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Short Introduction to AOSD
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Short Survey...

 Who has ever heard of Aspect-Oriented Software 

Development ?

 Who has ever used it ?

 Who is planning to use it?
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Separation of Concerns

Concern

 properties or area of interest

Separation of Concerns Principle

 Identification of the various distinct concerns

 Assignment of single concerns to single modules

 … to support quality factors
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Cohesion and Coupling

 Cohesion

 parts of a module are grouped because they all contribute to a single 

concern of the module 

 Coupling

 the degree to which each program module relies on each one of the 

other modules

Low Cohesive Module High Cohesive Module

Loosely Coupling High Coupling
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Figure Editor Example

A figure consists of several 

figure elements. A figure 

element is either a point or a 

line. Figures are drawn on 

Display. A point includes X 

and Y coordinates. A line is 

defined as two points.

Display

Figure FigureElement*

Point Line
getX()

getY()

getP1()

getP2()
setX(int)

setY(int)

setP1(Point)

setP2(Point)

2

Update Display if
elements move 

Add Concern tracking
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Display

Figure FigureElement
*

Point Line

getX()

getY()

getP1()

getP2()

DisplayTracking
setX(int)

setY(int)

setP1(Point)

setP2(Point)

2

Crosscutting Concern - example

Crosscutting

Concern
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Example - Tracing

class Point {

void set(int x) {

_x = x; 

}

}

class DisplayTracker {

static void updatePoint(Point p) 

{

this.display(p);

....

}

static void updateLine(Line l) 

{

this.display(l);

....

}

Display

Figure FigureElement*

Point Line

getX()

getY()

getP1()

getP2()

setX(int)

setY(int)

setP1(Point)

setP2(Point)

2

DisplayTracker

DisplayTracker.updatePoint(this);

class Line {

void setP1(Point p1 {

_p1 = p1; 

}

}

DisplayTracker.updateLine(this);

Tangling Code

Scattered

Concern
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Example - Tracing

Display

Figure FigureElement
*

Point Line

getX()

getY()

getP1()

getP2()

setX(int)

setY(int)

setP1(Point)

setP2(Point)

2

Tracer

traceEntry(String)

traceExit(String)

Tracing
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class Point {

void set(int x) {

_x = x; 

}

}

class Tracer {

static void traceEntry(String str) 

{

System.out.println(str);

}

static void traceExit(String str) 

{ 

System.out.println(str);

}

}

Display

Figure FigureElement*

Point Line

getX()

getY()

getP1()

getP2()

setX(int)

setY(int)

setP1(Point)

setP2(Point)

2

Tracer

Tracer.traceEntry(“Point.set”);

Tracer.traceExit(“Point.set”);

class Line {

void setP1(Point p1 {

_p1 = p1; 

}

}

Tracer.traceEntry(“Line.set”);

Tracer.traceExit(“Line.set”);

Tangling Code

Scattered

Concern

Example: Tracing
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Example – Tracing and Display Tracking

Display

Figure FigureElement
*

Point Line

getX()

getY()

getP1()

getP2()

setX(int)

setY(int)

setP1(Point)

setP2(Point)

2

Tracer

trace(String)

Tracing

DisplayTracking
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class Point {

void setX(int x) {

_x = x; 

}

}

Display

Figure FigureElement*

Point Line

getX()

getY()

getP1

setP1

setX(int)

setY(int)

setP1(Point)

setP2(Point)

2

Tracer

Tracer.traceEntry(“Entry Point.set”);

Tracer.traceExit(“Exit Point.set”);

Example: Tracing and Display Tracking

DisplayTracker

DisplayTracker.updatePoint(this);

High 
coupling

Low 
Cohesion
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Mapping Concerns to Modules…

m1

m2

m3

m4

m5

mn

c1 c2 c3 c4 c5 cm

modules

concerns

Separation of Concerns

Managing complexity

Increased Maintainability
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m1

m2

m3

m4

m5

mn

c1 c2 c3 c4 c5 cm

Tangling

Scattering

modules

concerns

Crosscutting Concerns
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Crosscutting, Scattering and Tangling

 Crosscutting 

 concern that inherently relates to multiple components. 

 results in scattered concern and tangled code

 Scattering

 Single concern affects multiple modules

 Tangling

 multiple concerns are interleaved in a single module
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Aspects Visualized - Tracing

Tracing concern is 

scattered over many 

modules.

