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+ XML parsing in org.apache.tomcat
— red shows relevant lines of code
— nicely fits in one box
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=

* URL pattern matching in org.apache.tomcat
— red shows relevant lines of code
— nicely fits in two boxes (using inheritance)

aspect).org
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* whereis logging in org.apache.tomcat
— red shows lines of code that handle logging
— notin just one place

— not even in a small number of places m‘w‘
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HTTPRequest -
Sessioninterceptor

getCookies()

getRequestURI()(doc) requestMap(request)

getSessene- beforeBody(req, resp)

getRequestetSeEssion|d()

Session
HTTPResponse A getAttribute(name)

getRequest() /| setAttribute(name, val)

setContentType(contentType) invalidate()

getOutptutStream()

setSessionld{ic)—

Servlet ':F.ﬂ' ﬂr‘
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* redundant code

— same fragment of code in many places
* difficult to reason about

— non-explicit structure

— the big picture of the tangling isn't clear
 difficult to change

— have to find all the code involved

— and be sure to change it consistently

— and be sure not to break it by accident

aspectj.org
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HTTPRequest -
Sessioninterceptor

getCookies() /

| getRequestURI()(doc) requestMap(request)

getSession() beforeBody(req, resp)

| getRequestedSessionld()

Session
HTTPResponse A getAttribute(name)
getRequest() 7| setAttribute(name, val)
setContentType(contentType) invalidate()
getOutptutStream()

|| setSessionld(id)

Servlet

aspectj.org
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e crosscutting is inherent in complex systems

e crosscutting concerns
— have a clear purpose
— have a natural structure

+ defined set of methods, module boundary crossings,
points of resource utilization, lines of dataflow...

* so, let’s capture the structure of crosscutting
concerns explicitly...
— in a modular way
— with linguistic and tool support
* aspects are
— well-modularized crosscutting concerns

* Aspect-Oriented Software Development: AO |
support throughout lifecycle aspect).org
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* using AOP and AspectJ to:
— improve the modularity of crosscutting concerns
 design modularity
* source code modularity
» development process
* aspects are two things:
— concerns that crosscut [design level]
— a programming construct [implementation level]

* enables crosscutting concerns
to be captured in modular units

* Aspectdis:

— an aspect-oriented extension to Java™ that supports
general-purpose aspect-oriented programming

aspectj.org
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Complex New Technologies Increasing Pressures

Variabilit
Historically, enterprises have had to
update these complex relationships by
hard-coding single-use applications
and relationships - Gartner

i

i

Requirements for quality have never
been higher - Giga

Web
Services

|

Thisisa crucial need for almost all
corporations— Giga

N |

Applications are becoming more Agile application architectureisa
complex and more modular critical element of an effective strategy to

—_DRW deal with continuing innovation - Giga

aspectj.org

)
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* Each new technology solves specific problems

* But how do you glue it together with flexibility
while supporting variability?

— 10% of code causes 90% of problems

* Structured - Objects = Components - Aspects
— each offers an additional kind of "modularity technology”
— each enables significantly more complex software
* Alternatives (many are ad hoc AOP, lacking
flexibility, leverage, generality, explicit structure)
— EJB, servlet deployment descriptors, other XML languages
— interceptors, proxies, specialized design patterns (command...)
— code generation/wizards
— instrumentation (profilers, coverage tools, ...)
— preprocessors (jContract, etc.)

— meta-object programming: too complex Iipﬂft]‘.ﬂf‘
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* anideawhose time has come
— enables significantly more complex and flexible software
— improve quality with consistent policies
— manage complexity and variability
— leverage design skills
* research momentum
e luminary endorsements

— There's something deeper, something that's truly beyond
objects... | note subtle signs that point to a marked
transformation, a disruptive technology, on the horizon. —
Grady Booch, Chief Scientist, Rational

— Charles Simonyi, Creator of Microsoft Word and Excel
— Michael Jackson, leader in software engineering for 30 years
— Linda Northrup, Director SEI Product Line Systems Program

aspectj.org
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Value

Development Add Re-factor Reusable  Aspect-Oriented
Support for Auxiliary Core Libraries Architecture

Existing Code Functionality  Functionality .
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* support variability
* architectural
quality & flexibility
* untangle core - reuse
S « extensibility
* simple, natural
code
(] 5 o
% * improve agility
> * leverage experts
, * improve analysis
¥
|
! ,
L
e
Add Aspects Restructure Code Aspect-Oriented
to Code for Aspects Architecture
aspectj.org
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* rapid growth aspectj tools downloads: 1998-2001
* user mailing list: B0
700 active members| 7
« MIT Tech Review, 2 /
Java Report, IBM, |*® \ /
Java World, CACM.. o/
. 3000 U
- production use o g
Checkfiee  Moves on the Web  Sir 0 v——-’—-"""""/ .
l 9893 9894 991 9992 9993 9994 00l 00g2 0093 00g4 01ql 012 01g3 0lgd

* presentations

— JavaOne, OOPSLA, Software Development, SIGS
Java, ICSE, TOOLS, ECOOP, JAOO, FSE, ...

aspectj.org
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1.0 release

focus on successful customer deployments
offerings

tutorials

customized trainings

architecture workshops

consulting support

project reviews

product development

— support, joint development, advanced edition
business planning

aspectj.org
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a small and well-integrated extension to Java
— outputs .class files compatible with any JVM

