles to other objects and be assigned roles
from them.

Thisrole-play principleissymmetric. Thevalidation of aninterfaceisto check that both
sides play the roles they mutually require from each other. It follows from these consid-
erations that the notions of roles and plays are closely connected to the notion of
validation and thusto system quality. If we are able to formalize these notions, we might
find better ways to achieve quality control. Thisis one of the ideas we will pursue in
TIMe.

Synthesizing a consistent object behaviour

The notion of Risk index can also be used constructively. Whenever we design a new
process type we should ensure that it has alow risk index in all itsroles.

Using environment roles

5-44

Environment roles may be used in several ways:

 tocheck theinternal consistency of abehaviour. This can be done for atype indepen-
dently of any particular application;

 to verify that the behaviour of an instance satisfies the requirements of the environ-
ment. Thisis done by checking offered roles against required roles (plug, socket);
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* to represent behaviour in away that smplify validation of interfaces,
 to derive (synthesize) object behaviours that are correct by construction.
We summaries with the following rule:

Role » Definethe behaviour of each rolein the systemand in the environment. Usetheroles
behaviour as basis for behaviour synthesis and validation.
Synthesising design

Two basic techniques are used to synthesise a design:

1. Transformation. A source description istransformed to atarget description according
to well defined rules. One exampleisto generate code from an SDL design.

2. Composition. The content is decomposed into parts (top down) and/or composed
from parts (bottom up) using a mixture of manual and automated techniques. The
method seeksto reuse existing types as much as possible, and to make new typesthat
might be needed reusable. Thus, design with reuse and design for reuseis part of the
method. Design with reuse involves:

- searching for existing types having some desired properties;
- adapting the properties to fit the particular application.

Composition

The content design is either a behaviour, or a (component) structure. In the case of a
structure, each component type is synthesi sed using the same principle asfor the enclos-
ing type: first specify the context with properties and then synthesi se the content. In this
way, the make activities are invoked recursively, see Objects and Properties and Object
models.

How should we proceed to synthesize the system structure from the requirements? We
recommend the following core rules:

1. Mirror the environment behaviour. The system structure should contain a concurrent
actor for each concurrent role the environment requires from the system

2. Mirror the environment knowledge. The system structure should contain a data
object for each entity or relation the system needs to know about. Allocate these data
objectsto the concurrent actor objects needing the knowledge, or to separate objects
when the knowledge needs to be shared.

A precondition for the first rule is that we know the concurrent roles required by the
environment. In other words: we are looking for environment roles that are to be com-
posed in parallel. What kind of roles are that?

“Parallel composition will be the main rule for fragments on interfaces between differ-
ent object pairs” .

TIMe Electronic Textbook v 4.0 © SINTEF - Modified: 1999-07-16 Foundation of TIMe 5-45



5

46

Thereationship between objects and properties Tl Me
Synthesising design

Therefore we need to identify the objects in the environment and the corresponding
environment roles in order to see the concurrency required. Since our goal isto design
a structure of objects and interfaces that will satisfy the requirements of the environ-
ment, it is hardly surprising that we have to start by identifying objectsin the
environment. By defining atypefor each of them, wefind the environment rolesthat the
system shall play.

The following approach may be used when making a design structure.
Make design structure

1. Identify the objects in the environment, and describe the correspond-
ing types with association roles.

2. For each association role directly interacting with an environment
object through a static one-to-one connection, assign an actor object in
the system.

3. Define the corresponding object types and their association roles.

4. If possible, assign the association roles remaining to be bound to
objects already defined, otherwise introduce new objects.

5. Introduce switched communication where n-to-m communication is
needed.

6. Continue until al roles have been bound to actors.
7. Validate that every roleis properly played in the system using therole

If we have expressed the functional requirements entirely in terms of service role mod-
els, thefirst step will be to compose the service roles into environment roles.

Wewill useaPBX to illustrate the approach. In a PBX we usually identified a number
of serviceroles called A-party, B-party, C-party, NormalCall, ConferenceCall, Trans-
ferCall, and so on.

