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* using AOP and AspectJ to:
— improve the modularity of crosscutting concerns
< design modularity
e 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:

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

u
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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)
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* whereis logging in org.apache.tomcat
— red shows lines of code that handle logging
— not in just one place
— not even in a small number of places
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HTTPRequest -

Sessionlinterceptor
getCookies ()
getRequestURI()(doc) requestMap(request)
gelSEEoTe- beforeBody(req, resp)
getRequestEdSeEsSonid()

Session
HTTPResponse getAttribute (name)
getRequest() setAttribute (name, val)
setContentType(contentType) invalidate()
getOutptutStream ()
setS
i
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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
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HTTPRequest

getCookies ()
getRequestURI()(doc)

7

getSession()

getReguestedSessionld ()

HTTPResponse

getRequest()

getOutptutStream()

setContentType(contentType)

|| setSessionld (id)
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Sessionlinterceptor

requestMap(request)
beforeBody(req, resp)

Session

getAttribute (name)
setAttribute (name, val)
invalidate()

aspectj.org

¢ crosscutting is inherent in complex systems
¢ crosscutting concerns
— have a clear purpose
— have a natural structure

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

* SO0, 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 Programming with AspectJ
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ServerSession
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Sessi .

requestMap(request)
beforeBody(req, resp)

Session

getAttribute (name)
setAttribute (name, val)
invalidate()
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a small and well-integrated extension to Java

a general-purpose AO language
— just as Java is a general-purpose OO language

freely available implementation
— compiler is Open Source

includes IDE support
— emacs, JBuilder, Forte

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

— support@aspectj.org

currently at 1.0b1 release

w
aspectj.org
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* good modularity,
even for crosscutting concerns
— less tangled code
— more natural code
— shorter code

— easier maintenance and evolution

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

* library aspects

* plug and play aspects when appropriate
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problem structure
Part IV:

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

AspectJ mechanisms
Part II:

crosscutting in the code
mechanisms AspectJ provides

w
aspectj.org
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| AOP overview

— brief motivation, essence of AOP idea

Il Aspectd language mechanisms

— basic concepts, language semantics

[l development environment

— IDE support, running the compiler, debugging etc.

IV using aspects

— aspect examples, how to use AspectJ to program
aspects, exercises to solidify the ideas

V related work

— survey of other activities in the AOP community

Aspect-Oriented Programming with AspectJ
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Basic Mechanisms of AspectJ

aspectj.org

* present basic language mechanisms
— using one simple example
» emphasis on what the mechanisms do
* small scale motivation
* later chapters elaborate on
— environment, tools
— larger examples, design and SE issues
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« 1overlay 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 pointcuts
— user-defined pointcuts
advice
 additional action to take at join points in a pointcut
inter-class declarations (aka “open classes”)
aspect
e a modular unit of crosscutting behavior
— comprised of advice, inter-class declarations,
field,constructor and method declarations

19
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factory methods

SN
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Display
Figure ™’ FigureElement
] A

makePoint(..) moveBy(int, inf) | ®
makeLine(..) AN

Point 2 Line
setX(int) setP1(Point) $\
setY(int) ">~ setP2(Point)

operations that
move elements

aspectj.org
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class Line inplenments FigureEl enent{
private Point pl, p2;
Point getP1() { return pl; }
Point getP2() { return p2; }

void setP1(Point pl) { this.pl = pl; }
voi d set P2(Point p2) { this.p2 = p2; }
void nmoveBy(int dx, int dy) { ... }

}

class Point inplenents FigureEl ement {
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; }
voi d moveBy(int dx, int dy) { ... }

21
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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

Aspect-Oriented Programming with AspectJ

SN

we will initially assume
just a single display
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amethod is

called

and returns
or throws

a method executes
and returns or throws

a method executes
and returns or throws

Aspect-Oriented Programming with AspectJ

a method is called
and returns or
throws

method call
join points

method
execution
join points

» several kinds of join points

— 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

24
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all join points on this slide are
within the control flow of
this join point

repeated calls result in new join points

w
aspectj.org
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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

cal |l (void Line.setP1(Point))

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

u
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pointcuts compose like predicates, using &&, || and !

a “void Line.setP1(Point)” call
or
cal | (void Line.setPl(Point)) ||
cal |l (void Line.setP2(Point));
a “void Line.setP2(Point)” call

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

aspect).org

Aspect-Oriented Programming with AspectJ

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)) ||
cal | (void Line.setP2(Point));

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

aspect).org
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poi ntcut nove():

Aspect-Oriented Programming with AspectJ

- get, set
- handler
- initialization, staticinitialization

cal | (void Line.setPl(Point)) ||
cal |l (void Line.setP2(Point));

user-defined pointcut designator

primitive pointcut designator, can also be:
- call, execution - this, target

- within, withincode
- cflow, cflowbelow

aspectj.org

poi ntcut move():

}

Aspect-Oriented Programming with AspectJ

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

after advice runs
“on the way back out”

-

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

aspectj.org
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rights reserved.
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an aspect defines a special class
that can crosscut other classes

aspect DisplayUpdating {

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

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

A

box means complete running code
31
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class Line {
private Point pl, p2;

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

void setPl(Point pl) {
this.pl = p1;
Di spl ay. update();

}

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

}

kY
T

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

Aspect-Oriented Programming with AspectJ

aspectj.org
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poi ntcut nove():
cal | (void Line.setPl(Point)) ||
call (void Line.setP2(Point)) ||
cal |l (void Point.setX(int)) |
call (void Point.setY(int));

Aspect-Oriented Programming with AspectJ

aspectj.org

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

Aspect-Oriented Programming with AspectJ

int))

aspectj.org
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aspect DisplayUpdating {

poi ntcut nove():
cal | (void FigureEl ement. noveBy(int, int)) |
cal | (void Line.setPl(Point)) |
cal | (void Line.setP2(Point)) |
cal |l (void Point.setX(int)) |
call (void Point.setY(int));

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

Aspect-Oriented Programming with AspectJ

= L aspectj.org

* pointcut can explicitly expose certain values
» advice can use value

(call (void FigureEl ement. moveBy(int, i )
cal | (void Line.setPl(Point))
call (void Line.setP2(Point))
call (void Point.setX(int))
cal | (void Point.setY(int)

after (FigureEl enent fe) returning: nove(fe) {
<fe is bound to the figure el enent>

Aspect-Oriented Programming with AspectJ

—

poi nt cut nove(Fi W
target (figElt)

mechanism

) aspectj.org

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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« variable in place of type name in pointcut designator
— pulls corresponding value out of join points

