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Let’s recall the OO principles.

Principles

of object-oriented design

® Abstraction — Hide details

® Encapsulation — Keep changes local

® Modularity — Control information flow
High cohesion * weak coupling ¢ talk only to friends

® Hierarchy — Order abstractions
Classes open for extensions, closed for changes ¢ Subclasses that
do not require more or deliver less * depend only on abstractions

Goal: Maintainability and Reusability

We'll specifically focus on the issue of
modularity. ——

Modularity




Principles of Modularity

® High cohesion — Modules should contain
functions that logically belong together

® Weak coupling — Changes to modules
should not affect other modules

® Law of Demeter — talk only to friends

High cohesion

® Modules should contain functions that
logically belong together_, .+ socs ¢4is rrean?

® Achieved by grouping functions that work on
the same data

® “natural” grouping in object oriented design

Perspectives

Sometimes, there are multiple ways to

abstract —and to decompose.




Modularity in Apache

classes

Every class becomes a bar; the larger the

source, the longer the bar. ——————————

XML Parsing

classes
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XML Parsing

classes
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This is good modularity.




High cohesion

® Modules should contain functions that

logically belong together____, ., .. xr/ parsing

® Achieved by grouping functions that work on

the same data

® “natural” grouping in object oriented design
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URL Matching

classes

I
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Spread across superclass and subclass

URL Matching

classes
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High cohesion

® Modules should contain functions that

logically belong together__ __ /s, parsing..

® Achieved by grouping functions that work on
the same data

® “natural” grouping in object oriented design
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_ogging
classes
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The logging functionality is distributed all

Logging

classes

0 0

I

® | ogging is a cross-cutting concern
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High cohesion

® Modules should contain functions that

logically belong together___

g, /Oﬁgfng?

® Achieved by grouping functions that work on
the same data

® “natural” grouping in object oriented design

Cohesion Alternative #|1

XML

log()

parse()

URL

parse()

log()

HTTP

send()
receive()

log()

etc...

Cohesion Alternative #l

® |og() is scattered across several classes

® Changes to logging format, etc.
will all be non-local
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The state of things in Apache — and the
standard-way of doing-things:

The state of things in Apache — and the
standard way of doing things:



Cohesion Alternative #2

Logger

logXML()
logHTTP()
logURL()

EverythingElseExceptLogging

parseXML()
parseURL()
sendHTTP()

receiveHTTP()

Cohesion Alternative #2

® | ocalizes everything related to logging

® Hard to decompose remaining functions
into something meaningful

etc...

An Inconvenient Mixture

XML

parse()

Logger

logXML()
logHTTP()
logURL()

URL
parse()

HTTP

send()
receive()

Here, a Logger class groups everything
related to logging —but how do we deal
with the remaining classes?
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Here, a Logger class groups everything
relatedto logging—but-how do-we deal
with the remaining classes?
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An Inconvenient Mixture

® |ocalizes everything related to logging

® The Logger class needs to know about all
internals of the related classes

® Hard to maintain encapsulation
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Tyranny of the Dominant Decomposition:
DOI I "nant DECOI I |POS|t|On concerns that do not align with that
modularization end up scattered across
Cohesion Alternative #1 Cohesion Alternative #2 another.
EverythingElseExceptLoggin
TN paseL)
et i
f:c"é‘g’:
'°E£ etc...
® We can only have one decomposition at a time
(also called tyranny of the dominant decomposition)
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Aspects

Perspectives_

These perspectives are called “aspects” —

and-they are heavily interwoven.————




Figures

Figure = | FigureElement Display
operation() operation() operation()
Point Line
getX() getP1()
getY() getP2()
setX(x: int) setP1(p: Point)

setY(y: int)
—

setP2(p: Point)
—-

Here’s another example — a simple figure

obiect
onject
13 H ”

www.eclipse.org/aspectj/
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Here’s another example — a simple figure
object
e All set() methods
call display.update()
setX(x: int) setP1(p: Point)
setY(y: int) setP2(p: Point)
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Here’s another example — a simple figure
object
e All set() methods
call display.update()
® This again is a
cross-cutting concern
éetX(x: int) éetP1(p: Point) . .
setY(y: int) setP2(p: Point) DisplayUpdating




Aspects

® General idea: Create syntactic structures for

cross-cutting concerns (aspects)

® Aspect-Oriented Programming introduces

aspects into programs and programming

languages
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See Website: http://www.eclipse.org/

acnach

/
aspecty/

Aspect]

