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Need for Separation of Concerns

Development requires focusing
on one concern 

at a time

Large … complex … distributed software systems
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Separation of Concerns

E. Dijkstra, A Discipline of Programming,
Prentice Hall, 1976, pp. 210

Edsger Dijkstra 1930-2002
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The Problem of Crosscutting 
Concerns

Broadly-scoped concerns
Distribution, security, real-time 
constraints, etc.
Crosscutting in nature
Severely constrain quality attributes and 
separation of concerns
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What are Crosscutting Concerns?

A concern whose specification (and implementation) is 
scattered among several other concerns

A concern that crosscuts various requirements sets or 
units in the specification

A broadly scoped property that has an affect on 
multiple requirements with potential consequences to 
later development stages
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How do Crosscutting Concerns 
Manifest in Requirements?

We need to consider the dominant decomposition 
of those artefacts

The dominant decomposition is the base 
structure of the requirements (use case 
descriptions, viewpoints, etc.)
The descriptions of services and constraints 
that do not fit the decomposition criteria are not 
localised (are scattered), and the base artefacts 
have mixed purposes (are tangled)
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Crosscutting Concerns Affect 
Modularization

Good modularization

[XML parsing in org.apache.tomcat]

[logging in org.apache.tomcat]

Bad modularization
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Resulting Problems

Scattering
The specification of one 
property is not encapsulated
in a single requirements unit, 
e.g., a viewpoint, a use case.

Tangling
Each requirements unit contains 
descriptions of several properties
or different functionalities
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Managing Crosscutting Concerns in 
Viewpoint Models

Broadly scoped concerns are identified, but 
compositional information is embedded in 
viewpoint definitions (Preview)
No relationships (crosscutting or others) between 
viewpoints are identified

This means that:
Compositional information about crosscutting 
concerns is embedded in the viewpoints
Compositional information is limited to 
references between viewpoints and crosscutting 
concerns.
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Motivating Example: 
Toll Collection System

In a toll gate system, we must ensure that the vehicle 
gizmo is read between the moment the vehicle is detected 
by the system (when it is within ten meters of the toll gate) 
and enters the toll gate

This requirement involves several concerns: gizmo, 
vehicle, response time, toll gate.

Name                       
Focus                     …
Concerns           response time, securiy

Sources …
Requirements
History

Toll gate

Name                       
Focus                     …
Concerns           response time 

Sources …
Requirements
History

Vehicle

Name                       
Focus                     …
Concerns           response time 

Sources …
Requirements
History

Gizmo
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Managing Crosscutting Concerns in 
Use Case Models

How to handle broadly-scoped properties using use 
cases?

Typical ones, such as security and response time 
behaviour, cannot be handled. They do not fit the 
intrinsic nature of use cases

Jacobson and Ng propose “use case slices” to handle this 
shortcoming

Can, however, modularise functional concerns using use 
cases. 

Crosscutting functional concerns can be captured using 
the regular use case concepts and relationships, but 
composition is achieved through a simple relationship

There is a lack of a fully-fledged, systematic composition 
mechanism
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Motivating Example: 
Toll Collection System

In a toll gate system, we must ensure that the vehicle 
gizmo is read between the moment the vehicle is detected 
by the system (when it is within ten meters of the toll gate) 
and enters the toll gate

This requirement involves several concerns: gizmo, 
vehicle, response time, toll gate.

