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Modulari

How to construct “good” software systems?

that can be used over an extended period of year

that are easy to understand |

w

of which parts can be reused in other software system

\ m - |
that are easy to ify, maintain and evolve

“Modular%" is the key

Divide et impera




Structured Programming

i=1
TEST: if i1 < 4
then goto BODY
else goto END

BODY: print(i)
1 =19l
goto TEST

END:

Tangled code due to
explicit goto statements

i=1

while (1 < 4) {
print (i)
i=1i+1

Recognised common
control structures

capture program logic
in 2 more explicit form

resulting code more clear, easier
to write, maintain, debug, ...



But... still ta

draw_label (“Haida Art Browser”);
m = radio_menu(
{“Whale”, “Eagle”, “Dogflsh”})
q = button_menu ({“Quit”}) ;
while ( ! check buttons(q) ) {
n = check buttons(m) ;
draw_image (n) ;

/

}
}

w = calculate wi
print(string, " WIN W POR ), ‘
set _x(get_x() + w); “\

AWa ‘

}

radio menu(labels) {
i=20;
while (i < labels.size) {
radio button(i);
draw_label (labels[i]) ;

h = img.
set y(get y() + RADIO BUTTON H): do (r g 0: r < Hh
it+; do (¢ = 0; c < w; c++)
} WINDOW[r] [c] = img[r][c];



-

main () {

draw_label (“Haida Art Browser”) ; N
m = radio_menqz A
{“Whale",:', “Eagle”, “Dogfish”}) ; ,
q = button_menu ({“Quit”}) ; 4
while ( ! check buttons(q) ) {

n = check buttons(m) ; /'
draw_image (n) ; ,/

}

}

}

radio menu(labels) {
i=20;
while (i < labels.size) {
radio button(i);
draw_label (labels[i]) ;
set_y(get y() + RADIO BUTTON H) : do (r = O TN

it+; do (¢ = 0; c¢ < w; c++)
} WINDOW[r] [c] = img[r][c];

.
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000 into

main () {
draw_label (“Haida Art Browser”) ; q
m = radio_menu (
{“Whale”, “Eagle”, “Dogfish”});
q = button menu({“Quit”}) ;
while ( ! check_buttons(q) ) {
n = check_buttons (m) ;
draw_image (n) ;
}
} "

E

draw :|.mage (1

draw label(labels[l]),
draw label (string) f{ :i:_-Y(get_Y() + BUTTON_H) ;

w = calculate_width(string);
print(string, WINDOW PORT)

~ }
set_x(get x() +w); : ‘—"ﬁ-—- I

}
draw circle (x, y, ) { But... variations on modules
S remain incredibly complex

9



... Object Orientation

A display: <promise>
<promise>

click:

ButtonMenu ToggleButtonMenu

display: boxes, labels
click: highlight

CheckBoxMenu

display: boxes,
maybe checks,
labels

click: set/clear

click: set/clear

RadioButtonMenu

display:

click:

circle,

maybe dots,
labels

set/clear

AND clear others



=> modularity

i=1 P
4R i 1

structured
e, Tprine control
constructs

radio_button (n)
draw_cizele(get_x(), get_y(

modules with

Button menu (Labels) {

AT
draw_label (string) ( 7
w = calculate_width(string) while (i < labels.size) {

print (strin 2 draw_label (labeis[i]) ;
= TR set §(get_y() + BUTTON B);
(abels) (

& (img)

whi < labels.size) {
zadio_button (
draw_label (labels[i])

3 i.qhv
Set.§(gat_y() + RADIO BUTTON_H) ; P o Ao J
B ' WINDOW[x] [e] = imglx] [e]; I n e a CeS

classification &
specialisation of
objects
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Sometimes still tangled code

Fumime S xcegrion egelShioe S <o ion
S o Th S e O S ATy POy TN




icture taken from the aspectj.org website]

A specific concern is handled by code in a single class

Good modularity:

14



S——

OO : good modularity (2)°

org.apache.tomcat # URL pattern matching
Ftom

hcat i

y icture taken from the aspectj.org website]