® Aspect-oriented extension to Java

® Developed by Gregor Kiczales et al. at

XEROX PARC (~2001)

a s p e Ctj crosscutting objects for better modularity
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See Website: http://www.eclipse.org/

nnnnn +i/
dopT UL/

Aspect]

® General idea: Have aspects contain code

that is executed at specific locations

® Aspects are interwoven with the remainder

of the program

Component

code
AspeF d Program
compiler




An Aspect

® We want all set()
methods to
call display.update()

setX(x: int) setP1(p: Point)

setY(y: int) setP2(p: Point) DisplayUpdating
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The aspect needs to specify
® what to do
(advice)
® when to do it
(join points * pointcut)
setX(x: int) setP1(p: Point) . .
setY(y: int) setP2(p: Point) DisplayUpdating
32

Join Points

® Aspects define types that cut across well-
defined points in a program's execution

® These points are called join points

® The main joint point type is method call

other types: method execution, object initialization, exceptions...




Source: Alex Ruiz, “An Introduction to

Join Point Types

CustomerManager | Customer ‘ | CustomerDao |
. H H
' ' '
create Customer 1 ] ]
EE— '
'
=l :
] o
new Customer() ' initialization
join point
execution
join point
'
execution i execution
| e Join point ' Jjoin point
L createCustomer :

call : -
Jjoin point '
[~ ]
S T
" ExistingCustomerException '
execution ' '
Jjoin point om i :
handler ' '
Jjgin point ' : 34

From “An Introduction to Aspectd”, http://

Pointcuts

® Pointcuts pick out certain join points in the
program flow

® The pointcut
call(void Point.setX(int))
picks out each join point that is a call to
Point.setX(int)
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Building Pointcuts

® A pointcut can be built out of other
pointcuts with and, or, and not:

e call(void Point.setX(int)) ||
call(void Point.setY(int))
picks out each join point that is a call to
setX() orsetY()




In our example system, this pointcut

captures-all-the join-pointswhena———
Moving Elements FlgureElementmoves.

call(void FigureElement.setXY(int,int)) ||
call(void Point.setX(int)) |
call(void Point.setY(int)) |
call(void Line.setP1(Point)) |
call(void Line.setP2(Point));
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While this is a useful way to specify this
) “itis-a bit of
1 1 mouthful. So Aspectd allows programmers
Naming Pointcuts

to define their own named pointcuts with
the pointcut form.

pointcut move():
call(void FigureElement.setXY(int,int)) ||
call(void Point.setX(int)) |
call(void Point.setY(int)) |
call(void Line.setP1(Point)) |
call(void Line.setP2(Point));

® This defines all moments an object is moved
which means that the display must be updated!
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An Aspect

The aspect needs to specify

® what to do
(advice)

® when to do it
(join points * pointcut)

setX(x: int) setP1(p: Point) _ _
setY(y: int) setP2(p: Point) DisplayUpdating




Advice

® Advices bring together

® a point cut
(to pick out join points)

® a piece of code

(to be executed at each of these join points)
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Before Advice

® runs as a join point is reached, before the

program proceeds with the join point:

before(): move() {

System.out.println("about to move");
}
41

After Advice

® runs dfter the program proceeds with that
join point:

after() returning: move() {
System.out.println("just moved");

}

® Three variants:
after returning ¢ after throwing ¢ plain after

plain after runs after returning or throwing,

like Java's finally —




Aspects

® Aspects wrap up pointcuts, advice, and inter-
type declarations in a modular unit of
crosscutting implementation

® Defined very much like a class

® Can have methods, fields, and initializers in
addition to the crosscutting members

A Logging Aspect
porntcut: when to

///////’caﬂffhe advice
pointcut move():

call(void FigureElement.setXY(int,int))
call(void Point.setX(int))

call(void Point.setY(int))

call(void Line.setP1(Point))

call(void Line.setP2(Point));

aspect Logging {

after() returning: move() {
System.out.println("just moved");

} } \ advice: code Cd//ed

al poinz‘caz‘5

Logging Output

$ ajc Logging.aj MyProgram.java
$ java MyProgram

just moved
just moved
just moved
just moved

$

whenever an object moves

43
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A Logging Aspect

aspect Logging {

pointcut move():

call(void FigureElement.setXY(int,int)) ||

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

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

after() returning: move() {

}
}

System.out.println("just moved");
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aspect Logging {
pointcut move():

An Updating Aspect

call(void FigureElement.setXY(int,int))

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

after() returning: move() {

Display.update();
ks
ks
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Fine Points

