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Abstract. Patterns sould be incorporated in a software system in an explicit form
so that they will be known to subsequent developers. In order to support pattern
application, two basic requirements soud be fulfill ed: tracedility and visibility. In
our method, design petterns are represented as design comporents that may by
placel in the library of pattern prototypes. From a prototype, an instance ca be
creged when designing an actua applicdion. In the paper, we describe prototype
structure and the way of deriving pattern instances from the prototype.

1 Introduction

Design patterns are becoming an acceted way of communicaing design krowledge
among software developers. With current caalogues of design petterns, software
developer can choose apattern and apply it to hisher adual design. However, applying
design patterns may not be eay. Designs patterns, while useful and important, often
complicate design and may bring for example alditional levels of indiredion into adual
design [6]. Applicaion of design patterns may also be tedious becaise of alot of manual
work to be done [3]. Beside that, it is gill not obvious how pattern application influences
the software development process One an imagine the case when patterns come first and
the gplication spedfic code is incorporated into the skeleton gven in the particular
pattern. But it is also passble to apply patterns when (a part of) an applicdion exists. In
this case, due to the pattern presence it may be necessary either to refador existing parts
or adign rew ones or bath. In both cases, patterns should be incorporated in a software
system in an explicit form so that they will be known for subsequent developers. In order
to suppart pattern application, two basic requirements should be fulfill ed:

1. pattern tracedility: patterns intended as an unit at one development stage should

be tracedl e to next devel opment stages

2. pattern visibility: after pattern applicaion, the partsrelated to petterns are visible.
Current way of formulating design patterns sems to be asatisfying way of formulation.
But for a user who wants to apply patterns to his’her design problem and hopes aso for
some toadl suppart, the aurrent pattern presentation is not satisfactory. When a pattern from
a cdalogue is chosen and manually applied, i.e. incorporated into the adual design,
neither visibili ty nor tracedility of design patterns can be guarantead to be preserved any
more. In order not to lose an information about pattern presence in the adual design, a
more gopropriate representation of patternsis needed. We suppacse that design patterns are
represented as design components that may by placed in the library of pattern prototypes.
From a prototype, an instance may be aeaded when an acdual applicaion is designed.



This paper is organised as follows. Sedion 1 starts with motivation, introduces new
terminology and describes shortly the Bridge pattern. Our tedhnique for representing
design patterns is based on pattern prototypes. Sedion 2 describes prototype structure in
general and as example gives the Bridge pattern prototype. The way in which pattern
instances are derived from the prototype is shown in Sedion 3.

1.1 Motivation

A pattern gets easily lost after it is applied becaise design patterns do not have dired
counterparts in the design or implementation phase. An applied pattern is gread over
severa places in the design and code. To record pattern presence seems to be substantial
from a perspedive of subsequent devel opments.

In any nontrivial software system there will be several design patterns applied that may
overlap. In such case, a dassparticipates in more patterns. Each pattern contributes to its
properties and behavior and it is impossible to name apattern participant after the name
given in a pattern caalogue. Pattern related naming is also excluded if one patternisto be
applied more than once within the same software system.

The above described requirements for pattern tracedility and visibility cannot be in
general met if a pattern is applied from currently used pattern presentation. Our
motivation to represent patterns that alows to record pattern presence is even more
compelling when we cnsider the current state in the aeaof pattern detedion. It indicates
that the presence of a pattern in the software system without any additi onal information is
limited if possble & all [1, 8,11].

Our efforts to systemize pattern applicaion come out aso of the neal to keeg to
constraints and regularities that participation in the pattern imposes on each participant. In
al future development stages the pattern regularities, constraints and dependencies have
to be hold so that the pattern essenceis not broken.

1.2 Terminology

The term software pattern is being used excessively in aimost every software aea One
can think there is no need for another definition of patterns. But from the pattern
application point of view, it seems to be essential to dstinguish clealy among different
meanings of the word pattern. A pattern refers to bah the thing that livesin the @mde of a
well-written program, and the instructions that help us understand or build that thing [4].
Wefed it isreasonable to dfferentiate between them. The term pattern instance as addi-
tion to the term pattern is suggested. Whilst pattern acording to our concept refers to a
detail ed description of a given solution to the problem and is typicdly published in a cda
logue, pattern instance refers to those parts of an acually developed software that result
from pattern applicaion. A similar differentiation may be found in [5, 7, 9].

