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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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AspectJ Tutorial

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



Aspect-oriented programming with
AspectJ

* 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 i
. P aspectj.org
AspectJ Tutorial
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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
|
° AspectJ Tutorial .sml u org

* 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

u
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HTTPRequest -
Sessionlinterceptor
getCookies ()
getReguestURI()(doc) requestMap(request)

getSession() beforeBody(req, resp)

getReguestedSessionld ()

Session
HTTPResponse getAttribute (name)
getRequest() setAttribute (name, val)
setContentType(contentType) invalidate()
getQutptutStream ()
setSessionld(id)

AspectJ Tutorial
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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...

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

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

ServerSessionManager
-
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HTTPRequest
T qucinnlnfprrpptnr
getCookies ()
requestMap(request)
[ getSession () beforeBody(req, resp)
Session
HTTPResponse
il getAttribute (name)
getRequest() setAttribute (name, val)
setContentType(contentType) invalidate()
L cotSessiontaid)—
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« asmall and well-integrated extension to Java

* ageneral-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 1.0 release

u
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

u
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

w
. aspectj.org
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problem siructure
Part IV:

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

Aspect] mechanisms
Part Il:

crosscutting in the code
mechanisms AspectJ provides

u
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Basic Mechanisms of AspectJ

aspectj.org
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* 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

u
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« 1overlay onto Java
— 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
introduction
« additional fields/methods/constructors for classes
aspect
° acrosscutting type
— comprised of advice, introduction,
field,constructor and method declarations

. aspectj.org
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class Line inplenents FigureEl emrent {
private Point pl, p2; display must be

updated when
objects move

pl; } ®
p2; } *
}

cl ass Point inplenents FigureEl ement {
private int x =0, y = 0;

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

voi d set P1(Point pl) { this.pl
voi d set P2(Point p2) { this.p2

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

void setX(int x) { this.x
void setY(int y) { this.y

) aspectj.org

AspectJ Tutorial
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» collection of figure elements
— that change periodically

— must monitor changes to refresh
the display as needed

— collection can be complex
« hierarchical
° asynchronous events

* other examples
— session liveness
— value caching

19
AspectJ Tutorial
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a method is
called
and returns
or throws

a method executes
and areturnsor
throws

AspectJ Tutorial

a method is called
and returns or
throws

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

AspectJ Tutorial

method call
join points

aspectj.org

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

/his join point

repeated calls to
the same method
on the same object
result in multiple
join points

AspectJ Tutorial

(c) Copyright Xerox Corporation, 1998-
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each time a Line receives a
“void setP1(Point)” or “void setP2(Point)” method call

name and parameters o _
a “void Line.setP1(Point)” call

poi ntcut move(): »or
cal | (void Line.setPl(Point)) ||
cal |l (void Line.setP2(Point));

a “void Line.setP2(Point)” call

w
aspectj.org
AspectJ Tutorial

24

/user-defined pointcut designator

poi ntcut move():
call (void Line.setP1(Point)) ||
cal | (voi\d\l_i ne. set P2( Point));

primitive pointcut designator, can also be:

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

- initialization, staticinitialization

u
aspectj.org
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after advice runs
“on the way back out”

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

after() returning: move() {

}

<code here runs after each nove>

AspectJ Tutorial

aspect).org

aspect MoveTracking {
private boolean flag = fal se;
public bool ean testAndd ear () {
bool ean result = flag;
flag = fal se;
return result;

}

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

after() returning: nove() {
flag = true;

}

1

EJ

A

box means complete running code

AspectJ Tutorial

an aspect defines a
special class that can
crosscut other classes

aspect).org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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class Line { cl ass MoveTracking {
private Point pl, p2; private static boolean flag = fal se;
Point getP1() { return pl; } public static void setFlag() {
Point getP2() { return p2; } flag = true;
}
void setPl(Point pl) {
this.pl = p1; public static boolean testAndC ear() {
MoveTr acki ng. set Fl ag() ; bool ean result = flag;
} flag = fal se;
voi d set P2(Point p2) { return result;
this.p2 = p2; }
MoveTracki ng. set Fl ag() ; }

}

}

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

w
. aspectj.org
AspectJ Tutorial

poi ntcut nove():
cal | (voi d Line.setP1(Point)
cal | (voi d Line.setP2(Point)
cal |l (void Point.setX(int))
call (void Point.setY(int));

) |
) 1
N

u
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aspect MoveTracki ng {
private boolean flag = fal se;
public bool ean testAndd ear () {
bool ean result = flag;
flag = fal se;
return result;

}

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

after() returning: nove() {
flag = true;
}
}

AspectJ Tutorial

aspectj.org

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

(call (void Line.setP1(Point))

cal | (voi d Line.setP2(Point))

<fe is bound to the figure el ement>

}

AspectJ Tutorial

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

parameter
mechanism is

call (void Point.setX(int)) being used
call (voi d Point. setM

after(FigureEl enent fe) returning: nmove(fe) {

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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aspect MoveTracki ng {
private Set novees = new HashSet ();
public Set getMvees() {
Set result = novees;
nmovees = new HashSet ();
return result;

