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1. Introduction

1.1 Purpose and Scope

This report will describe aspects of documentation of object-oriented systems and
frameworks. The scope of this document is to describe the documentation of software
intended for developers and maintainers of the source code, and how to document reus-
able components to facilitate their use by other software developers. While require-
ments, domain analysis, test etc. are important aspects and need documentation in their
own right; we have limited ourselves to documentation of the design and implementa-
tion aspects.

We have made no assumption regarding the size of systems we document. Our recom-
mendations include aternatives in several places that take the size and type of the sys-
tem into account.

This report is the result of activities in the Centre for Object Technology (COT), where
a working group in the Case 2 project was set up to examine documentation of object-
oriented systems and frameworks. The report is an attempt to provide a bridge between
a scientific technical report, and a set of recommendations for industry to follow. This
implies that the report will have many discussions as is usua for science, and it will
give recommendations that are not completely argued in the report, but have been sim-
ply agreed upon by the group of authors.

1.2 Target Group

The target group for this report consists of developers and maintainers of OO systems
and frameworks. Documentation tools are also discussed, and hence people responsible
for development environments at a department or development team might find the re-
port of interest.

1.3 O-0O Software Elements

In this section, we briefly characterise OO software elements in order to define the sub-
jects to be documented. It may be useful to consider the distinction between frameworks
and other software elements. In OO software development, a software module is usually
a set of classes with operations and data-items (variables). In UML terms, a software
module is a package.

The purpose of most documentation is to document packages consisting of classes and

the relations between packages and classes. The volume and quality of the documenta-

tion depend on the importance of the package. A framework with many users in differ-

ent organisations obviously requires substantially more documentation than a simple
application-specific library package. Similarly, the complexity and importance of a
package will determine the volume of required documentation.

COT/2-42-V2.4
Page 3/35



Centre for
Object Technology

Consider the following attempt to characterise various sorts of software packages:

Application package
An application package may be defined as a set of classes where the application is
an instantiation of one or more of the classes. In addition, there is no client software
using this package.
Library package
A library package is a set of classes providing useful objects and functionality, and a
typical example would be a container package. A library package is used by one or
more other packages often referred to as client packages. A library package may be
characterized as being placed in a spectre between:
A general library package
The library package is used by many other (independent) packages in differ-
ent applications, etc.
An application-specific library package
This package is written to support a specific application.

Framework package
A characteristic feature of a framework is that it provides an architecture and basic
functionality for a set of applications. In a smple case, the framework may provide
a skeleton of an empty application where the user has to add the application func-
tionality in order to make it useful. In other cases, the framework may provide de-
fault functionality and actually define a complete application. The framework user
may then redefine and/or extend the functionality.
Another framework dimension is the distinction between black- and white box
frameworks:
Black box framework
A framework in which components are reused, mostly by composing object in-
stances. No knowledge is required of the internals of the framework to use the
framework.
White box framework
A framework in which components are reused mostly by inheritance from
classes in the framework. The framework user may add new subclasses and re-
define/extend the behaviour. Some knowledge about the internal implementation
of the framework is required to use it.

There is no sharp distinction between general library package, application-specific |-

brary package, black box framework, white box framework, or application package. The
purpose of the above terminology illustrates the spectre of packages discussed in the
report, but mostly the report does not discuss the specific documentation needs for a
given type of package.

A well-designed system often consists of a small application package, a few applica-
tion-specific library packages, and the majority of the code consists of general library
and framework packages. A software package often starts as an application package or
an application-specific library package.

COT/2-42-V2.4
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During the project (or re-use phase if it exists) a package may develop into a general
library package or a framework. A good strategy for software development is to develop
packages that implement a well-defined functionality. Each class in a package should
serve a clear purpose, and the interface of the package/class should be small and defi-
nite, thus facilitating the upgrading of a package to a reusable asset. In fact, one should
develop reusable packages. However, one must strike a balance between premature
generalisations of the functionality of a package.

1.4 How is Documentation of OO Systems Different

Documentation of object-oriented systems is different from documentation of traditional
non-O0 systems for two reasons; the use of an object-oriented model and the fact this
model pervades all development activities.

The object-oriented model brings classes, inheritance, association, aggregation, object
etc. in addition to the existing notions of modules and composition. These concepts are
used as fundamental building elements in the design process, where these concepts are
used to express and document design ideas. The model can be described diagrammati-
caly with a standard notation for these OO concepts, e.g. the UML standard, resulting
in more uniform system documentation in different projects and between different com-
panies in the industry.

The use of some of these new concepts, e.g. the use of design patterns and some al-
vanced use of polymorphism, requires an explanatory documentation as these new con
cepts are more powerful but also more complicated to understand than traditional func-
tional concepts. However, design patterns are today so well known that they can be used
to reduce the amount of documentation, as one can simply state that a certain part of the
code realises e.g. the vigitor pattern.

The other difference emanates from the fact that OO concepts can be used in all activi-
ties starting with analysis activities, in design and finally in an actual implementation in
a given programming language. The concept of a class embraces al these different ac-
tivities and it can be expressed directly in an OO programming language.

A software system often includes distribution of executable between different comput-
ers as well as multitasking where severa processes or tasks are executed on the same
computer in parallel or as simulated threads. Such aspects must also be documented.
The UML standard includes notation useful for describing both distribution, and for
specifying mapping to executables, components etc.

1.5 Reading Guide

Chapter 2 presents the overall requirements for documentation of object-oriented sys-
tems.

Chapter 3 presents an overview of the different document types suggested in this report.
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Chapters 4, 5 and 6 describe in details the nature and contents together with the guide-
lines for the different document types.

In Chapter 7, the documentation is put into perspective with development processes,
both the traditional waterfall approach and the more modern iterative development g-
proach. Chapter 7.2.2 presents guidelines for the process of writing documents.

Chapter 8 presents the roles and importance of tools in relation to the documentation
process.

Chapter 9 presents the concept of using video recordings as an alternative and supple-
mentary approach to the normal documentation media.

Chapter 10 presents conclusions and recommendations.

2. General Notes on Documentation

2.1 Requirements for Documentation

The following requirements serve as a background for most of our discussions in the
report, and we will return to them in the conclusion where we presents our recommen-
dations on how to produce documentation of object-oriented software.

1

The volume of system documentation should be minimal, but sufficient in order for
the developer to locate the information required in order to modify and enhance the
system.

Since software development tends to evolve into a more and more (geographically)
distributed process, the accessibility of documentation should be considered.

When a developer joins an ongoing project or explores a completed system in order
to enhance it, he or she should be able to understand the static and dynamic struc-
ture of the system.

Writing the documentation should be a natural part of each iteration of the devel-
opment process.

Another important issue is to minimise redundancies, as they are possible sources
of inconsistencies.

Another topic is traceability, in the sense that it should be possible to identify how
and where each requirement has influenced the design model and its implementa-
tion, and idedlly it should be possible from each place in the implementation to trace
back to the requirements that let to it.

The main abstractions and general design decisions in the system should be easily
recognisable.

The documentation should be separated in sections describing different aspects of
the system. Important aspects are the static architecture, the dynamic behaviour, and
the reference documentation for all system entities.

The documentation should include a basic description of the domain it is intended
to model. This is important for providing an understanding of the environment in
which the system will function and of the concepts introduced in the model.
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10. A concise description of the interface (input/output) to the environment is required
to define precisely what is part of the system and what is not.

