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Abstract

The recording and management of design mtionales
and design decisions are important issues in achieving
better support for software maintenance. In the ¢ ontext
of existing work on design rationale models, this pa-
per intr oduc es an appuch to the integration of system
design, design decisions and design rationales and the
formalisation of design decisions in terms of software
artifacts and their relationships. The relationships and
prop ertieschar acterising design de cisions capture pre-

cisely the intent of these decisions, and can b e che cked

and enfor cedto ensur ethat the de cisions are followed
and maintained in the actual development. We also
show how the formalised design decisions can be use d
in b etter supwrting software comprehension and main-
tenance.

1. Introduction

In the softw are design process, the design team usu-
ally considers a number of possible design choices and
make a reasoned design decision for a given design is-
sue. It has been widely recognised that recording the
design decisions and design rationales can bring sig-
nificant benefits to softw are comprehension and main-
tenance. Over the years, there ha vebeen a number
of researc h efforts in deeloping methods and tools for
recording and utilising design decisions and design ra-
tionales, including those reported in [13, 3, 2, 10 , 1R
In general, these approaches set out, in a structured
w ay, the design alternatiss which were considered for
a design issue, the arguments for and against these al-
ternatives and the reasons that lead to the final design
decisions [12]. As such, the recording and use of the
design decisions and design rationales provide support
for the comprehension and maintenance of the softw are
system concerned.

While ha vingachiev ed significah adv ance,the ex-
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isting approaches to the recording and use of design de-
cisions and design rationales can be further improved
from the following tw o aspects:

1. Most of existing design rationale models and tools
are developed and used separately from the design
methods and tools. As such, the recording of de-
sign rationales and design decisions con tin uesto
be under-utilised in the industry [12]. T ofacili-
tate the full use of the recorded design rationales
and decisions and realise their full benefits in soft-
w are comprehension and maienance, they must
be integrated with the design specification so that
the system design, design decisions and design ra-
tionales can be captured, manipulated, used and
supported in a coherent manner. In particular,
the final design decisions should be linke dto the
relev an t parts of the design specification at appro-
priate levels of granularit y.

2. Since the design rationales and design decisions
are not appropriately integrated with the design
specification, the properties characterising the de-
sign decisions are not formalised in terms of the
design specification in the current approaches, so
that they can not be used to chec kand ensure
that the design decisions are follow edin the ac-
tual design (specification). When formalised, the
properties characterising design decisions can be
used in the support tool to aid the softw are com-
prehension and maintenance process.

In this paper, we introduce an approach to formalis-
ing design decisions directly based on and integrated
with, design representations (or specifications). As
such, it is not meant to be an alternative to the ex-
isting approaches. Rather, it complements the existing
approaches and can be integrated with them to achiev e
better support for softw are comprehension and main-
tenance from the above two aspects.

In our approach, the properties characterising de-
sign decisions are formalised as constraints on the rep-



resen tation structures of the actual softw are design and
implementation artifacts. As such, it pro videsbetter
support for softw are comprehension in terms ofprecise
characterisation of the design decisions, and for soft-
w are mainenance in the sense that the constraints can
be used for consistency chec king, hange impact anal-
ysis and change propagation.

In section 2, we introduce our approach to formalis-
ing design decisions. In section 3, w epresent a case
study to illustrate the approach and the benefits it
deliv ers for soft w are comprehension and matenance.
After discussing related work in section 4, we conclude
the paper in section 5.

2. F ormalisingdesign decisions

Our approach to the formalisation and use of de-
sign decisions is set in the context of a softw are engi-
neering environment, so that the design decisions can
be characterised based on the softw are artifacts (e.g.,
design and implementation documents) and their rela-
tionships in the environment. As such, not only the de-
sign decisions and rationales can be linked to the design
specification (including all kinds of softw are artifacts),
but also their (partial) meaning can be formalised to
constrain the design specification and ensure that the
design decisions are follow ed in the actual design and
implementation. In this section, we first in troduce the
most relev an tfeatures of the underlying softw areen-
gineering environment, and then present our approach
to formalising design decisions.

