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1 Introduction

Software architecture is inherently multi-dimensional: any

decomposition of a system hides other important structures.

Cross-cutting concerns:

- variation points

- maintenance tasks

- comprehensibility issues

- features, use cases

- global concerns (like persistence, distribution, etc.)
- design patterns, platform-specific patterns

- other design dependencies
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How are cross-cutting concerns managed?

Industry

- documenting

- commenting

- programming conventions (e.g. haming)
- special tracing facilities

- personal communication, meetings

- metadata annotations

- ... but mostly not managed...

Academia

- AOP, SOP, Multi-dimensional separation of concerns

- AspectJ, Hyper/J

- separate concerndescriptions merged ﬁ
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Challenge: multiple dimensions in
heterogeneous software artifacts

Architecture model public class Person

extends Customer {

public Person(String name) {
super(name);
doSomething ();

Concern

L
Source code

Requirement 4.34: ...

<persistence>

Requirement 4.36: ... </persistence>

Requirements Detailed design model Deployment deseti
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2 Generic patterns

* Idea: use a pattern-like structural description to capture
a slice consisting of system artifact elements
participating in a concern (a generic pattern)

* An instance of a generic pattern is bound to elements in
system artifacts

* A generic pattern:
- can represent any concern
- is not tied to particular artifact type or notation
- is generative: supports the producing of artifacts
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What is a generic pattern?

* A generic patternis defined by:
— a set of roles that can be bound to artifact elements
— a set of constraints on the roles
— descriptions of default elements to be bound to some roles
— informal explanations about the pattern

» Constraints are used for:
— stating the relationships that must be followed by the elements
bound to different roles
— enforcing certain attributes on the bound element

* Informal explanations:
— instruct the pattern user to perform bindings
— give information about the meaning of a role in the pattern
— are adapted to current bindings $
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Simple example: minipattern for a class

- r—’_'—__—_—_—r' Customer
-~ | bindings
¢ ————=-pid
\
* / . . |
is-contained-by Class(*) , is-contained-by /’
/
7 /
~ /
- /
-~ /
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get + Field.elementName}

| multiplicity: how many instances? |
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Example: extension point

Tool , Root
\ / /
il \ setUp===-=7-""----
/ Z% \ IA _— -y instantiate RectangleTool
( \ _- -
{ \ ll s -
\ rd
: RectangleTool | | | 7
\ | | 7
) L
/ /
\/ ) / Yavi
I\ Eoncept Cl|ent// |

Instantiation
Code

Concretelmpl instantiate
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Example: extension point

Tool //* Root
/
//V \ setUp
/ \ A
/ \ '
| \ !
| v
[ )
\ ]
\ 1!
\ _ ]
\Eoncept Cl|ent// /

®

Instantiation
Code

®

Concretelmpl instantiate
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Example: linking requirements with
architectural solution

Person storeMethod | <<interface>>
Storage
Requirements: Qe /7‘ .
/ R L
T g %
|
Req3.45:4 "~ \
It should be \ FileStorage

possible to easily
change the storage
media for business
entities

store

Strategy pattern
instance $
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Example: linking requirements with
architectural solution

Person

storeMethod

Requirements: serialize

Req3.45:4~ "~ —
It should be
possible to easily
change the storage
media for business
entities

Strategy pattern
instance

<<interface>>
Storage

, store
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Using generic patterns

Checking:
| p Does p(A,B)

B
A
|
|
@/\ @ hold?
x y

M >

B

AI Visualization

p | Highlight

| | elements

P @ participating
X y

in the pattern

A
A
|
|

Tracing:

Given B, what

is A?
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Nice things about generic patterns

» The existence of a concern is completely detached from the system
representation: the system is untouched

« Concerns presented as generic patterns can be arbitrarily overlapping:
the same system element can play different roles

* An unbound or partially bound generic pattern instance can be transformed
(by the tool) into a task list with explanations

« The binding process (or "weaving") is controlled by the designer:
no magic

* The same mechanism can be used to a variety of purposes, depending on
what entities are bound to the roles

» The mechanism is in principle neutral to artifact types and notations ﬁ
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3 Tool support for generic patterns

Generic pattern tool:
- allows the specification Req UML Java XML
of concerns as generic
patterns
- allows the binding of
roles to elements .
- enforces constraints K
associated with roles ‘
- supports generation .
of elements '
I
1
1
1

- keeps track of the
concern for various
purposes

Generic pattern instance
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User interface

Rose
<121
028/420|8|°0BEBBBE|7 < 5aQa A UML model being

I [ ~mx constructed according

L
to a pattern
o ® o o — P
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|__ The used pattern
| library

=
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4 Application examples

» Framework specialization environment
» Maintenance support environment

» System learning environment

* Variability management environment

* Open MDA environment

£
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Framework specialization

Framework = A collection of classes implementing the basic
architecture for a family of software systems, to be specialized into an

application by adding application-specific code.