— all Java programs are AspectJ programs

a general-purpose AO language

— just as Java is a general-purpose OO language
includes IDE support

— emacs, JBuilder, Forte 4J, Eclipse

freely available implementation

— compiler is Open Source

user feedback is driving language design
— users@aspectj.org, support@aspectj.org

aspectj.org
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problem structure
examples:

crosscutting in the design, and
how to use AspectJ to capture that

AspectJ language
language mechanisms:

crosscutting in the code
mechanisms AspectJ provides

aspectj.org
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Tutorial

aspectj.org
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* Goal: present basic mechanisms
— using one simple example
» emphasis on what the mechanisms do
* small scale motivation
 later
— environment, tools
— larger examples, design and SE issues
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* 1 overlay onto Java
— dynamic join points
* “points in the execution” of Java programs
* 4 small additions to Java

— pointcuts

« pick out join points and values at those points

— primitive, user-defined pointcuts

— advice

 additional action to take at join points in a pointcut
— inter-class declarations (aka “open classes”)
— aspect

* a modular unit of crosscutting behavior

— comprised of advice, inter-class, pointcut,
field,constructor and method declarations

aspectj.org
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- factory methods
Display
. * .
Figure FigureElement
makePoint(..) L moveBy(int, int) .
makeLine(..) X, . \
JAN
Point 2 Line
getX() getP1()
getY() getP2() ) "
setX(int) setP1(Point) operations that
setY(int) setP2(Point) 94—~ move elements
moveBy(int, int) ¥ moveBYy(int, int) .:mt‘w‘
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class Line inplenments FigureEl ement{
private Point pl, p2;
Point getP1() { return pl; }
Point getP2() { return p2; }
voi d setP1(Point pl) { this.pl
voi d set P2(Point p2) { this.p2

voi d nmoveBy(int dx, int dy) { ... } o
} ° \

ass Point inplenments FigureEl enent {
private int x =0, y = 0;
int getX() { return x; }
int getY() { returny; }

1
©
N

Cc

void setX(int x) { this.x =x; }
void setY(int y) { this.y =vy; }
voi d nmoveBy(int dx, int dy) { ... }
}
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» collection of figure elements
that move periodically

must refresh the display as needed
complex collection

.
asynchronous events ° \

* other examples
— session liveness
— value caching

we will initially assume
just a single display

aspectj.org
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imagine | . noveBy(2, 2)

a method call
returning or
throwing

a method execution
returning or throwing

a method execution
returning or throwing
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method
execution
join points

method call
join points

» several kinds of join points
method & constructor call

— method & constructor execution
field get & set

— exception handler execution
static & dynamic initialization
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imagine | . noveBy(2, 2)

all join points on this slide are
within the control flow of
this join point
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a pointcut is a kind of predicate on join points that:
— can match or not match any given join point and
— optionally, can pull out some of the values at that join point

call (void Line.setP1l(Point))

matches if the join point is a method call with this signature

aspectj.org
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pointcuts compose like predicates, using &&, || and !

a “void Line.setP1(Point)” call

\l /OI’

call (void Line.setP1(Point)) ||
call (void Line.setP2(Point));

a “void Line.setP2(Point)” call

whenever a Line receives a
“void setP1(Point)” or “void setP2(Point)” method call

aspectj.org
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user-defined (aka named) pointcuts
— can be used in the same way as primitive pointcuts

name parameters

poi ntcut move():
call (void Line.setP1(Point)) ||
call (void Line.setP2(Point));

more on parameters
and how pointcut can
expose values at join
points in a few slides

.
aspectj.org
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user-defined pointcut

poi ntcut move():
call (void Line.setP1(Point)) ||
call (void Line.setP2(Point));

AN

primitive pointcut, can also be:

- call, execution - this, target
- get, set - within, withincode
- handler - cflow, cflowbelow

- initialization, staticinitialization

5§
aspectj.org
(c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved
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after advice runs
“on the way back out”

poi ntcut move():
call (void Line.setP1(Point)) ||
cal |l (void Line.setP2(Point));

after() returning: nove() {
<code here runs after each nove>

}

35 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

an aspect defines a special class
that can crosscut other classes

aspect DisplayUpdating {

poi ntcut move():
call (void Line.setP1(Point)) ||
cal |l (void Line.setP2(Point));

after() returning: nove() {
Di spl ay. updat e() ;
}

}

box means complete running code Im m.:
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class Line {
private Point pl, p2;

Point getP1() { return pl; }
Point getP2() { return p2; }

voi d setP1(Point pl) {
this.pl = pl;
Di spl ay. update();

}

voi d set P2(Poi nt p2) {
this.p2 = p2;
Di spl ay. update();

* what you would expect
— update calls are tangled through the code
— “what is going on” is less explicit

aspectj.org
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poi ntcut mnove():
call (void Line.setP1(Point)) ||
call (void Line.setP2(Point)) ||
cal | (void Point.setX(int)) |
call (void Point.setY(int));

38 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved
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poi ntcut nove():
cal |l (void FigureEl ement. noveBy(int, int)) ||
call (void Line.setP1(Point)) |
call (void Line.setP2(Point)) |
call (void Point.setX(int)) |
call (void Point.setY(int));
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aspect DisplayUpdating {

poi ntcut move():
cal |l (void FigureEl ement. noveBy(int, int)) ||
cal |l (void Line.setP1(Point)) |
cal |l (voi d Line.setP2(Point)) |
cal | (void Point.setX(int)) |
call (void Point.setY(int));

after() returning: nove() {
Di spl ay. updat e() ;
}

j aspectj.org
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* pointcut can explicitly expose certain values
« advice can use value

parameter

mechanism
poi ntcut nove(Fi gureEl enent figEt): being used
target (figElt) €&

(call (voi d FigureEl enment. noveBy(int, in
call (void Line.setP1(Point))
call (void Line.setP2(Point))
call (void Point.setX(int))
call (void Point.setY(int)));

after (Fi gureEl ement fe) returning: nmove(fe) {
<fe is bound to the figure el ement>

