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AOP Overview

Provides “ separation of concerns’

— sgparating common needs of possibly unrelated classes from those classes

— can share asingle implementation acr oss many classes
« much better than modifying many existing classes to address a concern

— changes can be made in one place instead of in multiple classes

Provides a way to describe concerns
— concerns are encapsulated into “aspects’ (more on this later)

Removes “ code tangling” \
— Implementing more than one concern in one class > both of these reduce

Removes “ code scatteri ng” potential for reuse
— Implementing the same concern in multiple classes |

Not a replacement for object-oriented programming (OOP)
— used in conjunction with it
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Common Uses For AOP

(called “concerns’ in AOP lingo)

Authentication
Caching
Context passing
Error handling
Lazy loading
Debugging

— logging, tracing, profiling and monitoring
Performance optimization
Persistence
Resource pooling
Synchronization
Transactions
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AOP Terminology

concern - functionality to be consolidated (see common uses on previous page)
advice - code that implements a concern

Join point - alocation in code where advice can be executed

. : e . . - pointcuts can also identify
POINtCUL - identifies sets of join points < contedt infarmetion (o be
i ntroducti on made available to advice

— modify aclass to add fields, methods or constructors
— modify aclass to extend another class or implement a new interface

aSPECt - associates join points/pointcuts/advice and applies introductions
Crosscutting - what aspects do to application classes (see next page)
weavi NQ - the process of inserting aspect code into other code <—

INStrumentor - tool that performs weaving can be done at build-time,

|oad-time and run-time
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Concerns: Crosscutting or Integral ?

e Before AOP

— Implementations of common concerns were typically shared
between multiple classes by inheriting from a common base class

e All want same?

— when all potential users of the classes would want
the same implementation, the concern is “integral”

— inthissituation, inheriting from a common base classisfine

e Some want different?
— when some potential users of the classes may want
a different implementation, the concern is “crosscutting”

 all thetypical uses of AOP listed on page are potentially crosscutting

— It's best to separate these from the classes
In order to maximize their reusability

— AOP givesusthis capability!
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o Support for specific kinds of join points varies

Thisisalist of join points

. . supported by AspectJ.
JO' n PO' nt S Other implementations tend
to support a subset of these.
For example, Nanning only
supports “method call”.

e Someto look for include

method call - in calling code where call is made
method execution - in called method before code is executed
constructor call - in caling code where call is made

constructor execution -
in called constructor after super ort hi s cals, but before other code is executed

field get - when the value of afield is accessed

field set - when the value of afield is modified

exception handler execution - beforeacat ch block for an exception executes
classinitialization - before execution of “st ati ¢ { code }” blocks

object initialization - before execution of “{ code }” blocks
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Development vs. Production Aspects

Development aspects

— may want to insert them after code is placed in production
and remove them when finished using

— used for debugging concerns

Production aspects
— Intended to be used in production code
— used for al other concerns listed on page 3
Some AOP frameworks don'’t support
Insertion of aspects into production code at run-time
and later removal
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Java Weaving Approaches

e Source Generation
— parse Java source and generate new Java source

* Bytecode Modification

— threevarieties
« modify .classfilesat build-time

Any form of source generation is
an alternative to build-time AOP.
For example, XSL T can be used
to generate source code from an
XML document that describes a
database schema

« modify bytecode at run-time asit isloaded into the VM
« modify bytecode at run-time after it has been loaded into the VM

— great for debugging concerns
e Dynamic Proxies

— Create proxy objects at run-time that can delegate to the target object
— can only be used with classes that implement some interface

— code must explicitly create proxy objects
 typically donein afactory method

 if target objects are created using their constructors
then aspects won't be utilized
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Java-based AOP Frameworks

« Thefollowing AOP frameworks are discussed later
— Aspect]
— AspectWerkz
— Nanning
— Prose (PROgrammabl e Service Extensions)

There is debate over whether frameworks that only provide
method interception such as Nanning represent real AOP.
Some refer to them as Aspect-like rather than Aspect-Oriented.
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Dynamic Proxies

e Oveaview

— dynamically generates classes at run-time
that implement given interfaces

— Instances of those classes are called “dynamic proxies’
— used as the basis of some AOP frameworks such as Nanning

o Limitations
— canonly act asaproxy for classes that implement some interface

— when overriding methods of existing classes, callers must typically
obtain an object from a factory method instead of using a constructor