Good modularity:
A specific concern that is handled by code in two different classes

related by inheritance
15



B“tooo "‘

org.apache.tomcat # logging

Bad modularity:

A specific concern that is handled by code that is “scattered” over

almost all classes
16



Crosscutting Concerns

Concern
‘Something the programmer should care about’
Ideally implemented in one single module
The “crosscutting” phenomenon
Implementation is spread across other modules
Difficult to understand, change, maintain, etc...
Tyranny of the Dominant Decomposition
Given one of many possible decompositions of the problem...
(mostly core functional concerns)
...then some subproblems (concerns) cannot be modularised!

non-functional, functional, added later on, ...
|7



Crosscutting Concerns

Crosscutting is inherent in complex systems
E.g., logging code in the code of the Apache Web Server
not in a single place; not even in a small number of places;
it “cuts across” the “dominant decomposition”
Nevertheless, such crosscutting concerns often do
have a clear purpose

have some regular interaction points

AOP proposes to capture crosscutting concerns explicitly...
in a modular way
with programming language support

and with tool support



=> modularity

i=1 P
ifi<5 i=1

structured
i i control
constructs

) radio_button (n)
3 <n R A L e, 342 ¥
e e aa
Snale”; “Eagle”, i A
4 = button manu ((gUEEAD) Cerr e 5, simple browser
hile (1 Gheck but Erinitive ovil () ¥, 1, 21 \ M
L3 ¥

tton menu (1abels) {

Iran iavel (string) ( ;
ate_width(string) while (i < labels.size) {

3 ‘draw_label (labeis[i]) ;
= 5 set y(get_y() + BUTTON H);
)
radio_penu (labele) (
=70;

\v)ull (i < labels.size) { a"' . (hlw) g
radio_button (i) ; =
draw Tabel (abeis (i) ; :,, ;"E "7“"‘ w
2etF ek v+ RaDo soToN ) RIS

: e interfaces

I simple browser

A classification &
| — | specialisation of
| ' objects

CheckBox | RadioButton |

aspects
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Bad modularity :
scattering & tangling

code addressing one concern is spread
throughout the entire program

code in one region addresses multiple
concerns

® scattering and tangling tend

to appear together — they describe
different facets of the same problem

pA



Cost of scattered and tangled code

® Redundant code

® Same (or similar) fragment of code in many places

e Difficult to reason about

® The big picture isn’t clear

e Difficult to change
e Difficult to find all the code involved...

e _.and be sure to change it consistently

22



Good modularity :
clean separation of concerns

® separated

implementation of a concern can be
treated as separate entity or module

¢ localised

implementation of a concern appears in
one part of a program

* modular

concern has a well-defined interface to
the rest of the system

23



Scattering &
a first exa

every call to foo is

IS

System.out.println("foo called");
Helper.foo(n/3) ;

class Helper ({

System.out.println("foo called"); public static void foo(int n)

Helper. foo (i+j+k) ; {

System.out.println("foo called"); }

24




Scattering &
a first example

. procedures can m
(unless logs use c:

Helper.foo(n/3) ;
class Helper {

public static void foo(int n) ({

System.out.println("foo called") ;
Helper.foo (i+j+k) ;

RS peERee B d

25



'
4

'S FigureElement

moveBy(int, int)

Point Line

getX() getPl()

getY() getP2()
setX(int) ‘ setP| (Point)
setY(int) setP2(Point)
moveBy(int, int) moveBy(int, int)
draw() draw()

refresh() refresh()

26



Scattering &
a second example

inheritance can m

FigureElement

refresh()

\ Point

getX()
getY()

setX(int) \
setY(int)

moveBy(int, int)
draw()

27

moveBy(int, int)

Line

getPl()
getP2()

setP| (Point)
setP2(Point)

draw() —



Scattering & tangling:

a final exa ple

several méthods that en/d/él: ac

Displéy.update();

FigureElement

moveBy(int, int)
refresh()