Read gizmo

Vehicle-gizmo
Enter

motorway

Exit
motorway
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Another Example:
Shuttle Transports Example with Use Cases

Miss concerns; lack of composition and impact analysis

Passenger

Disrupt Track

Broadcast Order

Pay for Trip

Make Trip

<<include>>

<<include>>

Shuttle
Register Initialize Parameters

Initialize Capital

<<include>>

<<include>>

|Move to Intermediate
Station

<<constrain>>

Shuttle
Pay for Services

Get Maintenance

Pay Shuttle

<<include>>

Bid for Contract

Monitor

Accountancy

Repair Shop

Accountancy
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Managing Crosscutting Concerns
in Goal-based Models

Goal-oriented approaches, such as i*, identify 
several types of concerns, including typical 
crosscutting concerns

However:
Modular reasoning issues – all concerns are 
kept intertwined together (e.g., strategic 
dependency and strategic rational models)
Composition is not systematically supported

The means-end analysis is done locally to a given 
agent with the goal of identifying possible 
operationalisations
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Motivating Example: 
Toll Collection System

In a toll gate system, we must ensure that the vehicle 
gizmo is read between the moment the vehicle is detected 
by the system (when it is within ten meters of the toll gate) 
and enters the toll gate

This requirement involves several concerns: gizmo, 
vehicle, response time, toll gate.

Gizmo
Vehicle

Tollgate

is-part-of

is-part-of

Response 
Time

Response 
Time

Gizmo

ReadGizmo

PlateNr

DetectVehicle
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Another Example: 
YKeyK Example with i*

Lack of modularisation and composability mechanisms
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Motivating Issues

Composability
Missing systematic mechanism to describe concern influences

Crosscutting concern identification
Missing concerns (use case approach)

Impact analysis
NFR framework and goal models offer support for NFRs

Modularisation 
Viewpoints and goals identify crosscutting concerns, but do not 
cater for compositional context

Scattering
The same concern may appear repeatedly in several different 
viewpoint, use case and goal models hence limiting modular 
reasoning



Introduction to aspect-oriented 
software development
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Need for Separation of Concerns

Development requires focusing
on one concern 

at a time

Large … complex … distributed software systems
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Aspect-Oriented Software 
Development (AOSD)

Distribution

Security

Data
Management

AOSD tools, techniques
and

methodology

Distribution

Security

Data
Management



23

A Definition of AOSD

AOSD: systematic identification, modularisation, 
representation and composition of crosscutting concerns 
[1]

[1] Rashid, A., Moreira, A., Araujo, J. “Modularisation and  Composition of 
Aspectual Requirements”, Proceedings of 2nd International Conference 
on Aspect-Oriented Software Development, ACM, 2003.
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Crosscutting: The Tracing Concern

class A {
// some attributes
void m1( ) {

System.out.println(“Entering
A.m1( )”);
// method code
System.out.println(“Leaving
A.m1( )”);

}

String m2( ) {
System.out.println(“Entering
A.m2( )”);
// method code
System.out.println(“Leaving
A.m2( )”);
// return a string

}

class B {
// some attributes
void m2( ) {

System.out.println(“Entering
B.m2( )”);
// method code
System.out.println(“Leaving
B.m2( )”);
}

int m3( ) {
System.out.println(“Entering
B.m3( )”);
// method code
System.out.println(“Leaving
B.m3( )”);
// return an integer

}
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Tangling and Scattering

Account CustomerLoan

Data Classes

ATM PC TerminalWeb

User Interface

PersistencePrimary Functionality Security
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Revisiting the Tracing Example

class A {
// some attributes
void m1( ) {

System.out.println(“Entering
A.m1( )”);
// method code
System.out.println(“Leaving
A.m1( )”);

}

String m2( ) {
System.out.println(“Entering
A.m2( )”);
// method code
System.out.println(“Leaving
A.m2( )”);
// return a string

}

class B {
// some attributes
void m2( ) {

System.out.println(“Entering
B.m2( )”);
// method code
System.out.println(“Leaving
B.m2( )”);
}

int m3( ) {
System.out.println(“Entering
B.m3( )”);
// method code
System.out.println(“Leaving
B.m3( )”);
// return an integer

}
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Wouldn’t it be Nice if …

class A {
// some attributes
void m1( ) {

// method code
}

String m2( ) {
// method code
// return a string

}

class B {
// some attributes
void m2( ) {

// method code
}

int m3( ) {
// method code
// return an integer

}

aspect Tracing {

when someone calls these methods

before the call {System.out.println(“Entering ” +  methodSignature);}

after the call {System.out.println(“Leaving ” +  methodSignature);}
}
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Revisiting the Bank Example