In every module tangled 

code.
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Many more aspects… 
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The Cost of Crosscutting Concerns

 Reduced understandability

 Redundant code in many places

 non-explicit structure

 Decreased adaptability

 have to find all the code involved

 and be sure to change it consistently

 and be sure not to break it by accident

 New concerns cannot be easily added

 Decreased reusability

 component code is tangled with specific tangling code

 Decreased maintainability

 ‘ripple effect’
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Example of Crosscutting Concerns

 Synchronization

 Real-time constraints

 error-checking

 object interaction constraints

 memory management

 persistency

 security

 caching

 logging

 monitoring

 testing

 domain specific optimization

 ...
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What to do...?

 improve requirements analysis

 more and better design

 apply coding guidelines

 improve project management 

 process improvement (CMMI)

 improve testing

 more documentation

 …..
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Aspect-Oriented Software Development

 provides better separation of concerns by explicitly 

considering crosscutting concerns (as well)

 Does this by providing explicit abstractions for representing 

crosscutting concerns, i.e. aspects

 and composing these into programs, i.e. aspect weaving or 

aspect composing.

 As such AOSD improves modularity

 and supports quality factors such as

 maintainability

 adaptability

 reusability

 understandability

 ...
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class Line {
private Point _p1, _p2;

Point getP1() { return _p1; }

Point getP2() { return _p2; }

void setP1(Point p1) {

_p1 = p1;

}

void setP2(Point p2) {

_p2 = p2;

}

}

class Point {

private int _x = 0, _y = 0;

int getX() { return _x; }

int getY() { return _y; }

void setX(int x) {    

_x = x;

}

void setY(int y) {    

_y = y;

}

}

Example - AspectJ

aspect Tracing {

pointcut traced():

call(* Line.*) ||

call(* Point.*);

before(): traced() {

println(“Entering:” + 

thisjopinpoint);

after(): traced() {

println(“Exit:” + 

thisjopinpoint);

void println(String str) 

{<write to appropriate stream>}

}

}

pointcut

advice

aspect
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AOP Solution

Core Concerns

Display

Figure FigureElement*

Point Line

getX()

getY()

getP1()

getP2()

setX(int)

setY(int)

setP1(Point)

setP2(Point)

2

aspect Tracing {

pointcut traced():

call(* Line.*) ||

call(* Point.*);

before(): traced() {

println(“Entering:” + thisjopinpoint);

after(): traced() {

println(“Exit:” + thisjopinpoint);

void println(String str) 

{<write to appropriate stream>}

}

}

Aspect-Oriented 
Weaver

System
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Aspects Visualized

Aspects are localized in 
separate modules.
No crosscutting.

Tracing Aspect

Display Tracking Aspect
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Birazda Türkçe… 

English

 concern

 cohesion

 coupling

 scattering

 crosscutting

 aspect

Türkçe

ilgi

uyuşma

bağlaşım

saçılma

enine kesen

aspekt 
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Workshop Organization and Goals
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First TAOSD Workshop - 2003

http://www.cs.bilkent.edu.tr/taosd03/

Bilkent University
Faculty of Engineering
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Second TAOSD Workshop - 2007
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Third TAOSD Workshop - 2008

http://www.cs.bilkent.edu.tr/Bilsen/TAOSD-2008/
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Fourth TAOSD Workshop - 2009

http://www.cs.bilkent.edu.tr/Bilsen/TAOSD-2009/
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Aspect Browser

http://www.cs.bilkent.edu.tr/Bilsen/TAOSD-2009/

Aspect Browser
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Goal

 Improve consciousness on AOSD 

 Stimulate research and education on AOSD

 Reflect and foster state-of-the practice of AOSD

 Support MSc and PhD students in providing directions 

guidelines for their research
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AOSD Course at Bilkent University

http://www.cs.bilkent.edu.tr/~bedir/CS586-AOSD/
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AOSD Project

Tasks

 Select a case (existing or developed from scratch)

 Object-oriented design of the case; using object-oriented 
design patterns 

 Develop change scenarios 

 Problem Statement: explain the shortcomings of the object-
oriented design and identify crosscutting concerns, aspects

 Aspect-Oriented Programming in AspectJ

 and comparison with another AOP language

Deliverables

 Aspect-oriented program(s) in Java. 

 PowerPoint presentation 

 Workshop paper
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Bilsen - Software Engineering Group

http://www.cs.bilkent.edu.tr/Bilsen



36Fourth Aspect-Oriented Software Development Workshop – Bilkent University - Ankara

Organisation

Unique in two perspectives

 Presenters

 Mostly students

 Audience

 Students

 Visitors with probably no explicit/mature knowledge on 

AOSD
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Synergy – Win x Win x Win x  ….

 Synergy: Final outcome is greater than the sum of its parts…

Workshop goal = Win
n

 AOSD course students 

 Experience in workshop setting

 Experience in writing papers

 Experience in writing AOP program

 Workshop Participants

 Knowledge of AOSD domain

 Acquiring new ideas for development and research

 Bilkent University…

 Bilsen 

 Software Engineering Research and Education in Turkey

 …?
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4th Generation AOSD Experts in Turkey... 

Pamuk, 

Bahar

METU
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Workshop Program - Morning
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Participants

 Around 50-60 participants 

 Both from industry and academy
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