11. Finaly, adescription of how the OO system should act on the events from the envi-
ronment should be included and contain a reference to the more specific documents
describing the environment (HW, protocols etc.).

2.2 Guidelines for Architecture Documentation

Besides the above genera documentation requirements, it is aso worth to notice the
general guidelines below, which are especially targeted at documenting the architectural
aspects of a system as opposed to the detailed entities. We distinguish three important
sides of architectural documentation, the contents, structure and writing process.

Contents:
- Introduce main concepts. In general the documentation should explain/define
main concepts. A document could for example contain an appendix with used
concepts. In many cases a concept is also represented in the system as a class.
The document should clearly state which concepts are also represented as
classes. The major concepts will often be described in the tutorial, whereas con-
cepts used in subsystems may be introduced in the architecture manual.
Describe functionality. The functionality of the overall system/framework
should be described, for example in the form of Use Cases and/or scenarios.
Document interrelationships. The system/framework should be divided into a
number of logicaly related entities. It is important to document these interrela-
tionships.

Documentation structure:

- The architecture should be hierarchically structured. The documentation should
describe the top-level structure in terms of systems and subsystems (pack-
ages/sub packages) and then move towards more and more detailed elements.
Use examples. Most people find it easier to learn from concrete examples than
from abstract descriptions. In general, descriptions of framework elements
should be accompanied by examples of their use. The documentation should in-
clude an example of a small, but complete system. If there are many objects, a
hierarchical description should be given. Such examples belong to the tutorial
documentation.

Writing process:

- It is a creative process to identify and document important interrelated objects.
The architecture documentation is usually not a report that can be generated by
pushing a button on the CASE tool. However, as we shall see in section 8.2,
tools can be used to produce diagrams useful for the explanation of architectural
design decisions.

2.3 Traceability

An important property of software documentation is traceability, which can be subdi-
vided into forward and reverse traceability. It is a complex subject, in which we do not

COT/2-42-V2.4
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have much experience. The following should therefore be taken as a preliminary discus-
sion of the issue.

Forward traceability describes how a given requirement is realised in a given design
model, how a specific design element is realised with the actual implementation lan-
guage, and why (rationale) it was solved as it were.

Reverse traceability describes for a given element which requirements it realises. Each
element should thereby realise one or more requirements.

We currently see two forms of forward traceability:.
1. Traceability of initial requirements.
2. Traceability of new and changed requirements.

The form and structure of the requirement documentation have not been considered as
part of this document. For the purpose of this section, we assume the existence of are-
guirement document containing alist of requirements.

Re. 1)

We suggest that the requirement documentation should contain a list of the require-

ments. For each requirement, there should be links/references to the documentation of
the part of the software implementing the requirement. A link/reference may refer to a
section in the rationale discussing design decisions and aternatives to satisfy the re-

guirement. Further links/references may then point to other places in the documentation.

If each element is annotated with links to the requirements it fulfils, such a forward
trace-list can normally be automatically generated by a software tool, which extracts the
information from a case tool. The tool scans the repository for each requirement and
lists the elements, which have references to the actual requirement number.

Re. 2)

Thisis an intricate issue to handle since it may require integration with a version control
system. Dedicated version control systems can normally handle this, but it is also neces-
sary that the version control system and the rest of the development tools be integrated
to utilise this functionality. In general, the requirement documentation should be up-
dated to reflect the new requirements. Also, the rationale should/could document
changes of design decisions made necessary by new and changed requirements.

Reverse traceability can be obtained with an annotation of a given element with the re-
quirements it fulfils. Each element should thereby have at least one reference to a re-
guirement. If the functional requirements are specified as Use Cases, reference can be
made to a given Use Case name or Use Case number.

3. Types of Documentation

Documentation can cover different aspects, ranging from introductory material for
novices, to reference documentation for experienced developers. In addition, a rationale
for design decisions may be included. The separation between tutorial and reference

COT/2-42-V2.4
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documentation has been used for many years. One example is the Pascal User Manual
and Report [Jensen& Wirth75]. The user manual is an introductory description of Pas-
cal, and the Report is a concise definition of the Pascal Language. The preliminary ADA
Reference Manual [Ada79a] was accompanied by an excellent example of a rationale
[Ada79b]. Some of the Java libraries are presented trough trails that serve as a tutorial,
and an API documentation, which corresponds to the entity documentation.

System/framework
documentation
Tutorial Reference Rationale
documentation documentation documentation

¢

. Entity-based
Architecture Y
. reference
documentation )
documentation

Figure 1. Overview of documentation types

With regard to documentation of OO software systems and frameworks, we will distin-
gwsh between the following types of documentation:
Tutorial documentation:
Introductory material for novices.
Reference documentation:
Ideally, a complete description of software for experienced users. The reference
documentation is divided into:
Architecture documentation:
Describing the overall structure and transverse relations of the system.
Entity-based reference documentation:
Describing each entity in the system in its own right.
Rationale documentation:
Discussions of design alternatives and decisions

Each documentation type will be described in details in the subsequent sections.

The main “clue” in separating the documentation into these four parts is to alow the
reference sections to remain concise. This implies that it is not intended for novices to
the system; hence they need a tutorial. Furthermore, the reference documentation does
not contain the rationale, that is, it describes what but not why, again to make it concise.
Thewhy’s are important, especially for reasons of maintenance, and are included in the
rationale documentation.

The reference documentation has been split into two, to emphasise that an entity-based
documentation does not suffice. The pragmatic separation between what to document in
the architecture part, and the entity part is that we will recommend that the entity based
reference manual is generated by extracting source-code comments, e.g. using JavaDoc.

COT/2-42-V2.4
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We do not discuss whether the four types of documentation should be put in different
sections in one document, or in separate documents. This clearly depends on the tradi-
tion of the organisations and on the size of the system or framework. We will, however,
discuss the advantages that can be obtained by making al the documentation available
online.

Finally, we do not propose that the four types of documentation should be mandatory
for al kinds of software. The type of documentation required for a software package
clearly depends on the kind of package (cf. section 1.3) and other factors such as the
number and type of users. A product used by a large number of externa users clearly
needs more documentation than an application-specific library package used by a small
team working together.

In the following sections, we will provide a detailed description of the four types of
documentation in the following order: tutorial-, rationale-, entity-, and architecture
documentation. This order is not a matter of priority; in fact we consider the architecture
documentation to be the most difficult part to write because there is no common under-
standing of how to structure the architecture documentation. By treating them in this
order, it should be clearer what aspects we do not consider as part of the architecture
documentation, in that we recommend that the same aspect is not described twice (at
least not at the same level of detail) to minimise redundancy.

4. Tutorial Documentation

The tutoria is the first introduction to the system. The purpose of the tutorial documen-
tation is to provide developers with an overview of the system and to present the major
parts of the system. Its purpose is not to be complete, but to provide a mental model of
the system, and to give an overview of the major architectural characteristics.

We currently know of the following kinds of tutorial information:

1. Cookbook
A cookbook is a description of how to solve typical problems by using a framework
or enhancing a software system. An example is the Smalltalk cookbook for covering
amost anything from writing a class to making graphical user interfaces. It can be
seen at:
http://www.objectshare.com/products/smal ltal k/vworks/info/cookbook/httoc.htm

2. Textbook
A textbook is a detailed presentation, typically used in a course on a given subject.
This is perhaps the ultimate tutorial documentation. One of the first object-oriented
frameworks, the discrete simulation framework DEMOS by Birtwistle [Birtwis-
tle79], is documented in this manner.