Point Line

getX() getPl()

getY() getP2()

setX(int) - setP | (Point) -
setY(int) setP2(Point)

moveBy(int, int) moveBy(int, int)

draw() draw()

28



Need for an AO

after () :

call (void FigureEiement+.set*(
call (void FigqureElement.moveBy

{

FigureElement

Display. gpdate () ; | advice

} ' moveBy(int, int)
refresh()

Aspect

Point Line

getX() getPl()

getY() getP2()

setX(int) - setP| (Point) -
setY(int) setP2(Point)

moveBy(int, int) moveBy(int, int)

draw() draw()

29
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AOP History

Reflection

Meta-object protocol (MOP)
Control over method invocation, instance creation, etc...
Often used to implement crosscutting concerns

Considered too powerful and too difficult

Aspect Oriented Programming (AOP)
Provide necessary abstractions to implement crosscutting concerns
“a poor man’s reflection”

Is often implemented through meta programming and reflection

31



aspects

The AOP Idea

32



The AOP Idea : weaving

At software development time, aspects and classes
are kept as dimensions.

At run-time however, both dimensions need to be
in some way for obtaining the final product.

This process of combining both dimensions is
generally referred to as “weaving'.

Typically at compile-time (Aspect])

Aspects are into the classes that make up the base
application by source-code transformations.

33



The AOP Idea

Weaver

=
V
),
Q.
L))
q




AOP : Terminology

Base program
core functionality of your (OO) program
Aspect
modularisation of a crosscutting concern
Weaver
composes/compiles aspects into base program
Join Point
particular pointiin the base program where/when
an aspect can be woven
Pointcut
concise description of a set of join points

35



AOP : Typical Examples

Classic Non-Functional Examples
Synchronisation
Logging
Error Handling
Persistence

Some Functional Examples
Business-rules

Language Internationalisation
Personalisation of an e-commerce application

36



AOP : concrete example

class Buffer ({
char[] data; 3 5
int nrElements; FunCtlonallt)’

char get() { ... };
void put(char c¢) { ... };

bool isEmpty() {
return (nrElements==0) }

37



AOP : concrete example

class Buffer { Code Tangling:
char[] data;

int nrElements; FunCtionaIit)’
Synchronisation aspect

Semaphore threads;

char get() { ... };
void put(char c) { ...

bool isEmpty() { } A
booIR s i When a Buffer object receives

threads.lock(); the message isEmpty,

result = (nrElements==0); first make sure that the object
threads.unlock();

Al TR is not being accessed by
another thread.

38



AOP : concrete example = =

class Buffer { A better solution ...

char[] data;
int nrElements;

char get() { ... }; Easier to

void put(char c) { ... }; - understand

bool isEmpty () { - 0 %
return (nrElements==0) }

before : reception(Buffer.isEmpty)
{ threads.lock() }

after: reception(Buffer.isEmpty)
{ threads.unlock() }




AOP : concrete example =

class Buffer ({
char|[] data;
int nrElements;

When a Buffer object receives
char get() { ... }; the message isEmpty,

first make sure that the object
bool isEmpty() { is not being accessed by

void put(char c) { ... };

return (nrElements==0) } another thread,

before : reception(Buffer.isEmpty)
{ threads.lock() }

after: reception(Buffer.isEmpty)

{ threads.unlock() }




AOP : concrete example = =

Aspect :

Pointcut =
when to execute the aspect
<+

Advice = When a Buffer object

Weaver directive: receives the message
composition of isEmpty,

hen and what !
4 i first make sure that the

Aspect functionality: object is not being accessed
what to do at join points

before : reception(Buffer.isEmpty)
{ threads.lock() }

after: reception(Buffer.isEmpty)
{ threads.unlock() }




Other concrete examples

Logging
“write something on the screen/file every time
the program does X”

Error Handling
“if the program does X at location L then do Y at
location K”

Persistence
“every time the program modifies the variable v
in class C, then dump a copy to the DB”

User Interfaces
“every time the program changes its state, make
sure the change is reflected on the screen”
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Conclusion

If you can think about something in 2 modular way
but have trouble moulding it into a module
it can probably be modelled as an aspect.