Account CustomerLoan

Data Classes

ATM PC TerminalWeb

User Interface

PersistencePrimary Functionality Security
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Wouldn’t it be Nice if …

Account CustomerLoan

Data Classes

ATM PC TerminalWeb

User Interface

aspect 
Persistence

aspect 
Security



30

Crosscutting Concerns Early

Crosscutting concerns first manifest themselves 
in requirements – we saw examples of aspects 
in viewpoint, use case and goal models for 
requirements

Some represent concerns of the problem 
domain
Others reflect stakeholders’ concerns

Separation of concerns should begin from 
requirements
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Crosscutting Concerns Later

Early identification of crosscutting concerns 
provides:

Broader Vision: improved localised description 
of stakeholders’ needs, by addressing the 
crosscutting concerns, as gathered by domain 
experts
Improved Traceability: allowing developers to 
know how aspects arose
Improved Trade-off Handling: providing insight 
into the true scope and influence of a concern
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Main Value of Aspect-Orientation

Abstraction: abstract away from the details of how that 
crosscutting concern, or aspect, might be scattered and 
tangled with the functionality of other modules in the 
system 

Modularisation:  keep crosscutting concerns separated 
regardless of how they affect or influence various other 
modules in the system, so that we can reason about 
each module in isolation – Modular Reasoning
Composition: the various modules need to relate to 
each other in a systematic and coherent fashion so that 
one may reason about the global or emergent properties 
of the system – Compositional Reasoning
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What is Aspect-Oriented
Requirements Engineering About?

Bringing aspect-orientation benefits of
Abstraction
Modularity
Composability
to improve modular and compositional reasoning about 
stakeholders’ requirements

To address the scattering, tangling and composability
issues during requirements engineering (that were 
highlighted early on)



Overview of aspect-oriented 
requirements engineering
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Aspect-Oriented Requirements 
Engineering

Improved support for separation of crosscutting functional 
and non-functional properties during requirements 
engineering

A better means to identify and manage conflicts arising 
due to tangled representations

Identify the mapping and influence of requirements-level 
aspects on artefacts at later development stages 

Establish critical trade-offs even before the architecture 
is derived

Trace aspectual requirements and their trade-offs to 
architecture and subsequently all the way to 
implementation

Improved understanding of the 
problem and ability to reason 
about it
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Managing Crosscutting Concerns 
in Requirements (1)

To find crosscutting in requirements, look for 
behavioural terms or concepts that are mentioned 
in more than one location

1. Pay interest of a certain percent on each account 
making sure that the transaction is fully completed and an 
audit history is kept.

2. Allow customers to withdraw from their accounts, 
making sure that the transaction is fully completed and an 
audit history is kept.



37

Managing Crosscutting Concerns 
in Requirements (2)

Separate each of those concepts into a section of their own

1. Pay interest of a 
certain percent on 
each account

2. Allow customers to 
withdraw from their 
accounts

3. To fully complete a transaction...

4. To maintain an audit history...
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Managing Crosscutting Concerns 
in Requirements (3)

Composition specifies the crosscutting 
relationship, showing how crosscutting concerns 
affect base concerns

1. Pay interest of a 
certain percent on 
each account

2. Allow customers to 
withdraw from their 
accounts

Fully complete pay interest and withdraw

3. To fully complete a transaction...

Audit pay interest and withdraw

4. To maintain an audit history...
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Identifying Aspects
A challenging problem

Requirements can be obtained from different sources
Interviews, manuals, sketches 
Standardisation documents
Organisational procedures

And can be represented in a variety of forms
Natural Language
Diagrammatic models
Formal specifications

Think multi-disciplinary when developing techniques for aspect 
identification

Natural language processing
Ethnography techniques
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Weaving/Composition

What does it mean to weave or compose aspectual 
requirements?
Projecting the constraints and influences of aspectual 
requirements on other system requirements 
A synthesis of the various projections that provides a 
deeper understanding of the system that we want to 
develop

Critical needs of the stakeholders
Identification of the key properties of a system 
Various trade-offs affecting the system
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Mapping and Traceability

How do Early Aspects map onto later development stages?