Application- Specialization
specific code interface

Specialization
pattern

&
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Framework specialization
Framework = A collection of classes implementing the basic
architecture for a family of software systems, to be specialized into an
application by adding application-specific code.
Specialization
interface
Specialization
pattern
Usage scenarios :
- generation
- checking
- visualization —
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Maintenance support

» Documenting maintenance concerns is valuable

— for recording logical connection between different parts of the system
thatis relevantfrom the maintenance viewpoint

— for repeating similar maintenance tasks

— for preventing new maintenance tasks from corrupting the effect of the
previous actions

— for undoing maintenance tasks

Generic patterns can be used to capture the software elements
related to a particular maintenance concern, with informal explanations
concerning the related maintenance action ("maintenance patterns").

£
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Example: copy-and-paste problem

Implementation of one method copied (and possibly modified) into other methods :

ClassA ClassB ClassC ClassD

— ?methodA _ P methodB ¥ methodC

//, methodD

Usage scenarios :
- generation

- visualization

- checking
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System learning

« To employ an existing software library, its structure should be first
learned and the required elements should be identified.

¢ The understandability of a complex system can be improved by
graphical representations (e.g. UML).

¢ A graphical model (e.g UML class diagram) may contain information
not relevant to the purpose of the learner.

* The learning process can be facilitated by a stepwise, guided
construction of a model customized for the learner.

£
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Using generic patterns for model
synthesis & customization

0.1 0. 1

° M il

A®?) B ¢k
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Example: SMS Messaging in Symbian OS

[y Message app
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Using concrete names for el B R e
application-specific model u
elements A—— [
Fax Elove i
I:'l‘% Custom Extension I3 ; 1 , o
=] W N -,
| Wi g I k
| S Webh Senacen
i |- Engrin
Comme app =TEL Telmiary | |
Envgiret S s
= > amms 110
Dainbass x Ly
z . Wesaagsi Webs Taeknohgs
] Prrbanak Libradis ]
| I |
e @ ! —
CE e o ]
e e _! = ! Ew:lorl '-—_EJ-ESL.(.?:H‘}
1. 2 e = l G2 L e T
L2, i
[zl Wl e
Cesces [
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Example: SMS Messaging in Symbian OS

Customized model for
Symbian communications
and networking facilities

[Py Momempmm | o et
L

Megeapetppa

I.n

el lner Spar Arss
W Tebaphoay Terer

ETEL Tefaghany
B v
Ln
'-"._ Wi i it
Frodocoba
. 4 ]

Usage scenarios: Eeoer S
- generation Sippodt ———  Serwr
- visualization
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Feature-driven variability management

A key issue in using product platforms: how to manage and use the
variance offered by the platform to produce new applications.

« Ideally, given a set of required features (and qualities?), a tool could
generate the application, or at least assist in the design.

« Black-box generation problem: the application designer loses track of the
application structure.

 Generic patterns can be used to capture the design decisions related to

a particular choice of features, and guide the designer through the
application development.

£
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Using generic patterns for feature-driven
application development

Usage scenarios:

- generation ) .
- visualization vdel Design model Implementation
- fracing class MyB extends X {
// - E }
/ class Y {
I/ o void oper() {
\ b'= new MyB(...):
\
\
~ ~
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"Open" MDA using generic patterns

PIM PSM code
class CMyEntityModel
. . . X implements IEntityModel {
Entity IEntityModel IEntityView private int a;
geta() {-}
A A seta() {..}
1 ' y
: : class CMyEntityView
g L L implements IEntityView {
YD CMyEntityModel CMyEntityView -
a: int .
aint class CMYEntityFactory
A implements IEntityFact
geta(,)' jnt :Eﬁtﬁ;nl\/elgdsel cregegﬁti;yh}odel() {..}
seta(int) + factory etc. ) IEntityView createEntityView() {...}
"Add
entity”
pattern entity mc;i‘ek factory
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5 Conclusions

« The relatively simple concept of a generic pattern has turned out to be
a surprisingly versatile mechanism for a variety of purposes.

« A light-weight infrastructure for representing concerns: systems are still
developed using conventional methods.

« But: if you have a hammer, everything looks like a nail.
« Is it worthwhile to use this concept (and tool support) in practice? Some
experiments have been made, but we are still investigating the

usefulness of the approach in industrial context.

« Limitations: relies on good APIs and easy ways to identify
"elements" in an artifact. Backtracking is still a problem.
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Metadata in Java

@sStateful public class CartBean implements ShoppingCart {
@Resource(name="myDB") // type is inferred from variable
private DataSource database;

@EJB private ProductService products;

@Inject public UserTransaction utx;
@Inject SessionContext sessionContext;

private float total;
private List<Product> shoppingCart;
public void buy() {...};

@PreDestroy endShopping() {...};
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Related work

There are many approaches which address the same or similar problems
Characteristic properties of our approach:

- language & artifact neutrality (e.g. AspectJ, Hyper/J, framed aspects)

- working tool support (e.g. MDSoC)

- relies on Ul rather than formalisms (e.g. Batory)

- generation of small-grained tasks from patterns (AOP, Batory)

- "open" weaving of an aspect (AOP)

- actual system is conventional and untouched (AOP)

- no links between elements in artifacts (requirements tracing tools)

- solution for multiple problem types: checking, generation, tracing,
visualization (e.g. Reiss)
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