Traditionally, aspects were often non-functional...
... but aspects can describe crosscutting functionality as well.

Invented in the mid 90s'it gained a lot of attention but seems to
have lost momentum now.

Nevertheless it remains'an interesting new way of thinking
about decomposing a software system.

When AOP was first introduced, many OOP people
“recognized” their own work as AOP “avant la lettre”
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Aspectd

» An aspect-oriented programming language

» for Java
» one of the “first” and most mature AO languages
» created by the inventors of AOP

» seamlessly integrated with the Eclipse IDE
by means of the Aspectd Development Tools (AJDT) plug-in

» Other aspect languages exist

» JAsCo, Caesard, AspectS, Carma, Object Teams, Hyperd, JBOSS AOP,
Compose*, Demeterd, AspectC++, ...

» they differ in the advice models, join point models and pointcut languages
they offer

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens



Eclipse

Universal tool platform
Open extensible IDE
Language-independent
Open-source

Very popular in Java community

Plug-in architecture
for example the AJDT plug-in (AOP plug-in for Java)

www.eclipse.org

www.eclipse.org/ajdt

UCLouvain / EPL/ INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens


http://www.eclipse.org
http://www.eclipse.org/ajdt

AspectJ Development Tools (AJDT)
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AspectJ Development Tools (AJDT)

I Aspect) Browsing - Eclipse Platform

SEN*]

File Edit Source FRefackor Mawvigate 3Search Project Run Window  Help

S-HBE[ & -3 -4 -|[edased]| %=

% Packages v X Azpect Wizualizer [Package Mode) @% @% v X 4= Azpects affecting package

Tk x

3 org. aspect]. asm [J] Progr... | |[F]LinkM... | (] Madel... | [[F] Relati.. | |[F] Sourc... | |[[3] Stuct... | |[H] Assoc... | |[I] Assoc... E=D EmoHandling

B8 org. aspecti. asm. associations =l {»ilogging

B3 org. aspectj.asm. internal = Synchronization

B3 org. aspectj.asm. views =1 ApiRuleEnforcement
EE org. aspectj.compiler

B3 org. aspectj.compiler.base

H# org. aspectj.compiler.base. ast

8 org. aspectj.compiler .base.beg

3 org. aspectj.compiler.base bog.poal

B3 org. aspectj.compiler .base bytecode

B3 org. aspectj.compiler .base,cst

B3 org. aspectj.compiler.base . parser

EE org. aspectj.compiler. crosscuts

EE org, aspecki.compiler.crosscuks, ast

EE org. aspecti.compiler.crosscuts, joinpoinks
EE org. aspectj.bools, ajc

B8 org. aspectj.tools.ide

B3 org. aspeckj.util

BeFwOeF B

JBuilderManaget.... BuildListener . java TempBuildZonfig. .. Skructuretiewia, .. JBuilderPreferenc. .. JBuilderPropertie. .. Listeners,java m ProgramEleme, ., >

b

public woid ==tRelation=(Li=t relations) {|
1f (relation=.=ize() > 0) {
this . relations = relations:
T

s

Writable Insert 158 ; 47
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Aspectd Extends Java with Aspects

Compatible extension to Java:

e upward compatibility (Java program => AspectJ)

e platform compatibility (use regular JVM)

¢ attempt to make a small addition to Java
General-purpose rather than domain-specific

e not dedicated to a specific kinds of aspects (like security)

e can handle all kinds of aspects

Balance of declarative & imperative constructs

¢ pointcuts are a mixture of java fragments and declarative wildcards

Statically typed, uses Java’s static type system

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens
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A Simple Concern

Change notification

Update some “view” whenever the state of some “customer” object is
updated

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens



A Simple Java Program

Customers in some business application

public class Customer {
private Address address;
private String lastName;
private String firstName;
private CustomerID id;

public Customer() {...}
public Address getAddress() { return this.address; }
public String getLastName() {

return this.lastName;
}

public void setLastName(String name) {
this.lastName = name;

}

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens



A Simple Concern

Typical Java implementation

“Listeners” notify the view of updates that have occurred
e Customer class has methods to add and remove listeners;

e Calls notifyListeners method after every state-changing operation;

e |dem for other classes in the Customer hierarchy.