» existing code that uses constructors must be modified

e Simpleto use!
— See example on next page

10 Aspect-Oriented Programming



Dynamic Proxy Example

i nport java.lang.reflect.InvocationHandl er; public interface Adder {
I nport java.lang.refl ect. Met hod,; Int add(int nl, int n2);
i mport java.lang.reflect. Proxy; }

public class Dynam cProxyDeno i npl enents | nvocati onHandl er {
public static void main(String[] args) {

new Dynam cProxyDeno() ;

private Dynam cProxyDeno() {
Adder proxy = get Adder();
Systemout.printin("sum=" + proxy.add(19, 3));
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Dynamic Proxy Example (Cont’ d)

publ i c Adder get Adder () {
/1 What interfaces should the proxy inplenent?
G ass[] interfaces = new O ass[] {Adder.cl ass};

clients of the Adder interface
would call this method
to get an instance

/1 What class will handle invocations on the proxy?

| nvocati onHandl er i1h = this;

/'l Create the proxy.

Cl assLoader cl = getd ass().getd assLoader();
return (Adder) Proxy.newProxylnstance(cl, interfaces, ih);
}
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Dynamic Proxy Example (Cont’ d)

public Cbject invoke(QObject proxy, Method nethod, Object[] args) <—‘

throws Throwabl e {
i f (!'(proxy instanceof Adder)) {
t hrow new ||| egal Argunent Excepti on("bad proxy");

i f (!nethod. get Nane(). equal s("add")) {
throw new ||| egal Argunent Excepti on("bad net hod");

/1 Can al so test paraneter types of the Method.

/'l Typically del egate to nethods of other classes.

int nl ((Integer) args[0]).intValue();
int n2 ((Integer) args[1l]).intValue();
return new I nteger(nl + n2),
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only method in
InvocationHandler
interface
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AOP Examples

Upcoming examples address the following concerns

— access
» |og access (or calls) to specific methods
— context

» pass“context” datato specific methods
so they can includeit in their log messages

— examples could include the name of the application making the call

and the name of the user running the application
— exceptions
 log the occurrences of specific exceptions

— performance
» log thetime it takes to complete specific method calls

Domain classes used
— seediagram to theright
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for historical perspective,

A SpeCtJ see Gregor's 1997 paper at

http://www.parc.com/research/csl/projects/
aspectj/downloads/ECOOP1997-A OP.pdf

* Open-source AOP framework started by Gregor Kiczales

— based on research at Xerox Palo Alto Research Center (PARC)
e over 10 years so very mature
» funded by Xerox, aU.S. grant and a DARPA contract
— avallable at http://eclipse.org/aspect]
o Aspect] Compiler (gc)
— based on IBM’ s Eclipse Java compiler
« thisisn’'t based on Jikes, but some of the Jikes developers work on it

— compiles aspect code and Java classes can also operate on .class files produced
— doesn’t require aspec|a| JVM to execute | by another compiler when source is not

o availableusingthe- i nj ar s option
* How are aspects specified?
— using proprietary Java extensions that are compiled with gjc

— just have to compile aspects (typically in .g files) along with Java classes
— no other configuration files are needed

Defense Advanced
Research Projects Agency
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Aspectd (Cont’ d)

 Weaving
— version 1.0 and earlier used source generation weaving

— version 1.1 (current version)
uses bytecode weaving into .class files before run-time

— will supply a custom classloader soon that provides
bytecode weaving asit isloaded into the VM

e [eatures

— supports more AOP features than others
» hasacorresponding learning curve

— aspect browser (g browser) - more on this later
 Run-timelibrary size- 29K

— aspectjrt
— small because all weaving is done at build-time
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Aspectd Support in IDES

e Two features are typically supported
— compiling with the AspectJ compiler
— browsing relationships between classes and aspects
e Currently available for these IDES/tOOIS [ giigisworking on
— Eclipse, NetBeans, Emacs, JBuilder, Ant adding support for IDEA
o Currently Eclipseistheonly IDE
with good support for AspectJ debugging
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AspectJ AccessAspect.a

package com agedwar ds. aspect s;