3. Pattern language description
Ralph Johnson’s paper [Johnson92] on using pattern languages to document frame-
works. Only a few examples exist to illustrate the technique. Notice that a pattern
language is only somewhat related to a design pattern. A pattern language is a set of
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hints on how to design a thing, and how to address problems that typically arise
during the design process, and hints on how best to organise one's work (in which
order to do things) when designing.
4. Concrete examples

This is a collection of concrete examples of using the system/framework. The ex-
amples should be brief and easy to understand. Each example must be annotated in a
fashion that shows what it does and how it works. It is important to notice that an
example in this context is not a full application but a small program focusing on il-
lustrating a specific point.

5. Guided construction tour
This is a complete example of how to develop an application by using a set of soft-
ware packages. At the outset, it defines the requirements of the application and then
proceeds to describe step by step how to develop the application. As opposed to the
concrete examples, the guided tour presents the process as well as the product. Such
guided tours are often online.

6. FAQ (frequently asked questions)
A FAQ isalist of questions and answers. The questions have really been asked, and
the questioner has received an answer that actually helped. The FAQ should be
structured in a fashion that groups together the same types of questions/answers.

It is neither necessary (nor recommended) to produce al of the above kinds of tutorials.
Concrete recommendations will be given in Chapter 10. Conclusions and Recommernt
dations.

5. Rationale Documentation

This documentation contains a description of the design choices that resulted in the a-
chitecture of the software, the choice of algorithms, or the selection of a 39 party pack-
ages to depend on. An important aspect of the document is what aternatives were corn-
sidered, and why they were not chosen. Sometimes one chooses an alternative, which is
not based on any current requirement but on the expectation that requirements of a
given type will soon appear. At other times, the best solution for a given requirement is
either not mature or too expensive. Such information should not be intermixed with the
architecture documentation, which is intended to stay concise and describe the structure
of the system.

The rationale can be formulated as a supplement to the reference documentation that is,
it follows the structure of the reference documentation and discusses it in relation to the
documentation. Or a rationale can be structured as a set of topics where the discussion
of any particular topic contains references to reference sections.

Typically, the rationale explanations will refer back to the requirements to the system.

We believe that rationale documentation is important to maintain, but it has a long pay-
back time. The rationale document will keep track of why a certain thing was done in
one way or the other. As such, it is an interpretation of how to achieve the obligations
from the requirement document. In later extensions to the system, the programmers will
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then not try out solutions that have aready been tried. The rationale documentation
could also be produced as a video recording (see section 9).

The rationale documentation can aso play an important role in respect to traceability, as
discussed earlier in section 2.3. Normally traceability can be done by references from
the requirement, but a more extreme position is that the rationale is the exact joint that
explicitly addresses traceability, by deliberating why a given requirement is fulfilled the
way it is.

6. Reference Documentation

The ideal reference documentation is complete, in the sense that a reader will find the
answer to all structural and functional questions regarding the software described here.
In practice, this is not possible to achieve, as one must find a reasonable balance be-
tween the cost of producing documentation and the cost of finding answers to questions
regarding the software. However, the structure of the reference documentation should
make it easy to locate the point where information should be available. It is important to
point out that reference documentation is not intended as introductory material. Refer-
ence documentation is for devel opers who need answers to specific questions.

6.1 Entity-based Reference Documentation

Entity-based documentation is documentation associated with concrete entities in the
software. An entity can for example be a package, a class, a procedure, a task/process,
etc. In principle, entity-based documentation should be extracted from the software by
appropriate tools (see section 8.1). Some information is directly available from the syn
tactic structure of the code and other information needs to be supplied by the program-
mer as comments.

We propose that the programmer provide the following information as comments in the
source code:
- Responsihility (package or class).
Describes the overall purpose and rationale for the given item (package or class).
A one line description, and if necessary an extended description.
Functionality (operations).
Both a one line description and an extended description. The extended version in-
cludes a description of parameter usage and return values, and the conditions in
which exceptions are raised.
Invariant (package and class).
Aspects of the class that must aways be true between calls. Thisis typicaly a rela-
tionship between its attributes.
Pre- and post conditions (operations).
What does this operation expect in order to function, both in its parameters and in
the state of the object in which the operation is located, and what does the operation
promise to be true afterwards. Pre/Post conditions are important tools in contract-
based design [Meyer97].
Type information

COT/2-42-V2.4
Page 12/35



Centre for
Object Technology

This is intentional information that may not be extracted from the source code itsdlf,
e.g. exception class, abstract class. This is only necessary for some languages, i.e.
Beta unifies many mechanisms in the pattern construct, but the programmer uses the
pattern as a class or procedure. Java and C++ has syntax for most types, Smalltalk
does not syntactically differentiate between normal classes and abstract classes.
Extensibility requirements

The extensibility requirements are specifications of how classes of a framework
should be specialised. For a (white box) framework, it should be documented if a
class may be specidised and to what extent a procedure may be rede-
fined/specialised. Often this is covered by tutoria information. However, a system-
atic description is required. It is important to distinguish between methods that must
be specialised for the application to function, and methods that may be specialised.
In some languages, there are syntactic differences between these two (C++ pure
virtual functions, Java abstract methods). It is also important to know if the method
is intended to be called by the application code, or if it is called as the result of some
internal action in the framework.

Contents
Packages and classes, but not attributes or methods.
Package; “ name’
Responsibilities
Class; “name’
Type information
Responsibilities
Inherits from
Implements interfaces
Invariant
Public interface:
Attribute, “ name’
Purpose
Attribute, “namé’ ...
Method; “name’ (parameters): return value
Functionality
Pre/post conditions
Extensibility requirements
Method,, “ name’ ...
Protected interface:
Private interface:
Class, “ name’
Package, “ name’
Package, “ name’
Identifier index
Sorted |exicographically

Figure 2. Example of entity documentation

This outline corresponds to what the typical tools can generate automatically, although
it requires careful consideration to get the proper layout of responsibilities and other
documentation. The identifier index is a very convenient aspect and must be generated
automatically. A typical entry will have the structure of “name:class.package’, thereby
making it easy for the user to find a specific entry, e.g. to find an update method in the
right class. Similarly, the content part is necessary for large systems in order to navigate
quickly to the appropriate class.
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Please note that the inclusion of attributes in the public interface does not signify that al
attributes should be public, but that sometimes it is part of the model that attributes can
be accessed and manipulated directly. This corresponds to the choices in Java and C++
where attributes can be declared public. The private interface is included in the outline
because maintainers need it. If the outline is intended for using the class as a server,
neither the protected, nor the private interface should be part of the entity documenta-
tion.

The physical layout of the entity documentation will be different for paper and for a
web-based version. The web-based version will have links from the content section and
from the index and should contain cross-references, for example, to be able to easly
browse to the class defined as a return type of a given method.

Appendix A. contains the background for which elements to document in the entity
documentation. It is based on the IEEE standard on documentation [IEEE-std1016-
1998], and the report [MJII-MIA-90-1].

6.2 Architecture Documentation

In order to understand a system or framework, it is necessary to understand how groups
of logically related entities work together. The architecture documentation describes
such related sets of entities, whereas the entity documentation describes the entities in
isolation. The architecture documentation should describe the following properties:

Relation between multiple entities:

Classification (inheritance), composition, associations, €etc.