}

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

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

)) |
)) 1
I

after(Fi gureEl enent fe) returning: nmove(fe) {
novees. add(fe);

}

u
.l aspectj.org
AspectJ Tutorial

« variable bound in user-defined pointcut designator
« variable in place of type name in pointcut designator

— pulls corresponding value out of join points
— makes value accessible on pointcut

+—pointcut parameters

poi nt cut nove(Line |):
target (I N &&
(call (void Line.setP1(Point)) ||
cal | (voi d\Li ne. set P2(Point)));
typed variable in place of type name

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

u
w| ! aspectj.org
AspectJ Tutorial
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e variable bound in advice

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

poi nt cut nove(Line |):
target(l) &&
(call (void Line.setP1(Point)) ||
call (void Line.setP2(Point))); ] )
typed variable in place

advice parame&t/ers / of type name

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

} w
. aspectj.org
AspectJ Tutorial

« valueis ‘pulled’
— right to left across “’ left 5|$ TTight side

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

poi nt cut noves(Li ngl): D
target(l) &&
(call (void Line.setP1(Point)) ||
cal |l (void Line.setP2(Point)));

after(Line Iing: nove(l1ne) {

<line is bound to the |ine>

}

u
, aspectj.org
AspectJ Tutorial
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target (<type nane>)

any join point at which
target objectis an instance of type (or class) name

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

aspectj.org

target (<supertype nane>) &&

» does not further restrict the join points
» does pick up thetarget object

poi ntcut nove(Fi gureEl ement fidgElt):
target (figElt) &&

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

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

}

aspectj.org

AspectJ Tutorial
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2001. All rights reserved.
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aspect MoveTracking {
private Set novees = new HashSet ();
public Set getMvees() {
Set result = novees;
nmovees = new HashSet ();
return result;

}

poi ntcut nove(Fi gureEl enent figEt):

target (figElt) &&

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

after (FigureEl ement fe): nove(fe) {
novees. add(fe);
}
}

AspectJ Tutorial

aspectj.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;

}

3
T

AspectJ Tutorial

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 = p1;
MoveTr acki ng. set Fl ag() ;

}
voi d set P2(Point p2) {

this.p2 = p2;
MoveTr acki ng. set Fl ag() ;

}
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;

}
}

AspectJ Tutorial

cl ass MoveTracking {
private static boolean flag = fal se;

public static void setFlag() {
flag = true;

}

public static bool ean test Andd ear () {
bool ean result = flag;
flag = fal se;
return result;

aspectj.org

class Line {
private Point pl, p2;

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

voi d setP1(Point pl) {
this.pl = pl;
MoveTr acki ng. set Fl ag() ;

}
voi d set P2(Point p2) {
this.p2 = p2;
MoveTr acki ng. set Fl ag() ;
}
}

cl ass Point ¢

private int x =0, y = 0;

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

void setX(int x) {
this.x = x;
MoveTr acki ng. set Fl ag() ;

}

void setY(int y) {
this.y = y;
MoveTr acki ng. set Fl ag() ;

3

T

AspectJ Tutorial

cl ass MoveTracking {

private static boolean flag = fal se;

public static void setFlag() {
flag = true;

}

public static bool ean test Andd ear () {

bool ean result = flag;
flag = fal se;
return resul t;

}

3

T

aspectj.org

(c) Copyright Xerox Corporation, 1998-
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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;
MoveTr acki ng. col | ect One(t hi s);

}
voi d set P2(Point p2) {
this.p2 = p2;
MoveTr acki ng. col | ect One(t hi s);

}
cl ass Point ¢

private int x =0, y = 0;

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

void setX(int x) {

this.x = x;

MoveTr acki ng. col | ect One(t hi s);
}
void setY(int y) {

this.y =y;

MoveTr acki ng. col | ect One(t hi s);

}

AspectJ Tutorial

}

cl ass MoveTracking {
private static Set novees = new HashSet ();

public static void collectOne(Chject o) {

novees. add( o) ;

public static Set getnovees() {
Set result = novees;
novees = new HashSet ();
return result;

}

evolution is cumbersome
— changes in all three classes

— have to track all callers
» change method name

e add argument

aspectj.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;

AspectJ Tutorial

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 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;

AspectJ Tutorial

aspect MoveTracki ng {

private bool ean flag = fal se;
public bool ean testAndd ear () {
bool ean result = flag;
flag = fal se;
return result;

poi ntcut nove():
call (void Line. setPl(Point)) ||
call (void Line.setP2(Point));

after(): nove() {
flag = true;
}
}

aspectj.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;

AspectJ Tutorial

aspect MoveTracking {

private boolean flag = fal se;
public bool ean testAndd ear () {
bool ean result = flag;
flag = fal se;
return resul t;

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

after(): nove() {
flag = true;

}

F

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 = p1;
}
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;

AspectJ Tutorial

aspect MoveTracki ng {
private Set novees = new HashSet();
public Set getnovees() {
Set result = novees;
novees = new HashSet ();
return result;