i nport com agedwar ds. bank. Account ; Logs calls to all methods
in the Account class

aspect AccessAspect {

poi nt cut account Met hod(): execution(* Account.*(..));

before(): account Met hod() {
String classNane = thisJoinPoint.getTarget().getd ass().get Nane();
String nmet hodNane = thisJoi nPoint.getSignature().getNane();
Systemout.println
("Access: " + classNanme +

net hod " + nethodNane + " was cal |l ed");
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AspectJ ExceptionAspect.a

package com agedwar ds. aspect s; )
Logs al exceptions thrown

i nport com agedwar ds. bank. Den; out of the run method
of the Demo class

aspect ExceptionAspect {
poi nt cut denpRun(): execution(void Deno.run());

after() throw ng(Exception e): demoRun() {
Systemout. println("EXCEPTION: " + e.getMessage());
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AspectJ PerformanceA spect.g|

package com agedwar ds. aspect s;

i mport com agedwar ds. bank. Account ; L ogs the elapsed j[ime for all
callsto the deposit methods
aspect PerformanceAspect { in the Account class

poi nt cut account Deposit(): execution(void Account.deposit(..));

voi d around(): accountDeposit() { «around” advice is run
long startTinme = SystemcurrentTineMI1is(); | insead of the

proceed(); < method it wraps.

| ong stopTime = SystemcurrentTineM|1is(); | Proceed() invokes

| ong el apsedTime = stopTine - startTine; the wrapped method.
Systemout.printin("Perf: tinme to deposit =" + elapsedTine + " ns");
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AspectJ ContextAspect.gj

package com agedwar ds. aspect s;

| nport com agedwar ds. bank. Account ;

Logs al callsto the deposit method
in the Account class including
data in the current Context object

| mport com agedwar ds. bank. Cont ext; <—
| mport com agedwar ds. bank. Deno;

includes areference to the Bank and
Teller associated with a transaction

| nport java.lang.reflect.*;
| mport org.aspectj.lang.reflect. MethodSi

aspect Cont ext Aspect {

public interface ContextPasser {}
private Context ContextPasser.context;

decl are parents: Deno inplenents Context Passer;

public interface ContextReceiver {}

decl are parents: Account inplenents ContextReceiver;
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gnat ur e;

addsa“cont ext”
field to the Demo class

addsan “i nvoke”

} method to the
Account class

(see next page)
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AspectJ ContextAspect.g (Cont’ d)

private nject ContextReceiver.invoke(Context context,
String net hodNanme, C ass[] types, bject[] args) {
C ass clazz = getd ass();
Systemout.printin("Context: " + clazz.getNane() +
nmethod " + nethodNane + " called, context =" + context);

object result = nul|;

try {
Met hod net hod = cl azz. get Met hod( net hodNane, types);

result = nethod.invoke(this, args);
} catch (Exception e) {

invokes the
specified method
using reflection

e.printStackTrace();
Systemexit(1);
}

return result;
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AspectJ ContextAspect.g (Cont’ d)

poi nt cut denpSet up(Denp deno) : setsthe“cont ext ” field
executi on(voi d Deno.setup()) && this(denm); In the Demo object when
the data it needsis available

after(Deno denp): denoSetup(deno) {
deno. context = new Cont ext (denp. get Bank(), deno.getTeller());

}
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AspectJ ContextAspect.g (Cont’ d)

Intercepts all deposits and passes the data
needed to invoke the real method, along
with associated Context, to the real target
(see invoke method on page 22)

poi nt cut account Deposi t (Cont ext Passer passer):
cal |l (* Account.deposit(..)) && this(passer);

voi d around( Cont ext Passer passer): account Deposit(passer) {
Cont ext Recei ver receiver =
( Cont ext Recei ver) thisJoi nPoint. get Target ();
Met hodSi gnature signature =
(Met hodSi gnature) thisJoi nPoint. getSignature();
String net hodNane = signature. get Nane();
Cl ass[] types = signature. getParaneterTypes();
(bj ect[] args = thisJoi nPoint.getArgs();
recei ver.invoke(passer.context, nethodNane, types, args);
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AspectJ Ant build.xml