Patterns

aspect Logging {
pointcut move():
call(void FigureElement.setXY(int,int)) |1
call(void Point.setX(int)) 1l
call(void Point.setY(int)) I
call(void Line.setP1(Point)) 1"
call(void Line.setP2(Point));

after() returning: move() {
System.out.println("just moved");
}
}

Context

aspect Logging {
pointcut move(Line a_line, Point p):
call(void Line.setP*(Point))
&& target(a_line) object being called
88 args(p) i ca// argquments

after(Line a_line, Point p)
returning: move(a_line, p) {
System.out.printlnC

“Line " + a_line + " moved to " + p + ". ");

}
}

Flow

aspect SetsInRotateCounting { wse for profiling
int rotateCount = 0;

int setCount = 0; aspects are singletons

before(): call(void Line.rotate(double)) {

rotateCount++;
3} Function is active

before(): call(void Point.set*(int)) /
&& cflow(call(void Line.rotate(double))) {
setCount++;

}
® counts all calls to set*() while rotate() is active

Inter-type Declarations

aspect PointObserving {

private Vector Point.observers = new Vector();

y N s s freld 2o
Point class




Patterns

aspect Logging {
pointcut move():
call(void FigureElement.setXY(int,int)) ||
call(void Point.setX(int)) [
call(void Point.setY(int)) [
call(void Line.setP1(Point)) [
call(void Line.setP2(Point));

after() returning: move() {
System.out.println("just moved");
ks
ks
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Patterns

aspect Logging {
pointcut move():
call(void FigureElement.setXY(int,int)) ||
call(void Point.set*(int)) [
k/)%ch/ze\s setXO), setYO)...

call(void Line.set*(Point));

after() returning: move() {
System.out.println("just moved");

}
}
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We can use wildcards like * to match a set

Error Logger

all calls 2o xerox
Ffunctions (all

aspect PublicErrorLoggin
P 9ging 1 types, all argS)

Log log = new Log(Q);

pointcut publicMethodCall():
call (public * com.xerox.*.*(..));

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

}

® |ogs all exceptions being thrown from Xerox

“ »

..” matches args.




Universal Logger

all calls 2o Point
Ffunctions (all
types, al/l ar35>

aspect SimpleTracing {
pointcut tracedCall():
call (* Point.*(..));

before(): tracedCall() {
System.out.println(
"Entering: " + thisJoinPoint);
ks
3

® |ogs all calls into Point methods

52

thisjoinpoint allows to dynamically access
it . | I | .

Caching

aspect MoveTracking {
// set to true as objects are moved
private static boolean dirty = false;

public static boolean testAndClear() {
boolean result = dirty; \\\
dirty = false; wSe as:

return result; i (Zest AndClear())

}
o//'s/a/ca/.a/odaie( )

pointcut move(): // as seen

after() returning: move() { dirty = true; }
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After every move, dirty is set, indicating

that the displtay needsupdating.———

Fine Points

Patterns Flow

aspect SetsInRotateCounting { wse for profiling
int rotateCount = 0;
int setCount = 0;

aspect Logging {
pointcut move(): aspects are singletons
call(void FigureElement.setXY(int,int)) |1
call(void Point.setX(int)) 1l
call(void Point.setY(int)) I
call(void Line.setP1(Point)) 1" 3}

id Line. Poi .
call(void Line.setP2(Point)); before(): call(void Point.set*(int)) /

& cflow(call(void Line.rotate(double))) {
setCount++;

before(): call(void Line.rotate(double)) {

rotateCount++;
Function is active

after() returning: move() {
System.out.println("just moved");
} }
} . U
® counts all calls to set*() while rotate() is active

Context Inter-type Declarations

aspect Logging {
pointcut move(Line a_line, Point p):
call(void Line.setP*(Point))
&& target(a_line) object being called
88 args(p) i ca// argquments

aspect PointObserving {
private Vector Point.observers = new Vector();

after(Line a_line, Point p) \ » fiald ¢
adds neco Fleld to

returning: move(a_line, p) { }
System.out.println( Poirt class
“"Line " + a_line + " moved to " + p + ". ");

}
}




Flow

aspect SetsInRotateCounting {
int rotateCount = 0;
int setCount = 0;

wUSe for /9/-01(7///73

aspects are S/Ang/ef ons

before(): call(void Line.rotate(double)) {

rotateCount++;
1 Ffunction /s active

before(): call(void Point.set*(int))/
&& cflow(call(void Line.rotate(double))) {
setCount++;