« variable bound in user-defined pointcut designator
— makes value accessible on pointcut

pointcut parameters
poi ntcut nove(Line |):
target(l) &&
(call (voi\d Line.setP1(Point)) |
call (voi d_Line.setP2(Point)));

typed variable in place of type name

after(Line line): nove(line) {
<line is bound to the Iine>

} w
aspectj.org
Aspect-Oriented Programming with AspectJ

» variable bound in advice

* variable in place of type name in pointcut designator
— pulls corresponding value out of join points
— makes value accessible within advice

poi ntcut nove(Line I):
target(l) &&
(call (void Line.setP1l(Point)) ||
call (void Line.setP2(Point)));

v typed variable in place
advice parame&ers /p of type name

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

} u
aspectj.org
Aspect-Oriented Programming with AspectJ
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* valueis ‘pulled’

— right to left across “’ left sid@=-right-side=

— from pointcut designators to user-defined pointcut designators
— from pointcut to advice

poi nt cut M
tar get (
(call (void Line.setP1(Point)) ||
call (void Line.setP2(Point)));

after(Li ne |inef=—novettine) {

<line is bound to the |ine>

N aspect).org

Aspect-Oriented Programming with AspectJ

t ar get (<t ype nane>)

any join point at which
target object is an instance of type (or class) nhame

t ar get (Poi nt)
target (Li ne)
t arget (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

5 aspect).org

Aspect-Oriented Programming with AspectJ
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target (<supertype nane>) &&

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

poi nt cut nove( Fi gur eEl enent fim

target (fi gEt)y—&&
)
)

(call (voi d Line.setP1(Point)
call (voi d Line.setP2(Point)
cal | (void Point.setX(int))
call (void Point.setY(int)));

af ter ( Fi gur eEl enent fmej-{

<fe is bound to the figure el enent>

}

41
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aspect DisplayUpdating {

poi nt cut nove(Fi gureEl ement figElt):
target (figElt) &&

cal | (voi d Line.setP1(Point))
call (void Line.setP2(Point))
cal | (void Point.setX(int))

call (void Point.setY(int)));

after(FigureEl enent fe): nove(fe) {
Di spl ay. updat e(f e);
}

(call (void FigureEl ement. moveBy(int, int))

Aspect-Oriented Programming with AspectJ

aspectj.org

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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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;

}

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 =y;

}

}

Aspect-Oriented Programming with AspectJ

aspectj.org

class Line {
private Point pl, p2;

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

voi d setP1(Point pl) {
this.pl = p1;
Di spl ay. update() ;

voi d set P2(Point p2) {

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;

}

3
T

Aspect-Oriented Programming with AspectJ

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() ;

}
cl ass 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 =y;
Di spl ay. update();

) aspectj.org

Aspect-Oriented Programming with AspectJ

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;

s e ¢ no locus of “display updating”
void set(in ) ¢ — evolution is cumbersome

| 0SPi s piat (i) — changes in all classes

voi d set¥(int ) { — have to track & change all callers

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

- aspectj.org

Aspect-Oriented Programming with AspectJ
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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;

}
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 =y;

Aspect-Oriented Programming with AspectJ

aspectj.org

}
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;

Aspect-Oriented Programming with AspectJ

class Line { aspect Di spl ayUpdating {
private Point pl, p2;
poi ntcut nove():
Point getP1() { return p1; } call (void Line. setP1(Point)) ||
Point getP2() { return p2; } call (void Line.setP2(Point));
voi d setP1(Point pl) { after() returning: nmove() {
this.pl = pl; D spl ay. update();
} }
voi d set P2(Point p2) { T
this.p2 = p2;
}

aspectj.org

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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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 = p1;
}
voi d setP2(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 =y;

Aspect-Oriented Programming with AspectJ

aspect Di splayUpdating {

poi ntcut nove():
cal | (void FigureEl enent. noveBy(int, int) ||
call (void Line.setP1(Point)) Il
call (void Line.setP2(Point)) Il
call (void Point.setX(int)) Il
call (void Point.setY(int));

after() returning: nove() {
Displ ay. update();

aspect).org

class Line {
private Point pl, p2;

Point getP1() { return pl; }
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 = y;

Aspect-Oriented Programming with AspectJ

aspect Di splayUpdating {

poi ntcut nove( Fi gureEl enent figEt):
target (figEt) &&
(call (void FigureE ement. moveBy(int, int) ||
cal | (void Line.setP1(Point)) Il
cal | (voi d Line.setP2(Point)) Il
cal | (void Point.setX(int)) Il
cal | (void Point.setY(int)));

af ter (FigureEl enent fe) returning: nove(fe) {
novees. add(fe);

}

3
T

* clear display updating module
— all changes in single aspect
— evolution is modular

aspect).org

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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* 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

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

aspect).org

Aspect-Oriented Programming with AspectJ

e pre-conditions

— check whether parameter is valid
* post-conditions

— check whether values were set

* condition enforcement
— force parameters to be valid

aspect).org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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aspect Poi nt BoundsPreCondition {

before(int newX):
cal | (voi d Poi nw gs(newx) {
assert(newX >= MN X); what follows the ‘' is
} assert(newxX <= M':X—X)/ always a pointcut —
before(int newy): primitive or user-defined

call (void Point.setY(int)) & args(newY) ({
assert(newY >= M NY);
assert (newyY <= MAX_Y);
}
private void assert(bool ean v) {
if ('v)
t hrow new Runti meException();
}

} aspectj.org

Aspect-Oriented Programming with AspectJ

aspect Poi nt BoundsPost Condi tion {

after(Point p, int newX):
call (void Point.setX(int)) &k target(p) && args(newX) {

assert (p.getX() == newX);
}

after(Point p, int newy):
call (void Point.setY(int)) &k target(p) && args(newY) {

assert(p.getY() == newy);

}
private void assert(bool ean v) {
if ('v)
t hrow new Runti meException();
}

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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aspect Poi nt BoundsEnf or cenent {

void around(Point p, int newX):
call (void Point.setX(int)) &k target(p) && args(newX) {
praceed(p, clip(newX, MN_X MXX));
}

void around(Point p, int newy):
call (void Point.setY(int)) & target(p) && args(newY) {

praceed(p, clip(newy, MNY, MAXY));

}

private int clip(int val, int mn, int max) {
return Math. max(mn, Math.m n(max, val));

}

}

w
aspectj.org
Aspect-Oriented Programming with AspectJ

<result type> proceed(argl, arg2, .)