}

poi ntcut nove(FigureE enent figEt):
target (figEt) &&
(call(void Line.setP1(Point)) ||
cal | (void Line.setP2(Point)) ||
cal | (void Point.setX(int)) |
call (void Point.setY(int)));

after(FigureEl enent fe): nove(fe) {
novees. add(fe);

e evolution is more modular
— all changes in single aspect

aspectj.org

* before

« after returning
« after throwing
« after

e around

AspectJ Tutorial

before proceeding at join point

a value to join point
a throwable to join point
returning to join point either way

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

aspectj.org

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

47
AspectJ Tutorial

aspectj.org

aspect Poi nt BoundsPreCondition {

before(int newX):
cal | (voi d Point.set X(i
assert(newX >= M N_X);

assert (newX <= MAX_X);
} </

before(int newy):

assert (newY >= MN_Y);
assert (newY <= MAX Y);

}

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

call (void Point.setY(int)) && args(newy) ({

&& args(newx) {

what follows the *’ is
always a pointcut —
primitive or user-defined

AspectJ Tutorial

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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aspect Poi nt BoundsPost Condition {

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)) & target(p) && args(newY) {
assert(p.getY() == newy);
}

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

w
- aspectj.org
AspectJ Tutorial

aspect Poi nt BoundsEnf or cenment {

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

void around(Point p, int newy):
call (void Point.setY(int)) & target(p) && args(newy) {
proceed{p, clip(newy, MNY, MAX Y));

}

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

}

}

u
. aspectj.org
AspectJ Tutorial
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<result type> proceed(argl, argz2, ..)

available only in around advice

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

w
8 aspectj.org
AspectJ Tutorial

t hi s(<type name>)
Wi t hi n(<type nane>)
wi t hi ncode( <net hod/ construct or 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.Xx)
set (i nt Point.x)

field reference or assignment join points

u
aspectj.org
AspectJ Tutorial

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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aspect Poi nt Coor di nat eTraci ng {
poi nt cut coor dChanges(Poi nt p,
target(p) && args(newval);
bef ore(Point p, int newal):

coordChanges(p, newval) {
Systemout.printin(“At " +

newal +

)

int newal):

(set(int Point.x) || set(int Point.y)) &&

tjp.getSignature() +
“ field is changed to ”

+

53

AspectJ Tutorial

aspectj.org

* t hisJoi nPoi nt.
Si gnature getSignature()
oj ect [] get Args()

available in any advice

slides to save slide space

AspectJ Tutorial

thisJoinPointis abbreviated to ‘tjp’ occasionally in these

* introspective subset of reflection consistent with Java

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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initialization(Point)
object initialization join points

AspectJ Tutorial

execution(voi d Point.setX(int))
method/constructor execution join points (at actual called method)

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

aspectj.org

aspect MoyveTracking {
List novers = new LinkedList();
List novees = new LinkedList();
1.

t hi s(mover) && target(novee) &&
(call (void Line.setPl(Point)) ||
call (void Line.setP2(Point)) ||
call (void Point.setX(int)) Il
call (void Point.setY(int)));

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

}

1

poi ntcut noveCal | s(Obj ect nover, FigureEl enent novee):

after(Qbj ect nmover, FigureEl enent novee) returning:

7

AspectJ Tutorial

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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class Point inplenent FigureH enent {
private int x =0, y = 0;

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

void setX(int nv) { primtiveSetX(nv); }
void setY(int nv) { primtiveSetY(nv); }

void primitiveSetX(int x) { this.

X }
void primtiveSetY(int y) { this.y

X;
v}

}

aspect PrimtiveSetterEnforcenent {
poi ntcut illegal Sets():
I'(wi thincode(void Point.primtiveSetX(int)) ||
wi thi ncode(void Point.primtiveSetY(int))) &&

(sets(int Point.x) || sets(int Point.y));
before(): illegal Sets() {
throw new Error("lllegal prinmtive setter call.");

}

AspectJ Tutorial

aspectj.org

class Point inplenent FigureH enment {
private int x =0, y = 0;

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

void setX(int nv) { primtiveSetX(nv); }
void setY(int nv) { primtiveSetY(nv); }

void primtiveSetX(int x) { this.

X }
void primtiveSetY(int y) { this.y

X;
v}

) =

aspect PrimtiveSetterEnforcenent {
pointcut illegal Sets():
I'(withincode(void Point.primtiveSetX(int)) ||
wi thi ncode(void Point.primtiveSetY(int))) &&
(sets(int Point.x) || sets(int Point.y));

declare error: illegal Sets(): “lllegal setter call”;

AspectJ Tutorial

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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cfl ow( poi ntcut desi gnator)
all join points within the dynamic control flow of any join
point in pointcut designator.

cfl owbel owm poi ntcut desi gnator)
all join points within the dynamic control flow below any
join point in pointcut designator.

aspectj.org

AspectJ Tutorial

aspect MoveTracking {

private Set movees = new HashSet():
public Set getMvees() {

Set result = novees;

movees = new HashSet();

return result;

}
poi nt cut nove(Fi gureEl ement figElt):

target (figElt) &&

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

poi ntcut topLevel Move(Fi gureEl ement figEt):
nove(figElt) && !cfl owbel owm nmove( Fi gureEl enent));

after (FigureEl ement fe) returning: topLevel Move(fe) {
novees. add(fe);

}

’ aspectj.org

AspectJ Tutorial

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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target (Poi nt)

target (graphi cs. geom
target (graphi cs. geom
target (graphics..*)

cal |l (voi d Point. set X(
call (public * Point.*
call (public * *(..))

cal | (voi d Point. get X(
call (voi d Point. getY(
cal |l (void Point.get*(
call (void get*())

cal |l (Point.new(int, i
call (new(..))

