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1. Problem Statement at least four major sections to document a paticul
pattern, i.e. context, problem, solution and qualit
Software architecture (SA) of a product family consequences. We have observed that each documented
constrains the achievement of various quality ates ~ Pattern has several scenarios, though informally
(such as reusabilty, performance, security, described, which specify the quality attributesanted
maintainability and usability) [1]. A number of rheds, by the pattern and associated quality consequeki¢es.
such as Architecture Tradeoff Analysis Method (ATAM  believe that this invaluable information that slibile
[2], Quality Attribute-oriented Software Architeceu systematically captured and documented as reusable
design method (QASAR) [3] and Quality-driven artifacts to improve product line software architee
Architecture Design and Analysis (QADA) [4], have design and evaluation processes.
been developed to pay significant attention to iGual Software architects can greatly benefit from the
related issues at the software architecture leliekse  abstract scenarios distilled from the patterns ryri
approaches heavily depend on architectural stytes a Software architecture design. These scenarios @n b
patterns to design candidate architectures and onused to precisely articulate the quality requirethemd
scenarios and associated reasoning frameworks tgehsure the quality requirements are complete. These
evaluate software architecture for desired quality 9eneral scenarios can also help an architect fgtent

attributes. suitable architectural mechanisms for architectural
A quality attribute is a non-functional requiremerit ~ drivers. Moreover, these scenarios can also support
a system, e.g., reliability, modifiability and sorth. apply more rigorous reasoning about the design

Scenarios are widely used in product line software decisions with respect to the desired quality fattes.
engineering: abstract scenarios to capture behatiou From software architecture evaluation point of viefw
requirements and quality-sensitive scenarios taifpe the abstract scenarios that characterize the yualit
architecturally significant quality attributes. attributes satisfied by the patterns used in tifevace
Pattern5 embody proven solutions to recurring are available, it will improve software architeaur
problems by capturing concentrated wisdom of many evaluation and reduce the time and resources estjtor
experienced practitioners. Patterns are a vitalnmed  9ather scenarios from scratch for each evaluaffonte
designing software architecture of |arge Comp|ex However, we have observed that there is very little
systems. One of the major objectives of using pastes use of the architectural information, embedded in
to develop a software system with predictable non- Patterns, during software architecture design and
functional properties [1]. Each pattern helps aghiene ~ evaluation processes. We see two reasons for Ihis:
or more qua“ty attribute and may hinder others. In there is little guidance on how to extract the dectural
product line development, an architect designs ainformation from patterns; 2) existing format oftigan
desirable software architecture by composing a mumb documentation is not appropriate to explicitly dpdhe
of architectural styles and patterns. relationships of scenario, quality attributes, aadterns.
Scenarios are used to characterize quality goals an /N [7], we demonstrated how to mine patterns for
patterns are used to achieve those goa|s_ Moreover,architectural information. To address the SeCOdeS
scenarios are used to reason about the desigriattscis We propose a framework of two templates to document
during software architecture design stage and &tuete the architectural information extracted from pattein a
that software architecture with respect to targelity manner that facilitates the use of this informatitbming
requirements. Recently, there have been attempts to>A design and evaluation activities.
codify the links that exist among scenarios, qualit

attributes, and patterns [5, 6]. 2. The Solution
However, there has been little research on
systematically studying, identifying, and documegti We have demonstrated that software patterns can be

the synergistic relationships that informally exiseach mined to extract architecturally important inforiat
pattern’s description. There are different formats [7]. However, the extracted information must als® b
describing patterns. However, each type of fornsgtsu  documented in such a format, which makes it readily
useable during software architecture design and
evaluation activities.

1 By patterns we mean architecture styles or patterns.



We propose a template to document architecturalrepository of design patterns to support software

information (i.e. general scenarios, quality atitéds,
tactics, usage examples and so on) to support &@tw
architecture design and evaluation processes. We ha
developed a simple process of identifying and exitng
the architectural information from patterns. Our
proposed approach

architecture design and evaluation process.

Table 1 presents the first template, which capttines
information extracted from patterns. This templa&e
more appropriate during architecture design stagerev
abstract scenarios are used to characterize require

is supported by a web-basedquality attributes and suitable patterns are chosen

Table 1. A template to document architecturally sigificant information found in a pattern

Pattern Name: Name of the software pattern

| Pattern Type: Architecture, design, or style

Brief description

A brief description of the pattern.