available only in around advice

means “run what would have run if this around advice had not been
defined”

u
aspectj.org
Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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57

thi s(<type nane>)
W t hi n(<type nane>)
wi t hi ncode( <nmet hod/ constructor signature>)

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

get (int Point.x)
set (int Point.Xx)

field reference or assignment join points

w
aspectj.org
Aspect-Oriented Programming with AspectJ

class Figure {
public Point makeli ne(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
fam‘nry methods

aspect FactoryEnforcenent {
poi ntcut illegal NewFi gElt():

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

before(): illegal NewFi gElt() {
throw new Error("Use factory nmethod instead.");

}

1

u
i as o

L
Aspect-Oriented Programming with AspectJ
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class Figure {

public Point makeLine(Line pl, Line p2) { newLine... }

public Point nmakePoint(int x, int y)

{ new Point... }

want to ensure

figure elements goes through the
factory methods

that any creation of

aspect FactoryEnforcenent {
poi ntcut illegal NewFi gElt():
(call (Point.new(..)) || call(Li
I'wi thi ncode(* Figure.nnake*(..));

ne.new(..))) &&

declare error: illegal NewFi gEl t()

must be a “static pointcut”
(more on this later)

"Use factory nmethod instead.");
}

}

Aspect-Oriented Programming with AspectJ

l:pecti.olrg

class Line inplements FigureEl ement {
private Point pl, p2;
Point getP1() { return pl; }
Poi nt getP2() { return p2; }

void setP1(Point pl) { this.pl = pl;
voi d set P2(Point p2) { this.p2 = p2;
void noveBy(int dx, int dy) { ... }

static aspect SetterEnforcenment {

declare error: set(Point Line.*) &&
I'wi t hi ncode(voi d Line.set P*(Point))
"Use setter nethod, even inside Line class.";

Aspect-Oriented Programming with AspectJ

aspectj.org

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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t hi sJoi nPoi nt.
Signature getSignature()
oj ect [] get Args()

available in any advice

thisJoinPointis abbreviated to ‘tjp’ in these slides to
save slide space

* introspective subset of reflection consistent with Java

w
aspectj.org
Aspect-Oriented Programming with AspectJ

aspect Poi nt Coor di nat eTraci ng {

before(Point p, int newal): set(int Point.*) &%
target(p) &&
args(newal ) {
Systemout.println("At " +
tjp.getSignature() +
" fieldis set to " +
newal +

SRF

3 using thisJoinPoint makes it possible
for the advice to recover information
abhaout where it is rlmning

u
aspectj.org
Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
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Aspect-Oriented Programming with AspectJ

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)

aspectj.org

cfl ow poi nt cut desi gnator)

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

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

Aspect-Oriented Programming with AspectJ

aspectj.org

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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aspect DisplayUpdating {

poi nt cut nove(Fi gureEl ement figElt):
target (figElt) &&
(call (void Fi gureEl en
call (void Line.setPl
cal | (void Line setp? ptc && !cflowbel ow ptc)
cal |l (voi d Point.set X(TmtJ) T
call (void Point.setY(int)));

the non-reentrant calls idiom:

poi ntcut topLevel Move(Fi gureEl enent figElt):
nove(figElt) && !cfl owbel oW move( Fi gureEl enent));

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

- aspectj.org

Aspect-Oriented Programming with AspectJ

“*" is wild card

t ar get (Poi nt)
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
call (public * *(..)) any public method on any type

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

cal |l (Point.new(int, int))
call (new(..)) any constructor

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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package com Xer ox. scan;

public class @ {

package com xerox.pri| " . packége com Xer 0x. Copy;
public class CL { public int frotz() |puplic class C3 {
A. doSonet hi ng( ..);

public void foo() { public String si() {
A doSomething(.);| !

A thing(.);
public int bar() { ERERITEEAL [l )7
y A.dosonething(.);| 4

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

w
. aspectj.org
Aspect-Oriented Programming with AspectJ

aspect PublicErrorLogging { | )
neatly captures public

Log log = new Log(); interface of mypackage

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

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

}

1
7

consider code maintenance
e another programmer adds a public method

* i.e. extends public interface — this code will still work
* another programmer reads this code

* “what'’s really going on” is explicit

u
. aspectj.org
Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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I
adds members to target interface/class

private Display FigureEl enent. displ ay;

aspect DisplayUpdating {

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

poi nt cut nmove( Fi gureEl enent figElt):
<as before>;

after (FigureEl enent fe): nove(fe) {
fe.display.update(fe);
}

}

1. recently termed “open classes” }
. ’ P aspectj.org

Aspect-Oriented Programming with AspectJ

private with respect to
enclosing aspect declaration

aspect DisplayUpdatin
private Display FigureEl enent. display;

static void setDisplay(FigureEl ement fe, Display d) {
fe.display = d;

} . .
the display field

poi nt cut — is afield of FigureElement, but

<as bef — belongs to DisplayUpdating aspect

) — DisplayUpdating aspect should provide getter/setter

after( Figureerenent 1€). MOVE(TEJ

fe.display.update(fe);
}

}

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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* pointcuts can have additional advice
— aspect with
e concrete pointcut
< perhaps no advice on the pointcut
— in figure editor

« abstract pointcuts can be specialized
— aspect with
« abstract pointcut
e concrete advice on the abstract pointcut

71
Aspect-Oriented Programming with AspectJ

* move() can have advice from multiple aspects
— module can expose certain well-defined pointcuts

aspect).org

public class FigureEditor {

p0| ntcut nove(Fi gureEl enent figEt):
target(figElt) && ...;

aspect DisplayUpdating {

after ( FigureEl ement fe) returning:
Fi gureEdi tor. nove(fe) {

Aspect-Oriented Programming with AspectJ

aspect).org

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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abstract public aspect RenpteExceptionLoggi ng {

abstract pointcut logPoint(); abstract

after() throwi ng (RenoteException e): |ogPoint() {
log. println(“Renote call failed in: 7 +
thisJoinPoint.toString() +
(e )

public aspect MyRM Loggi ng ext ends Renot eExcepti onLoggi ng {
poi ntcut | ogPoint():
call (* RegistryServer.*.*(..)) ||
call (private * RM MessageBrokerlnpl.*.*(..));

w
. | aspectj.org
Aspect-Oriented Programming with AspectJ

aspect RWBynchroni zation {

abstract pointcut readers(..): ..
abstract pointcut witers(..): ..,

before(. .
after (..
before(..
after (..