} aspectj.org
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» variable is bound by user-defined pointcut declaration
— pointcut supplies value for variable
— value is available to all users of user-defined pointcut

/pointcut parameters
poi ntcut nmove(Line I):
target(l) &&
(call (vohd Line.setP1(Point)) ||
call (voi ¥ Line.setP2(Point)));

typed variable in place of type name

after(Line line): nove(line) {
<line is bound to the I|ine>

N aspectj.org

(c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved
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« variable is bound by advice declaration
— pointcut supplies value for variable
— value is available in advice body

poi ntcut nove(Line |):
target (1) &&
(call (void Line.setP1(Point)) ||
call (void Line.setP2(Point)));

; typed variable in place
advice parameters yp p

of type name
) — "

after(Line line): move(line) {
<line is bound to the |ine>

} aspectj.org
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* valueis ‘pulled’

— right to left across '’ left side--right side

— from pointcuts to user-defined pointcuts
— from pointcuts to advice, and then advice body

poi ntcut move( Li n<l-)—3.
t ar get (d=)=&&
(call (void Line.setP1(Point)) ||
call (void Line.setP2(Point)));

after(Line |inej==—move@-ne) {

<line is bound to the |ine>

) aspectj.org
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target (<type nanme> | <formal reference>)

does two things:
- exposes target
- predicate on join points - any join point at which target object
is an instance of type name (a dynamic test)

t ar get (Poi nt)
target (Li ne)
t ar get (Fi gur eEl enent)

“any join point” means it matches join points of all kinds
« method & constructor call join points

method & constructor execution join points

field get & set join points

exception handler execution join points

static & dynamic initialization join points m,ﬂl
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target (<supertype nanme>) &&

* does not further restrict the join points
« does pick up the target object

poi ntcut move(Fi gur eEl ement fi(EH-)\
target (fi gEFt)—8&&
(call (void Line.setP1(Point)) ||
cal |l (void Line.setP2(Point)) ||
call (void Point.setX(int)) |
call (void Point.setY(int)));

af t er (Fi gur eEl ement fﬁ?-nm(-f-e) {

<fe is bound to the figure el enent>

}
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poi ntcut nove(Fi gureEl enent fe):
target(fe) &&
(call (void FigureEl ement.moveBy(int, int)) ||
call (void Line.setP1(Point)) |
call (void Line.setP2(Point)) | ]
call (void Point.setX(int)) | ]
call (void Point.setY(int)));
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aspect DisplayUpdating {

poi ntcut nove(Fi gureEl enent figEt):
target (figElt) &&
(call (voi d FigureEl enent. noveBy(int, int))
call (void Line.setP1(Point))
call (void Line.setP2(Point))
call (void Point.setX(int))
call (void Point.setY(int)));

after(Fi gureEl ement fe): nove(fe) {
Di spl ay. updat e(fe);
}

}
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class Line {
private Point pl, p2;

Point getP1() { return p1; }
Point getP2() { return p2; }

voi d setP1(Point pl) {
this.pl = pl;

}

voi d set P2(Point p2) {
this.p2 = p2;

}
}

cl ass Point ¢

private int x =0, y = 0;

int getX() { return x; }
int getY() { returny; }

void setX(int x) {

this.x = x;

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

X aspectj.org
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class Line {
private Point pl, p2;

Point getP1() { return pl; }
Point getP2() { return p2; }

voi d setP1(Point pl) {
this.pl = pl;
Di spl ay. update();
}
voi d set P2(Point p2) {
this.p2 = p2;
Di spl ay. update();
}
class Point ¢
private int x =0, y = 0;

int getX() { return x; }
int getY() { returny; }

void setX(int x) {
this.x = x;

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

- aspectj.org
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class Line {
private Point pl, p2;

Point getP1() { return pl; }
Point getP2() { return p2; }

voi d setP1(Point pl) {
this.pl = pl;
Di spl ay. update();

}

voi d setP2(Point p2) {
this.p2 = p2;
Di spl ay. update();

}
class Point ¢
private int x =0, y = 0;

int getX() { return x; }
int getY() { returny; }

void setX(int x) {
this.x = x;
Di spl ay. update();

}
void setY(int y) {
this.y =vy;
Di spl ay. update();
} 5§
) aspectj.org

51 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

class Line {
private Point pl, p2;

Point getP1() { return pl; }
Point getP2() { return p2; }

voi d setP1(Point pl) {
this.pl = pl;
Di spl ay. updat e(this);
}
voi d set P2(Point p2) {
this.p2 = p2;
Di spl ay. updat e(this);
}
cl ass Point ¢

private int x =0, y = 0;

e LAy * no locus of "display updating
void setx(int x) { — evolution is cumbersome
this.x = x; .
| D <Pl ov. updata(thi o — changes in all classes
vord set¥(int y) { — have to track & change all callers

this.y =vy;
Di spl ay. updat e(this);

X aspectj.org
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class Line {
private Point pl, p2;

Point getP1() { return p1; }
Point getP2() { return p2; }

voi d setP1(Point pl) {
this.pl = pl;

}
voi d setP2(Point p2) {
this.p2 = p2;