Interaction between entities:

Active objects/processes, communication and synchronization between processes,

shared objects, object states, calling sequence, etc.

Physical deployment of entities on the hardware.

Organization of entities in the development environment:

The static organization of the entities in terms of directories, files, etc.

Organization of entities in the target environment:

How are objects and functions packed in terms of executables, link modules and/or

binary components.

Architecture goals and constraints [RUP-SAD-Artefact]

Requirements and objectives that have a significant impact on the architecture: use

off-the-shelf product, portability, distribution and reuse. It a'so captures specia con

straints such as. design and implementation strategy, development tools, team

structure, schedule, legacy code, etc.

Each of the above aspects will be further elaborated in the sections to follow.

Examples of architecture documentation:
Description of a set of entities using UML such as package diagrams, class dia-
grams, state machines, sequence diagrams, etc., accompanied by a textual descrip-
tion of the relations.

COT/2-42-V2.4
Page 14/35



Centre for
Object Technology

Documentation of the Danfoss Instruments USM 1l framework. Here the logicaly
related elements of the USM |1 framework are grouped into so-called patterns?, and
each pattern is documented by using a number of different UML diagrams accom-
panied by textual descriptions.

In [MJII-MIA-90-1] the term configuration covers a group of logically related entities
and it is proposed to identify such configurations and to document the relations between
its entities, and to document the relationship with other configurations. It is proposed to
structure the architecture document as a set of hierarchically organised configurations.
Section 2.2 provides some general guidelines to be considered when writing architec-
ture documentation. Section 6.2.1 presents an approach to documenting an architecture
that takes its ouset in documenting the configurations of a program.

In the USM |1 framework, the term pattern is used for the logically related entities being
documented. The term pattern is, however, mainly used for well-established mini a-
chitectures that have proved their usefulness in severa cases. A configuration that turns
out to be reused in several contexts may evolve into a pattern.

Disclaimer: The structure and contents of the architecture documentation have not yet
been verified experimentaly to be an effective way to describe the architecture of a
system. However, it is the best recommendation that we can provide at the time of
writing.

6.2.1 Documenting Configurations

At the top level, the system may be divided into configurations that are subsystems, and
each subsystem may in turn be divided into further subsystems. In some situations the
configurations may correspond to a subsystem division of the system/framework, in
other situations it may be necessary to identify a number of configurations within the
same subsystem. A class/object may play arole in more than one configuration. When a
system/framework is documented using design patterns, a class/object may also appear
in more than one pattern.

The following means may be used in the architecture documentation:
- Established patterns:

It is attractive to use design patterns® to document configurations. A pattern and a

configuration are very similar, as they both constitute a group of logically related

classes/objects. When a configuration is an established pattern, or be inspired by one
or more patterns, relating the configuration to this'these patterns makes the system
easer to understand.

Diagram types:

- Asaready mentioned, diagrams are useful when documenting configurations. In
general, there should be no mandatory rules for which diagrams to use since
diagrams should only be used if they contribute useful information. In addition
to diagrams, it may also sometimes be a good idea to use abstract algorithms. In
general, any kind of picture, diagram and other notation useful for documenting

! The term pattern used in the USM 11 document is not always in accordance with the common use of the
term design pattern.
% That is, design patternsin the form presented in [Gamma95].
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a given configuration should be used. It isimportant that the description is con
cise and understandable. For reasons of consistency it is of course a good ideato
use a common notation as much as possible. UML is an obvious notation candi-
date in most cases but may be insufficient in special situations.
Natural Language:
No diagram or design pattern can stand alone, but should always be accompanied by
an explanatory text. Sometimes a configuration is also of such a nature that it re-
quires an explanation, which is not best described by a standard UML diagram, but
through afree figure.

6.2.2 Structuring the Architecture Documentation

The purpose of the architecture documentation is to document the structure of the sys-
tem/framework. As mentioned earlier, we have not surveyed different approaches to
documenting architecture in great depth. The “4+1” view proposed by [Kruchten95] and
later updated in [Kruchten98] has been the main inspiration for our proposal on how to
structure the documentation of a configuration — that is a configuration used in the sense
described above, as sets of logicaly interrelated entities. The main idea that we borrow
from the “4+1” view is that there are multiple views from which a system should be
documented, and that these views should be tied together by relating them directly to
their requirement —the “+1” view.

We propose a model with three main views. Requirement view, conceptual view and
realisation view, as these views are mandatory in all systems.

Requirement
View

Figure3. A model with three views

Realization
View

Conceptual
View

Requirement view.

For a given configuration there is a set of requirements that motivates its existence.
These requirements can be in the form of a set of Use Cases/scenarios representing
all possible uses of the configuration. The description of the scenarios may be in
terms of sequence diagrams and/or object diagrams. But not al configurations are
motivated by customer requirements, some exist due to decisions made during de-
sign, because of lack of time for anything better, or because someone think it will
improve the software in some way. The requirement view can be seen as an explicit
method of ensuring reverse traceability.

Conceptual View.

The conceptual view presents the architecture of a configuration from alogical point
of view, which includes the static properties such as classes, inheritance, associa-
tions, etc. It also includes the dynamic properties such as state machine, object n-
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teraction and domain intrinsic concurrency. To document the conceptua view, the
following aspects/sub-views may be relevant:
Package View. If many classes are present they may have to be organised in
packages.
Class View: This view describes classes/objects, inheritance relations, composi-
tion, associations, etc.
State machines. For classes with a state machine, State Charts may be n-
cluded to document the state dependent behaviour 3.
Behavioural View: Concurrency in the form of active objects/processes should
be documented, which may be carried out by using class or object diagrams with
active classes or objects as well as UMLSs sequence- or collaborations diagrams.
But also non-trivial sequentia behaviour, especially division of labour between
a number of objects, should be documented. Again sequence- or collaboration
diagramsare valuable tools.

In many contexts a conceptual view is often referred to as a logical model, an
analysis model or design model.

Realisation View.

The realisation view documents various aspects of the implementation of the con

ceptua view/model. The following views may be relevant:

- Source Code View: This view describes the static organisation of the software
in terms of files and directories, etc. (e.g. with aUML component diagram).
Executable View: This view describes the packaging of the software elements
into components delivered to the customer. The software may be delivered as
one or more executables, code libraries, etc. In a setting with Microsoft COM
binary components, the view should describe how the elements of the concep-
tual model are packed onto binary components (e.g. with a UML component
diagram).

Process View: This view addresses the concurrent aspects of the system at run-
timei.e. tasks, threads or processes and their interactions.

Deployment View: This view describes the computers in the system and con-
nected Hardware devices and the mapping of the conceptual model on these
computers. This view can also be used to show the mapping of the concurrent
processes onto nodes in a distributed system (e.g. with a UML deployment dia-
gram).

Data View: the mapping of parts of the conceptual model onto secondary stor-
age. This mapping may describe which objects are persistent and how they are
mapped into atraditional relational database, etc.

Performance view: Sometimes a configuration must perform within critical
limits, it might be time or space that it the limiting factor. The performance of
the entities might be critical, and one needs to document average or worst-case
consumption.

The redlisation view is also referred to as the physical model (opposed to the logical

model).