In addition to pattern and pettern instance, we introduce the term pattern prototype.
Pattern prototype refers to the solution part of a pattern and is represented in the
repository in a way suitable for pattern instantiation. Relationships among pattern, its
prototype and instance ae illustrated in Figure 1. Processof formulating pattern solution
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Fig. 1. Pattern application, representation and instantiation

esenceis cdled pattern representation. From the pattern repository, a prototype may be
chosen and instantiated into adtual design so that pattern instanceis creded. In Figure 1, a
difference between pattern instantiation and pattern application is illustrated. Application
of design patternsis a processthat starts from the pattern description in the caalogue and
ends with formation of a pattern instance. Pattern application produces instances that are,
as mentioned ealier, neither visible nor tracedle. Our basic ideais to replacethe airrent
way of pattern applicaion by a systematic gpproach when pattern prototypes are aeaed
first and from them pattern instances may arise in a cntrolled way. Visibility and
tracedili ty of patterns are key requirements for any tool suppart and would also improve
readability and maintainabili ty of software systems.

1.3 Bridge Pattern

As an example pattern that will be used throughout the paper, we show the Bridge design
pattern. Main goal of the Bridge pattern is to dewmuple an abstradion from its
implementation so that the two can vary independently [6]. Two separate dass hie-
rarchies, one for implementation and one for abstradion are bound through the
"implementation” relationship that bridges them and lets them vary independently. The
structure of the Bridge pattern is shown in Figure 2.

One particular problem that occurs when expressng pattern structure is that it does not
show the multiplicity of some of pattern’s participants. In the Bridge pattern, there can be
for example several Concretelmplementors but there ae exadly two shown in pattern
structure in Figure 2. Because of ladk of expressiveness, one structure instead of many
posshle ones is given. This lack is complemented in other parts of design pattern where
the multiplicity of some of pattern’s participants is explained in textual form or code
samples.

When a pattern is applied, those pattern parts with multi ple occurance are important. They
are proposed to be cdled pettern parametersin [12]. In this approach, pattern parameters
are flexible parts of the pattern structure that will be set to certain values when a pattern is
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Fig. 2. The Bridge pattern structure

applied. Considering differences among pattern, pattern prototype and pattern instance,
the pattern parameters as well as all pattern participants bemme free variables at the
pattern prototype level, which in the process of pattern instantiation will be bound to
spedfic values.

2 Pattern Prototype

Prototypes play a central role in our approadch. Prototypes are not patterns, they focus only
on the solution part of the pattern that is described mainly in its dructure, participants, and
collaboration. Becaise our concen is with pattern applicaion, the solution part
constitutes the are of our subjed. Other, moreinformal parts of the pattern such asintent,
motivation, or consequences, are not suitable for our representation. We ae aware they
provide important details for example in the processof identifying a suitable pattern to be
incorporated into hig’her design and suggest HTML files to complement the pattern
prototype.

Our objedive is to propose a pattern prototype representation that expresses pattern
solution as a set of possible pattern structures with associated constraints.

2. 1 Prototype Structure

Pattern prototype is a schema depicting all pattern relevant elements and their relations.
Elements are depicted by a redangle in the prototype and represent al those parts that
congtitute pattern solution. In the case of OO patterns, elements are dasses and methods.
It isin principle posdble to extend the prototype so that lessabstrad details are expressed
too, for example method parameters or method return values. Because of space
limitations, lessabstrad elements are omitted here.

Relations between elements are depicted by a rhombus. A relation has its name, maximal
and minimal cardinality, and an attribute that may spedfy what kind of relation it is dedt
with. Those relations that have cadinality one to many (1:N) are pattern parameters. They
cannot be spedfied to arbitrary values because setting a value to one parameter may
impose mnstraints on other ones.
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Fig. 3. Prototype for the Bridge pattern

Elements are in fad those roles that are to be played in a pattern. Relations conned the
roles and determine dependencies among them. Eacdh pattern prototype may be
acompanied by pattern constraints. Constraints quantify pattern parameters and restrict
possble pattern instances.

2.2 Example: Bridge Prototype

In Figure 3, a prototype for the Bridge pattern is shown. Elements and their relations
congtitute basic parts of the prototype. Abstradion, RefinedAbstradion, Implementor, and
Concretel mplementor are the prototype dements that correspond to main classes in the
pattern. Abstradion and RefinedAbstradion are related through is_refined relation which
has cadinality one to many becaise many RefinedAbstradions may be spedfied.
Operation, Operationimpl, and RefinedOperation are method elements of the Bridge
prototype. They are related to the dass elements by provides and defines relations which
are relations occuring in many design patterns. One for the Bridge pattern spedfic relation
isimplementation.