<proj ect nanme="Aspect JDenp" defaul t="run">
<property nane="aspectj. hone" val ue="C:\Java\ AOP\ Aspect J\ aspectj 1.1"/>
<property nanme="build.dir" val ue="cl asses"/>
<property nane="src.dir" value="src"/>

<pat h id="cl asspat h">

<pat hel enent | ocation="${build.dir}"/>

<fileset dir="%{aspectj.hone}/lib" includes="*.jar"/>
</ pat h>

<t askdef nanme="aj c" classnane="org.aspectj.tools.ant.taskdefs. A cTask"
cl asspat h="${aspectj. hone}/li b/ aspectjtools.jar"/>

<t arget nane="cl ean">

<del ete dir="${build.dir}"/>
</target>
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Aspectd Ant build.xml (Cont’ d)

<target nane="conpile" depends="prepare">
<ajc srcdir="%{src.dir}" destdir="${build.dir}”
cl asspat h="%{aspectj.hone}/lib/aspectjrt.jar"/>
</target>

<t arget nane="prepare">
<nkdir dir="${build.dir}"/>
</target>

<target nane="run" depends="cl ean, conpile">
<j ava cl assnane="com agedwar ds. bank. Deno"
cl asspat href ="cl asspat h" fork="yes"/>

</target>

</ proj ect >
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AspectJ Aspect Browser - gjbrowser

o Simple IDE that shows where aspects are used
e Requiresa“buildfile”

— Jjust atext file with the path to each aspect and Java sourcefile

on separate lines ——
build file example
— typ|ca||y has“ .|st” extension | src/ conm agedwar ds/ aspect s/ Per f or manceAspect . aj

src/ conl agedwar ds/ bank/ Account . j ava
e To launch the browser
— gbrowser { build-file}
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AspectJ Aspect Browser - gjbrowser

In the upper-left pane,
PerformanceAspect.g is
expanded to show that it
affects the deposit
method in the Account
class.

Clicking on the

“ Account.deposit”
causes the source code to
be displayed in the right
pane.

The lower -left pane
shows that the deposit
method is advised by
both PerformanceA spect
and AccessA spect.

(Cont’d)
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A Spether kz seems to be the most

popular alternative
to AspectJ

Open-source AOP framework started by Jonas Boner
— avallable at http://aspectwerkz.codehaus.org

Uses run-time bytecode weaving
— unlike AspectJ, doesn’t require a special compiler

How are aspects specified? _
. : : . typically named
— aspect are specified using an XML configuration file<— aspect wer kz. xm
— adviceis specified with normal Java interfaces and classes

— when using introductions, a“weave model” must be produced
» atool to create theseis provided (along with a custom Ant task to invoke it)
* more on next page

— the application must be executed using a supplied script <— aspect wer kz. bat

e usesorg.cs3.jmangler.offline.starter. Main
to weave bytecode as it isloaded into the VM
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AspectWerkz (Cont’ d)

e Meta-data

— alows arbitrary objects to be attached to others using Map-like syntax

— dternative to adding afield using introduction
( (Met aDat aEnhanceabl e) target). AW addMet aDat a( key, val ue);
hj ect val ue = ((Met aDat aEnhanceabl e) target). AW get Met aDat a( key) ;

e Weave models

— serialized objects that contain data needed by the bytecode weaver
at application startup

— required when introductions or meta-data is used

— created by a separate step in the build process using
SourceFileMetaDataCompiler or ClassFileM etaDataCompiler

o seeexample build.xml later

* Run-time library size - 2082K

— agpectwerkz, bcel, commons-jex|, concurrent,
domdj, jisp, jmangler, qdox, trove
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AspectWerkz aspectwerkz.xml

<aspect wer kz>

<advi ce- def nane="accessAdvi ce" )

cl ass="com agedwar ds. advi ce. AccessAdvi ce"/ >
<advi ce- def nane="cont ext Advi ce"

cl ass="com agedwar ds. advi ce. Cont ext Advi ce"/ > >
<advi ce- def nane="excepti onAdvi ce"

associate advice names
with advice classes

cl ass="com agedwar ds. advi ce. Excepti onAdvi ce"/ >
<advi ce- def nane="perfor manceAdvi ce"
cl ass="com agedwar ds. advi ce. Per f or nranceAdvi ce"/ > )