Poi nt)
*)

“*" is wild card

“..” is multi-part wild card

any type in graphics.geom

any type in any sub-package

any public method on Point
any public method on any type

of graphics
int))
(.))
))
))
))

any getter
nt))

any constructor

aspectj.org

AspectJ Tutorial

62

package com xerox.pri:
public class Cl {

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

-

e crosscuts of methods with a common property
— public/private, return a certain value, in a particular package

package com xer ox.scan;

public class @ {
A. doSonet hi ng(..);

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

ST package com xerox. copy;
public int frotz() public class C3 {

b.L.JbHC String si() {
A. doSonet hi ng(..);

- %

4

* logging, debugging, profiling
— log on entry to every public method

AspectJ Tutorial

v

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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aspect PublicErrorLoggi ng { | .
neatly captures public
Log log = new Log(); interface of mypackage
poi ntcut publiclnterface(): /

call (public * comxerox..*.*(..));

after() throwing (Error
log.wite(e);

e): publiclnterface() {

}
}

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 Tutorial .sl I. or‘

aspect PublicErrorLoggi ng

Log log = new Log();

after() throwing (Error
log.wite(e);

AspectJ Tutorial

pertarget ( PWM Loggi ng. publiclnterface()) {

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

one instance of the aspect for each object
that ever executes at these points

e): publiclnterface() {

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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static Log getlLog(Qoject obj) {
return (PublicErrorLoggi ng. aspect Of(obj)). 1 og;
}
}

» static method of aspects
— for default aspects takes no argument
— for aspects of eachcflow takes no arguments
— for aspects of eachobject takes an Object

* returns aspect instance

w
. aspectj.org
AspectJ Tutorial

pertarget (<poi nt cut >)

pert hi s(<poi nt cut >) @Q
one aspect instance for each @O@)
object that is ever “this” at @O

the join points

per cfl ow( <poi nt cut >)

per cfl owbel ow( <poi nt cut >)
one aspect instance for each join point
in pointcut, is available at all joinpoints in
cflow or cflowbelow

u
. aspectj.org
AspectJ Tutorial

(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

67
AspectJ Tutorial

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

aspectj.org

public class FigureEditor {
poi nt cut nove(Fi gureEl emrent figElt):
target (figEt) &&

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

-

aspect MveTracking {
after ( FigureEl enent fe) returning:
Fi gur eEdi tor. nove(fe) {

AspectJ Tutorial

aspectj.org

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

abstract

abstract pointcut logPoint(); <

log. printIn(“Renote call failed in: " +
thisJoinPoint.toString() +
u(n + e + u).n);

after() throwi ng (RenoteException e): |ogPoint() {

poi ntcut | ogPoint():
call (* RegistryServer.*.*(..)) ||

AspectJ Tutorial

public aspect MyRM Loggi ng ext ends Renot eExcepti onLoggi ng {

call (private * RM MessageBrokerlnpl.*.*(..));

aspectj.org

aspect MoveTracking { i i |
private et movees = new ashSet ) introduction adds members
publie Sat geLMiveesl) €

nmovees = new HashSet();
return result;

}
rivate Cbject FigureE enent.| ast MovedBy;

publ inxc Obj ect Fi gureEl ement . get Last MovedBy () {
ret;rn | ast MovedBy;

cal I's(void In. setPl(Point)) || calls(void In. setP2(Point));
pointcut point MoveCal |'s (Point pt):
calI's(voidpt.setX(int)) || calls(void pt.setY(int));

after(Qbject nover, FigureEl enent novee):
MoveCal | s(mover, novee) {
novees. add( novee);
novee. | ast MovedBy = nover;

}

1
T

AspectJ Tutorial

to target type

}
po\ir::luénch;n;ﬁc:ul‘:;()d};‘;cl mover, FigureEl enent movee): pub“c and priva‘[e are
ot cut 1 naovecal Ta(Line 1 by: R s(mee)): with respect to enclosing

aspect declaration

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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join points pointcuts advice
method & constructor -primitive- before
calls call after
executions execution around
field handler
gets get set ) _
sets initialization introduction
exception handler this target declare
executions within withincode W
initializations cflow cflowbelow
aspects -user-defined-
crosscutting type pointcut
pertarget declaration
perthis abstract
percflow overriding
percflowbelow static :
AspectJ Tutorial “ml.or‘

problem siructure
Part IV:

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

Aspect] mechanisms
Part Il:

crosscutting in the code
mechanisms AspectJ provides

u
aspectj.org
AspectJ Tutorial

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

aspectj.org

74

¢ AJDE support for

— emacs, JBuilder, Forte
* also jdb style debugger (ajdb)
* and window-based debugger