Without any knowledge of the obj ect structure, we cannot tell whether theseroles should
be composed in sequence or in paralel. When we know the objects, however, we may
analyse the concurrency and determine how the roles shall be composed. For environ-
ment roles, such as the SubServer, we have this knowledge.

Wetherefore start with the environment and the environment rolesit imposes on the sys-
tem, see Figure 5-23 (p.5-47)
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Figure 5-23: Environment rolesto be played by the PBX system
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Each subscriber, being an instance of the TY PE Sub, demands that the system isable to
play the role SubServer to serve their needs. We assume that corresponding roles, OpS-
erver and TrunkServer, have been defined for the Op and the Trunk types. Since the
subscribers are concurrent objects, their initiativeswill beindependent. The correspond-
ing roles must therefore be composed in parallel. Since the sequence following each
initiative is largely independent of other initiatives, the parallel composition is best
achieved by concurrent objects asillustrated in Figure 5-23 (p.5-47). At this point we
may note the following:

The environment roles defined for the environment types are explicit representations of
the needs of the environment!

The task of the designer isto find objects in the system that will satisfy these needs.
When the needs are represented in the form of environment roles, thistask is simplified
agreat deal. By using the environment mirroring principle, we easily get thefirst ideas
about the object structure in the system. Asafirst step we identify an object for each of
the statically assigned, concurrent rolesin Figure 5-23 (p.5-47), see Figure 5-24 (p.5-
48).
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Figure5-24: First object structure
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TIMe

Our next step isto find actors for the remaining interface roles: Calling, FirstCalled and
SecondCalled. Our first choice is alwaysto look for actors among the existing objects.
If they are not suitable actors, we introduce new objects. In thiscase it is specified that
the actors shall represent instances of Sub, Op or Trunk observing the same role behav-
iour. We already have such objects both in the environment and in the system. In the
environment we have direct instances of the specified actor types, and in the system we
have the SS, OS and TS objects which may represent the same types. Using theinternal
representatives allows us to maintain a single, non-switched, channel towards each
object in the environment. Thiswill be our first choice, asindicated in Figure 5-25 (p.5-

49).

Foundation of TIMe

TIMe Electronic Textbook v 4.0 © SINTEF Modified: 1999-07-16



T| M e Therelationship between objects and properties

Synthesising design

Figure 5-25: Second object structure
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These objects will not be totally independent and need to be coordinated. How can we

know that? It follows clearly from the interface roles. The implications are the

following:

» There must be communication paths in the system enabling each object playing Sub-
Server to communicate with each of the possible actors of Calling, FirstCalled and

SecondCalled.

» TherolesFirstCalled and SecondCalled are dynamically assigned to actors.

» Asaconseguence we need switched communication paths in the system (Thisis
hardly surprising, since we are designing a switching system, but the reader should
note that we are able to deduce this formally from the static role structure without

knowing anything about PBXs!)

In order to design the types for the internal objects in the system, we apply the mirror
principleagain. Let usconsider one of the SS objects. From the Subscriber, the SS object
getsthe SubServer role statically assigned. Thisroleimpliesthat theroles Calling, First-
Called and SecondCalled are played by other objectsin the system. These objects will
inturn require corresponding rolesto be played by the SS object, asillustrated in Figure

5-26 (p.5-50).
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Figure 5-26: Rolesthat may be assigned to an SS object
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Our next step isto define atype that will play these roles.We may do thisin two ways:

* Reuse. Therequired roles are used as keysin alibrary search to find existing types
with the ability to play the roles.

* New design. The role behaviours are used to compose a new type.

Both ways we must be aware of the how the roles should be composed (in sequence or
in paralld). Analysing theinitiatives, we see that the Calling role behaviours are trig-
gered by acall initiative from the “own” subscriber, whereas the termination initiatives
may come from either the “own” subscriber or some other object. The FirstCalled and
SecondCalled role behaviours are triggered by initiatives taken by other system objects,
whereas the termination may come from either those objects or the “own” subscriber.
Consequently a combination of sequential and parallel composition is needed. It is not
obvious which solution will be best in this case:

» having one sequential behaviour taking care of the parallel composition by branches
(interleaving);

* having one object, e.g. a SDL service, for each role.