<i ntroduction-def nane="context Passer"
I nt erface="com agedwar ds. bank. Cont ext Passer"
I npl enent ati on="com agedwar ds. bank. Cont ext Passer | npl "
depl oynent - nodel =" per | nst ance"/ >

<i ntroduction-def nanme="cont ext Recei ver"
I nt erface="com agedwar ds. bank. Cont ext Recei ver"

I npl enent ati on="com agedwar ds. bank. Cont ext Recei ver | npl "

depl oynent - nodel =" per | nst ance"/ >

associate
Introduction
names with

> Introduction
interfaces and
implementation
classes
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AspectWerkz aspectwerkz.xml (Cont’ d)

Logs callsto al methods in the Account class

<aspect nane="accessAspect">
<poi nt cut - def nanme="net hods" type="call erSi de"
pattern="*->* com agedwar ds. bank. Account.*(..)"/>
<advi ce poi nt cut =" net hods" >
<advi ce-ref nanme="accessAdvice"/>
</ advi ce>
</ aspect >

In the AspectJ example, these calls were
Intercepted inside the called method.
Here they are intercepted in the caller
just to demonstrate another alternative.

thefirst * inthis pattern
represents the caller type
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AspectWerkz aspectwerkz.xml (Cont’ d)

<aspect nanme="excepti onAspect">
<poi nt cut - def nanme="net hods" type="throws"

pattern="voi d com agedwar ds. bank. Deno. run() #"/ >

<advi ce poi nt cut ="net hods" >
<advi ce-ref nanme="excepti onAdvice"/>
</ advi ce>
</ aspect >

<aspect nane="performnceAspect">
<poi nt cut - def nanme="net hods" type="net hod"

Logs al exceptions thrown
out of the run method
of the Demo class

A represents any

kind of exception

L ogs the elapsed time for all
callsto the deposit method
in the Account class

pattern="* com agedwar ds. bank. Account . deposit(..)"/>

<advi ce poi nt cut ="net hods" >
<advi ce-ref nanme="performanceAdvi ce"/>
</ advi ce>
</ aspect >
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AspectWerkz aspectwerkz.xml (Cont’ d)

Logs al callsto the deposit method in the Account
classincluding datain the current Context object

<aspect nane="cont ext Aspect ">

<i ntroduction cl ass="com agedwar ds. bank. Deno" > adds a“cont ext ”
<i ntroduction-ref nane="cont ext Passer"/> field to the Demo class

</introduction> s "
<i duct i | . dvar ds. bank. A ‘s addsan“i nvoke
|nFro UCtIOh cl ass="com agedwar ds. ah . Account method to the
<i ntroduction-ref nane="cont ext Recei ver"/> Account class
</introduction> (see page 43)

<poi nt cut - def nane="net hods" type="net hod"
pattern="* com agedwar ds. bank. Account . deposit(..)"/>
<advi ce poi nt cut ="net hods" >
<advi ce-ref nanme="cont ext Advi ce"/ >
</ advi ce>
</ aspect >

</ aspect wer kz>
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AspectWerkz AccessAdvice.java

o Logs call to the method
package com agedwards. advice; | seqnnigted with the given JoinPoint

| nport org. codehaus. aspect wer kz. advi ce. PreAdvi ce;
| nport org. codehaus. aspect werkz. joi npoi nt. Cal | er Si deJoi nPoi nt;
| nport org. codehaus. aspect wer kz. j oi npoi nt. Joi nPoi nt ;

public class AccessAdvi ce extends PreAdvice {
public void execute(JoinPoint joinPoint) throws Throwabl e {
Cal l er Si dedJoi nPoint cjp = (CallerSidedoi nPoi nt) joinPoint;

Systemout.println("Access: " + cjp.getCalleed assNane() +
method " + cjp.getCall eeMet hodNane() + " was called");
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AspectWerkz ExceptionAdvice.java

L ogs exeception thrown
from the given JoinPoint

package com agedwar ds. advi ce;

| nport org. codehaus. aspect wer kz. advi ce. Thr owsAdvi ce;
| nport org. codehaus. aspect wer kz. j oi npoi nt. Joi nPoi nt;
| mport org. codehaus. aspect wer kz. j oi npoi nt. Thr owsJoi nPoi nt ;

public class ExceptionAdvi ce extends ThrowsAdvice {
public void execute(JoinPoint joinPoint) throws Throwabl e {
ThrowsJoi nPoint tjp = (ThrowsJoi nPoi nt) | oi nPoi nt;