}
class Point ¢
private int x =0, y = 0;

int getX() { return x; }
int getY() { returny; }

void setX(int x) {
this.x = x;

}
void setY(int y) {
this.y =vy;
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class Line { aspect Di splayUpdating {
private Point pl, p2;
poi ntcut nove():

Point getP1() { return pl; } cal | (void Line.setP1(Point)) ||
Point getP2() { return p2; } cal | (void Line.setP2(Point));
voi d setP1(Point pl) { after() returning: nove() {

this.pl = pl; Di spl ay. update() ;
} }
voi d set P2(Point p2) { }

this.p2 = p2;

)
cl ass Point ¢

private int x =0, y = 0;

int getX() { return x; }
int getY() { returny; }

void setX(int x) {
this.x = x;

}
void setY(int y) {
this.y =vy;
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class Line { aspect DisplayUpdating {
private Point pl, p2;
poi ntcut nove():
Point getP1() { return p1; } cal | (voi d FigureEl enent. noveBy(int, int) ||
Point getP2() { return p2; } cal | (void Line.setP1(Point)) Il
cal I (voi d Line.setP2(Point)) Il
voi d setP1(Point pl) { cal | (void Point.setX(int)) Il
this.pl = p1; cal I (void Point.setY(int));
}
voi d setP2(Point p2) { after() returning: nove() {
this.p2 = p2; Di spl ay. update();
} }
} }

cl ass Point ¢

private int x =0, y = 0;

int getX() { return x; }
int getY() { returny; }

void setX(int x) {
this.x = x;

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

55 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

class Line { aspect DisplayUpdating {
private Point pl, p2;
poi ntcut nmove(Fi gureEl ement figElt):

Point getP1() { return pl; } target (figElt) &&
Point getP2() { return p2; } (call (void FigureEl ement. noveBy(int, int) ||
cal | (voi d Line.setP1(Point)) I
voi d setP1(Point pl) { cal | (voi d Line.setP2(Point)) I
this.pl = pl; call (void Point.setX(int)) I
} call (void Point.setY(int)));
voi d setP2(Point p2) {
this.p2 = p2;
af ter (FigureEl ement fe) returning: nove(fe) {
} Di spl ay. update(fe);
}
class Point ¢ !

private int x =0, y = 0;

int getX() { return x; }
int getY() { returny; }

* clear display updating module
e setvint y ¢ — all changes in single aspect
y ey sy — evolution is modular

void setX(int x) {
this.x = x;

aspectj.org
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— aspect modularity cuts across
ISpay class modularity
Figure x FigureElement
makePoint(..) moveBy(int, int)
makeLine(..)
JAN
Point 2 Line
getX() getP1()
getY() getP2()
setX(int) setP1(Point)
setY(int) setP2(Point) DisplayUpdating
moveBy(int, int) moveBy(int, int)
57 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

* before before proceeding at join point

 after returning avalue to join point
» after throwing athrowable to join point
« after returning to join point either way

* around on arrival at join point gets explicit
control over when&if program proceeds

aspectj.org
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* pre-conditions

— check whether parameter is valid
* post-conditions

— check whether values were set
* condition enforcement

— force parameters to be valid

59 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

aspect Poi nt BoundsPreCondition {

bef ore(int newX):

cal | (void Poi nWr gs(newx) {
assert(newx >= MN_X); what follows the *:’ is
} assert(newx <= MA(X_X)/ always a pointcut —
before(int newy): primitive or user-defined
call (void Point.setY(int)) && args(newy) {
assert (newy >= MNY);

assert (newy <= MAX Y);
}

private void assert(bool ean v) {
if (1v)
throw new Runti neException();
}

}
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aspect Poi nt BoundsPost Condi tion {

after(Point p, int newX) returning:
call (void Point.setX(int)) &% target(p) && args(newX) ({
assert(p.getX() == newX);
}

after(Point p, int newY) returning:
call (void Point.setY(int)) &k target(p) && args(newY) {
assert(p.getY() == newy);
}

private void assert(boolean v) {
if ('v)
t hrow new Runti neException();
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aspect Poi nt BoundsEnf or cenent {

voi d around(int newX):
cal | (void Point.setX(int)) &% args(newX) {
proceed(clip(newX, MN_X MXX));
}

voi d around(int newy):
call (void Point.setY(int)) && args(newy) {
proceed(clip(newy, MNY, MAXY));

}
private int clip(int val, int mn, int nax) {
return Math. max(mn, Math.mn(max, val));
}
}
aspectj.org
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for each around advice with the signature
<Tr> around(T1 argl, T2 argz2, .)

there is a special method with the signature
<Tr> proceed(T1, T2, .)

available only in around advice

means “run what would have run if this around advice had not been
defined”
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package com xerox. scan;
public class C2 {

package com xer ox. pri package com xer ox. copy;

ublic class C1 public int frotz() | nypiic class C3
& { A doSonet hi ng(.);| ® {

public void foo() { public String si() {
A. doSonet hi ng(..); }

- A. doSonet hi ng(..);
public int bar() {
) A. doSonet hi ng(..); }

- ) -

y

e crosscuts of methods with a common property

— public/private, return a certain value, in a particular package
* logging, debugging, profiling

— log on entry to every public method

aspectj.org

64 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

(c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved.