Besides the &ove dements and relations, the Bridge prototype cntains also apattern
element named BridgePattern. This element is of particular importance because it nhot only
makes pattern instance visible but it also alows many different and dstinguishable
pattern instances to be derived within the same software system.



A constraint that is attached to the Bridge prototypeis as foll ows:

for each Concretel nplementor
cardinality_of(Implementor.provides) = cardinality_of(Concretel nplementor .defines)

It states that the number of Operationimpl for the Implementor should correspond to the
number of Operationimpl for ead Concretel mplementor.

3 Pattern Instance

Pattern instances are design patterns applied in a particular design problem. Our technique
proposes to build pattern prototypes first and instantiate them in a ntrolled way.
Instantiation of pattern prototype produces a pattern instance that not only indicaes
pattern presence but also makes sgnificant parts of the constituting pattern visible.

The processof pattern prototype instantiation implies that general prototype structure will
be set to spedfic one by assigning the values to pattern parameters as well as by embed-
ding the pattern prototype in the gplicaion domain. By instantiation, flexible parts of the
pattern prototype ae fixed and general names are replaced by appli caion spedfic ones.

An important asped is that the proposed instantiation supparts multiple instances of the
same prototype to be derived within the same software goplicaion. For ead use of pattern
prototype, a spedfic pattern instance is creaed that distinguishes them one from another.
Besides this, constraints attached to the prototype enable to chedk structural dependencies
in the pattern instance so that pattern regulariti es are obeyed.

3.1 Example: Bridge Pattern Instance

An instance of the Bridge pattern that occurs in the Lexi design is depicted in Figure 4.
Lexi isadocument editor introduced as a case study in [6].

The values to pattern parameters are asggned in the prototype instance, for example there
are three Concretel mplementors. All Lexi spedfic dements are typed after the roles they
play in the pattern. This enables to determine the dassmethod role in the pattern. In
addition, methods are becoming explicit. There dso exists a spedal class for the pattern
named LexiBridgePattern that records the pattern presence. This classpoints to the most
important classesin the pattern. Relations are depicted uniformly in the diagram. The kind
of relation is determined by its name and its gpedfic multiplicity is explicitly stated.

Becaise mnstraints are dtached to the prototype from which the instance has been
creaed, structural dependencies may be examined.

4. Related and Future Work

One reason for proposing a pattern representation is to devise atod that could suppart
tasks of detedion or applicaion of design patterns. Todls that asdst in pattern oriented
software development have been discussed in severa papers.

A predse visua spedficdion for design patternsis proposed in [9]. Threedifferent visual
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Fig. 4. The Bridge pattern instancein the Lexi document editor

models that represent a pattern at distinct level of detail permit the designer to operate
with patterns at a higher level of abstradion without impredsion and ambiguity.

Unified Modeling Language [2] proposes collaboration diagrams for design pattern
representation. In UML, design patterns are depicted as a dotted ellipse with lines
conneded to pattern related classes and oljeds. This approach does not suppart multiple
occurrences of some pattern participants and dependencies among them. Also, to crede
severa posshle instances within the same software system may be troublesome.

An approacdh that relies on formulating patterns in a tangible and composable form is pre-
sented in [7]. An extension to Unified Modeling Language is propacsed that depicts design
pattern components in the notation similar to padkage notation. Different constituents that
describe the design component can be displayed by zooming into detail ed view.

In [5], every pattern is represented by a prototype mnsisting of a set of fragments that
fulfil aparticular role for the pattern. Unlike our approach they make no dff erence among
pattern relevant fragment and al of them i.e., not only classes and methods, but aso
assciation relations, containment relations, and inheritance relations, are diredly linked
to the roct pattern fragment.

In [10], a metalevel approach is chosen to represent patterns. A pattern is modelled as a
metaschema that assembles components and relationships making up a pattern. A schema
that is an instantiated metaschema, describe gplicaion dependent pattern instances.
Through the FACE environment, the schema is given runtime semantics. Unlike our



schema, this approach makes explicit difference between class and method components.

In subsequent work, a cdalogue of design patterns should be reformulated into alibrary of
design pattern prototypes. A tool manipulating pattern prototypes is to be proposed in
detail s and the way how pattern prototypes may be incorporated into a wider framework
supparting software development based on design components will be investigated.
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