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens



Customer Change Notification

public class CustomerListener exiends Listener {

public void notify(Customer modifiedCustomer) {
System.out.printin("Customer " + modifiedCustomer.getID() + " was modified");

public class Customer {
'b-rivate CustomerlD id;
|'o'inIic Address getAddress() { return this.address; }
public void setLastName(String name) {

this.lastName = name;

public void setFirstName(String name) {
this.firstName = name;
|

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens



Change Notification

public class CustomerListener extends Listener {

public void notify(Customer modifiedCustomer) {
public class Customer { J;

orivate CustomerID id:
private Collection listeners;

public Address getAddress() { return this.address; }
public void setLastName(String name) {
this.lastName = name;
notifyListeners(); }
public void setFirstName(String name) {
this.firstName = name;
notifyListeners(); }

ic')'ublic void addListener(CustomerListener listener) { listeners.add(listener); }
public void removeListener(CustomerListener listener) { listeners.remove(listener); }
public void notifyListeners() {

for (...) {
... listener.notify(this); ... }
}

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens



Change Notification: Tangling

public class CustomerListener {

public void notify(Customer modifiedCustomer) {

public class Customer {

.p;'rivate CustomerlD id;
private Collection listeners;

.p.Uinc Address getAddress() { return this.address; }

public void setLastName(String name) {
this.lastName = name; 1 glin
notifyListeners(); }

public void setFirstName(String name) { code in one region
this.firstName = name; .
notifyListeners(); } addresses multiple concerns

s —
public void addListener(CustomerListener listener) { listeners.add(listener); }

public void removeListener(CustomerListener listener) { listeners.remove(listener); }
public void notifyListeners() {

for (...) {
... listener.notify(this); ... }
}

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens



Change Notification: Scattering

public abstract class Customer {

b"rivate CustomerID id;
private Collection listeners;

orivate CustomerID id:
6leic void setCustomerID(String id) {

this.id = id;
notifyListeners(); }

scattering

code addressing one concern

IS spread around the code

public class CorporateCustomer {

b"rivate String companyName;
private CompanyName taxNumber;

public void setCompanyName(String
name) {
this.companyName = name;
notifyListeners(); }
public void setTaxNumber(String nr) {
this.taxNumber = nr;
notifyListeners(); }

public class PrivateCustomer {

b"rivate String lastName;
private String firstName;

public void setLastName(String name) {
this.lastName = name;
notifyListeners(); }

public void setFirstName(String name) {
this.firstName = name;
notifyListeners(); }
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A Simple Concern

Aspectd implementation

Now let us refactor the traditional solution into an Aspectd solution
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AspectJd Implementation (Step 1)

pointcut expression -

public aspect ChangeNotification { . O _
describes set of join points

pointcut stateUpdate(Customer c) :
execution(* Customer.set’(..)) &&
this(c);

advice code

public class Customer { after(Customer c) : stateUpdate(c) {

.b'rivate CustomerlD id; c.notifyListeners();

Collection list¢ \ }

bﬁblic Address getAddress{J Teturm mMIs.adaress; |

public void setLastName(String name) {
this:last_Name = name;

A )
\/3 J

public void setFirstName(String name) {
this.firstName = name;

Hetii1rl inktamnmavel\: |
ImivJiWwiiwi \'\” J

addListener(CustomerListener listener) { listeners.add(listener); }
removeListener(CustomerListener listener) { listeners.remove(listener); }
notifyListeners() {