Aspect-Oriented Programming with AspectJ

\
neatly captures public
Log log = new Log(); interface of mypackage

poi ntcut publiclnterface(): /
call (public * comxerox..*.*(..));

aspect PublicErrorLogging {

after() throwing (Error e): publiclnterface() {
log.wite(e);

}

}

consider code maintenance

e another programmer adds a public method
 i.e. extends public interface — this code will still work

e another programmer reads this code
« “what’s really going on” is explicit

aspectj.org
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“*" is wild card
t ar get ( Poi nt) “..” is multi-part wild card

target (graphi cs. geom Poi nt)

target (graphi cs. geom *) any type in graphics.geom

target (graphics..*) any type in any sub-package
of graphics

call (void Point.setX(int))

call (public * Point.*(..)) any public method on Point

cal I (public * *(..)) any public method on any type

call (void Point.getX())
cal I (void Point.getY())
cal | (void Point.get*())
call (void get*()) any getter

call (Point.new(int, int))
call (newm..)) any constructor

aspectj.org
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t hi s(<type nane>)
wi t hi n(<type nane>)
wi t hi ncode( <met hod/ const ruct or si gnat ure>)

any join point at which
currently executing object is an instance of type name
currently executing code is contained within type name
currently executing code is specified method or constructor

get (i nt Point.x)
set (i nt Point. x)

field reference or assignment join points
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class Figure {
public Line nmakeLine(Line pl, Line p2) { new Line... }
public Point makePoint(int x, int y) { new Point... }

want to ensure that any creation of
figure elements goes through the
factory methods

aspect FactoryEnforcenent {
poi ntcut illegal NewFi gEl t():
(call (Point.new(..)) || call(Line.new(..)))
&& !'withincode(* Figure.nake*(..));

before(): illegal NewFi gEl t () {
throw new Error("Use factory nethod instead.");
}
} aspectj.org
5
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class Figure {

public Line makeLine(Line pl, Line p2) { new Line... }
public Point makePoint(int x, int y) { new Point... }

want to ensure that any creation of
figure elements goes through the
factory methods

aspect FactoryEnforcenent {
poi ntcut illegal NewFi gElt():

(call (Point.new(..)) || call(Line.new..)))
&& 'wi t hi ncode(* Figure.make*(..));

declare error: illegal New i gElt(): must be a “static pointcut”
"Use factory method instead."”; (more on this later)
}

} .
aspectj.org
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class Figure {

public Line nmakeLine(Line pl, Line p2) { new Line... }
public Point makePoint(int x, int y) { new Point... }

want to ensure that any creation of
figure elements goes through the
factory methods

aspect FactoryEnforcenent {
poi ntcut illegal NewFi gEl t():
cal | (Fi gureEl enent+.new(..))
&& !'withincode(* Figure.nmake*(..));

declare error: illegal NewFi gElt(): must be a “static pointcut”
"Use factory nethod instead.";

) (more on this later)
\
}

5§
aspectj.org
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cl ass Line inplenents FigureEl enent{
private Point pl, p2;
Point getP1() { return pl; }
Poi nt getP2() { return p2; }

void setPl(Point pl) { this.pl = pl1; }
voi d set P2(Point p2) { this.p2 = p2; }
voi d noveBy(int dx, int dy) { ... }

static aspect SetterEnforcenent {
declare error: set(Point Line.*) &&
I'wi t hi ncode(voi d Line.setP*(Point))
"Use setter method.";
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class Line inplenents FigureEl ement {
private Point pl, p2;
Point getPl() { return pl; }
Point getP2() { return p2; }

voi d setP1(Point pl) { this.pl = pl; }
void setP2(Point p2) { this.p2 = p2; }
void moveBy(int dx, int dy) { ... }

static aspect SetterEnforcenent {
declare error: set(Point Line.*) &&
I'wi t hi ncode(void Line.setP*(Point))
"Use setter nethod, even inside Line class.";
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t hi sJoi nPoi nt .
Signature getSignature()
oj ect [] get Args()

available in any advice

* introspective subset of reflection consistent with Java

73 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

aspect Poi nt Coordi nateTraci ng {

before(int newal): set(int Point.*) && args(newval) {
Systemout.println("At " +
t hi sJoi nPoi nt. get Si gnature() +
‘" fieldis set to " +

newval +
" n) :
}
}
using thisJoinPoint makes it possible
for the advice to recover information
about where it is running
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execution(void Point.setX(int))
method/constructor execution join points (actual running method)

initialization(Point)
object initialization join points

staticinitialization(Point)
class initialization join points (as the class is loaded)

75 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

cfl owm poi nt cut desi gnator)

all join points within the dynamic control flow of any join
point in pointcut designator

cf | owbel owm poi nt cut desi gnat or)
all join points within the dynamic control flow below any join
point in pointcut designator
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aspect DisplayUpdating {

poi ntcut nove(Fi gureEl enent fe):
target(fe) &&
(call (void FigureEl ement.moveBy(int, int)) ||
call (void Line.setP1(Point)) |
call (void Line.setP2(Point)) | ]
call (void Point.setX(int)) |
call (void Point.setY(int)));

poi ntcut topLevel Move(Fi gureEl ement fe):
nove(fe) && !cfl owbel owm nove( Fi gureEl ement));

after(FigureEl enent fe) returning: topLevel Move(fe) {
Di spl ay. updat e(fe);
}

) aspectj.org
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aspect DisplayUpdating {
private Display FigureEl enent.display;

static void setDisplay(FigureEl ement fe, Dsplay d) {
fe.display = d,
}

poi ntcut nove(Fi gureEl enent figEt):
<as before>;

after(Fi gureEl ement fe): nove(fe) {
fe.display.update(fe);
}
}
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_ . private with respect to —
aspect Di splaylUpdating { enclosing aspect declaration

private Display FigureEl ement. display;

public static void setDisplay(FigureElement fe, Display d) {
fe.display = d;