2.1. Preliminaries

Artifact representation. The representation of
softw are artifacts is the basis of our approah to soft-
w are engineeringen vironmerts'. It has the follo wing
three major aspects [15, 4, 7, 5]:

e Fine-grained repr esentation of individual artifacts.
Asin traditional language-processing tools such as
compilers and language-based editors, we use syn-
tax trees to represent softw are artifacts (or docu-
ments) and use an augmented EBNF notation to
describe their syntactic structures (the EBNF pro-
ductions are also called segment type rules as the
artifact components are referred to as artifact se g-
ments) [4]. In addition, w eallo w representation
and specification of multiple artifacts in the envi-
ronment, ordered and un-ordered composition of

LOther aspects of our approach such as artifact manipulation

and presen tation ha ve less relevance to the curren t paper and are

therefore omitted from this overview.
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artifact segments, and artifacts with formal syn-
tax or written in natural language.

o A rtifactrelationships. The relationships betw een
softw areartifacts or their components are cap-
tured and represented in the environment as struc-
tural relations [4]. A structural relation connects
one artifact (or artifact component) to another ar-
tifact (or artifact component). Each type of struc-
tural relations may connect certain types of ar-
tifacts (or artifact components). A given type
of structural relations can be defined using rela-
tion typ e rules by giving the names of the rela-
tion type as w ellas the left and righ t hand side
artifact (component) types connected. Also note
that certain relation types may ha e associated at-
tributes and conten t. Lik e artifacts, relationships
ha ve first-class status in our approah.

o A rtifact pr op ertiesThe segment and relation type
rules explained above can be viewed as syntactic
constraints on softw areartifacts and their rela-
tionships. Besides, additional structur alprop er-
ties or constr aintsmay apply to softw are artifacts
and their relationships as to their consistency[7],
suc h as the scoping rules of differert kinds of iden-
tifiers in a program. In general, these proper-
ties are specified in the form of Boolean expres-
sions using certain conven tions and primitie func-
tions/predicates, and their enforcement and viola-
tion are managed by the environment[7].

T o pro vide support for soft are deelopment activ-
ities in the context of a given project, the environment
allo ws the definition of the required artifact structures,
relation types and artifact properties. Augmented with
these specific requirements, the en vironmert pro vides
specialised support for the giv en project. In the next
section, w ewill see examples of using these en viron-
ment features.

Methodology-specific vs. application-specific
requirements. The support requirements specific
to a dev elopmen project can be classified into tw o
categories: those specific to the chosen dev elopmert
methodology, and those specific to the application be-
ing developed. The methodology-specific requirements
concern the nature of the dev elopment methodology.
In a dev elopment methodology using the Booch de-
sign method and the C++ implementation language,
for example, w eneed to deal with structures of the
various Boodr design artifacts like class diagrams and
state transition diagrams, structures of C++ pro-
grams, different types of relationships among the de-
sign and implementation artifacts, and the constraints



(or properties) of these artifacts and relationships.
These methodology-specific requirements are indepen-
den t of the application beingdev eloped. That is, the
same requirements still apply if w euse the method-
ology to dev elop a different application. As such,
the methodology-specific requirements usually can be
specified to specialise the generic en vironmert before
the actual dev elopment starts. So far w ehaveap-
plied our artifact representation techniques to a range
of methodology-specific (but application-independent,)
aspects of project support [6, 8], i.e., defining the types
of documents, the t ypes of relationships and the type-
based properties without reference to specific features
of the application. These (static) definitions are used
to augment the generic en vironmernt to formulate a
methodology-specific en vironmert which can be used
in any project following that methodology [5].