* navigating AspectJ code
« compiling

* tracking errors

* debugging

* ajdoc

AspectJ Tutorial

aspectj.org

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

37



Aspect-oriented programming with
AspectJ

Using Aspects

aspectj.org

problem s'ructure
Part IV:

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

AspectJ mechanisms
Part II:

crosscutting in the code
mechanisms AspectJ provides

u
. aspectj.org
AspectJ Tutorial

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

AspectJ Tutorial

e plug tracing into the system

— exposes join points and uses very simple
advice

* an unpluggable aspect

— the program’s functionality is unaffected by the
aspect

* uses both aspect and object

aspectj.org

AspectJ Tutorial

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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‘\WLLI_' L

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

static void init(PrintStream_s) {stream_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 | Dept h- -;
printExiting(str);

}

class Point {

X=X, y=Y,

}

7w L

void set(int x, int y) {
TraceSupport. traceEntry(“Point.set”);

Tr aceSupport. traceExi t(“Point.set”);

}

aspectj.org

AspectJ Tutorial

this line is about

interacting with
the trace facility

AspectJ Tutorial

all modules of the system use the
trace facility in a consistent way:
entering the methods and

exiting the methods

aspectj.org

(c) Copyright Xerox Corporation, 1998-

2001. All rights reserved.
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AspectJ Tutorial

aspect TraceM/Q asses {

TraceSupport

poi ntcut tracedMethod():

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

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

after(): tracedMethod() {
TraceSupport. traceExi t(
t hi sJoi nPoi nt . get Si gnat ure()) ;

aspect).org

82

AspectJ Tutorial

* plug in:

. unplug: ajc Point.java Line.java
Gorfiget i | Sugitn | Qptone |
e Or... mx@

ajc Point.java Line.java

Sraf apashastoncats reasisnS Aol icabionbeas ion. java
=rg/apechaftoncaty/ranricn/Sear ionDebug . jeva
=rgfapsche/toncat, reanisn/ ey araneion . e

=g/ apechast b ramwicn/ Shandacdd

ion.davs
argd apacha fLoncat/ seaeisn/ Gedn ion I taraap taT. Java
oo apsche SToncat s sess jon Standsr AN Sy=r - v

(c) Copyright Xerox Corporation, 1998-

2001. All rights reserved.
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/' Fr om Cont ext Manager

. respense rrespanse ) (
TTT——
/1 1og(

s )

/1 Systemout.print("B");

i f(debug>0)

/1 Systemout.print("C');

/1l Systemout.print(“A");

- — | og("Error closing request "

1 t it (e auest) X
Ja \// log("Done with request " + rrequest);

"New request " + rrequest );

+ ex);

w
. aspectj.org
AspectJ Tutorial

cost

uses
» can be used for profiling, logging
e easy to be sure it is off

* turn debugging on/off without editing
classes

* debugging disabled with no runtime

e can save debugging code between

u
aspectj.org
AspectJ Tutorial

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

u
aspectj.org
AspectJ Tutorial

« 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

u
aspectj.org
AspectJ Tutorial

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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e using an object * using an aspect
captures tracing captures the
support, but does consistent usage of
not capture its the tracing support
consistent usage by by the objects
other objects
TraceSupport M
|_| %
ISP&C‘E] org

Aspect] Tutorial

* Make the tracing aspect a library aspect
by using an abstract pointcut.

* The after advice used runs whether the
points returned normally or threw
exceptions, but the exception thrown is
not traced. Add advice to do so.

aspectj.org

AspectJ Tutorial

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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aspect Traci ngXxXX {
/1l what goes here?

aspect TraceMyd asses extends Traci ngXXX {
/1l what goes here?

AspectJ Tutorial

aspectj.org

abstract aspect Traci ngProtocol {

abstract pointcut tracetracedMethod();

before(): tracedMet hod() {

}
after(): tracedMethod() {

}

1

TraceSupport. traceEntry(thisJoinPoint.getSignature());

TraceSupport. traceExi t(thisJoi nPoint.getSignature());

EJ

aspect TraceMyd asses extends Traci ngProtocol {

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

1

J

AspectJ Tutorial

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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CloneablePoint
<<aspect>>

clone()

HashablePoint Hl Point H ComparablePoint
<<aspect>>

S<aspect>> x: doubl e
equal s(o: Obj ect) y: dol_JbI e conpar eTo( 0: 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

AspectJ Tutorial

aspect O oneabl ePoi nt {

decl are parents: Point inplenments O oneabl e;

public Ooject Point.clone() throws d oneNot SupportedException {
/1 we choose to bring all fields up to date before cloning
makeRect angul ar () ; /1 defined in class Point
makePol ar () ; /1 defined in class Point
return super.clone();

. aspectj.org

AspectJ Tutorial

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

w
aspectj.org
AspectJ Tutorial

interface QutputStream{
public void wite(byte b) ;
public void wite(byte[] b);
}
/**
* This SI MPLE aspect keeps a gl obal count of al
* all the bytes ever witten to an Qut put Stream
*/
aspect ByteCounting {