): readers(.) { beforeReader(..); }
): readers(.) { afterWiter(..); }
): witers(.) { beforeWiter(..); }
) ) A ;

reader s( . afterWiter(..); }

<hel per net hods as before>

1

EJ

aspect Munbl eRWSynchr oni zati on ext ends RWSynchroni zation {

abstract pointcut readers(..):
abstract pointcut witers(..):

ey

ooy

Aspcct—Oucmcu Programming with AspectJ L] L

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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aspect Publ i cErrorLoggi ng
pertarget (Publi cErrorlLoggi ng. publiclnterface()) {
one instance of the aspect for each object

_ . that ever executes at these points
Log 1 og = new Log();

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

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

}

aspectj.org

Aspect-Oriented Programming with AspectJ

static Log getlLog(Qhject obj) {

return (PublicErrorLoggi ng. aspect Of(obj)). 1 og;
} /
}

« static method of aspects
— for default aspects takes no argument
— for aspects of pertarget/perthis takes an Object
— for aspects of percflow takes no arguments

* returns aspect instance

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
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pertar get (<poi nt cut >)
pert hi s(<poi nt cut >)
one aspect instance for each
object that is ever “this” at
the join points

percfl ow( <poi nt cut >)
per cfl owbel ow( <poi nt cut >)

cflow or cflowbelow

Aspect-Oriented Programming with AspectJ

one aspect instance for each join point
in pointcut, is available at all joinpoints in

@O _ @0
@%° @p

aspectj.org

aspect D splayUpdating {
List novers = new LinkedList();
List novees = new Li nkedList();
...

thi s(nmover) && target(nmovee) &&
(call (void Line.setP1(Point)) ||
call (void Line.setP2(Point)) ||
call (voi d Point.setX(int)) |
call (void Point.setY(int)));

noveCal | (nover, novee) {
nover s. add( nover) ;
novees. add( novee) ;

}

1

poi ntcut noveCal | (Coj ect nmover, FigureEl enent novee):

after(Qbject nmover, FigureEl enent novee) returning:

T

Aspect-Oriented Programming with AspectJ

aspectj.org

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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join_points pointcuts advice
method & constructor -primitive- before
call call after
execution execution around
field handler
get get set _
set initialization inter-type decls
exception handler this target
execution within withincode
initialization cflow cflowbelow declare
: error
aspects -user-defined-
crosscutting type pointcut
pertarget declaration
perthis abstract
percflow overriding
tatic .
percflowbelow S
& Aspect-Oriented Programming with AspectJ “ml u or‘

problem siructure
Part IV:

crosscutting in the design, and
1 how to use AspectJ to capture that
Aspect] mechanisms

Part I

crosscutting in the code
mechanisms AspectJ provides

u
. aspectj.org
Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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Aspectd IDE support

* AJDE support for
— emacs, JBuilder, Forte

* navigating AspectJ code
« compiling

* tracking errors

« debugging

* ajdoc

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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Using Aspects

aspectj.org

present examples of aspects in design
— intuitions for identifying aspects

present implementations in AspectJ

— how the language support can help

work on implementations in AspectJ

— putting AspectJ into practice

raise some style issues

— objects vs. aspects

when are aspects appropriate?

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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e simple tracing

— exposes join points and uses very simple advice

* an unpluggable aspect
— core program functionality is unaffected by the

aspect

Aspect-Oriented Programming with AspectJ

aspectj.org

class Point {
void set(int x, int y) {
TraceSupport. traceEntry(“Point.set”);
X=X Yy =Y,
TraceSupport. traceExi t(“Point.set”);

}

1

class TraceSupport {
static int TRACELEVEL = 0;
static protected PrintStreamstream = null;
static protected int callDepth = -1;

static void init(PrintStream_s) {streanF_s;}

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

}

static void traceExit (String str) {
i f (TRACELEVEL == 0) return;
cal | Dept h- -;
printExiting(str);

}

}

J
Aspect-Oriented Programming with AspectJ

aspectj.org

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.

43



Aspect-Oriented programming with AspectJ

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

w
aspectj.org
Aspect-Oriented Programming with AspectJ

aspect Poi ntTracing {

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

before(): trace() {
TraceSupport. traceEntry(
t hi sJoi nPoi nt. get Si gnature());

after(): trace() {
TraceSupport. traceExi t(
t hi sJoi nPoi nt. get Si gnature());
}

1
)

u
aspectj.org
Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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° plug IN; ajc Point.java Line.java

° unplug: ajc Point.java Line.java

e Or...

Sraf apache/toncatys peapisn/Appl isabionBeas ion. java
=rgfapecha/toncaty/rearicny/ Bear ionbDebug. jeva
=rafapechefboncat) seenion/ Ser arSensdion 5 ave

=rp/ apa=hast S ramrionS Qhandar 1o . v
argd apashastoncat/eeanians Bean isnIntaraap tax. Java
orgd apache Sroncat s sess oS Standar dlansy=r . Java =

o

Aspect-Oriented Programming with AspectJ

/| Fr om Cont ext Manager

publ ¢ vol d servi co( Request rrequest .

og( "New request * + rrequest )
o o '\// log( "New request " + rrequest );

rrequest . set Response (rresponse);
/1 Systemout.print(“A");

rresponse set Request (rrequest );

11 wont request - parsing error
int status=response.getStatus);

if( status < 400 )
status= processRequest ( rrequest );

i1(stat us==0)
statys=authent cate( rrequest, rresponse);
atus == 0)
status=aut hori ze( rrequest, rresponse )
if( status =0
rrequest . get W apper() . handl eRequest (1 equest ,
rresponse) ;

Jelse(

/1 something went wrong
handi et ror ( rrequest, rresponse, null, status )i
) : npy -
} caich (Throwable t) { /// S{St em out . pri nt( B ) y
handl eError( rrequest, I T 1, 0)

1 System out.print("B);

vy {
e __—i f(debug>0)
log("Error closing request " + ex);

rresponse recycl e();

} catch( Throvable ex ) {
11 (debug>0) |og( "Error closing request * + ex);

) th reques rrequest X
11 S e LT T " Do ith t oo+ t)
e og( ne w reques rrequest) ;

/1 Systemout.print("C');

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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Aspec

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

w
aspectj.org
t-Oriented Programming with Aspect]

u
aspectj.org
Aspect-Oriented Programming with AspectJ

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

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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functions

appropriate objects

trivial

Aspect-Oriented Programming with AspectJ

* object code contains no calls to trace

— trace aspect code encapsulates those calls, for

- if the trace interface changes, there is no
need to modify the object classes
— only the trace aspect class needs to be modified
* removing tracing from the application is

— compile without the trace aspect class

aspectj.org

* using an object
captures tracing
support, but does
not capture its
consistent usage by
other objects

Aspect-Oriented Programming with AspectJ

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

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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1. Make a Tracing library aspect, and
redefine PointTracing as extension of
it.