}

® counts all calls to set*() while rotate() is active
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Here is a profiling example, which can be

used to optimize runtime.————————

Join Point Types

CustomerManager | Customer ‘
T
B

create Customer | function i1s active —
—_— ! 1

%/j—cf/ow(ca//(;)) holds
new Customer() H initialization H

> join point

| CustomerDao |

execution
join point

i
1 execution
+ join point
i

execution
join point

call : > :
Jjoin point ™| H
S~ H D
T T S D

ExistingCustomerException E

sxeeption

handler

Jjoin point

execution
join point
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Source: Alex Ruiz, “An Introduction to

Flow

aspect SetsInRotateCounting {
int rotateCount = 0;
int setCount = 0;

wUSe for /9/-0/7//173

aspects are s. /ng/ elons

before(): call(void Line.rotate(double)) {

rotateCount++;
} Ffunction /s active

before(): call(void Point.set*(int))/
&& cflow(call(void Line.rotate(double))) {
setCount++;

}

® counts all calls to set®() while rotate() is active
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Fine Points

Patterns Flow

aspect SetsInRotateCounting { ise #or profiling
int rotateCount = 0;
int setCount = 0;

aspect Logging {
pointcut move():
call(void FigureElement.setXY(int,int)) |1
call(void Point.setX(int)) 1
call(void Point.setY(int)) I
call(void Line.setP1(Point)) I }
call(void Line.setP2(Point));

aspects are singletons

before(): call(void Line.rotate(double)) {

rotateCount++;
Function is active

before(): call(void Point.set*(int))
& cflow(call(void Line.rotate(double))) {
setCount++;

after() returning: move() {
System.out.println("just moved");
} }

} . . -
® counts all calls to set¥() while rotate() is active

Context Inter-type Declarations

aspect Logging {

pointcut move(Line a_line, Point p):
call(void Line.setP*(Point))

&& target(a_line) object being called

&& args(p);

call arguments aspect PointObserving {
private Vector Point.observers = new Vector();
after(Line a_line, Point p)
returning: move(a_line, p) { }
System.out.printlnC
"Line " + a_line + " moved to " + p + ". ");
}
H

\ adds rew fleld to
Point class
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Context

aspect Logging {
pointcut move(lLine a_line, Point p):
call(void Line.setP*(Point))
&& target(a_line) oé/.ecf ée/'hﬂ called
&& args(p); call arguments

after(Line a_line, Point p)
returning: move(Ca_line, p) {
System.out.println(

"Line " + a_line +

n

moved to " + p + ". ");
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target() is used to access the object

whose method-is beingcalled;-args()——
allows to access the arguments.

Checking Context

aspect CheckPointsRange {
pointcut set_x(Point p, int x):
call(void Point.setX(int))
&& args(x)
&& target(p);

before(): set_x(p, new_x) {
if (x < MIN_X | x > MAX_X)
throw new IllegalArgumentException();
}

wSe life asSertions
// same for set_y

1 - Zuurn on & ofF

A simple assert() replacement...




Contract Enforcement

aspect RegistrationProtection {

pointcut register():
call(void Registry.register(FigureElement));

pointcut canRegister():
withincode(static * FigureElement.make*(..));

before(): register() && !canRegister() {
throw new IllegalAccessException(
"Illegal call " + thisJoinPoint);

¥ only rmake® can call re3/‘5z‘er( )

but more powerful, as control flow can

alsobepartofthegame ———
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Contract Enforcement

aspect RegistrationProtection {

pointcut register():
call(void Registry.register(FigureElement));

pointcut canRegister():
withincode(static * FigureElement.make*(..));

declare error: register() &% !canRegister();

c/]ec,éec/ Sz‘az‘;‘ca//y

Some control flow properties can even be
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Wrappers

aspect WrappedTracing {
pointcut tracedCall(int x):
call (void Point.set*(int)) && args(x);

around(int x): tracedCall(x) {
System.out.println("Entering");
proceed(x);
System.out.println("Leaving™);
ks
ks

call wrapped
el hod

® wraps around all set* methods

Finally, context is also used to implement

wrappers that are called instead ofa——
method. With proceed(), we can access

the original “wrapped” method.