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

11 11
/'l what goes here? //
11 11

}

u
5

aspectj.org
AspectJ Tutorial

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

* This SI MPLE aspect keeps a gl obal

*/
aspect ByteCounting {

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

count of all
* all the bytes ever witten to an Qutput Stream

95

AspectJ Tutorial

aspectj.org

aspect ByteCounting {

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

after() returning:

count = count + 1;

}
after(byte[] bytes) returning:

count = count + bytes.length;

call (void QutputStreamwite(byte)) {

call (void QutputStreamwite(bytes)) {

AspectJ Tutorial

aspectj.org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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cl ass Si npl eCut put Stream i npl enent's 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 OneQut put Streami npl ements Qut put St ream {
public void wite(byte b) { ...}

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

aspectj.org

AspectJ Tutorial

class Gt herQutput Stream i npl ements Qut put Stream {
public void wite(byte b) {
byte[] bs = new byte[1] { b };
wite(bs);

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

aspectj.org

AspectJ Tutorial

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

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

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

pointcut withinWite(): cflowbelow(wite());

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

}

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

w
. aspectj.org
AspectJ Tutorial

aspect ByteCounting of eachobject(wite()) {
int count;

int getCountOf (QutputStream str) {
return ByteCounting.aspectOf(str).count;

count ++;

count += bytes.|ength;

u
m aspectj.org
AspectJ Tutorial

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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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 gener at eTo( Qut put St ream s);

}

u
aspectj.org
AspectJ Tutorial

workers need to know the caller:
« capabilities

« charge backs

* to customize result

aspectj.org

AspectJ Tutorial

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

workers need to know the caller:
« capabilities

 charge backs

* to customize result

orker 1

103
AspectJ Tutorial

—___>|’/\ —>
N -2

\
O

orker 2 &)rker 3

aspectj.org

(PR3
OO

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

104

AspectJ Tutorial

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));

AspectJ Tutorial

target(c) && call(void Service.doService(String));

aspectj.org

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

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

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

AspectJ Tutorial

aspectj.org

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

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

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

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

before (Caller ¢, Wrker w: perCallerVWrk(c, w { WY
w. checkCapabi lities(c);
}
} |
aspectj.o
Ay AspectJ Tutorial I‘ r‘

interface Forest {
int howMvanyTrees();
int howMvanyBirds();

}

pointcut forestCall():
call (* Forest.*(..));

before(): forestCall(): {
1

EJ

- aspectj.org

AspectJ Tutorial

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

poi ntcut forestCall():
call (* Forest.*(..));

before(): forestCall () {
Systemout. printin(tjp.getSignature() +

Forestry {

" Is a Forest-Method.");

AspectJ Tutorial

aspect).org

110

1

class Forestlnpl inplenents Forest {

public static void main(String[] args) {
Forest f1 = new Forestlnpl ();

fl.toString();

f1. howvanyTrees();

f1. howvanyTrees();
}
public int howvanyTrees() { return 100; }
public int howvanyBirds() { return 200; }

J

* interface For est includes methods from Obj ect, such as
toString()

AspectJ Tutorial

aspect).org

(c) Copyright Xerox Corporation, 1998-
2001. All rights reserved.
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aspect Forestry {
poi ntcut forestCall():
call (* Forest.*(..)) &&
lcall (* Object.*(..));

before(): forestCall () {
System out. println(thisJoi nPoint. methodNanme +
" is a Forest-nethod.");

u
aspectj.org
AspectJ Tutorial

112

* In this example you needed to
constrain a pointcut because of
undesired inheritance. Think of an
example where you would want to
capture methods in a super-interface.

* Constraining a pointcut in this way can
be seen as an aspect idiom. What other
idioms have you seen in this tutorial?

u
aspectj.org
AspectJ Tutorial

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

"TimeZeryloel™

*Tim=Servicel™

TTim=Servrices™

ANL

Fegistry

g
T

VEL
up

Time Requests

client reactions to failures:

- abort

- try another server

Client

aspectj.org

114

UnicastRemoteObject

<<interface>-
Remote

AspectJ Tutorial

TimeServer

+ogetTiwe ()
+oetMatoe ()

<<interfaces>
TimeService

et Time ()
+oetMatoe ()

thindi)
tlookup (]

<~ — 1 Client

Naming f=<- -
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public interface TimeService extends Renote {

/**

* What's the tinme?