2. The original after advice runs whether
computation returned normally or
threw an exception. Instead, define
one advice for normal return, and a
second for abrupt return that also
prints the exception.

aspectj.org

Aspect-Oriented Programming with AspectJ

abstract aspect Tracing {
/1 what goes here?

aspect PointTracing extends Tracing {
/1 what goes here?

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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* what, at the design level, does each of these
aspects implement?

« did you retain TraceSupport class?
* what do you think of the names Tracing and

PointTracing for these aspects? what did you
name the abstract pointcut

* can you combine the techniges of OO
frameworks with these aspects to make the
Tracing aspect even more flexible? isit a
good idea to do so?

aspectj.org

Aspect-Oriented Programming with AspectJ

CloneablePoint
<<aspect>>

clone()

HashablePoint H Point ComparablePoint
<<aspect>>

<<aspect>>

x: doubl e
equal s(o: Ovj ect) y: doybl e conpar eTo(o0: Obj ect)
hashCode() theta: double

rho: double

rot at e(angl e: doubl e)
of f set (dx: doubl e, dy: doubl e)

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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aspect O oneabl ePoi nt {
decl are parents: Point inplenments O oneabl g

public Object Point.clone() throws O oneNot SupportedException {
/1 we choose to bring all fields up to date before cloning

makeRect angul ar () ; /1 defined in class Point
makePol ar () ; // defined in class Point
return super.clone();

}

w
aspectj.org
Aspect-Oriented Programming with AspectJ

100

* Write the HashablePoint and
ComparablePoint aspects.

« Consider a more complex system.
Would you want the HashablePoint
aspect associated with the Point class,
or with other HashableX objects, or
both?

u
aspectj.org
Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.
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interface QutputStream {
public void wite(byte b) ;
public void wite(byte[] b);
}

/**

*/
aspect ByteCounting {

int count = O;

int getCount() { return count;
/1 /1
/1 what goes here? //
/1 /1

}

* This SI MPLE aspect keeps a gl obal
* the bytes ever witten to an Qut put Stream

}

count of all

101 i i
Aspect-Oriented Programming with AspectJ

aspectj.org

/**
*/
aspect ByteCounting {

int count = O;
int getCount() { return count;

* This SI MPLE aspect keeps a gl obal
* all the bytes ever witten to an CQutput Stream

}

count of all

102

Aspect-Oriented Programming with AspectJ

aspectj.org

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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aspect ByteCounting {

int count = 0;
int getCount() { return count; }

after() returning:
call (void QutputStreamwite(byte)) {
count = count + 1;

}

after(byte[] bytes) returning:
call (void QutputStreamwite(bytes)) {
count = count + bytes.|length;

w
- . | aspectj.org
Aspect-Oriented Programming with AspectJ

cl ass Si npl eCQut put Stream i npl ements Qut put St ream {
public void wite(byte b) { ...}

public void wite(byte[] b) {
for (int i =0; i < b.length; i++) wite(b[i]);
}

cl ass OneCut put Streami npl ements Qut put Stream {
public void wite(byte b) { ...}

public void wite(byte[] b) { ...}

o aspect).org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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class O herQutput Stream i npl enents Qut put St ream {
public void wite(byte b) {
byte[] bs = new byte[1] { b };
wite(bs);

}
public void wite(byte[] b) { ...}

aspectj.org

Aspect-Oriented Programming with AspectJ

aspect ByteCounting {

int count = O;
int getCount () { return count; }

pointcut wite(): call(void QutputStreamwrite(byte)) ||
cal | (void CQutputStreamwite(byte[]));

pointcut witeCflow(): cflowbelowwite());

after () returning:
'witeCflow() && call(void QutputStream.wite(byte)) {
count ++;

}

after (byte[] bytes) returning:
'witeCflow() && call (void QutputStream.wite(bytes)) {
count = count + bytes.|ength;

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.

53



Aspect-Oriented programming with AspectJ

107

call (void QutputStreamwite(byte[]));

/* ... and show how to properly increment the count state */
count = count + 1;

1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
: pointcut wite(): call(void OQutputStreamwrite(byte)) ||
:
1
1
1
1
1
1
1
1
|
1
: count = count + bytes.length;
1
1

w
aspectj.org
Aspect-Oriented Programming with AspectJ

/* put declarations here that provide per-streamcount state */

private int QutputStream count = 0;
static public int getCount (QutputStreamos) { return os.count; }

1* or 2?27 */
public int QutputStreamgetCount() { return count; }

third party perspective:

pointcut wite(): call(void Qutput{
call (void Qutputys. get Count ();

Byt eCount i ng. get Count(s);

/* ... and show how to properly ind

s.count = s.count + 1;

s.count = s.count + bytes.|ength;

u
aspectj.org
Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
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* How do the aspects change if the
method void wite(Collection c) is

added to the OutputStream interface?

* How would you change v2 to handle
byte generators:

interface ByteGenerator {
int getLength();
voi d generat eTo(CQut put Streams);

}

aspectj.org

Aspect-Oriented Programming with AspectJ

workers need to know the caller:
« capabilities

« charge backs

* to customize result

aspectj.org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All
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callerl

_>’ —2
|

-—
—_

workers need to know the caller:

« capabilities
orker 1 orker 2

 charge backs
* to customize result

e
\O«O(

111

Aspect-Oriented Programming with AspectJ

@rker 3

aspectj.org

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

112
Aspect-Oriented Programming with AspectJ

Shie

aspectj.org

(c) Copyright Xerox Corporation, 1998-2001. All
rights reserved.
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poi ntcut invocations(Caller c):

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

113

Aspect-Oriented Programming with AspectJ

this(c) &% call(void Service.doService(String));

aspectj.org

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

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

poi ntcut perCallerWrk(Caller c, Wrker w):
cflowinvocations(c)) && worKkPoints(w);

114
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poi nt cut wor kPoi nt s(\Wr ker w)

poi nt cut perCal | erWork(Call er

before (Caller c, Wrker w:

w. checkCapabi lities(c);
}

}

abstract aspect CapabilityChecking {

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

target(w) && call (void Wirker. doTask(Task));

c, Wrrker w): =
cflowinvocations(c)) && workPoints(w); -

perCal lerWrk(c, w { g%%

115
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* points
— with location and color
e ascreen
— that monitors location changes
— that monitors color changes
— that monitors screen changes

116

Aspect-Oriented Programming with AspectJ
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Point

setX(int) ——1

setColor(Color)

Aspect-Oriented Programming with AspectJ

setY(int) %

observe
setColor

Display

printin(String)
updateStatus (String)

observe
printin

aspectj.org
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observe
setX set

setY(int) e

cnt(‘n!r\r(f‘nlnr) .