Is an Early Aspect always a design and implementation 
aspect?

How can we ensure forward and backward traceability 
between early aspects and corresponding design and 
implementation?

How do we know that the early aspect trade-offs are 
preserved and respected by the design and 
implementation?
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AORE in the Broader RE Context

Concern
Identification

Concern
Representation

Concern
Composition

Trade-Off
resolution

Architecture
Design

Concern
Mapping

Elicitation

Validation

Legend:

Activity in the process

Flow of activities

Overlapping of activities

AORE contribution
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Concluding Remarks

Aspect-oriented requirements engineering IS requirements engineering

Don’t throw away your existing RE practices
AORE aims at complementing these to improve modular and 
compositional reasoning about stakeholders’ needs

Improved understanding of the problem domain helps design better
solutions

Clearer mapping of otherwise scattered and tangled requirements 
to architecture and beyond
Early trade-off analysis and resolution
Improved traceability of stakeholders’ concerns to the solution and 
its implementation



44

Some References

Early Aspects Portal: http://www.early-aspects.net

Discovering Early Aspects, Baniassad, Clements, Araujo, Moreira, 
Rashid, Tekinerdogan, IEEE Software 23(1), Jan/Feb 2006.

Modularisation and Composition of Aspectual Requirements, Araujo, 
Rashid, Moreira, Proc. AOSD Conference 2003, ACM.

Multi-dimensional Separation of Concerns in Requirements 
Engineering, Moreira, Rashid, Araujo, Proc. Requirements Engineering 
Conf., 2005, IEEE CS Press.

Domain Models are NOT Aspect Free, Rashid, Moreira, Proceedings 
of MoDELS/UML Conf. 2006, Springer.

Report synthesising state-of-the-art in aspect-oriented requirements 
engineering, architecture and design, Chitchyan et al., Available from: 
http://www.aosd-europe.net


	Aspect-Oriented Requirements Engineering
	Acknowledgements
	The need for aspect-oriented requirements engineering
	Need for Separation of Concerns
	Separation of Concerns
	The Problem of Crosscutting Concerns
	What are Crosscutting Concerns?
	How do Crosscutting Concerns Manifest in Requirements?
	Crosscutting Concerns Affect Modularization
	Resulting Problems
	Managing Crosscutting Concerns in Viewpoint Models
	Motivating Example: Toll Collection System
	Managing Crosscutting Concerns in Use Case Models
	Motivating Example: Toll Collection System
	Another Example:Shuttle Transports Example with Use Cases
	Managing Crosscutting Concernsin Goal-based Models
	Motivating Example: Toll Collection System
	Another Example: YKeyK Example with i*
	Motivating Issues
	Introduction to aspect-oriented software development
	Need for Separation of Concerns
	Aspect-Oriented Software Development (AOSD)
	A Definition of AOSD
	Crosscutting: The Tracing Concern
	Tangling and Scattering
	Revisiting the Tracing Example
	Wouldn’t it be Nice if …
	Revisiting the Bank Example
	Wouldn’t it be Nice if …
	Crosscutting Concerns Early
	Crosscutting Concerns Later
	Main Value of Aspect-Orientation
	What is Aspect-OrientedRequirements Engineering About?
	Overview of aspect-oriented requirements engineering
	Aspect-Oriented Requirements Engineering
	Managing Crosscutting Concerns in Requirements (1)
	Managing Crosscutting Concerns in Requirements (2)
	Managing Crosscutting Concerns in Requirements (3)
	Identifying Aspects
	Weaving/Composition
	Mapping and Traceability
	AORE in the Broader RE Context
	Concluding Remarks
	Some References