Fine

Patterns

aspect Logging {
pointcut move():
call(void FigureElement.setXY(int,int)) |1
call(void Point.setX(int)) 1
call(void Point.setY(int)) I
call(void Line.setP1(Point)) I
call(void Line.setP2(Point));

after() returning: move() {
System.out.println("just moved");
}
}

Points

Flow

aspect SetsInRotateCounting { wse #or prefiling
int rotateCount = 0;

int setCount = 0; aspects are singletons

before(): call(void Line.rotate(double)) {

rotateCount++;
3 Function is active

before(): call(void Point.set*(int))
& cflow(call(void Line.rotate(double))) {
setCount++;

}

® counts all calls to set¥() while rotate() is active

Context

aspect Logging {
pointcut move(Line a_line, Point p):
call(void Line.setP*(Point))
&& target(a_line)
&& args(p);

object being called
call arquments

after(Line a_line, Point p)
returning: move(a_line, p) {
System.out.printlnC
"Line " + a_line + " moved to " + p + ".
}
H

"3

Inter-type Declarations

aspect PointObserving {
private Vector Point.observers = new Vector();

3 N ads e freld to
Poirt class
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Inter-type Declarations

aspect PointObserving {

private Vector Point.observers =

\ adds rneeo Ffield 2o

Point class

new Vector();
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Inter-type declarations in AspectJ are
declarations that cut-across classes-and—
heir hi hi Uniil Vi hict
operates primarily dynamically,
introduction operates statically, at compile-
time.

Inter-type Declarations

aspect PointObserving {

private Vector Point.observers =

public static void addObserver(Point p, Screen s)

{
¥

public static void removeObserver(Point p, Screen s)

{

p.observers.add(s); \i::;>

new Vector();

Zhe nec Field

p.observers.remove(s);

}
}

metlhods o access




Inter-type declarations may declare
members that cut across multiple classes;
I he inheri lationshi

between classes.

Cloneable Figures

aspect CloneableFigures {

declare parents: (Point || Line || Square)
implements Cloneable;

public Object (Point |l Line |l Square).clone()
throws CloneNotSupportedException {
return super.clone();

}

® introduces declaration and method for three classes
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Fine

Patterns

aspect Logging {
pointcut move():
call(void FigureElement.setXY(int,int)) |1
call(void Point.setX(int)) 1
call(void Point.setY(int)) I
call(void Line.setP1(Point)) I
call(void Line.setP2(Point));

after() returning: move() {

Points

Flow

aspect SetsInRotateCounting { wse #or profiling
int rotateCount = 0;

int setCount = 0; aspects are singletons

before(): call(void Line.rotate(double)) {

rotateCount++;
3 Function is active

before(): call(void Point.set*(int))
& cflow(call(void Line.rotate(double))) {

System.out.println("just moved"); setCount++;

} }

® counts all calls to set¥() while rotate() is active

}

Context Inter-type Declarations

aspect Logging {
pointcut move(Line a_line, Point p):
call(void Line.setP*(Point))
&& target(a_line) object being called
& args(p); call arguments

aspect PointObserving {
private Vector Point.observers = new Vector()

after(Line a_line, Point p) \ . Fleld 7
adds neco Fleld to

returning: move(a_line, p) { }
System.out.println( Point class
“Line " + a_line + " moved to " + p + ". ");
}

}
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Aspect] Critized

® Non-local control flow hard to understand

® Aspects may interfere with each other

® Few guarantees, as aspects can change

anything




A Coordinate System

10 input x

20 print “result is:
30 x = x * x control flow
40 print x

50 end

(1

® Control through the program roughly follows
the program text (top-bottom, left-right).

70
Goto Statement
10 input x
20 print “result is: “
30 goto 60
40 print x
50 end
60 x = x * x
70 goto 40
® The goto statement destroys the programmer’s
coordinate system as induced by text flow
“goto statement considered harmful” — Dijkstra
71

Come from Statement

10 input x
20 print “result is:
30 print x
40 end :

14

50 come from 20
60 x = X * x
70 return

® Originally meant as a joke to illustrate
the importance of coordinate systems

The INTERCAL language implements a “come from” statement




Come from with Aspects

main() {

input x

print (result(x))
3

int result(int x) { return x }

around(int x): call(result(int)) && args(x)
{

int temp = proceed(x)

return temp * temp
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Aspect] Critized

® Undisputed: Helpful tool for development
(e.g., profiling, logging, contracts...)




Logging

classes

An Aspect

© We want all set()

methods to
aall displayupdate()

setX(x: int)
setY(y: inj)

setP1(p: Point)
setP2(p: Point)

DisplayUpdating

Logging is a cross-cutting concern

Summary

Fine Points

Patterns Flow

© coms s 510 who o) s e

Inter-type Declarations
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