Aspect-Oriented Programming with AspectJ

observe
setColor

<poi nt 12> noved
<poi nt 28> changed col or \

<poi nt 12> npved
<poi nt 28> changed col or

|l ast change: 14:02:29

aspectj.org
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aspect Coordi nat eCbservi ng {
HashMap per Poi nt Cbservers

new WeakHashMap() ;

static void addObserver (Point p,

Di splay d) {

static void renoveQbserver (Point p,
Iterator getCbservers(Point p) {

poi ntcut change(): (call(void Point.
call (void Point.
target(p);
after(Point p) returning: change() {
update(p, d);
}
voi d update(Point p, Display d) {

d. println(“Point
}

}

Di spl ay d) {

}

set X(int))
setY(int)))

/1 iterate for each display in observers...

“ + p + “has nmoved” .);

119 _ _
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}

|
&&

aspect Observing {
static void renpveCbserver(Point p,
Iterator getCbservers(Point p) {
abstract pointcut change();
after(Point p) returning: change() {

update(p, d);
}

HashMap per Poi nt Gbservers = new WeakHashMap();
static void addObserver(Object p, Object d) { ... }

Display d) {
}

/] iterate for each display in observers...

abstract void update(Point p, Display d);

}

Aspect-Oriented Programming with AspectJ

aspectj.org
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aspect Col or Gbservi ng {

Display d; // assune this is set up for you

121

Aspect-Oriented Programming with AspectJ

aspectj.org

aspect Di spl ayCbserving {

Display d; // assume this is set up for you

122
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aspect Cbserving {

123

Aspect-Oriented Programming with AspectJ

aspectj.org

abstract aspect Observing {

private Collection getCbservers(Subject s) {
Coll ection observers = (Col | ecti on) per Subj ect Cbservers . get (s);
if ( observers == null
observers = new Li nkedList ();
per Subj ect Cbservers. put (s, observers);

return observers;

protected interface Subject { }
protected interface Cbhserver { }

abstract pointcut change();
after (Subject s): change() {
Iterator iter = getObservers(s).iterator();

while (iter.hasNext () ) {
updat eCbserver (s, ((Cbserver)iter.next()));
}

}

abstract void updateCbserver (Subject s, Cbserver 0);

private WeakHashMap per Subj ect Cbservers = new WeakHashMap();

public void addObser ver (Subj ect s, Observer o) { getObservers(s).add(o); }
public void renmoveObserver (Subject s, Cbserver o) { getObservers(s).renove(o); }

124
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public aspect Col orObserving extends QObserving {

decl are parents: Point inplenents Subject;
decl are parents: Screen inplenments Observer;

poi nt cut changes(Subject s): call(void Point. setColor(Color)) &% target(s);

voi d updat eObserver (Subj ect s, Observer o) {
((Screen)o).display("Screen updated because col or changed. ");

w
N | aspectj.org
Aspect-Oriented Programming with AspectJ

public aspect CoordinateCbserving extends Cbserving {

decl are parents: Point inplenents Subject;
decl are parents: Screen inplenments Observer;

poi nt cut changes(Subject s): (call(void Point.setX(int)) ||
call (void Point.setY(int)) ) &&
target(s);

voi d updat eObserver (Subj ect s, Observer 0) {
((Screen)o).display("Screen updated because coordi nates changed.");

}

u
. aspectj.org
Aspect-Oriented Programming with AspectJ
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public aspect ScreenCbserving extends Observing {

decl are parents: Screen inplenents Subject;

decl are parents: Screen inplenments Observer;

poi nt cut changes(Subj ect s): call(void Screen.display(String)) &&

target(s);

voi d updat eObserver (Subj ect s, Observer o) {
((Screen)o).display("Screen updated because screen displayed.");

127
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TimeServicen™

*Tim=Servicel™

TTim=Servicezs™

RAI
FEglSCIY

Time Requests

Seyver
Lodkup

Timed=Cwer

client reactions to failures:

- abort
Aspect-Oriented Plograr;mw A%Other Se rve r

Client

aspect).org

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.

64



Aspect-Oriented programming with AspectJ

UnicastRemoteQObject <<interface>>
Remote

TimeServer <<interfacess
e TimeService

+getTime ()

<>~ — 1 Client

+getMame ()

+gecTime ()
+ogetMate ()

+Hoindi)
+lookup (]

129 . X
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--=---=---2 Naming - ---- :

aspectj.org

public interface TinmeService extends Renote {

/**

* What's the tinme?

*/
public Date getTi me() throws RenoteException;
/**

* CGet the nane of the server

*/
public String get Name() throws RenoteException;
/**

* Exported base nane for the service

*/
public static final String nanmeBase = " Ti neService";

Aspect-Oriented Programming with AspectJ

aspectj.org
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public class TineServer extends UnicastRenoteObject
i npl enents Ti meService {
/**
* The remotely accessibl e nmethods
*/
public Date getTime() throws RenoteException {return new Date();}
public String getNanme() throws RenoteException {return toString();}
/**
* Make a new server object and register it
K no exception

public static void main(String[] args) {/ .
Ti meServer ts = new TimeServer(); CatCh|ng here,

Nami ng. bi nd( Ti neSer vi ce. naneBase, ts);

} but notice
" nm/
* Exception pointcuts. Code is not conplete w thout advice on t

*/
pointcut create():
wi thi n( Ti meServer) && call ( TimeServer.new());

pointcut bind(): wthin(TineServer) && call(void Nami ng.bind(String,..));
poi ntcut bindName(String name): args(nanme, ..) && bind();

131

w
aspectj.org
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aspect AbortMServer {

Ti meServer around(): TineServer.create() {

Ti meServer result = null;

try {
result = proceed();

} catch (RenoteException e){
Systemout.println("TimeServer err: " + e.getMessage());
System exit(2);

}

return result;
declare soft: RenoteException: TimeServer.create();

void around(String name): TineServer .bindName(nanme) {
try {
proceed(nane);
System out. println("Ti meServer: bound nane.");