% Notice that state machines are for asingle class only, and could therefore be part of the entity manual.
However, we want the entity manual to be extracted from an annotated source code, and it is not clear that
itispractical to specify the state machine in a source code comment.
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One of the difficult problems in writing the reference document for the software archi-
tecture is the requirement that it should be complete — complete in relation to what? One
of the most attractive aspects of the “2+1” approach is that it alows us to define the
completeness in relation to requirements. Each configuration addresses a number of re-
quirements, and the architecture documentation is complete when all requirements (both
customer and internal requirements) are covered.

It is aso worth to notice that the relevance of a view depends on the abstraction level.
E.g. a a detailed level, the entire realisation view might be implicit from the hierarchi-
ca structure of the system. Our recommendation is to really have good reasons to
eliminate one of the three main views, conceptual, realisation or requirement, but feel
free in which of the sub-views are used. The choice of sub-views depends on both the
abstraction level and on the size and complexity of the system/framework to be docu-
mented.

Appendix B. contains a comparison between our “2+1” model and the original “4+1”
proposed by Kruchten.

6.2.3 Hierarchical Design Descriptions

The configurations should be organised hierarchically, which should be reflected in the
documentation. The top-level configuration should give an overview of the architecture.
More detailed descriptions should be given for each sub-configuration, and sub-
configurations should then be organised into new sub-configurations, etc. At present, it
is difficult to advice on this part, since we have only little experience.

Figure 4 shows a proposal for concrete document types and their relations based on the
information presented in the previous sections. The figure shows aso an example of
how a concrete documentation may be organized. Solid lines represent hierarchical de-
composition, with the lower nodes being subordinate to the higher nodes. In this con
crete example, the software consists of five classes in two packages, each class with one
attribute and two methods. The architecture documentation consists of three top-level
configurations, of which the middle configuration consists of two configurations etc.
(Please note that it is unredistic to have this many configurations for so few software
entities). The special symbol within each configuration indicates that the configuration
is documented by using the “2+1” principle discussed in the previous section.
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Figure 4. Documentation example

Figure 4 also illustrates the possible cross-references between the configuration docu-
mentation and the entity documentation. A given configuration can refer to severa sec-
tions in the entity documentation, for instance to avoid repetition of parameters, pre-
conditions etc. A given entity can play severa configuration roles, thus relieving the
entity- documenter of explaining those aspectsin detail.

In the working group we have at numerous occasions discussed the difference or simi-
larity between, what is sometimes referred to as system architecture documentation and
component design documentation. The argument for a distinction is that there are im-
portant decisions to document for the entire system, and it is advisable to locate them
explicitly in a top-level architecture document. Arguments to the contrary are that, at
any level of a system, there will be important design decisions to be made for the entire
subsystem. Hence there are no structural difference between the kind of documentation
required for a full system and that required for a subsystem. The compromise repre-
sented in the figure is that some of the top-level configuration descriptions are referred
to as system architecture documentation, while the rest are referred to as component de-
sign documentation. In our opinion it is a fruitful distinction, but we aso find that it is
difficult to set up precise rules as to when a configuration is part of the system archi-
tecture and when it is part of the component design.
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7. Documentation in the Development Process

It is an overall goa for system documentation that it should be useful for both software
devel opers and maintainers of software systems.

7.1 Waterfall Development

The traditional waterfall development process is usualy document-driven, and the mile-
stone of each development phase has normally been a reviewed and approved document
for a particular phase. Document examples are requirement specification documents,
system design documents etc. Another characteristic would be that the output of each
development phase has been used as input for the next phase. The waterfal model go-
proach has the advantage that the documentation is produced during the development
process because it is required for finalisng a given milestone and used as input to the
following phase. Verification is normally done through a more or less formal review or
Inspection of the document.

The standard critique against the waterfall model is that al phases are executed sequen-
tially, feedback comes very late before the implementation and integration test prove, or
more normally find, flaws, errors and inefficiencies in the design. When feedback ac-
curs, the design should be revised and al the documents should be updated, and it may
then be necessary to carry out a new review. As these deficiencies are detected very late
in the development process (if the method is followed strictly), corrections are made in
the code only, without the corresponding document updates (because it becomes too
expensive to return to earlier phases of the development). As a consequence, the docu-
mentation cannot be used for maintenance, as it does not correspond to the running code
any more. It should be noted that in practice the waterfall model is not strictly followed
because of these reasons.

7.2 lterative Development

Modern development methods suggest an iterative and incremental development proc-
ess. An example hereof is the Unified Software Development Process [Jacobson99] in
which iterations are planned and driven by the identified Use Cases. This approach has
been tested in the COT/Case 2 pilot projects where it was an effective and more flexible
way of developing software compared to the traditional waterfall model.

7.2.1 Documentation Process

The question is how the documentation is produced in an iterative development process
and how this process changes the way of working with documentation.

The documentation structure for the project must be defined before starting develop-
ment—because documentation plays a very active role in the process. The documentation
structure must be supported with concrete document templates for the different arte-
facts—this could be standard templates or templates adjusted for the specific project.
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However, the documentation structure is aso part of the iterative development, hence
the structure of the documentation can also be made subject for redesign.

If the requirement specification is specified with the Use Case technique [Jacobson99]
these Use Cases are used as the basis for planning the iterations. Detailed guidelines for
planning this iteration are described in [Jacobson99].

The Use Cases selected for the first iteration must cover some of the architectural sig-
nificant Use Cases or the main scenarios hereof. Object-oriented analysis and design
models are developed for these Use Cases and the different document templates are
filled with the information required to describe the state of the project. An (informal)
review could verify the architectural ideas before implementing the actual iteration.

The different documents are only partly finished with the documentation for a given it-
eration and subsequently enhanced with information from following iterations. This
produces a very dynamic document, which is updated after the completion of each it-
eration. In this way a given document plays a very active role in the development proc-
ess asit is updated on an ongoing basis to correspond exactly to the running code.

In this iterative process, the important milestones are designed and implemented parts of
the system where the errors have been corrected. The approval of a milestone can -
clude the updating of documentation, which could be either formally or informally re-
viewed in anormal review process.

In the next iteration, the documents are enlarged by the introduction of new develop-
ment information for the corresponding Use Cases for this iteration.

7.2.2 “2+1” View Model — as Process Driver

The concept behind the “2+1” view model with different development views can also be
used as adriver in the process for devel oping the system architecture.

One of the first tasks in a project is to select the number of relevant views for the given
project. As an example, a project specified to run on one computer will not have a de-
ployment view, and a sequential programme will not have a process view. The next task
is to define or adjust the document structure and the corresponding document templates
to the needs of the actual project.

After selecting one or more Use Cases for the actual iteration, the corresponding object-
oriented models are developed and documented in the logical view.

The next step is to develop the first version of the other views based on the information
in the logical view. The executable- and source code view is developed for defining a
layered model of source code components. The deployment view is developed for de-

fining the actual computers/processors and hardware devices. If the system can be n-

stalled in different configurations this is taken into account and documented. If the Use
Cases have concurrent aspects a first cut of the process view is devel oped.
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The logical view can in many situations be adjusted or updated based on the knowledge
gained by looking at the other views with the advantage of an easier traceability from
the conceptua view to the other views.

By looking at the different aspects of each view, the architecture of the programme will
be formed stepwise as well as the corresponding achitecture documentation. The actual
development iteration can now be designed in detail, implemented and tested.

The next iteration will proceed in the same way with selection of some new Use Cases
and developing or updating the different views based on these new requirements. By
carefully selection of the Use Cases for the first number of iterations the architecture of
the programme will begin to stabilise.

