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What are Aspects?
• Cross cutting concerns

– Behavioral elements that span primary abstractions
– Examples: logging, pre/post condition checking, 

security
• Written as a modular abstraction

– As language construct
• Languages that support aspects:

– AspectJ
– HyperJ
– Others
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*Key Ideas

• Crosscutting is an inherent characteristic 
in complex software.

• Crosscutting concerns:
– Have a clear purpose.
– Have a natural structure.

• Defined set of methods.
• Module boundary crossings.
• Points of Resource utilization.
• Lines of dataflow and control dependency.

* Erik Hillsdale, et al. Aspect-Oriented Programming with AspectJ™. IPSJ 2002.

*Aspect-oriented Programming

• Captures structure of crosscutting 
explicitly.
– Modular mechanism.
– Linguistic and tool support.

• Thus, aspects are well-modularized 
crosscutting concerns.

* Erik Hillsdale, et al. Aspect-Oriented Programming with AspectJ™. IPSJ 2002.
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*Basic Mechanisms (AspectJ)

• Join point model
– Well-defined points of execution
– E.g. method calls, method return, raised exceptions

• Language additions
– Point cuts: patterns that match join points.
– Advice: action to be taken at join points matched by a 

point cut.
– Aspects: modular unit of crosscutting behavior.

• Includes point cuts, advice, fields, methods, and 
constructors.

* Erik Hillsdale, et al. Aspect-Oriented Programming with AspectJ™. IPSJ 2002.

The Process of AOP

1. Develop primary abstractions.
2. Identify concerns that crosscut primary 

abstractions.
3. Define aspects to encapsulate each 

concern.
4. Weave aspects into primary abstractions, 

yielding composite program.
5. Compile and execute composite 

program.
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A Problem Solved by Aspects

* Example: Logging in Apache Tomcat is not modularized

• Logging code is spread throughout the 
code base

• It is tangled with primary abstraction code

* Erik Hillsdale, et al. Aspect-Oriented Programming with AspectJ™. IPSJ 2002.

Why is Tangled Code a Problem?

• Redundant code
– The same (or nearly identical) fragment of 

code appears throughout code base.
• Difficulty of reasoning

– Cohesion is reduced.
– Intermixing of concerns.

• Difficulty in making changes
– Changes are not localized.
– Easy to introduce faults.
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*Example without Aspects

* Erik Hillsdale, et al. Aspect-Oriented Programming with AspectJ™. IPSJ 2002.

class Line {
private Point p1, p2;
Point getP1() { return p1; }
Point getP2() { return p2; }
void setP1(Point p1) {

this.p1 = p1;
Display.update(this);

}
void setP2(Point p2) {

this.p2 = p2;
Display.update(this);

}
}

class Point {
private int x = 0, y = 0;

int getX() { return x; }
int getY() { return y; }
void setX(int x) {    

this.x = x;
Display.update(this);

}
void setY(int y) {    

this.y = y;
Display.update(this);

}
}

Display updating is distributed across 
primary abstractions.

• Difficult to understand.
• Changes must propagate.
• Must track and change all callers.

*Example with Aspects

• Aspect encapsulates display updating logic
• Line and Point are no longer encumbered with 

crosscutting logic
• Clear display updating module

– all changes in single aspect
– evolution is modular

aspect DisplayUpdating {
pointcut move(FigureElement figElt):

target(figElt) && 
(call(void FigureElement.moveBy(int, int) ||
call(void Line.setP1(Point))             ||
call(void Line.setP2(Point))             ||
call(void Point.setX(int))               ||
call(void Point.setY(int)));

after(FigureElement fe) returning: move(fe) {
Display.update(fe);

}
}

class Line {
private Point p1, p2;
Point getP1() { return p1; }
Point getP2() { return p2; }
void setP1(Point p1) {

this.p1 = p1;
}
void setP2(Point p2) {

this.p2 = p2;
}

}

class Point {
private int x = 0, y = 0;

int getX() { return x; }
int getY() { return y; }
void setX(int x) {    

this.x = x;
}
void setY(int y) {    

this.y = y;
}

}

* Erik Hillsdale, et al. Aspect-Oriented Programming with AspectJ™. IPSJ 2002.
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*Aspects Crosscut Classes
Display

*

2Point

getX()
getY()
setX(int)
setY(int)
moveBy(int, int)

Line

getP1()
getP2()
setP1(Point)
setP2(Point)
moveBy(int, int)

Figure

makePoint(..)
makeLine(..)

FigureElement

moveBy(int, int)

DisplayUpdating

* Erik Hillsdale, et al. Aspect-Oriented Programming with AspectJ™. IPSJ 2002.

Aspect 
modularity cuts 
across class 
modularity

Challenges with AOP
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Understandability

• Understanding aspect often requires 
knowledge of primary abstractions.

• Understanding one aspect potentially 
requires understanding many others.

• System behavior cannot be understood in 
terms of implementation of primary 
abstractions or of aspects alone!

Emergent Properties

Faults can be:
• A natural artifact of the primary abstraction 

(PA).
• A natural artifact of an aspect. 
• An emergent property of weaving 

process.



8

Fault Resolution

Faults can be:
• Located in PA code not affected by a woven 

aspect.
• Located in code specific to aspect but isolated 

from woven context.
• An emergent property resulting from interaction

between aspect and PA.
• Emergent property of a particular combination

of aspects woven into PA.

Implicit Changes in 
Syntactic Structure and Semantics

Aspects alter syntax 
and semantics of 
primary abstractions.
• Introduction of new control and data 

dependencies not present in PAs.
• Induce changes in control and data 

dependencies that are part of unwoven 
PAs.
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Effects on Cognitive Burden

• Weaving causes a change in the cognitive 
model required to understand the resulting 
abstraction.

• Each change in data/control dependency 
increases cognitive displace between the woven 
and primary abstraction.

• Weaving can change the base assumptions 
made by author of PA.
– True for aspect author also!

Before adopting AOT, 
what do we need to know?
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Cognitive Burden Issues

• How do we reduce the burden of understanding:
– Between aspects?
– Between aspects and primary abstractions?

• Where is the burden of maintenance?
– Woven system?
– Unwoven system with re-weaving?

• How do changes propagate:
– Between aspects?
– Between aspects and primary abstractions?

Fault Issues

• What types of new faults does AOT induce?
• What types of known faults does AOT eliminate?
• What does the fault-failure model look like for 

AOT?
– Will faults quickly propagate, or remain latent?
– Does the testability increase or decrease with AOT?

• How do we determine reliability:
– Of woven systems?
– Of individual aspects?
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Conclusions

• Is aspect-oriented technology a good 
idea?
– Maybe, don’t know yet.

• Do the benefits of AOT outweigh its costs?
– Not sure.

• Can these challenges be overcome?
– Possibly.  Would require significant tool 

support.
• Should AOT be abandoned?

– Definitely not (yet).