*/
public Date getTinme() throws RenoteException;
/**

* CGet the name of the server

*/
public String getName() throws RenoteException;
/**

* Exported base nane for the service

*/

public static final String naneBase = " Ti neService";

AspectJ Tutorial

aspect).org

public class TinmeServer extends UnicastRenpteCbject
i npl enents TimeService {

/**

* The renptely accessi bl e nethods

*/

public Date getTime() throws RenpteException {return new Date();}
public String getNane() throws RenoteException {return toString();}
/**

* Make a new server object and register it

o o . / no exception
public static void main(String[] args) { .
catching here,

Ti meServer ts = new TineServer();
Nami ng. bi nd( Ti neSer vi ce. naneBase, ts);

but notice
/**
* Exception pointcuts. Code is not conplete wthout advice on them
*/
pointcut create():
wi thi n( Ti meServer) && call ( Ti meServer.new());

pointcut bind(): within(TinmeServer) && call (void Nami ng.bind(String,..));
poi ntcut bindNane(String nane): args(name, ..) && bind();

116

aspect).org
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aspect AbortMServer {

TimeServer result = null;

try {
result = proceed();

} catch (RenpteException e){
System out. println("Ti neServer err:
System exit(2);

}

return result;

}

void around(String nane): TinmeServer . bi

try {
proceed( nane) ;

} catch (Exception e) {
System exit(1);

}
}

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

decl are soft: RenpteException: TinmeServer.create();

System out. println("Ti meServer: bound nane.");

Systemerr.println("TimeServer: error " + e);

declare soft: Exception: TinmeServer.bind();

" + e.getMessage());

ndName( nane) {

117
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aspect RetryMyServer {
Ti meServer around(): TineServer.create
Ti meServer result = null;
try { result = proceed(); }
catch (RenpteException e){
System out.println("TimeServer error."); e.printStackTrace();

}

return result;

try {
proceed( name + tries);
System out. println("Ti neServer:
return;

} catch (Al readyBoundException e)
Systemerr. println("Ti neServer:

}

Systemerr.println("TimeServer: G vi

}

declare soft: RenpteException: TineServer.create();

voi d around(String name): TinmeServer .bi ndName(nane) {
for (int tries = 0; tries < 3; tries++) {

declare soft: Exception: TinmeServer.bind();

01

Name bound in registry.");

{

nane al ready bound");

ng up."); Systemexit(1);

118
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\public class Cient {

I TimeService server = null;
/**

*/
void run() {

while (true) {
System out. println("Tine:
pause();

}
}

* Exception pointcuts. Code is not

* Cet a server and ask it the tinme occasionally

server = ( Ti meService) Nam ng. | ookup( Ti meSer vi ce. naneBase);
Systemout.println("\nRenote Server=" + server.getName() + "\n\n");

" + server.getTine());

again, no
exception
catching here

*/

pointcut setupClient(Client c):
pointcut serveClient(Client c,

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
1
1 ] **
1
1
1
1
1
1
1
1
1
1
1
1
|
1
: ...other nethods ...
1

poi ntcut setup(): call (Renote Nam ng. | ookup(..));
this(c) && setup();

pointcut serve(): call(* TinmeService.*(..));

TimeService ts):
this(c) && target(ts) && serve();

w
O aspectj.org
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1
1
1
1
1
1
1
1
1
1
1
1
1
conplete wthout advice on them :
1
1
1
1
1
1
1
1
1
1
1
1
1
1

aspect AbortMClient {

Renote result = null;

try {
result = proceed(c);

} catch (Exception e) {
Systemout.printin("Client:
System exit(0);

}

return result;

Obj ect result = null;

try {
result = proceed(c, ts);

} catch (RenoteException e) {
Systemout.println("Client:
System exit(0);

}

return result;

}
decl are soft: RenoteException:
1

Obj ect around(Client c, TinmeService ts):

Rermote around(Client c): Client.setupClient(c) {

No server. Aborting.");

declare soft: Exception: Client.setup();

Rermpt e Exception.

Client.serve();

Client.serveCient(c, ts) {

Aborting.");

T

AspectJ Tutorial
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aspect RetryMyCient {

Renpte around(Client c): dient.setupCient(c) {
Rermpote result = null;
try { result = proceed(c);}
catch (Not BoundException e) {

Systemout.printin("Client: Trying alternative nane...");
result = findNewServer (Ti neServi ce. naneBase, c.server, 3);
if (result == null) Systemexit(1); /* No server found */

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

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

Obj ect around(Client ¢, TinmeService ts): Cient.serveCient(c,ts) {
try { return proceed(c,ts); }
catch (RenoteException e) { /* Ignore and try other servers */ }
c.server = findNewServer (Ti meService. naneBase, c.server, 3);
if (c.server == null) Systemexit(1); /* No server found */
try { return thisJoinPoint.runNext(c, c.server); }
catch (RenoteException e2) { Systemexit(2); }
return null;
}

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

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

} .
o aspectj.org
AspectJ Tutorial

* abort mode:

ajc dient.java TimeServer_Stub.java Abort MyCient.java

* retry mode:

ajc dient.java TinmeServer_Stub.java RetryM/dient.java

* switch to different failure handling modes
without editing

* no need for subclassing or delegation
* reusable failure handlers

u
. aspectj.org
AspectJ Tutorial

(c) Copyright Xerox Corporation, 1998-
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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
AspectJ Tutorial
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* given a basic telecom operation, with
customers, calls, connections

* model/design/implement utilities such
as

— timing
— consistency checks

u
aspectj.org
AspectJ Tutorial
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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

AspectJ Tutorial

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

AspectJ Tutorial

receiver

* Call

ime each connection

| ocal

LongDistance

aspectj.org
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0.N
connection dropped: | customer * Call
add time . 1
1
0.N connection made:
start timing
Connection _
receiver connection dropped:
stop timing
| |
Local LongDistance
Al Aspect] Tutorial “ml u or‘