() {

... listener.notify(this); ... }

}
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AspectJ Implementation (Step 2)

public aspect ChangeNotification {

pointcut stateUpdate(Customer c) :
execution(* Customer.set*(..)) &&

this(c);
public class Customer { after(Customer c): stateUpdate(c) { _
for (Iterator iterator = c.listeners.iterator(); iterator.hasNext();) {
orivate CustomerID id: (}ustomerLi.stener listener = (CustomerListener) iterator.next();
protected Collection i \ listener.notify(c);

publlc Address getAddr }

oublic void setLastName(String name) {
this.lastName = name;  }

public void setFirstName(String name) {
this.firstName = name; |}

public void addListener(CustomerListener listener) { listeners.add(listener); }
public void removeListener(CustomerListener listener) { listeners.remove(listener); }
lic void notlfyLlsteners() {
|steners iterator(); iterator.hasNextos-
ener) iterator.next();
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AspectJ Implementation (Step 3)

public aspect ChangeNotification {

pointcut stateUpdate(Customer ¢) :
execution(* Customer.set*(..)) &&
this(c);

after(Customer c): stateUpdate(c) {
for (lterator iterator = c.listeners.iterator(); iterator.nasNext();) {
CustomerListener listener = (CustomerListener) iterator.next();

listener.notify(c); }
oublic class Customer { private Collection Customer.listeners = new LinkedList();
b'rivate Customer!D id: public void Customer.addListener(CustomerListener listener) {

listeners.add(listener); }

public void Customer.removelListener(CustomerListener listener) {

public A A
public Address getAddr listeners.remove(listener); }

public void setLastNam
this.lastName = na
public void setFirstNam

this.firstName = name; ]

addtistenextGustamerl istener listene isteners-add(iistener); |
smoveLi UstomerListener listenery{iistemrersremorvellistener):
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Clean Separation Of Concerns

public aspect ChangeNotification {

Crosscutting concern :

pointcut stateUpdate(Customer c) : Chanee notification
execution(* Customer.set’(..)) && J ﬁ

this(c);

after(Customer c): stateUpdate(c) {
for (lterator iterator = c.listeners.iterator(); iterator.nasNext();) {
CustomerListener listener = (CustomerListener) iterator.next();
listener.notify(c): }

public class Customer { Base concern -

private Address address; Customer handlin g
private String lastName;

private String firstName;
private CustomerID id;

public Customer() { ... } ) {

public Address getAddress() { return this.address; }
public String getLastName() { return this.lastName; }

public void setLastName(String name) { this.lastName = name; }
public void setFirstName(String name) { this.firstName = name; }

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens



A Simple Concern

AJDT tool support

Makes Aspectd development much easier

Especially for Java programmers familiar with Eclipse
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AJDT Package Explorer

v {H businessappaspects
» |J| Address.java
v A ChangeNotification.aj
v & ChangeNotification

Y% after(Customer)
e Customer.addListener(CustomerListener)
¥, Customer.listeners
%, Customer.removelistener(CustomerListener)
#. stateUpdate(Customer)
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AJDT Java Editor is Aspect-Aware

r

' Al ChangeNotification.aj ‘ J/ *Customerjava 23 — 8

public Customer() {
this.id = new CustomerID(Customer. dCounter-4);
this.address = naw Acdress(];

}

public Acdress gelAddress(D {
return this.addrzcs; o

}

public String getLastName() {
return this.last\ane;
}

public String getID() -
return (this.id).toString();

}

% advised by ChanyeNutificaturnalter (Custourner ). staeUpdate.,

R y

}
"
b public vcid setFirstNane(String name) -
_ this.firs<Name = name;
}
a public String toString() {
return "Customer " 4+ id + "n" 4 firstNamz « " " 4 lastName + "\n" 4 addrz2ss 4+ "\n';
} s

I 4
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AJDT Editor Extends Java

/ . . - , — .l
A *ChasgeNotification.aj ¢35 . |J] *Custome- java O

package businessappaspects;

version t1ese L1NES

+import java.util.Collection;
public aspect ChangeNo:ification {

pointcut stateUpdaze(Customer c)
execution(™ Zustomer.set*(..)) &&
this(c);
o after(Customer c): statelpdate(z) {
for (Iterator iteratcr = c.listeners.iterator(); iterator.haslext();) {
Customer_istener listenzr = (CustomerlLis:zener) iterator.next();
listener.notify(c);