Context

The situation for which the pattern is recommended.

Problem description

What types of problem the pattern is supposed doesg?

Suggested solution

What is the solution suggested by the pattern tiyes$ the problem?

Forces Factors affecting the problem

& solution. Justifioa for using pattern.

Available tactics

What tactics are used by the pattern to implemteasblution?

Affected Attributes Positively

Negatively

Attributed supported

Attributed hindered

Supported S1

general S2

scenarios S..n

Usage examples Some known examples of the usage of the pattaoite the problems.

We claim this template makes the relationships 3. An Example

among scenarios, quality attributes, and pattexpBod.

Moreover, the proposed templates also capture 6éne o

the most important parts of a pattern descriptiorces.
The forces of a pattern describe the factors wictessh
causes the problem that the pattern attempts @ $xyl
resolving the clashes among those factors. Thisghsw
captures tradeoff and considerations of designEns.
forces of a pattern are usually described impjiciti

most of the pattern documentation styles. Recently,

In this section, we demonstrate how to use the
proposed template to document the information
extracted from a pattern. We also describe a simple
process that we usually follow to identify and extr
relevant information. We have stated earlier thsatally
a pattern’s documentation consists of four sections
context, problem, solution, and quality consequsnce

Figure 1 presents a diagrammatic guide to spotting

software engineering community has started paying architecturally significant information from a pextd

appropriate attention to the forces of a patterrain
attempt to fully understand the problem and sotutio
described in a pattern [6, 8].
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Figure 1. where to find relevant information

description. We have found that scenarios are snostl
found in problem and solution sections, while fercan
also be found in these sections. However, there@re
patterns description styles that use separateossctor
forces. The quality attributes affected (positivedy
negatively) by the patterns are described in thalityu
conseqguence section.
We have followed following simple steps to identify
and extract architectural information:
Select software pattern
Understand pattern documentation format
Explore different parts for information
Capture each type of information separately
Structure & document information in a readily
useable templates
To demonstrate the process of extracting general
scenarios and other pieces of information, we have
selected “Reflection” pattern [9], which is an
architectural pattern. This pattern provides a reeain
dynamically changing structure and behaviour
software without affecting the key design abstmatiin
response to evolving technology and requiremertiss T
pattern splits an application into two parts. A ankvel

of



provides information about the selected propediebe
system and makes the software self-aware. A basé le
part includes the application logic [9].

We have used Table 1 of our proposed framework of
documenting architectural information. Table 3 show
the extracted information from the Reflection patte

Table 2. An example of architectural informatiortragted from a pattern

Pattern Name: Reflection

Pattern Type: Architectural Pattern

Brief description

This pattern supports dynamic changes in the strecnd the behaviour of software systems.

Context

Building systems that support changeability.

Problem description

Changing technology and requirements needs antectivie that is open to modification.

Suggested solution

Make selected aspects of a software’s structurébaheviour accessible for adaptation.

Forces

Systems can be easily modified in response to ¢hgngchnology and requirements. Selec
aspects of the software can be adaptable and chlaleg&plit the architecture into two parts.

ted

Available tactics Split the architecture into mea level

and basel lend allow changes using metaobject protocols|

Affected Positively Negatively

Attributes Adaptability, Changeability Performance, efficiency, language independence
Supported S1| Anew feature request shall be accommodatedutithffecting the key design abstraction.
Abstract scenarios S2 | Achange in the environment necessitates changies function call mechanism.

Examples of usage

OLE 2.0, Car-dealer system NEDIS,

MIP

4. A Repository of Pattern-Based
Architecture Knowledge
The  Process-based  Architecture  Knowledge

Management Environment (PAKME) is a prototype
web-based system to support our proposed solution t
improve the reuse of pattern-based knowledge for
software architecting. The PAKME has been builtam
of an open source groupware platform, Hipergatg. [10
So far we have populated the repository by disglli
architecture knowledge from several J2EE [11] patte
and architecture patterns [9]. Currently, the PAKME
consists of four components; knowledge acquisition,
knowledge maintenance, knowledge retrieval, and
knowledge presentation. The knowledge acquisition
component provides various forms and editing tdols
enter new generic or project-specific knowledgehe
repository. The forms are based on the templates (e
Table 1) developed to capture and organize pattern
based knowledge.