If the second alternative is chosen, the dependencies must be taken care of by means of
signals and/or shared data.

Foundation of TIMe TIMe Electronic Textbook v 4.0 © SINTEF Modified: 1999-07-16



T| Me List of figures

Synthesising design
List of figures

ATEaS Of CONCEIN . . .ot e e e e 3

Themaindescriptionsused inTIMe. .. ... e 6

Themain model abstractions. . . .......... .. i 9

Thefacetsof atypemodel . ... ... . 10
Specificationand designrelated ............. ... .. . 11
Reference models for abstract and concretesystem . ....................... 13
Object and property models. . . ... 16
Thefacetsof atypemodel . .......... .. i 17
Thelanguagesused inTIMemodels. .. ........ ... .. 21
Themaindevelopmentcycle. .. ... 23
ThemainactivitieSin TIMe. . .. ... e 24
The methodology context .. ..........co it e 25
Model - Document relationship. . ... 29
A document oriented OrganiSation. . . . ...t 30
A model oriented organisation. . . ... .. 30
Passive objects may describe active objects and be contained in active objects. .. 33
General organisation of objectmodels. .. .......... ... ... oL 33
Relationshipsbetweenobject models ... ............ .. .. L 35
Functional propertiesrelated to applicationsystems. . ...................... 36
Service and interface propertiesrelatedtoobjects ......................... 39
Serviceroles, interfacerolesand MSC .. ... ... 41
PBX Example: SubServer . ... 42
Environment rolesto be played by thePBX system .. ...................... 46
Firstobject structure . ... . 47
Second ObJECt SEIUCKUNE . . . .. oo e 48
Rolesthat may beassignedtoan SSobject. . ............................. 49

TIMe Electronic Textbook v 4.0 © SINTEF - Modified: 1999-07-16 Foundation of TIMe 5-51



List of definitions TIMe
Synthesising design

List of definitions

ADSIraCtiON. . . . 52
ADSIraCt QY SO . . .o e 52
ACtIVEODJECT . .. 53
CONCrEtE QY SO . . . ot 53
GOt XL, . . o 53
DESCIIPLION. . . ot e 53
DoOoCUMENt. . . . 53
DOMAIN. . .. 54
Domain auxiliary descriptions. . . ... 54
Domain desCriptions . .. ...t e 54
Domain dictionary . . .....ov i 54
Domainmodel . . ... ... 54
Domain stalement .. ... ... e 55
Family desCriptions . . .. ..o 55
Functional property . ... ..o 55
Implementation . ........ ... 55
INStanCe desCriptions . . . ... ..ot 55
Non-functional Property. . . ..ot 56
Objectmodel .. ... .. e 56
PasSIVE ObJECE. . . ... 56
PrO eIty . . S7
Property model. . . ... . e 57
SPECITICAION . .. e 57
SYNMINESIS . . . 57
Sy M . .o e 58
Systemfamily .. ... 58
SYSEM INSANCE . . . oo 58
Abstraction

(Collins): Having no reference to material objects or specific examples.

(Coad,Y ourdan): The principle of ignoring those aspects of a subject that are not rele-
vant to the current purpose in order to concentrate more fully on those that are.

Abstract system

An abstract system is a system which exists in a conceptual, abstract world.
Abstract systems are composed from abstract components.
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Active object

The purpose of active objectsisto take care of transformations and control the need to
perform. They are justified more by what they do than by what they represent. Their
behaviour is often detailed and related to physical processes. A call handling processin

atelephone system, isone example. It interactswith physical usersand controls physical
connections.

Concrete system

A concrete system isareal system which is part of the physical world.

In TIMe, concrete systems are composed from physical parts and software that execute
to provide servicesto its users.