}

4 | private Ccllection Customer.listeners = new LiakedList();

(' public void Customer. addListener(CustomerListener listener) {
listerers.add(listener);
}
4 public void Customer. remevel istener{Custumerlistener listener) {
lislerers.remove{lislener);
}
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AJDT Visualiser Tool

[ Vicualiser 32 . ﬁl jﬁ G‘g \H. d’t}, & ¥ =0 : £ Visraliser Menu 52 . \Nb Nﬂ == )

Visualiser - Aspect] P-ovide- P

¢ = ) 'z ChangcNMNotification

e - - [ 1
Al *ChangeNotification.aj , J| *Customr.rjava &3 8

J

public String getId() #
return (this.id).£oString();

}
LF} public void setLo&tName(String name) -
this.lastNagle = name;
}
L5} public voidifsetFirstName(String name) {
this.firszName = naneﬂ
|
public String toString(d {
return "Customzr " 4 1id 4+ "\n" 4+ firstName + " " 4 lcstName + "\n" + address + "\r";
}
A
I public static void main(String[] args) { M

UCLouvain / EPL / INGI — LINGI2252 Software Maintenance & Evolution — Prof. Kim Mens



AJDT Debugger

= T = i T =S Usbiee Ll Brwakpo nta
B Customer Jstener (1] [Aspecy o Applicavion] MName
v &9 businesseppaspacis Sustorer Jsmner 2 lcalnostd b B his
& Thread [main) (24 o0 wed tbreaaimt ot I ne 2210 Cangelosiicate 1)) A4 -
= LnangeNolicator K baf1e S buLINesLaAopas Jects L Img eNcNACINEINI 15U dbs 34 L1 > u oddress
= 2UTKA0AT PO SRS (L LAt amerd SeTh IrsiNareISts Al line 43 v ¢ aklimwrfigizibeinesiapraspict: Chanjesoeificacion Slistonoe s
= LustemarLoterer.maristring ¥y = hcacer
15vate-u/L bresvi Tremewsrka s lave VM- s emark/Yersionsf2 5.0/ orre fbinfieva Clar 15, 2007 1L A ckment

P A ront
b A prRUL
madlcunt
B iz
€

jovo.ut) Linked ~st$Entry@ 7814

jsiomaerbetenes (1) IAZpIC, vl AR SONCH

rel noee of coslome~ 1

CusIemar. s F| CusiomarListerer...

afterfCustentr ¢): atateladetedel |
Tistemurs iterutor(); beratoe noslect);) {
(luztoverLiztene~) iterctor.rexc()

for (Tterotor iterctor « «

CustomerLiztane~ liztener

Tislenes nolifyle);

Tasks

fyysl

R} “

- " —
A CA29qenN0TNCti0... 1] CLsETmMarL sTener, . 2 =

I SWCIRE L YAVMEam&ork/VWers or s/l S L Home!/b a/iawd Lan e, JU0/7 LLUS S AN

ne Cutiz 3

DUt MmO pecis
et dicrabons
Charachot licat on

o el pdatelCustamer)
o e iCustomes)

Custorer Eulereres

Custorer addlsteow (D asbor

Custormr renomblistona (Customerl stener)
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ASPECT-ORIENTED PROGRAMMING

POSSIBLE QUESTIONS

4+ Explain, in your own words, what problem aspect-oriented programming tries to solve.

4+ Explain, in your own words, what a crosscutting concern is, and illustrate it with a concrete
example.

4+ Explain what the tyranny of the dominant decomposition means, and discuss its relation
with aspect-oriented programming.

4+ Explain the notions of tangling and scattering, and illustrate them with a concrete
example. What are the problems with having tangled and scattered code?

4+ Explain, in your own words, what an aspect weaver is and how aspect-oriented
programming works.

4+ Explain, in your own words, the following concepts from aspect-oriented programming:
base program, aspect, join point, pointcut and advice. lllustrate with a concrete example.
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https://vimeo.com/35864017