}

the display field
— is afield in objects of type Fi gur eEl enent , but
— belongs to Di spl ayUpdat i ng aspect

af;gréiﬁsg — Di spl ayUpdat i ng should provide getter/setter

}
|

poi nt cut
<as bef

}
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aspect Di splayUpdating {
private List FigureEl enent.displays = new LinkedList();

public static void addDi spl ay(Fi gureEl enent fe, Display d) {
fe.displays. add(d);
}

public static void renoveD spl ay(Fi gureEl enent fe, Display d) {
fe.displays. renove(d);

}

poi nt cut nove(Fi gureEl ement figElt):
<as before>;

after(FigureEl enent fe): nove(fe) {
Iterator iter = fe.displays.iterator();

}

: aspectj.org
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* pointcuts can have additional advice
— aspect with
* concrete pointcut
» perhaps no advice on the pointcut
— in figure editor
* nove() can have advice from multiple aspects
— module can expose certain well-defined pointcuts

» abstract pointcuts can be specialized

— aspect with
« abstract pointcut
 concrete advice on the abstract pointcut
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abstract aspect Cbserving {

protected interface Subject { }
protected interface Cbserver { }

public void addQbserver (Subj ect s, Observer o) { ... }
public void renoveObserver(Subject s, Qobserver o) { ... }
public static List getCbservers(Subject s) { ... }

abstract pointcut changes(Subject s);

after(Subject s): changes(s) {
Iterator iter = getQbservers(s).iterator();
while ( iter.hasNext() ) {
notifyCbserver(s, ((Observer)iter.next()));
}
}

abstract void notifyQbserver(Subject s, Qbserver 0);

: aspectj.org
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aspect DisplayUpdating extends Observing {

decl are parents: FigureEl enent inplenents Subject;
decl are parents: Display i mpl enents Observer;

poi nt cut changes( Subj ect s):
target (s) &&
(call (void FigureEl enent.moveBy(int, int))
cal | (voi d Line.setP1l(Point))
cal | (voi d Line.setP2(Point))
cal | (void Point.setX(int))
call (void Point.setY(int)));

voi d notifyCbserver(Subject s, Cbserver o) {
((Di splay)o).update(s);

aspectj.org
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aspect FactoryEnforcenent {

poi ntcut newri gElt():
cal | (FigureEl enent.new(..));

poi ntcut inFactory():
wi t hi n(Poi nt Figure. make*(..));

poi ntcut illegal NewFi gElt():
newFi gElt () && !inFactory();

declare error: illegal NewFi gEl t():
"Must call factory nethod to create figure elenents.”;
}
aspectj.org
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join points pointcuts advice
method & constructor ~ -primitive- before
call call after
execution execution around
field handler inter-type decls
get get set Type.field
set initialization Type.method()
exception handler this target declare
execution within withincode m
initialization cflow cflowbelow error
aspects -user-defined- parents
crosscutting type pointcut reflection
de;ﬁ;ﬁgﬁ? thisJoinPoint
- thisJoinPointStaticPart
overriding
85 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved m‘w

problem structure
examples:

crosscutting in the design, and
how to use AspectJ to capture that

AspectJ language
language mechanisms:

crosscutting in the code
mechanisms AspectJ provides

aspectj.org
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present examples of aspects in design
— intuitions for identifying aspects

present implementations in AspectJ

— how the language support can help

— putting AspectJ into practice

discuss style issues

— objects vs. aspects

when are aspects appropriate?

87 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

* simple tracing
— exposes join points and uses very simple advice
* an unpluggable aspect

— core program functionality is unaffected by the
aspect
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class TraceSupport {

static int TRACELEVEL = O;
raceSupport static protected PrintStream stream = nul|;

static protected int callDepth = -1;
static void init(PrintStream _s) {streanr_s;}

static void traceEntry(String str) {
if (TRACELEVEL == 0) return;
cal | Dept h++;
printEntering(str);

static void traceExit(String str) {
if (TRACELEVEL == 0) return;
cal | Depth--;
printExiting(str);

}

class Point { }
void set(int x, int y) {
TraceSupport.traceEntry(“Point.set”);
this.x = x; this.y =y,
TraceSupport.traceExit(“Point.set”);
}

j aspectj.org
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all modules of the system use the

trace facility in a consistent way:
entering the methods and
exiting the methods

this line is about

interacting with
the trace facility
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aspect PointTracing {

TraceSupport poi ntcut trace():

wi t hi n(com bi gboxco. boxes. *) &&
execution(* *(..));

before(): trace() {
TraceSupport.traceEntry(tjp);

after(): trace() {
TraceSupport.traceExit(tjp);
}

}
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N plug iIN: ajc Point.java Line.java
TraceSupport.java PointTracing.java

° unplug: ajc Point.java Line.java

AJBuilder Options : =10l

e Or... @mxun

[vl cxg/apache/tomeat/session/applicationgession., java [«
[[Jergfapache/tomcat/session/8essionDebug. java

vl org/apache/tomcat/session/Berverlession. java

[vl cxg/apache/tomecat/session/Standardiession. Java

[vl cxgfapache/tomcat/session/BessionInterceptor. java

[¥] org/apache /tomcat/session/StandardManager. java

Default {Current) _

-

OK Cancel
5§
aspectj.org
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/| From Cont ext Manager

uest, Response rresponse ) {

1/ log( "New request "

+ rrequest );