The application-specific requirements depend on
the nature of the actual application’s dev elopmert,
and therefore can only be iden tifiedas the dev elop-
ment progresses. Examples include the number of
subsystems required, a specific relation bet ween tw o
system modules as dictated by the design, and an
application-oriented property about a relation and the
connected artifacts. T obe able to pro vide support
for these application-specific requirements, the en vi-
ronment needs to have the capability of being dynami-
cally specialised with new (application-specific) artifact
types, relation types and properties as the development
con tinues.

Design decisions are application specific, and can
only be formulated as the project progresses. That
is, they can not be foreseen before the project actually
starts. As such, the characterisation of design decisions
in terms of softw are artifacts depends on the ewiron-
ment’s capability of dynamic augmentation. The next
subsection introduces our approach to the formalisa-
tion and use of (application-specific) design decisions
based on this environment capability.

2.2. Formalisation and use of design decisions

Design decisions are made as a system’s dev elop-
ment progresses. These decisions are reflected in the
design in a varietyof w ays. F or example, one deci-
sion may concern the number of subsystems to be used,
while another may deal with the selection of a partic-
ular inter-subsystem communication protocol. In this

In general, dynamic augmentation of the en vironmem ma y
also involve modification and deletion of existing artifact and
relation types as w ell as existing properties, whie is an activ e
research area. In this paper, how ever, w e are only concerned with
addition of suc h features as w concen trate on the formalisation
and use of design decisions.
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paper, we focus on those design decisions that are re-
lated to softw are artifacts. As such, we may formulate
these decisions in terms of softw areartifacts and en-
sure that these decisions are follow ed (or enforced) in
the initial development and subsequent maintenance of
the soft w are.

Supporting design decisions through dynamic
en vironmen augmentation. As discussed earlier,
the application-specific design decisions can only be dy-
namically formulated and enforced by the environment
as the development progresses. This requires that the
dev eloper using the support ervironment act in t w o ca-
pacities: one is the softw are engineer who deelops the
softw are system withthe support of the dev elopmen
en vironmett, and the other is the environment engineer
who augments and specialises the dev elopmett en vi-
ronment. F or example, the dewloper may realise that
there is a need to link one part to another part of the
implementation document to con ey a particular rela-
tionship. How ev er, the deglopment environment is not
currently augmented to support this type of relation-
ship. T o satisfy the aboe requirement, the developer
needs to (1) define a relation type in terms of the doc-
ument component types to be connected to augment
the en vironmert — task of the en vironmert engineer,
and (2) introduce the actual relationship which is an
instance of the newly defined relation type — task of the
softw are engineer.Similarly, the developer may also in-
troduce new document properties/constraints into the
en vironmert to reflect a design decision. Although less
likely, the deeloper may introduce new types of soft-
w are documeits into the enwironment as required, in-
cluding the type definitions and the actual documents
themselves. In general, therefore, this utilises the en-
vironment capability of dynamic augmentation. In the
follo wing discussion, we concentrate on the use of this
capability to support the formalisation and use of de-
sign decisions.

F ormalisingdesign decisions. Approaches to the

support of design decisions and design rationales, such

as those suggested in [13, 12], usually involv e a model
for the ordinary softw are artifacts capturing the dewel-

opment and a model for design rationales and decisions.

These tw o models are related in the sense that

1. a design issue is raised relative to some softw are
artifacts,

2. a design deliberation process is carried out accord-
ing to the design rational model, and

3. a design decision is made which may affect a num-
ber of softw are artifacts.
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Figure 1. Relationships among software artifacts, design decisions and design rationales.

The existing approaches concentrate on the details of
the design rationale model, and at best relate the de-
sign issues and decisions to the relevan t softw are arti-
facts for traceability purposes (but at a coarse-grained
level). The meaning and intentof a design decision
are documented as part of the design rationale model,
and are not formalised in terms of the softw arearti-
facts. Therefore, whether or not the design decision is
accurately follow ed inthe design can not be formally
chec ked.