Context

The context of an object model consists of the entity being modelled, considered as a
black box, and its environment, where the environment consists of other entitiesthat are
known to or that interact with the entity being modelled. Thisservesto describethe envi-
ronment and the interfaces as well as other external relationships.

The environment of atype consists of conceptual entities, called roles, relations and con-
nections. The environment of an instance consists of actual entities playing theroles.

By associating property models with the context it is possible to specify the external

properties that the object provides, as well as the propertiesit requires from its
environment.

Description

A description isastatement or account that describes. It isasymbolic representation that
enablse communication and reasoning about some subject. Descriptions may be
expressed on avariety of media using a variety of languages and notations.

In TIMe, descriptions are contrasted with documents, which are considered as the phys-
ical carriers of descriptions.

Document

A document isapiece of paper, abooklet, etc.; providing information esp. of an official
nature. In TIMe Documents are physical carriers of information. Thisinformation may
be local to that document, or it may be fetched from descriptions and models (whole or
partial models). Documents are often made for specific occasions and audiences, e.g. a
contract, a review document, a user manual.

A description or model may appear in several documents, therefore the descriptions or
models should be maintained separately from the documents.
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A document may be seen as a*“ snapshot” at a particular point in time. As such it need
not be maintained, although it may be.

The (problem/application) domain models a part of the real world having similar needs
and terminology, and where a system instance may be a (partial) solution to some need
(the problem). It is not specific to a particular system or system family, but rather to a
market segment. It covers common phenomena, concepts and processes that need to be
supported to solve the problem, irrespective of particular system solutions.

Notethat the domainislike atype; it isageneralised concept covering the common fea-
tures of many domain instances. Hence the Domain is not a set of occurrences, but a
general pattern for one occurrence.

Domain auxiliary descriptions

Domain Auxiliary descriptionswill often beinformal text and illustrations used to help
reading the other Domain Descriptions.

Domain descriptions

A domain description describes a (problem/application) domain.
In TIMe domain descriptions are organised in:

» domain models;

» domain statements;

» domain dictionaries;

* domain auxiliary.

Domain dictionary

A Domain Dictionary is dictionary over common domain terminology.

Domain model

A Domain Model isaformal definition of a Domain expressed in terms of Object Mod-
els and Property Models (collections of classes with attributes and relations and
associated properties). To fully defineaDomainit ispossible to use Domain Modelson
several abstraction levels.

In TIMe, Domain Models are expressed using OMT/UML, MSC and (possibly) SDL.
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Domain statement

A Domain Statement is a concise statement about a Domain, and is normally expressed
in prose.

Family descriptions
A system family description describes a system family.
In TIMe, family descriptions are organised in:
» family models;
» family implementations,
» family statements;
» family dictionaries,

» auxiliary descriptions.

Functional property

A functional property is a property which is measurable in an abstract system.

Functional properties characterise the behaviour of abstract systems, and can be mea-
sured by observing the abstract system.

| mplementation

I mplementations are detailed and precise descriptions of the hardware and the software
that a concrete system ismade of. They define the physical construction of systemsina
system family. The software part will be expressed in programming languages such as
C++ or Pascal, while the hardware part will be expressed in a mixture of hardware
description languages such as circuit diagrams, cabinet layout diagrams or VHDL.

| nstance descriptions

An instance description describes a system instance.
In TIMe, system instance descriptions are organised in:

» Instance modelsthat formally definethe system instance, usually by configuration of
some family;

* Implementations which are the instance specific implementations, such as configura-
tion files;

» Auxiliary descriptionsthat provide supplementary documentation, for instance atest
suite.
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Non-functional property

A non-functional property is a property which is not measurable in an abstract system.

Non-functional propertiescan berelated to the handling of abstract systems, for instance
that they are flexible. More often they are related to the concrete system, and express
physical properties such as size, weight and temperature.

Performance, real-time responses and reliability are considered to be non-functional
propertiesin TIMe, since they cannot be measured in the abstract systems.

Object model

An object model defines static object structuresin terms of objects, classes (types), asso-
ciations and connections, and dynamic object behaviour in terms of signals and state
transitions.