The template for an architecture document could have sections corresponding to the dif -
ferent views as each of these views have different stakeholders. In this way a step in the
development process could be to develop a given view and fill out the corresponding
section in the architecture document template.

8. Tool Support for Documentation

A number of artefacts are produced in the development process. They may be textual,
e.g. natural language descriptions or source-code or graphical descriptions like Use
Cases, class diagrams, sequence diagrams, state-transition diagrams but they are not
necessarily limited to texts and diagrams. In the pilot projects we have also used white
board snapshots, i.e. photographic pictures of the white board, to capture more or less
informal information. Descriptions are produced using different tools, e.g. a CASE tool
for producing diagrams, and text editors for producing source code. The source code
may be generated from the models in the CASE tool, or the diagrams may be generated
from the source code or a mixture of both. Initially the primary purpose of producing
the development artefacts was to support the analysis, design and implementation proc-
€SSes.

However, many of the same artefacts are also used in the system documentation. This
chapter discusses tool support for producing the kind of documentation discussed so far
in the report.

In an iterative and incremental development process, not only the final system but aso
the intermediate states of the system needs to be documented. Tools should support the
documentation needs in these intermediate states as well as the final documentation.
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Figure 5. Documentation types and examples of development artefacts

In Figure 5, the types of documentation (that this report focuses on) are illustrated in the
upper part of the diagram: tutorial documentation, reference documentation and ration
ale documentation. The lower part of the diagram illustrates some of the development
artefacts: source code, diagrams, model information, and whiteboard snapshots. Model
information refers to the model representation in atool, typically a CASE tool. This in-
formation may be redundant, but it can also be information, which is not contained in
the source code or the diagrams. One example is the Use Case descriptions produced in
a CASE tool or in a word processor. Depending on the tools used, the model informa-
tion may be non-existent. In the pilot projects, two different approaches were used for
the responsibility descriptions. In some cases they were entered in the CASE tool and in
other cases directly in the source code.

The arrows indicate the possible relationships between the documentation types and the
development artefacts:

Automatic generation of the entity-based reference documentation.
Insertion (copy or link). Use of development artefacts in the documentation.

The two types of relationships will be discussed below.
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8.1 Automatic Generation of the Entity-based Refer-
ence Documentation

The entity-based reference documentation can be (and should be) tool generated, based
on the annotations within the source code of the program. The documentation generator
will often be able to analyse the overall aspects of the programming language and pro-
vide appropriate information on inheritance, types of parameters etc., thus avoiding that

it is written twice (i.e. in the program and in the documentation comments).

E? Source Code Documentation =] E3
= A & i
Hide Locate Back Fant [t Erewvious Print DOptions

Contents ;I_ndex ; §earch;

Introcluction

Class Library Reference
] Indes nf Classes
Array

Car Destructor
L]J Member Functions
Car:descrineCar
Car:drive
Car:sests

Person
Truck
J] ehicle

wehicle Class Members
“ehicle Constructors
|E] wehicle Destructor

1} Member Functions
“ehicle: colour
wehicle: drive
“Wehicle:insureGroup
wehicle::InsureGroupToString
“ehicle: make
“ehicle:registration
% Glabal Yariables
@ Operators
Functions
dex of Functions

Car Class Members

Constructors
Car (const Caré)
Builds a copy of the given Car object.

Car (const char?® Const char?®, colour t,int,int)

Builds a Car with the given number of seats, based on a “ehicle constructed from the
given registration number, colour and insurance group.

Member Functions
describeCar

The demonstration purpose of this method is to show how functions called and calling
functions are referenced in the dacumentation.

Every default style has a selected way of presenting this infarmation. Styles will differ
slightly but the main design decision will remain the same. Only functions that are
documented as part of this example will be shown. Functions that are not documented
(e.qg. fprintf) are deliberately not shown.

Should you wish to show all cross-references modify the style by deleting the "Rermove
From List" items in the appropriate places

drive

Moves the Car around on the screen whilst the exhaust noises of a rewing Car are
played through the speakers.

seats
Seats accessor

Car Overview | Person | ¥ehicle

Produced by George I WuW ES co

Figure 6. A screen dump from George

Tools like [JavaDoc] for Java, [George] and [BumbleBee] for C++ can generate the en
tity-based documentation. These tools are based on the proximity principle, which
means that the code and its documentation are so closely connected that the programmer
is likely to update the documentation when the program is changed. When the source
code is changed, the entity-based reference documentation can automatically be regen-
erated. Proximity does not solve the problem of consistency, but experience shows that
it helpsin keeping the entity-based documentation consistent with the implementation.

A screen dump from George is shown in Figure 6. In the example, the constructors and
member functions and their responsibilities are shown for a class called 'Car'. In addi-
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tion there are links to an overview description of the 'Car' and to two related classes:
'Person’ and 'Vehicle'.

8.2 Use of Development Artefacts in Documentation

Documentation Diagrams

I

<«

- M odel

74\\i nformation

Source
[ ] code

—

Figure 7. Use of development artefactsin the documentation

Parts of the different development artefacts are likely to be used in the tutorial, the a-
chitecture documentation and the rationale. Tool support for automatic insertion of these
descriptions in the documents is desirable for at least two reasons:
- It facilitates the collection of all the different descriptions into one or more com-
plete documents,
New versions of documentation have to be produced repeatedly in the develop-
ment process, especialy in an iterative development process. Automatically in-
serting updated information in the documents makes it easier to spot inconsi stent
explanations during review.

Some CASE tools provide report generators, which allow the users to produce user-
defined documents that combine textual descriptions with development artefacts. Ex-
amples are model information, diagrams and source code. After the report structure has
been defined, the collection of relevant development artefacts is simply a matter of
pressing a button. However, it is important to control the report generation in detail with
regard to what kind of information should be included.

In the pilot projects, the best example of a report generator that used development arte-
facts in the documentation was QualiWare]. However, the word processor used in
QuaiWare is an internal tool and the report is therefore not easily integrated with other
documents. HTML generation is another possibility but we have no experience with this
facility.

Rational SoDA (Software Documentation Automation) [SoDA] is a tool that adds
document generation to Microsoft Word or Adobe FrameMaker+SGML, and enables
information to be extracted from multiple information sources such as Rational Rose.
We have no experience with SODA, but it could be interesting to investigate further.
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There are other ways of integrating text documentation with information from the
CASE tool or development system. Modern document architecture technologies like
[Microsoft COM] enables documents, or parts of documents, to be embedded in the
document from other applications. If, for example, the word processor and the CASE
tool support [ActiveX], the diagrams or the part of the source code could be embedded
in the text document. If the documentation is written in HTML, different scripting lan-
guages like SGI scripts or JavaScript could be used to insert diagrams or parts of the
source code. In both instances, additional tool support is desirable.

In general, the optimal solution would be to write documents in a standard word proces-
sor with inclusion links to diagrams, model information and code. Inclusion links are to
be understood as hypertext links where the destination is inserted in the document. By
doing so, the documents could be updated automatically when e.g. the code or the dia-
grams are changed. Another challenge would be to support the editing of inserted de-
scriptions, which would then be followed by automatic updating at the source.

Experimenting with al these aspects could be interesting. One experiment could be to
use the Devise hypermedia, which is an open hypermedia system to integrate a word
processor like Word with a CASE tool or other tools of a development system.

8.3 Consistency

Above we have seen examples of how diagrams, model information and source code
can be inserted in the different documents. It is important that the inserted descriptions
are consistent, both mutually and with the enclosing text.