/1 Systemout.print(“A");

/] Systemout.print("B");

i f (debug>0)
osing request * + o0 — log("Error closing request " + ex);

rrespon:
} catch( Thi
if(debug>0) | og(

i

/1 10g( "Done with request
/1 Systemout.print("C')
return;

R \X// | og("Done with request " + rrequest);

/1 Systemout.print("C');

aspectj.org
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+ rrequest ).,

* turn debugging on/off without editing
classes

* debugging disabled with no runtime cost
* can save debugging code between uses
» can be used for profiling, logging

* easy to be sure it is off

aspectj.org
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* objects are no longer responsible for using
the trace facility

— trace aspect encapsulates that responsibility, for
appropriate objects

» if the Trace interface changes, that change is
shielded from the objects

— only the trace aspect is affected

* removing tracing from the design is trivial
— just remove the trace aspect

aspectj.org
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* object code contains no calls to trace
functions

— trace aspect code encapsulates those calls, for
appropriate objects

* if the Trace interface changes, thereis no
need to modify the object classes

— only the trace aspect class needs to be modified

* removing tracing from the application is trivial
— compile without the trace aspect class
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* using an object
captures tracing
support, but does
not capture its
consistent usage by
other objects

TraceSupport

AN~

[ ]

97 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated

* using an aspect
captures the
consistent usage of
the tracing support
by the objects

TraceSupport

All Rights Reserved

aspect Bi gBoxCoTraci ng {

poi ntcut trace():
Wi t hi n(com bi gboxco. *)
&& execution(* *(..));

before(): trace() {
TraceSupport.traceEntry(
tjp);

after(): trace() {
TraceSupport.traceExit(

tjp);

98

abstract aspect Tracing {
abstract pointcut trace();

before(): trace() {
TraceSupport.traceEntry(tjp);

after(): trace() {
TraceSupport.traceExit(tjp);
}
}

aspect Bi gBoxCoTraci ng
extends Tracing {

poi ntcut trace():
wi t hi n(com bi gboxco. *)
&& execution(* *(..));

aspectj.org
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* given a basic telecom operation, with
customers, calls, connections

* model/design/implement utilities such
as
— timing
— consistency checks

99 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

Customer Call
Cal | startCall (Customer) 1 Cust onmer get Cal | er ()
voi d pi ckupCal | (Cal |') voi d pickup()
void nmergeCal | s(Call, Call) void nerge(Call)
voi d hangupCal | (Cal I ) 0-N"|yoid hangup()
1 1 These classes
0.N define the
Connection protocols for
Cust orrer get Cal | er () §ett|ng up calls
caller | customer get Recei ver () (includes
_ voi d conpl ete()
fecever | \oid dr op() conference
calling) and
4 establishing
| | connections
Local LongDistance aspec ti.of
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store total 0.N Call
connection J| Customer 1
time
0..N
caller
Connection ftime each connection
receiver
Local LongDistance
101 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved .m‘ “

connection dropped:
add time

Customer

0..N connection made:

start timing
Connection

receiver connection dropped:
stop timing
| |
Local LongDistance

aspectj.org
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0..N

| ong_get Ti me() |- I Customer Call

Timer
void stop() <
void start() |

| ong get Ti ne() upon new
connection
Local LongDistance
aspectj.org
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* Connections and Customers are involved

» well defined protocols among them

* pieces of the timing protocol must be
triggered by the execution of certain basic
operations. e.g.

— when connection is completed,
set and start a timer

— when connection drops,
stop the timer and add time to customers’ connection
time

aspectj.org
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aspect Timng {
private Timer Connection.tiner = new Tiner();

private | ong Custoner.total ConnectTine = 0;
public static |ong getTotal Connect Ti ne(Custonmer c) {
return c.total Connect Ti ne;

}

poi ntcut startTi m ng(Connection c): target(c) && call(void c.conplete());
poi nt cut endTi mi ng(Connection c): target(c) && call(void c.drop());

after (Connection c) returning: startTimng(c) {
c.timer.start();

}

after(Connection c) returning: endTimng(c) {
Timer tinmer = c.tinmer;
timer.stop();
long currTime = tiner.getTinme();
c.getCaller().total ConnectTime += currTi ne;
c. get Recei ver().total Connect Time += currTine;
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Customer 0.N
iéﬁg get Ti me() 1

voi d addToTi ne(| ong)

addToTi me(timer.getTinme())

0..N

Timer

voi d stop() ///_\ Connection

void start()<— L
| ong get Ti me() ‘ﬂ;ﬁf())

>

timing as an object captures timing support, but does not
capture the protocols involved in implementing the

timing feature )
aspect).org
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'ming Customer | >

long get Ti ne() BL...... ATE—

voi d addToTi me(long t)

addToTi ne(tiner.get Time())

0..N

Timer i :
void stop()fe —+—" T Connection
void start () <— :j-.
I ong get Ti nf() 1;3\;’())

2

timing as an aspect captures the protocols involved in
implementing the timing feature

aspectj.org
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» Consider a change to the timer interface

Timer
void start()
| ong st opAndGet Ti ne()

* What changes are necessary in the
program?

aspect Timng {

after(Connection c): endTimng(c) {
Timer timer = c.tinmer;
long currTime = tiner.stopAndGet Ti me();
c.getCaller().total ConnectTime += currTine;
c.get Recei ver().total Connect Time += currTine;
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* basic objects are not responsible for using
the timing facility

— timing aspect encapsulates that responsibility, for
appropriate objects

« if requirements for timing facility change,
that change is shielded from the objects