Systemout.println
("EXCEPTION. " + tjp.getException().getMssage());
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AspectWerkz PerformanceAdvice.java

package com agedwar ds. advi ce;

L ogs elapsed time to execute the method
associated with the given JoinPoint

| nport org. codehaus. aspect wer kz. advi ce. AroundAdvi ce;
| nport org. codehaus. aspect wer kz. j oi npoi nt. Joi nPoi nt;
| mport org. codehaus. aspect wer kz. j oi npoi nt. Met hodJoi nPoi nt ;

public class PerformanceAdvi ce extends AroundAdvice {
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AspectWerkz PerformanceAdvice.java
(Cont’d)

public Cbject execute(JoinPoint joinPoint) throws Throwabl e {
long startTine = SystemcurrentTineMI1lis();
(bj ect result = joinPoint.proceed();
| ong stopTinme = SystemcurrentTineMI1lis();
| ong el apsedTinme = stopTine - startTine;

Met hodJoi nPoint mp
String target Method =

( Met hodJoi nPoi nt) joi nPoi nt;

n p. get Target G ass().getNane() + "." + m p. get Met hodNane() ;
Systemout.println
("Perf: " + targetMethod + ' ' + elapsedTine + "ns");

return result;
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AspectWerkz ContextAdvice

package com agedwar ds. advi ce;

Logs call to the method

associated with the given JoinPoint

| nport org. codehaus. aspect wer kz. advi ce. AroundAdvi ce;
| nport org. codehaus. aspect wer kz. j oi npoi nt. Joi nPoi nt;
| mport org. codehaus. aspect wer kz. j oi npoi nt. Met hodJoi nPoi nt ;

I mport com agedwar ds. bank. *;

public class Context Advi ce extends AroundAdvice {

39
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AspectWerkz ContextAdvice (Cont’ d)

intercepts all deposits and passes the data needed to invoke the real method,
along with associated Context, to the real target (see invoke method on page 43)

publ i c Object execute(JoinPoint joinPoint) throws Throwabl e {

Cont ext Recei ver receiver =

( Cont ext Recei ver) joi nPoint. get Target Object();

Met hodJoi nPoint nmjp = (Met hodJoi nPoi nt) | oi nPoint;
String nmet hodNane = nj p. get Met hodNane() ;

C ass[] types
object[] args

n p. get Paranet ers();

nj p. get Par anet er Types() ;

Cont ext Passer passer = null; <
return receiver.invoke
(passer. get Context (), mnethodNane,

40

types,

In the current version of AspectWerkz
(0.7) thereis no way to determine the
calling object in an AroundAdvice, so
this code doesn’t work! The author is
working on adding this capability.

args);
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AspectWerkz
ContextPasser | ntroduction

o ContextPasser.java

package com agedwar ds. bank;

public interface ContextPasser {
Cont ext get Context();

}
o ContextPasserimpl.java

package com agedwar ds. bank;

publ i c class ContextPasserlnpl inplenents ContextPasser ({
private Context context;

publ i ¢ Cont ext Passer| npl (Bank bank, Teller teller) {
context = new Context (bank, teller);

}

public Context getContext() { return context; }
}

41 Aspect-Oriented Programming



AspectWerkz
ContextReceiver I ntroduction

o ContextRecelver.java

package com agedwar ds. bank;

public interface ContextReceiver {
oj ect i nvoke(Context context, String nethodNane,
G ass[] types, (bject[] args);

}
o ContextReceverlmpl.java
package com agedwards. bank; Logs calls to the method associated
with the given JoinPoint, including
inport java.lang.reflect.*; datain the given Context object

public class ContextReceiverlnpl inplenents ContextReceiver {

continued on next page
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AspectWerkz
ContextReceiver Introduction (Cont’ d)

public Cbject invoke(Context context, String nethodNane,
G ass[] types, bject[] args) {
C ass clazz = getd ass();
Systemout.printin("Context: " + clazz.getNane() +
nmethod " + nethodNane + " called, context =" + context);

object result = null;

try {
Met hod net hod = cl azz. get Met hod( net hodNane, types);

result = nethod.invoke(this, args); [

} catch (Exception e) { 'nVOK?Sthe
e. print St ackTrace(); specified method
System exit(1); using reflection

return result;
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AspectWerkz Ant build.xml