} catch (Exception e) {
Systemerr.println("TimeServer: error " + e);
Systemexit(1);

}

}

declare soft: Exception: TimeServer.bind();

Aspect-Oriented Programming with AspectJ

aspect).org
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aspect RetryMyServer {
Ti meServer around(): TineServer.create() {
TimeServer result = null;
try { result = proceed(); }
catch (RenpteException e){
System out.println("TimeServer error."); e.printStackTrace();
}

return result;

}

declare soft: RenoteException: TinmeServer.create();

void around(String name): TineServer .bindName(nanme) {
for (int tries = 0; tries < 3; tries++) {
try {
proceed(nanme + tries);
Systemout. println("TineServer: Name bound in registry.");
return;
} catch (Al readyBoundException e) {
Systemerr. println("Ti neServer: nanme already bound");
}
Systemerr.println("TimeServer: Gving up."); Systemexit(1);
}

declare soft: Exception: TimeServer.bind();

}

w
- - | aspectj.org
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:pub! ic cl ass Cient { again’ no
Ti meService server = null; .
e ‘ ‘ ‘ exception
*/Get a server and ask it the time occasionally Catching here
void run() { i

server = ( Ti meService) Nanmi ng. | ookup( Ti neSer vi ce. naneBase);
System out.println("\nRenote Server=" + server.getName() + "\n\n");
while (true) {

Systemout.printIn("Tinme: " + server.getTinme());
pause();

I**

*/

pointcut setup(): call (Renmote Nam ng. | ookup(..));
pointcut setupClient(Client c): this(c) && setup();

1
1
1
1
1
1
1
1
1
1
1
1
1
1
* Exception pointcuts. Code is not conplete w thout advice on them :
1
1
1
1
1
1
pointcut serve(): call(* TimeService.*(..)); :
pointcut serveClient(Client c, TinmeService ts): 1
this(c) & target(ts) && serve(); :

1

1

...other nethods ... .

oo aspectj.org
Aspect-Oriented Programming with AspectJ
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aspect AbortMWCient {
Remot e around(Client c): Client.setupClient(c) {

Renote result = null;

try {
result = proceed(c);

} catch (Exception e) {
Systemout.println("Client: No server. Aborting.");
System exit(0);

}

return result;

}

declare soft: Exception: Client.setup();

Obj ect around(Client c, TimeService ts): Cient.serveClient(c, ts) {

Obj ect result = null;

try {
result = proceed(c, ts);

} catch (RenoteException e) {
Systemout.println("Cient: Renpte Exception. Aborting.");
System exit(0);

}

return result;

declare soft: RenoteException: Client.serve();

s U Mi'or‘

Aspect-Oriented Programming with AspectJ

aspect RetryMydient {

Remot e around(Client c): dient.setupClient(c) {

Remote result = null;

try { result = proceed(c);}

catch (Not BoundException e) {
Systemout.printin("Cient: Trying alternative nane...");
result = findNewServer ( Ti meServi ce. naneBase, c.server, 3);
if (result == null) Systemexit(1); /* No server found */

} catch (Exception e2) { Systemexit(2); }

return result;

decl are soft: Exception: Client.setup();

Obj ect around(Client ¢, TimeService ts): Cient.servedient(c,ts) {
try { return proceed(c,ts); }
catch (Renpt eException e) {
c.server = findNewServer (Ti meServi ce. nanmeBase, c.server, 3);
if (c.server == null) Systemexit(1l); /* No server found */
try { return proceed(c, c.server);
catch (RenoteException e2) { Systemexit(2); }
return null;

}

decl are soft: RenoteException: Client.serve();

static TinmeService findNewServer (String baseNane,
Obj ect currentServer, int nservers) { ..}

3 ' wi'nr‘

Aspect-Oriented Programming with AspectJ
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Aspec

abort mode:

ajc dient.java TinmeServer_Stub.java Abort Mdient.java

retry mode:

ajc dient.java TinmeServer_Stub.java RetryMdient.java

switch to different failure handling modes
without editing

no need for subclassing or delegation
reusable failure handlers

w
aspectj.org
t-Oriented Programming with Aspect]
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Write another exception handler that, on
exceptions, gives up the remote mode and
instantiates a local TimeServer.

How would this client look like if the
exception handling were not designed with
aspects? Can you come up with a flexible OO
design for easily switching between

exception handlers?

Compare the design of exception handlers
with aspects vs. with your OO design

u
aspectj.org
Aspect-Oriented Programming with AspectJ
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aspect UselLocal Cient {

Obj ect around(Client c, TimeService ts):

Obj ect result = null;

try {
result = proceed(c, ts);

} catch (RenoteException e) {
c.s = new TinmeServer ();
proceed(c, s);

}

return result;

}

declare soft: RenoteException: Client.serve();

}

Client.serveCient(c, ts) {

139
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* given a basic telecom operation, with
customers, calls, connections

* model/design/implement utilities such
as

— timing
— consistency checks

Aspect-Oriented Programming with AspectJ

aspectj.org
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Customer
Call startCall(Custoner)
voi d pi ckupCall (Cal l)

voi d nergeCalls(Call, Call)

voi d hangupCal |l (Cal |)

A
1 1

Call

1 Cust oner get Cal | er()
voi d pi ckup()

voi d nerge(Call)

voi d hangup()

receiver

Connection

Custoner getCaller()
Cust oner get Recei ver ()
voi d conpl ete()

voi d drop()

>

Local

LongDistance

Aspect-Oriented Programming with AspectJ

These classes
define the
protocols for
setting up calls
(includes
conference
calling) and
establishing
connections

aspectj.org
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store total
connection
time

Aspect-Oriented Programming with AspectJ

receiver

* Call

ime each connection

| ocal

LongDistance

aspectj.org
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connection dropped:
add time

0.N

AL

Customer

receiver

Call

0.N

Connection

connection made:
start timing

connection dropped:
stop timing

Local

LongDistance

Aspect-Oriented Programming with AspectJ
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Timer
voi d stop()

\

void start()

| ong get Tine()
-~ J 7

144

~____connection dro

upon new
connection

Aspect-Oriented Programming with AspectJ

receiver

Call

| ocal

LongDistance

aspectj.org
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* Write an aspect representing the timing
protocol.
45 Aspect-Oriented Programming with AspectJ “mi . or‘

 connections and calls 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

u
" aspectj.org
Aspect-Oriented Programming with AspectJ
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aspect Timng {
private Timer Connection.timer = new Timer();

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

}

poi ntcut startTimng(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): startTimng(c) {
c.timer.start();

}

af ter (Connection c¢): endTimng(c) {
Timer timer = c.tiner;
tinmer.stop();
long currTime = timer.getTine();
c.getCaller().total ConnectTinme += currTime;
c. get Recei ver ().total ConnectTime += currTinme;

147
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Customer
i .0._ng get Ti ne()

addToTi me(tinmer.getTine())

148

0N
Timer .
. Connection
voi d stop()
voi d start Mo
|l ana aet Ti Ev')nl A drop()
A AR | new—)

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

timing feature ‘
aspectj.org
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iming Customer | ——2%

| ong get Ti BNE S

voi d addToTi ne(| 0 .

addToTi me(ti . i

0.N

Timer n —
voi d stop() le—1 Connection
void start ()} <] "“r.op()
| t Ti ng

ong getTime() |, Tﬂew(..)