Our approach is based on the above general frame-
w ork.Both the softw are artifact model and the design
rationale model are represented in the environment. It
adds to abo veframework the capabilities of (1) sup-
porting inter-model relationships at an y desired level
of granularit y, and(2) formalising design decisions in
terms of softw are artifacts and their relationships (see
Figure 1). The flexibility in defining relationships en-
hances the support for traceability bet ween the models,
and forms part of the basis for formalising and using
design decisions. The formalisation capability allo ws
us to formally state, chec k and enforce the haracter-
istics of a design decision as properties of the softw are
artifacts. While ackno wledging that the meaning and
inten tof some design decisions can not be fully for-
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malised, it is certain that those characteristics of the
design decisions that are formalised can be used to en-
sure that the design decisions are follow ed and main-
tained during the system’s dev elopment and mainte-
nance.

A design decision is usually stated in relation to soft-
w are artifacts,and their relationships and properties.
Therefore, its formalisation will involv e differeh doc-
ument types, relation types and properties. Some of
them may be already supported by the en vironmert,
but others may need to be newly defined. The lat-
ter concerns the dynamic augmentation of the environ-
ment (see abo ve). Once the en vironmert augmenta-
tion is done, the dev elopercan introduce the actual
documents and relationships, on which the properties
characterising the design decision will apply.

Using design decisions. With the design decisions
being formalised in terms of the softw are artifacts, the
en vironmert can pro vide better support for softw are
comprehension and maintenance. F or example, the
softw are documets that are relevan t to a design deci-
sion can be linked together using relationships, and the
inten t of the decision can be captured using properties.



In terms of softw are comprehension, therelationships
and properties can facilitate browsing, navigation and
reasoned traceability among the relevan t artifacts (or
artifact components). In particular, the properties cap-
ture precisely the requirements of the design decision.
This enables that the developers always ha ve a common
understanding about the intent of the design decision.
In terms of maintenance, the relationships and proper-
ties (constraints) can be used for consistency chec king
and enforcement to ensure that the design decision is
follo w edIn particular, they can be used for change im-
pact analysis and actual change propagation, so that
the ripple effects of a change can be identified and the
task of maintaining the en tire system’s consistency is
made easier. In fact, all these benefits of formalised de-
sign decisions not only apply during the maintenance
of a soft w are system but also during its initial dealop-
ment. In the next section we will see examples of such
use of formalised design decisions.

3. A case study

T o demonstrate the formalisation and use of design
decisions, we ha e carried out an extensive case study.
The example softw aresystem (application) chosen in
the case study is a w eather monitoring system pre-
sen ted by Booch in [1]. P art of the methodology used
to develop this application involv es design in the Booh
method [1] and implementation in C++. Due to space
limitation and for simplicity, only a small relevan t part
of the case study is presented here.

The weather monitoring system is to provide auto-
matic monitoring of various weather conditions, and in
particular measuring wind speed and direction, tem-
perature, barometric pressure and humidity. Further
detailed requirements are not particularly relev an tto
this study and can be found in [1]. Figure 2 shows a
partial design of the weather monitoring system, con-
taining a class diagram and an illustrative state tran-
sition diagram [1]. The class diagram involv es ten or-
dinary classes (excluding RainfallSensor) and three
abstract classes, with association, has and inheritance
relationships bet ween them. The state transition di-
agram IMstd details the class InputManager’s state
changes upon pressing different types of user input
keys.

The implementation document is a C++ program,
in which there is a C++ class for each design class
in the class diagram abo ve. Among these C++
classes, there are relationships mirroring the associa-
tion, has and inheritance relationships bet ween their
corresponding design classes. In addition, other mod-
ules/segments may also be present in the implemen-
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tation document, con taining emities such as the main
function and type declarations. In particular, the re-
lationships betw een the declaration and use of a ype
can be explicitly captured.

Bet w een the aities of the design document and the
en tities of the implementation document, there exist
different types of relationships. In particular, there is
a designToImp relationship betw een the erire design
document and the en tire implementation document,
and a hasImp relationship betw een a design class and
its corresponding implementation class. (Note that the
implementation class also depends on the design class’s
state transition diagram, which is captured indirectly
by the relevan thasSTD and hasImp relationships.)