8.3.1 Consistency between Development Artefacts and
Documentation

The documents may need to be updated when one of the development artefacts is
changed. Manua updating, e.g. using copy- paste, should be avoided because it is a er-
ror-prone process where one easily forget to copy exactly what is needed. As described
above, automated updating of documents may be carried out differently, but it is im-
portant that the writers of the documents are aware of the changes, since the explanatory
text may also need to be updated. Such inconsistencies are easier to spot though, than
inconsistencies between an explanation and an external (to the document) artefact. The
dependencies between the descriptions must therefore be explicit and tool-supported.
For example if a class diagram is changed, the writers of the documents, using this dia-
gram should be notified. The writing the documentation will sometimes result in
changes to the code and related descriptions.

8.3.2 Consistency between Documentation Types

Neither the architecture documentation nor the tutoria has the same proximity to the
implementation as the entity-based reference documentation. As aresult, they are inher-
ently more prone to inconsistency. Since we also want to avoid redundant descriptions,
it is particularly important to avoid repetition of what is described in the entity-based
reference documentation. A tool that alows easy cross-referencing to the entity manual
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is useful, as it makes it easier for the documenter to avoid redundancies. Currently we
have no recommendations on how best to address this inconsistency problem.

8.3.3 Consistency between Development Artefacts

An important requirement for the CASE tool employed is to ensure mutual consistency
between the inserted descriptions. In the pilot projects we have good experience with
reverse engineering using [Rhapsody] and [WithClass|. Reverse engineering of the
source code produces class diagrams that are consistent with the code. Class diagrams
illustrate the static properties of the system. Sequence diagrams are an example of dia-
grams that illustrate the dynamic aspects of a system. In the COT pilot projects, a tool
[COT/2-27] has been developed for automatic generation of sequence diagrams for Java
and C++. The sequence diagrams are produced during execution of the application and
this has been a valuable tool in the documentation, verification and testing processes.

We have experienced one consistency problem in the COT pilot projects with regard to
responsibility descriptions: Not all CASE tools preserve the annotations in the reverse
engineering process. When using round-trip engineering tools, it is important that al
aspects of each representation (i.e. in both CASE tool, and in source code) are preserved
when transforming from one representation to the other.

8.4 Links

In general we recommend that documentation is online. Online documentation can pro-
vide much richer navigation facilities that make it easier to home in on the relevant as-
pect, especially in large bodies of documentation. However, some prefer to read docu-
mentation on paper, especially those aspects of the documentation that are not reference
documentation, e.g. the tutorial. We do acknowledge that paper based documents can
contain cross references, but if they are used extensively, the reader soon find them te-
dious.

But there are advantages in an online tutorial, namely that it can provide links to the ref-
erence documentation. This saves the tutorial writer from repeating what is aready in
the reference documentation and at the same time teaches the programmer how to use
the reference documentation. If the tutorial is online, the advanced descriptions can aso
be moved from the entity-based reference documentation into the tutorial, and have
links from the entity based documentation to the tutorial (all the HTML generating
document extractors, we have seen, allow the annotation comments to be full HTML,
including anchors).

The same advantages and possibilities for writing tutorials apply to the architecture part
of the reference documentation. Descriptions of the architecture documentation can
make references to the entity-based reference documentation and the entity-based part
can have reference to the architecture part where appropriate, thus avoiding redundancy.

Finally, links in both directions between all the documentation and the development ar-
tefacts could be very useful. It will not only help in reading the documentation, but also
in understanding the implementation and in the maintenance of the system.
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If the documentation is written in HTML, the linking facilities of HTML can be used.
Many word processors also support hypertext links to some extent. The open hyperme-
diasystem Webwise provides an aternative.

9. Use of Videos as Documentation Media

In this chapter we will present a general introduction to the use of videos as documenta-
tion together with concrete experiences from Danfoss Drives A/S.

An article of Tom DeMarco [DeMarco90], who made some experiments in a fast
growing company, inspired the concept of using video recordings as documentation
media. The idea was to give new employees a chance to increase productivity by using
video recordings in replacement of text-based system documentation. The motivation in
this company to write documents on a working system was low; therefore a quick and
inexpensive solution was to introduce video recordings. The result was very positively
received, both among the “old” designers telling about the main architecture and the
new employees acquiring the knowledge.

Another inspirational source was a lecture held by Alistair Cockburn at a COT seminar
where he compared efficiencies among different communication forms. He claims that
communicating through paper is the slowest and least effective medium, whereas video
is the highest achievable communication medium.

Based on these positions, Danfoss Drives decided to proceed with their own experi-
ments, the situation being that a prototype (non-documented SW) was adopted into a
real project with a strict schedule.

Four video session attempts have been made so far—where a session lasts from 10 min-

utes to 1 hour. The experiment had 3 purposes.

1. Toinform/teach team colleagues who were not part of the pilot project.

2. To archive this information in order to facilitate a subsequent transfer into relevant
documents.

3. The maintainer or reuser could use it later when a speedy introduction to the soft-
ware is required (tutorial).

Although based on limited experience, some practical conclusions can be made-first of
al, when presenting a topic it is important to use the whiteboard as much as possible
and to minimize the use of overhead projectors. An audience should be present during
the session and play the role of “error filter” and partly as a “question generator”. The
tapes should be stored in some sort of library after the session and, in order to maintain
this library, a person responsible for the video recordings should be assigned.

In order to make the video recordings generally available even for a foreign colleague, it
should be digitised/transferred to a server or at least a CD-ROM. This digitising the
video makes it more useable, as most people will not spend hours in a meeting room
with TV and video. In order to make it generally available a video grabber is required
that can store onto a server or a CD-ROM/DVD. However, since this process will 1e-
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duce picture quality, it requires that the sessions have large illustrative drawings/texts or
aternatively that detailed drawings can be printed out separately. Whether the present
technology is suitable is still unclear at this point—maybe we have to wait until better
technology like DVD is more mature. It is worth to notice that there are currently a
plethora of different file formats and video formats, and what is best technology today is
hopel ess tomorrow.

In general, we believe that video is a good medium to inform about dynamic behaviour
and design choices, since these aspects usually are difficult to write in a document. An-

other guideline is to use video recordings to capture the origina architecture design de-
cisions made by the leading architect.

We see video primarily as a supplementary technique to produce tutorials and rationale.

10. Conclusions and Recommendations

The purpose of this document has been to provide guidelines for writing documentation
of OO software. We recommend the following overall guidelines for handling docu-
mentation:

Recommendeations regarding the development process:
We assume an iterative strategy where each iteration consists of analysis, design,
implementation and evaluation. At the end of an iteration, the evauation phase
evaluates the requirements for the iteration and new requirements for the next itera-
tion are defined or selected. These recommendations are similar to those for testing
OO0 systems [COT-2-43].
Documentation should be an integrated part of the development process.
The architecture of the software should be reflected in the architecture docu-
mentation.
The structure of the architecture and architecture documentation should be de-
veloped as part of the software development process.
The requirements for the next iteration should specify the parts of the architec-
ture documentation to be delivered.
Most (all) design documents (class diagrams, state diagrams, etc.) produced

during the development process should be included in the architecture docu-
mentation.

Pictures of whiteboard drawings etc. produced during the initial phases are also
candidates be included in the architecture and rationale documentation.