Timer

ra\

connection drops

Call

voi d stop()

void start()
| ong get Tine()
-~ J 7

\

connection

128
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upon new

receiver

Lacal LongDistance

aspectj.org
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* Write an aspect representing the timing
protocol.
= Aspect] Tutorial “mi u 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
AspectJ Tutorial
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aspect Timng {
private Timer Connection.timer = new Tiner();

private | ong Custoner.total ConnectTime = 0;
public static |ong getTotal Connect Ti me(Custoner c) {
return c.total Connect Ti 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;

i aspectj.org

AspectJ Tutorial

Customer

i .0._ng get Ti ne(

addToTi me(tinmer.getTine())

0N
Timer ion
) Connection
voi d stop()
voi d start()
ong—getTi-ne) < giglp()\
pewl )

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

12 aspectj.org

AspectJ Tutorial
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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

AspectJ Tutorial

* 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

AspectJ Tutorial
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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

s aspectj.org

AspectJ Tutorial

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

Timer

voi d start()

U ong stopAndGet Time( )

« What changes would be necessary
without the aspect abstraction?

16 aspectj.org

AspectJ Tutorial
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° ensure that all calls a_nd conr_lectior_\s
are being shut down in the simulation

aspectj.org

Customer

A

1

138

AspectJ Tutorial

void drop()

X’

store each new call
4 Call remove calls that
Cal | startcCall (Custoner) < CU_St or’r!er get Cal | er() . hangup
voi d pi ckupCal I (Cal I) voi d pi ckup() .
voi d mergeCal I s(Cal I, Call) o " |void merge(Call) merge
s hangupCalbHCal by - void hanaun()
R AW A ‘\ List Of
1 0..N
Calls
0.N
v
Connection _
Cust oner get Cal | er() store each new ponnectlon
Cust omer get Recei ver ()| | remove connections that drop
. voi d conpl ete()
receiver

1 Lis

0.N

Caonnections

t of

L ocal

LongDistance

check attheend
f simulation _
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aspect Consi st encyChecker {
Vector calls = new Vector(), connections = new Vector();
/* The lifecycle of calls */
after(Call c): target(c) & call(Call.new(..)) {
call's. addEl enent (c);

}
after(Call c): target(c) && call(* Call.hangup(..)) {
cal |l s. renoveEl ement (c) ;

}
after(Call other): args(other) && (void Call.nmerge(Call)) {
cal | s. renoveEl ement (ot her);

}

/* The lifecycle of connections */
after(Connection c): target(c) & call(Connection. new(..)) {
connections. addEl enent (c);

}
after(Connection c): target(c) && call(* Connection.drop(..)) {
connections. renmoveEl enent (c);

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.");
}
}

w
aspectj.org
AspectJ Tutorial

* 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

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

— is beneficial to separate out

aspectj.org

142

< 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

AspectJ Tutorial
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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

u
aspectj.org
AspectJ Tutorial
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e capture “the story” well
* may lead to good implementations,

measured by

— code size
- tangl:_ng learned through
- z‘t’C“p Ing experience, influenced
- by taste and style
AspectJ Tutorial .s iiorg
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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
AspectJ Tutorial

References, Related Work
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w
aspectj.org
AspectJ Tutorial

aspectj.org
www.parc.xerox.com/aop

u
aspectj.org
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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™9

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

ECOOP’00

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

OOPSLA’00

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

ECOOP’01
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* aspect-oriented programming
— composition filters @ u Twente

* [Aksif]

— adaptive programming @ Northeastern U

* [Lieberherr]

* multi-dimensional separation of concerns @ iBm

— [Ossher, Tarr]

» assessment of SE techniques @ usc

— [Murphy]

* information transparency @ ucsp

— [Griswold]

AspectJ Tutorial
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* objects are
» code and state
* “little computers”
° message as goal
* hierarchical structure

* languages support
* encapsulation
* polymorphism
* inheritance

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

AspectJ Tutorial

* 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,
advanced crosscut constructs

1 aspectj.org

AspectJ Tutorial

* 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

12 aspectj.org

AspectJ Tutorial
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* release status
— 3 major, ~18 minor releases over last year (1.0alpha is current)
— tools
» IDE extensions: Emacs, JBuilder 3.5, 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

« tutorials & training
— 3 tutorials in 1999, 8 in 1999, 12 in 2000

w
- aspectj.org
AspectJ Tutorial

- 1.0

— minor language tuning

— incremental compilation, compilation to bytecodes
e 11

— faster incremental compiler (up to 5k classes)

— source of target classes not required

— at least one more IDE
« 2.0

— new dynamic crosscut constructs

commercialization decision after 1.0

u
aspectj.org
AspectJ Tutorial
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Aspectd.org is a Xerox PARC project:

Bill Griswold, Erik Hilsdale, Jim Hugunin,
Vladimir Ivanovic, Mik Kersten, Gregor Kiczales,
Jeffrey Palm

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

partially funded by DARPA under contract F30602-97-C0246

w
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