4
| )

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

aspectj.org
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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

Aspect-Oriented Programming with AspectJ
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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_? facility _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

152
Aspect-Oriented Programming with AspectJ

 How would you change your program if
the interface tao Timer objects changed to

Timer
voi d start()

U ong stopAndGet Tine()

* What changes would be necessary

without the aspect abstraction?

aspectj.org
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° ensure that all calls a_nd conr_lectior_\s
are being shut down in the simulation

Aspect-Oriented Programming with AspectJ

aspectj.org

Call
Customer B Cust oner get Cal | er()
Cal | startCall (Custoner) . .
voi d pi ckupCal I (Cal I) voi d pi ckup()
void nergeCal ls(Call, Call) >
void hnngnp{‘:l I(!‘nl 1 ) O..N

A
1 1
0.N
v
Connection

voi d nerge(Cal ) * merge

store each new call
remove calls that

* hangup

voi d hangup()
T~ |List of

Calls

Cust oner getCaller()
Cust oner get Recei ver ()

receiver

voi d conpl ete()

void dronl)
Y-oH—-c—e0p

store each new connection
remove connections that drop

1 Listof

0.N g
Connections

Aspect-Oriented Programming with AspectJ

[ ocal LongDistance check atthe end
f simulation
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aspect Consi st encyChecker {
/* The lifecycle of calls */
call's. addEl enent (c);
cal |l s. renoveEl ement (c) ;
cal | s. renoveEl ement (ot her);
}

/* The lifecycle of connections */

connections. addEl enent (c);

connections. renoveEl ement (c);

}
}

Vector calls = new Vector(), connections = new Vector();

after(Call c): target(c) & call(Call.new(..)) {
}
after(Call c): target(c) && call(* Call.hangup(..)) {

}
after(Call other): args(other) && (void Call.nmerge(Call)) {

after(Connection c): target(c) & call(Connection.new(..)) {
}
after(Connection c): target(c) && call(* Connection.drop(..))

after(): w thin(Tel econDenp) && executions(void main(..)) {
if (calls.size() !'=0) printin("ERROR on calls clean up.");
if (connections.size()!=0) println("ERROR on connections clean up.");

{

155 _ _
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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

aspectj.org
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* is there a concern that:
— crosscuts the structure of several objects or operations

— is beneficial to separate out

aspectj.org

< a design 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

aspectj.org

Aspect-Oriented Programming with AspectJ
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* 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

w
aspectj.org
Aspect-Oriented Programming with AspectJ
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e capture “the story” well
* may lead to good implementations,

measured by

— code size
— tangl:_ng learned through
- zttncup ing experience, influenced
- by taste and style
Aspect-Oriented Programming with AspectJ .s i. or‘
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* 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

w
aspectj.org
Aspect-Oriented Programming with AspectJ

References, Related Work,
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e aspectj.org
e aosd.net (www.parc.xerox.com/aop)

163
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aspectj.org

« ECOOP’97

— http://wwwtrese .cs.utwente.nl/aop-ecoop97

* ICSE’'98

—  http://www.parc.xerox.com/aop/icse98

« ECOOP’98

—  http://wwwtrese .cs.utwente.nl/aop-ecoop98

« ECOOP’99

— http://wwwtrese .cs.utwente.nl/aop-ecoop99

* OOPSLA’99
« ECOOP’00

— http://trese.cs.utwente.nl/Workshops/adc2000/

*« OOPSLA’00

— http://trese.cs.utwente.nl/Workshops/OOPSLA2000/

- ECOOP’01
.. * OOPSLA'01

Aspect-Oriented Programming with AspectJ

— http://lwww.cs.ubc.ca/~murphy/multid -workshop-oopsla99/index.htm

aspectj.org
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« see workshop proceedings

¢ upcoming AOSD conference

Aspect-Oriented Programming with AspectJ

aspectj.org
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« objects are
» code and state
» ‘“little computers”
* message as goal
 hierarchical structure

* languages support
* encapsulation
* polymorphism
* inheritance

* tools
» browser, editor, debuggers
« preserve object abstraction

Aspect-Oriented Programming with AspectJ

aspects are

+ crosscutting structure
languages support

+ crosscutting
tools

+ preserve aspect abstraction

aspectj.org
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* language design
— more dynamic crosscuts, type system ...
* tools

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

» software engineering
— finding aspects, modularity principles, ...
* metrics
— measurable benefits, areas for improvement

* theory
- tydpe system for crosscutting, fast compilation,
a

vanced crosscut constructs
aspectj.org
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* Aspectd is a small extension to the Java
programming language
— all valid programs written in the Java programming

language are also valid programs in the AspectJ
programming language

* AspectJ has its own compiler, ajc
— ajc runs on Java 2 platform
— ajc is available under Open Source license
— ajc produces Java platform compatible .class files

aspectj.org
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* release status
— 3 major, ~18 minor releases over last year (1.0rc2 is current)
— tools
» |DE extensions: Emacs, JBuilder 4, Forte4J
 ajdoc to parallel javadoc
« debugger: command line, GUI, & IDE
— license
< compiler, runtime and tools are free for any use
- compiler and tools are Open Source
* aspectj.org
— May 1999: 90 downloads/mo, 20 members on users list
— Feb 2001: 600 downloads/mo, 600 members on users list

aspect).org
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- 11
— incremental compiler

e 1.2
— source of target classes not required?

« 2.0
— new dynamic crosscut constructs

commercialization decision after 1.0

aspect).org

Aspect-Oriented Programming with AspectJ

(c) Copyright Xerox Corporation, 1998-2001. All

rights reserved.

85



Aspect-Oriented programming with AspectJ

171

Aspectd.org is a Xerox PARC project:

Bill Griswold, 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
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