Methodology-specific formulation. T o capture
some of the above methodology-specific characteristics,
we ha e the following type definitions for the document
structures and relationships:

DesignDoc = ClassDiag { STD } ...;
ClassDiag = { Class } { AbsClass } ...;

association =

<Class | AbsClass, Class | AbsClass>;
has = <Class | AbsClass, Class>;
inheritance =

<Class | AbsClass, Class | AbsClass>;
hasSTD = <Class, STD>;

ImpDoc = CppProgram;

CppProgram = { ImpClass } { ImpAbsClass }
MainFunc { TypeDec } ...;

TypeDec = EnumDec | ...;

EnumDec = "enum" TypeName EnumValues;

impAssociation =
<ImpClass | ImpAbsClass | MainFunc,
ImpClass | ImpAbsClass>;
impInheritance = ...;
impHas = ...;
typeToUse = <TypeDec,
ImpClass | ImpAbsClass | ...>;

designToImp = <DesignDoc, ImpDoc>;
hasImp = <Class, ImpClass> |
<AbsClass, ImpAbsClass>;

Note that the abo e type definitions are only part of
those required for the case study and are selected with
the c hosen application in mind.
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Figure 2. A partial design of a weather monitoring system.

Further characteristics of the development method-
ology can be formulated as properties of the artifacts
and their relationships. F or example, the requiremert,
that a design class must havea corresponding im-
plementation class can be formulated as a property
classMatch: the mathematical relation formed from
all the relationships of the type hanImp is total relative
to all the design classes:

classMatch == total(hasImp,Class U AbsClass);

The correspondence bet ween the inter-class relation-
ships at the design level and those at the implementa-
tion level can be formulated as a property relMatch:

relMatch == ((a, b) € association A
(a,c) € hasImp A (b, d) € hasImp
= (¢, d) € impAssociation)
A ((a,b) € has A (a, ¢) € hasImp A
(b, d) € hasImp = (c, d) € impHas)
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A ((a,b) € inheritance A
(a,c) € hasImp A (b, d) € hasImp
= (¢, d) € impInheritance);

Augmented with the complete set of type rules and
properties regarding the chosen development method-
ology (including those presented abo ve),the generic
en vironmert becomes a softw are engineeringen viron-
ment specific to that methodology. With assistance
of this methodology-specific environment, the soft w are
engineer may dev elopvarious applications, including
the weather monitoring system.

An application-specific design decision. During
the dev elopment of the w eather monitoring system,
various design decisions are made. One particular deci-
sion is to introduce a new type declaration enumerating
the different kinds of sensors, so that it can be used by
various implementation classes:



//Enumeration of sensor names
enum SensorName {Direction, Speed,
Temperature, Humidity, Pressure};

An example use of this type is that the implemen-
tation class ImpDisplayManager (corresponding to
DisplayManager) uses it to discriminate the display
functionality according to the sensor type. There-
fore, there is a typeToUse relationship bet ween the
abo vetype declaration and the implementation class
ImpDisplayManager. Note that the methodology-
specific formulation given abo vecovers this conse-
quence of the design decision, i.e., the developer does
not need to introduce the definition of a new relation
type. He or she can simply introduce the required re-
lationship instance of the type typeToUse.

F ollo wing the abo vedesign decision, more im-
portantly, we introduce a relationship of type
enumToImpClassH bet ween the above enumerated type
declaration and the root of the inheritance hierarchy in
the implementation document (i.e., ImpSensor) in or-
der to indicate that the values in the enumerated type
declaration reflect the ordinary classes on the inheri-
tance hierarchy:

enumToImpClassH =
<EnumDec, ImpClass | ImpAbsClass>;

Note that this new relation type is not due to the de-
velopment methodology or the language used, but is
rather due to the above application-specific design de-
cision. After defining the above relation type, the de-
veloper may introduce the actual relationship instance
to facilitate traceability bet ween the type declaration
and the inheritance hierarchy.