<proj ect nanme="Aspect Wr kzDeno" basedir="." default="run">
<property environnent="env"/> :
. o script used to
<property nane="aspectwerkz.script" < run application

val ue="${ env. ASPECTWERKZ_ HOVE}/ bi n/ aspect wer kz. bat"/ >
<property nane="build.dir" val ue="cl asses"/>

<property nane="definition.file" value="aspectwerkz. xm"/>
<property name="netadata.dir" value="${build.dir}"/> «——
<property nane="src.dir" value="src"/>

where weave model
will be generated

<pat h id="cl asspat h">

<pat hel enent | ocation="${build.dir}"/>

<fileset dir="${env. ASPECTWERKZ HOVE}/Ilib" includes="*.jar"/>
</ pat h>

<t askdef nanme="conpi | eWaveMdel Fr onSour ces"

cl assname="or g. codehaus. aspect wer kz. t ask. Sour ceFi | eMet aDat aConpi | er Task"
cl asspat href ="cl asspat h"/ >
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AspectWerkz Ant build.xml (Cont’ d)

<t arget nane="cl ean">
<del ete dir="${build.dir}"/>
</target>

<target nanme="conpile" depends="prepare">
<javac srcdir="${src.dir}" destdir="$%{build.dir}"
cl asspat href ="cl asspat h" deprecati on="on" debug="on"/>

<l-- This is required when using introductions or netadata. -->
<conpi | eaveModel FronSources definitionFile="${definition.file}"
sourceDir="${src.dir}" netabDataDi r="${netadata.dir}"
uui d="${ant. proj ect. nane}"/>
</target>

<t ar get nanme="prepare">

<nkdir dir="%{build.dir}"/>
</target>
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AspectWerkz Ant build.xml (Cont’ d)

<target nane="run" depends="cl ean, conpile">
<property nanme="cp" refid="classpath"/>
<exec execut abl e="${aspectwerkz.script}">
<arg |ine="-Daspectwerkz. netadata.dir=${netadata.dir}"/>
<arg line="-cp ${cp}"/>
<arg |ine="com agedwar ds. bank. Deno"/ >
</ exec>
</target>

</ proj ect >
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Nanning

e Open-source AOP framework started by Jon Tirsen
— avallable at http://nanning.codehaus.org
e Usesdynamic proxies
— clients of instrumented objects must use special code to obtain them
 use of the factory pattern is suggested

— can only instrument classes that implement some interface
— theseissues limit the applicability of the framework

* Run-timelibrary size - 1449K

— commons-beanutils, commons-collections, commons-digester,
commons-jelly, commons-logging, concurrent, dom4j, nanning,
nanning-contract, nanning-locking, nanning-profiler, prevayler, qdox
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Prose

Open-source AOP framework started by Andrei Popovici

— available at http://prose.ethz.ch
Uses run-time bytecode weaving

— happens while the application is running, not just when classes are |oaded

Aspects are specified with normal Java classes
— these classes must extend one of the following Prose classes

e CatchCut, GetCut, MethodCut, SetCut and ThrowCut

— these al extend from AbstractCrosscut which implements Crosscut

Steps to build and run

— agpect classes are compiled with anormal Java compiler (such asj avac)

— weaving is performed at run-time by invoking

ProseSyst em get Aspect Manager () .i nsert (aspect-object);

— must run application with a Prose-specific JVM <—

prose -classpath classpath nmain-cl ass

may not trust it
for production use
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Recommendation

The recommended AOP framework i1s AspectJ
The reasons for this recommendation include

maturity compared to other frameworks
number of supported features compared to other frameworks
promise of upcoming support for run-time bytecode weaving
 through a custom class |oader
availability of books on using it
» Mastering Aspectd - Wiley
» Aspect-Oriented Programming with Aspect] - SAMS
e AspectJin Action - Manning

Recommended reading

“1I want my AOP!”, athree-part article at Javaworld
* http://www.javaworld.com/javaworld/jw-0118-aspect_p.html
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