— only the timing aspect is affected

* removing timing from the design is trivial
— just remove the timing aspect

aspectj.org
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* object code contains no calls to timing
functions

— timing aspect code encapsulates those calls, for
appropriate objects

* if requirements for timin faciliti{)_chan?e,
there is no need to modify the object classes

— only the timing aspect class and auxiliary classes
needs to be modified

* removing timing from the application is trivial
— compile without the timing aspect class

aspectj.org
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workers need to know the caller:
« capabilities

« charge backs

* to customize result

—\
T o

111 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

—-->
,—7

workers need to know the caller:

« capabilities
 charge backs
« to customize result

worker 1) |worker 2 Worker 3

aspectj.org

caIIer2

\O\

/O
\0/0/
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poi ntcut invocations(Caller c):
this(c) && call (void Service.doService(String));
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poi ntcut invocations(Caller c):
this(c) &% call(void Service.doService(String));

poi nt cut wor kPoi nt s(Wor ker w):
target(w) && call (void Wrker. doTask(Task));

—
P <
o, Q

)
ob

Vs

O

aspectj.
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poi ntcut invocations(Caller c):
this(c) && call(void Service.doService(String));

poi nt cut wor kPoi nt s(Wor ker w):
target(w) && call (void Worker.doTask(Task));

poi ntcut perCallerWrk(Caller c, Wrker w): :0__>
cfl ow(i nvocations(c)) && workPoi nts(w); _—
J ¥\
YR <0

OO

aspectj.org
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abstract aspect CapabilityChecking {

poi ntcut invocations(Caller c):
this(c) && call (void Service.doService(String));

poi nt cut wor kPoi nt s(Wor ker w):
target(w) && call(void Wrker.doTask(Task));

poi ntcut perCallerWrk(Caller c, Wrker w): 8-_—,0—»
/

O

cflow(invocations(c)) && workPoints(w);

&%
LR
before (Caller ¢, Wrker w: perCallerWrk(c, w { 2/ 932
w. checkCapabi lities(c); é b
}
}
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* presented examples of aspects in
design

— intuitions for identifying aspects

* presented implementations in AspectJ
— how the language support can help

* raised some style issues
— objects vs. aspects
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* is there a concern that:
— crosscuts the structure of several objects or operations
— is beneficial to separate out
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* adesign concern that involves several
objects or operations

* implemented without AOP would lead
to distant places in the code that
— do the same thing
* e.g. traceEntry(“Point.set”)
* try grep to find these [Griswold]
— do a coordinated single thing
* e.g. timing, observer pattern
* harder to find these

119 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

* exactly the same questions as for objects

* does it improve the code in real ways?
— separation of concerns
* e.g . think about service without timing
— clarifies interactions, reduces tangling
 e.g. all the traceEntry are really the same
— easier to modify / extend
 e.g. change the implementation of tracing
* e.g. abstract aspect re-use
— plug and play
* tracing aspects unplugged but not deleted
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* capture “the story” well

* may lead to good implementations,
measured by

— code size

. tangl:_ng learned through

— gct)cup ing experience, influenced
- by taste and style

aspectj.org

121 (c) Copyright 1998-2002 Palo Alto Research Center Incorporated. All Rights Reserved

* good modularity, even in the presence
of crosscutting concerns

— less tangled code, more natural code, smaller
code

— easier maintenance and evolution

* easier to reason about, debug, change
— more reusable

* more possibilities for plug and play

* abstract aspects
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conclusion
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* language design
— more dynamic crosscuts, type system ...
* tools

— more IDE support, aspect discovery, re-factoring, re-
cutting, crosscutting views...

* software engineering
— UML extension, finding aspects, ...
* metrics
— measurable benefits, areas for improvement

* theory

— type system for crosscutting, faster compilation,
advanced crosscut constructs, modularity principles

* see also aosd.net ;
leﬁtj.ﬁfl
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* user demand driven * tools
* specialized support — incremental compiler
— J2EE (servlet, JSP — re-factoring, structure-
EJB, JMS), J2ME aware editing, design ...
- flexible weaving * language
— bytecodes — aspect configuration
— intermediate form for ~ extensible pointcuts
aspect libraries — generic types (Java 1.5)
— load time — structure-shy XML

support

— 2.0?: new dynamic
crosscut constructs

aspectj.org
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* AspectJ is a small extension to Java™

— valid Java programs are also valid AspectJ programs
* AspectJ has its own compiler, ajc

— runs on Java 2 platform (Java 1.2 - 1.4)

— produces Java platform-compatible .class files (Java 1.1 -

1.4)

* AspectJ tools support

— IDE extensions: Emacs, JBuilder, Forte4J, Eclipse

— ajdoc to parallel javadoc

— ant tasks

— JPDA debugger integration (JSR 45 support)

* license
— compiler, runtime and tools are free for any use
— compiler and tools are Open Source

aspectj.org
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* aspectj.org
— documentation
— downloads
— users@aspectj.org
— support@aspectj.org
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« OOP - AOP

— handles greater complexity, provides more
flexibility...

— crosscutting modularity
* AspectJ

— incremental adoption package - revolutionary
benefits

— free AspectJ tools
— community
— training, consulting, and support for use

aspectj.org
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AspectJ.org is a PARC project:

Erik Hilsdale, Jim Hugunin, Wes Isberg,
Mik Kersten, Gregor Kiczales

slides, compiler, tools & documentation are available at aspectj.org

partially funded by DARPA under contract F30602-97-C0246

.
aspectj.org
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