T o further formalise or corvey the intent of the de-
sign decision and make it more precise in terms of the
relev an tartifacts and relationships, w eintroduce the
follo wing property:

enumProp == (g, b) € enumToImpClassH =
#a.enumValues =
#{c: ImpClass e (¢,b) € impInheritance’}

which states that if there is an enumToImpClassH re-
lationship bet ween an en umerated type declaration a
and an implementation class b, then the number of
en umeration walues in a is equal to the number of or-
dinary implementation classes on the inheritance hier-
archy rooted atbh.

In general, the enumToImpClassH relation and the
enumProp property formally capture the major impli-
cation of the abo vedesign decision (about introduc-
ing the enumerated type) in the design specification
(including the design and implementation documents).
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The introduction of the relationship and the enforce-
ment of the property will ensure that the design de-
cision is follow ed. F or example, an y violation to the
enumProp property will result in inconsistency in the
dev elopment, which may indicate that further changes
to the development are required (see below for an ex-
ample).

Use of the formalised design decision. In
terms of softw arecomprehension, w emay follow the
enumToImpClassH to na vigate easily from the emmer-
ated type declaration to the inheritance hierarc hyor
vice versa in the process of understanding the sys-
tem design and implementation, especially reflecting
the abo vedesign decision. More importantly, the
enumProp property captures precisely the intent of the
design decision and enables the developers to gain an
accurate appreciation of the design decision made ear-
lier. This precise formulation is particularly important
since the developers who later have the need to under-
stand the design decision may not be those who made
the decision.

As mentioned above, the property characterising the
design decision can be used as a constraint on the de-
velopment. During the initial dev elopmen or subse-
quent maintenance, we may enforce this constraint to
ensure that the decision is follow ed ev ein the event
of changes. Forexample, an accidental or deliberate
deletion of an enumeration value will result in the vio-
lation of the property enumProp. This will prompt the
dev eloper toinspect the enumerated type declaration
and the inheritance hierarchy concerned and to restore
consistency as appropriate.

Another particular use of the above formalised de-
sign decision is to facilitate change impact analysis and
change propagation during softw are mainenance. As
presented in [1], a possible change to the weather moni-
toring system is to measure an additional weather con-
dition, rainfall. Among other modifications to the de-
velopmert is the one that introduces a new design class
RainfallSensor, which inherits from the abstract
class HistoricalSensor (see Figure 2). This initial
modification in the design raises the need for a new cor-
responding implementation class ImpRainfallSensor
according to the classMatch property and an in-
heritance relation bet ween ImpRainfallSensor and
ImpHistoricalSenso raccording to relMatch.

According to the design decision-related property
enumProp, the introduction of ImpRainfallSensor
into the inheritance hierarc hyin the implementation
document further raises the need to modify the enu-
merated type declaration, i.e., to add a new enu-
meration value denoting the new sensor. The need



for this consequent modification can be automatically
iden tified based on the enumProp property and the
enumToImpClassH relation during change impact anal-
ysis. The relevant change pattern for this impact rela-
tionship is as follows:

{(a : ImpClass, intr oduction } —
{(b : EnumDec, up datd} :
(b, ¢) € enumToImpClassH A
((a = ¢) V (a,c) € impInheritance’);

which states that the introductionof an implementa-

tion class a will lead to the up date of an enumerated

type declaration b if a is on the inheritance hierarchy
that is related to b via an enumToImpClassH relation.