Recommendations regarding the form of the documentation:
The documentation should be separated into:
Tutorial documentation.
Rational e documentation.
Reference documentation.
Entity-based reference documentation.
Architecture documentation.
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Recommendations regarding tools and media:
Proper tools should be selected in order to provide consistency between the
various parts of the documentation and to ease construction and maintenance.
The documentation should be generally available.
To ease availability, online documentation via the Web should be considered.
Use of audio and video should be considered. This includes the use of multime-
dia documents.

Recommendations regarding tutorial documentation:
It is not possible to state absolute requirements since the volume of tutorial docu-
mentation required depends on the importance, complexity and number of software
users (i.e. developers)
- Concrete examples are in most cases mandatory.
A FAQ isin most cases mandatory.
In the case of software frameworks, one of 1) Cookbook, 2) Textbook or 3)
Pattern language description is mandatory in most cases.
A guided construction tour is optional but often a good idea.

Recommendations regarding the rationale:
As for the tutorial documentation it is not possible to state absolute requirements
about the volume and content of rationale documentation.
- It should be considered to write a rationale for central and critical software €ele-
ments.
The rationale may be used to document design decisions and trace original and
new requirements.

Recommendations regarding the architecture documentation:

As stated previously, architecture documentation is probably the most difficult and

complicated part of the documentation to understand. Again it is difficult to state

absolute requirements for the architecture documentation.

- Architecture documentation may not be required for simple library packages.
Architecture documentation is required for central and complex frameworks, go-
plication packages and applications.

The ideas in the "2+1" view architecture model are recommended, with the main
views as proposed in Figure 3 (i.e. Conceptual, Realisation and Use Case
view).

Recommendations regarding the entity-based reference documentation:
Entity-based documentation is a must.

Entity-based documentation should be extracted from the (source) code.

The above recommendations are based on experience documented in the literature and
the authors' experience from previous projects, including COT. We are, however, not
aware of any project that has followed the guidelines exactly as described above. We
hope to be able to test the above guidelines in forthcoming projects.
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A. Rationale for entity documentation

This section describes some of the sources used for establishing the recommendations
and the document layout described in section 6.1. To read this appendix one must have
read the |EEE standard on documentation [| EEE-std1016-1998], and the report [MJII-
MIA-90-1]. The section contains background information but can be skipped without
loss of understanding the remainder of the document.

The list of information aspects that the programmer must add in the source code as
documentation is based on an analysis of what have been proposed in the |EEE standard
on documentation [IEEE-std1016-1998], and on the experiences in documentation in
the Mjalner project [MJII-MIA-90-1].

19 different categories have been proposed in the above mentioned literature, and when
we add the category “responsibility” we have atotal of 20. Not all categories need to go
into the source code, and we categorize these 20 as follows:

Aspects to be extracted from the source code itself by a tool:
We believe that a tool can extract the information below from the source code itself,
and hence the programmer need not repeat this information in the documentation.
- ldentity [|EEE std 1016-1998]
- Operations. Partly BETA specific [MJII-MIA-90-1]
- Structural information [MJII-MIA-90-1] — language specific
- Type[|EEE std 1016-1998]

Aspects to be extracted from programmer-provided comments in the source code:

We believe that the best place for the programmer to provide this documentation is
to write it in-lined in the code, and then have atool (probably the same tool as men-
tioned above) extract the comments that produce the documentation outlined in the
previous section in Figure 2.

- Description: extended and one line [MJII-MIA-90-1].

- Categorization: Type from IEEE [MJII-MIA-90-1] Same as |EEE type

- Usage: more type e.g. abstract class [MJII-MIA-90-1] Same as |EEE type

- Intentions: frameworks only [MJII-MIA-90-1]

- Assertions: pre/post conditions, invariants [MJI1-MI1A-90-1]

- Purpose: why [IEEE std 1016-1998]

- Function: what [|EEE std 1016-1998]

- Type [IEEE std 1016-1998]

- Responsibility

Aspects belonging to the architecture documentation:
These aspects of documentation do not belong in the entity-based documentation,
but in what we refer to as architecture documentation.
- Configuration: relationship between objects [MJII-MIA-90-1]
- Resources. dependency of externals [|IEEE std 1016-1998]
- Subordinates: parts [| EEE std 1016-1998]
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. Dependencies[IEEE std 1016-1998]

Aspect belonging to the tutorial documentation:
In order to avoid redundancy, we categorize the following aspect as something that
should be put into the tutorial.
- Terminology: short list of concepts [MJII-MIA-90-1]

Aspect not relevant for object-oriented systems:

In the IEEE standard, some of the aspects mentioned are not relevant in object-
oriented programs. They will be described el sewhere due to the different structure of
object-oriented programs.

- Processing: how [IEEE std 1016-1998]

- Data: how [IEEE std 1016-1998]

- Interface: [IEEE std 1016-1998] — Because the entity manual is the interface

description of the entity!

B. Comparison of “2+1” with Kruchten

In this appendix, the recommendations described in the previous sections are compared
to the original “4+1" model proposal by Kruchten in [Kruchten95] and [Kruchten98].
Below it will be an advantage if the reader is familiar with [Kruchten95] and/or the ex-
perience report in [Bell& Schmidt99]. As mentioned, the main rationale behind the
“4+1” view isthat a configuration should be documented by means of different views.

Logical |mplementation
View View
< Use-Case
View
Process Deployment

Figure 8. The “4+1” view model
Phillipe Kruchten proposes in [Kruchten98] the following 4 views:

Logical View:
It basically corresponds to the conceptual view described in “2+1”

Process View:

It basically corresponds to the realization view described in “2+1”. According to
Kruchten this view addresses the concurrent aspects of the system at runtime i.e.
tasks, threads or processes and their interactions. According to this the process view
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IS more an implementation view than a modelling view as it in addition to logical
processes al so contains implementation processes or tasks.

Information about active objects can also be documented in the logical view with
the UML stereotype mechanism.

Implementation View.

It seems to correspond to the source code and executable views described in “2+1”.
This view describes the organisation of static software packages in the development
environment in terms of packaging and SW layers and in terms of configuration
management. Examples of information concerning this view would be source code
files, data files, components and executables. UML’s component diagrams are used
in this view by employing symbols for components and optional packages.

Deployment View:
The deployment view of Kruchten seems to correspond to the deployment view de-
scribed in “2+1”. Kruchten also mentions the need for a data view.

In addition there isthe “+1” view:

Use Case View:

There is some variation in whether the “+1” view is referred to as Use Case view or
scenario view. This view contains a few key scenarios or Use Cases. These scenar-
ios act as an illustration of how the other view works.

As mentioned, Kruchten has split the conceptual view into alogical view and a process
view. At this point we are uncertain about whether or not it is useful to distinguish be-
tween the two views in this context. There is, however, no doubt that both aspects
should be described. In the end it is mainly a matter of organisation.

The main differences between our “2+1" model and “4+1” is that we view Kruchtens
views as sub-views of two more general views, conceptual and realisation view. Also,
where Kruchten addresses views primarily for systems, we propose to apply the idea
uniformly to all configurations in the system. Hence, where Kruchten proposes that the
views to include in the documentation is decided on a per project basis, we propose to
select sub-views on a per configuration basis. Primarily because configurations are used
on several abstraction levels.

Another source of inspiration is [Jaksi99] which operatates with a “3+1” view mode:
logical view, development view, run-time view and th “+1” scenario view. The run-time
view corresponds in this model to a combination of Kruchtens proces and deployment
view.
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