These are models that describe how a system or component is composed from objects,
connections and relationships, and how each object behaves.

The term object model is abit misleading, as object models normally describe general
types (sometimes called classes) and object setsrather than individual objects. A typeis
aconcept. According to the classical notion of a concept, it is characterised by:

» extension, the collection of phenomena that the concept covers;

* intention, a collection of propertiesthat in some way characterise the phenomenain
the extension of the concept;

» designation, the collection of names by which the concept is known.

Representing concepts by types and phenomena by instances of these typesfollowsthis
pattern: the instances bel ong to the extension, the type definition givesthe intention and
the type name represents the designation. The term object model aswe useitin TIMe
covers objects aswell as types.

Object modelsare constructivein the sense that they describe how an entity iscomposed
from parts, be it abstract or concrete.

In TIMe, every object model should have associated property models.

Passive object

The purpose of passive objectsis to represent something we need to know about.
Descriptions of passive objects will abstract from physical details of the entities they
represent and model only what we need to know about them. The behaviour of passive
objectswill normally be very different from the actual behaviour of the objectsthey rep-
resent. A passive object representing a person has a simple behaviour concerned with
updating of attributes and relationships (data), while the real person itself has an
extremely complex behaviour.
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Property

A property isaquality or characteristic attribute, such as the strength or density of a
material.

In TIMe we speak of functional/abstract properties and non-functional/concrete proper-
ties associated with objects.

Properties are not components that can be used to build systems. They are measures we
useto characterise and eval uate systems by. L et uscompareto abrick: the brick itself is
an object we can use to build something with (e.g. afireplace), its physical measuresare
propertieswe may use to select the particular type of brick and to plan the fireplace, but
not to build with. Thus, properties are not components to be used in constructions, but

means to understand, select and plan constructions.

Property model

A property model isamodel that states properties of a system, acomponent or asingle
object without prescribing a particular construction. Property models are not construc-
tive, but used to characterise an entity from the outside. There are many kinds of
properties: behaviour properties, performance properties, maintenance properties, etc.
Thisisthe perspective preferred by users and sales persons. It is also the main perspec-
tive in specifications.

In TIMe properties will be expressed mainly using text and M SCs.

Specification

A specification covers those aspects of amodel that are relevant for its external repre-
sentation and use. The context part is often sufficient as a specification, but if parts of
the content areimportant it may beincluded in the specification. Specifications are asso-
ciated with the abstractions they belong to.

Synthesis
In TIMe, synthesisis an activity that produces a design from a specification.
Two basic techniques are used to synthesize adesign:

1. Transformation. A source descriptionistransformed to atarget description according
to well defined rules. One exampleisto generate code from an SDL design.

2. Composition. The content is decomposed into parts (top down) and/or composed
from parts (bottom up) using a mixture of manual and automated techniques. TIMe
seeks to reuse existing types as much as possible, and to make new types that might
be needed reusable. Thus, design with reuse and design for reuse is part of TIMe.
Design with reuse involves:

- searching for existing types having some desired properties;

- adapting the properties to fit the particular application.
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System
A systemisapart of theworld that a person or group of persons during sometime inter-
val and for some purpose chooseto regard asawhole. A system consists of interrelated
components, each component being characterised by properties that are selected as
being relevant to the purpose.

System family

The System family contains generalised system and component concepts that can be
adapted (configurated) and instantiated to fit into a suitable range of user environments.
They represent the product base from which acompany can make a business out of pro-
ducing and selling system instances.

Theideaisto focus development and maintenance effort mainly on the familiesin order
to:

1. reduce the cost and time needed to produce each particular instance
2. reduce the cost and time needed to maintain and evolve the product base.

InTIMe, system familiesareformally defined as(collectionsof) types or classes. Where
practical, system types/classes will be defined from which complete system instances
may be generated. In addition the system family contains the component types/classes
that are used to compose the system types/classes.

System instance

5

58

A system instanceis a (real) system which can perfom behaviour and provide services.

The system instance area of concern contains system instances produced from system
families.
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