During change prop agation the violation of the prop-

erty enumProp after the earlier changes will guide the

dev eloper to male the consequent change on the enu-

merated type declaration, so that the property can be

re-established and the initial design decision is (again)

being enforced. Details of our strategy for softw are
change impact analysis and change propagation are

outside the scope of this paper, and can be found in

[8]-

In summary, this case study has sho wn that the
formalisation of design decisions in terms of softw are
artifacts and their relationships can be used to facil-
itate bro wsing, na vigation, reasoned traceability, pre-
cise understanding, consistency chec king and enforce-
ment, change impact analysis and change propagation.
These capabilities are applicable in both initial devel-
opment and consequent maintenance of a softw are ap-
plication, due to the fact that the dev elopmen and
maintenance are carried out in the same support envi-
ronment.

4. Related work and discussions

Early w orkon design rationale modelling, such as
gIBIS [3] and DRL/SYBIL [11, 9], concentrates on the
argumentation process and model during system de-
sign. The models involv e a range of concepts sul as
goals, issues, positions and arguments as well as their
relationships. DRL/SYBIL also uses decision metrics
in weigh ting the alternatie positions. How ever, these
early approaches are not particularly concerned with
the relationships bet ween design argumentation and
actual design artifacts, which are important in the un-
derstanding of the development.

More recent systems dealing with design rationales
and design decisions not only include a design rationale
model, but also support the linking betw een the design
rationale model and the softw are artifact model repre-
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sen ting the actual design. These systems include De-
sign Recording [13], REMAP [14], ED-LOD [2], DRCS
[10]and Proteus [12]. The rationale models in these
systems are more sophisticated than earlier systems
with richer semantics tow ards the support for softv are
dev elopmertt. Some of them are specifically tailored for
a particular domain or aspect of (softw are) system de-
velopmert, e.g., DRCS for concurrent engineering and
REMAP for requirements engineering. To a varied de-
gree, they facilitate the traceability bet ween the actual
dev elopmert /design (captured by a softw areartifact
model according to a dev elopmen methodology) and
the decision-making process (represented through a de-
sign rationale model). In particular, Proteus aims to
pro videa practical and easy-to-use system for design
rationale support by adapting existing models.

Our w ork reportedin this paper builds on the ex-
isting work on design rationales and design decisions,
and provides further support for softw are comprehen-
sion and maintenance by formalising design decisions
in terms of softw areartifacts and their relationships.
It is set in the con textof a softw areengineering en-
vironment, where the softw are artifact model, the de-
sign rationale model and the inter-model relationships
can all be represented. Since the environment supports
fine-grained representation of documents and their re-
lationships, the inter-model relationships can be for-
mulated at any desired level of granularit y. The envi-
ronment’s capability of dynamic augmentation forms
the basis for the formalisation of application-specific
design decisions as the development progresses.

5. Conclusions

In this paper, w eha veintroduced an approach to
formalising design designs in terms of softw are artifacts
and their relationships. Our approach is set in the con-
text of existing w orkon design rationales and design
decisions, and focuses on supporting the traceability
(or relationships) among the softw are design, design ra-
tionales and design decisions and on formalising design
decisions as properties of the dev elopmen. Its auto-
mated support is based on the dynamic augmentation
capability of a softw are engineering ewironment.

With formalised design decisions, w e are able to
achiev e better support for sof are comprehension and
maintenance. In terms of softw are comprehension, the
relationships and properties that characterise design
decisions facilitate browsing, navigation and traceabil-
ity among the relevan t artifacts. The properties cap-
ture precisely the inten tof design decisions and aid
their comprehension. In terms of maintenance, the re-
lationships and properties can be used for consistency



chec kingand enforcement, to ensure that the design
decisions are follo w edduring initial dev elopmen and
subsequent maintenance. In particular, they can be
used for change impact analysis and change propaga-
tion, so that the ripple effects of a change can be iden-
tified and the task of maintaining the en tire system’s
consistency is made easier.

The case study reported in this paper has been com-
pleted. We are currently examining other typical case
studies to refine our approach. A tthe same time,
w ork on direct tool support for the approah is being
carried out in our softw areengineering en vironmert.
Other issues for further investigation includesupport
for changes to design decisions and closer integration
with support for softw are c hange managemet
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