Figure 2 shows a template for capturing and
presenting patterns irrespective of the level of
granularity (i.e., architecture, design, or framewo

<A hipergate :: View Pattern - Business Delegate - Microsoft Internet Explorer provided b... Q@@
View Pattern =
Name Business Delegate
Type Design pattern.
Thas pattern reduces coupling between tiers and provides an entry pomt for
i accessing the services that are provided by ancther tier. It may also provide results
Description 4 Z
caching for common requests to improve petformance. It typically uses a Service
Locator to locate a service
In a distributed system, clients may be exposed to the complemity of dealing with
Context
the distributed components that provide services
Presentation-tier components mteract directly with busmess services, which
Problem exposes the implementation detadls of the services to the clients. Such a direct
interaction makes the clients vulnerable to any changes in the business services
Use Business Delegate to reduce coupling between presentation-tier chents and
Solution business services. The Business Delegate hides the underlying implementation
details of the business service
Parent No Parent Available
Forces 1) Business Service
Tactics 1) Delegate Proxy 2) Delegate Adapter
Positively
Affected 1) Berformance
Attributes Negatively
1) Complexity 2) Introduce new laver
General |y py o5 oy pD.S2
Scenario e
Usage 1) E-Commerce
Examples

based). A pattern may be composed of other pattern
(i.e., architectural pattern containing designgratt) and
each pattern may have several tactics attached T i
support the reusability at the design decision lleve
PAKME's repository contains design options, which a
design decisions that can be considered and/ouatesl

to satisfy one or more functional or non-functional
requirements during architecture design. For exampl
Java RMI or publish-scribe design options can tedus
for event notification purposes. Each design opi®n
composed of one of more architectural and/or design

patterns and each of them composed of one or more, ifaéts.

tactics. For example, publish-scribe design option
applies publish-on-demand design pattern.

Figure 2: Template to capture and present patterns

Figure 3 shows a form for entering a new pattern in
the repository. While entering a new artifact, ad eser
can view the existing artifacts in the backgroursl a
shown in Figure 2. For example, if a user's sedaib
to retrieve a particular pattern, the user may dk¢o
enter that pattern in the repository. The knowledge
maintenance component provides various features to
modify, delete and instantiate different architeatu
It also includes repository adminisoati
functions.




Figure 3: A form for entering a new pattern in &i€R

The retrieval component supports both basic ar
advanced searches to find and retrieve the depiszg
of knowledge. Moreover, a user can traverse tefit
related artifacts by navigating through the knowgked
space based on the initial results of a searchyque
(Figure 4). Figure 5 shows the interface to modgify
artifact stored in the repository using PAKME'’s
knowledge maintenance features.

patterns’ documentations incorporate significanbam

of architectural information that should be systecadly
extracted [7]. However, the extracted informatian c
only be useful if it is documented in a manner thakes

it readily useable during the architecture desigwl a
evaluation activities by making the relationships o
scenarios, quality attributes, and patterns explidie
have proposed an approach to effectively captuee th
extracted information and promote its efficient.udée
have also developed and populated a repository of
design patterns to support the proposed approach.

Name |Business Delegate
Type | Design pattem v B

This patterm reduces coupling hetween tiers and provides an entry j
paint for accessing the services that are provided by another fier It may
also provide results caching for common requests to improve

Description performance. Itypically uses a Senice Locator to lacate a senvice.

Context In a distributed system, clients may be expased to the complexity of [
dealing with the distributed components that provide services. j

Presentation-tier corponents interact directly with business senvices, B

Problem o expuses the mplementation tetals ofthe semces ote %]

Use Business Delegate to reduce coupling between presentation-tier ﬂ
clients and business services. The Business Delegate hides the 7]

Child of v B

Solution

Forces  (Flease add fators aflectingthe problem and solutian ] & Add Forces
Available Tactics  (Please add tactics which are usedtoimplement the solution.) {} Add Tactics

Affected ASR 4% agt Positely Miected % Add Negatively Afzcted

Supported

General Scenarjp (2352 349 supported genersl scenarios.| a Add General Scenario

Usage Examples  (Piease add examples of usage of the pattern to solve the problem.) #* Add Usage Example

Keywords  (piease add keywords ) & g Keywords

Figure 5: An interface to modify a stored pattern

Future work includes incremental refinement of
search queries based on the results of the baaictse
and supporting contextual based provision of patter
based architecture knowledge. We are particulagignk
to test the pattern-mining process and tool in stidal
settings, so that their applicability and scal&pitian be
thoroughly assessed.
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