Tutorial 6
Aspect-oriented programming

How to program an aspect?
Tool support in aspectd, AIDT

Spring 2005 ECE450H1S Software Engineering Il



Last lecture...

On Aspect-Orientation

 We explained the concepts of aspect-orientation:
a recent paradigm in Software Engineering

 We shown a case study of aspect-oriented
requirements engineering: (1) how to identify
early aspects along with goal-oriented
requirements analysis, (2) how the goal aspects
are associated with the code aspects ...

 What are code aspects?
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Today...

This tutorial will cover code aspects:
1. AOP examples

2. aspectd syntax

3. Eclipse/AJDT toolset

4. Relation to the OpenOME

5. How to deploy of our phase B results ...
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1. AspectJ

|t Is one of the most mature aspect
compilers http://www.eclipse.org/aspecit;

* It has convenient tool support through
Eclipse http://www.eclipse.org/ajdt
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1.1 Example: the Hello class

£~ Java - hello.java - Eclipse Platform & IEIIE[
Eile: Edit Source Fll_E!Faﬁlg:ur Mavigate Search Project Bun Window Help
iE = [~ |3 -0- Q- | HE-|® 5 | [Tt £ | &3ava >
- g = = o \ -
[ Package Explorer 53 \Hierarthy = 0O || [J] hello.java £3 o ] world, 5 {ar) build. ajproperties || 5% outline 52 el
| R v public class hello | = AW e B W

=122 helloworld

=-H (default package)

- @-[J] hello.java

-] world,aj

#-E IRE System Library [j2sdkl.4.2]
- ASPECTIRT_LIE - C:yeclipseipluginsion
‘@. build. ajproperties

124 Tracing Example

KT

public static void main(String[] args)

zayHellaol) :

+

public static void zayHello|) 1
System.out.println("Hella™) ;

{

L

-t |
= import declarations

- @, hello
e @ % main(String[)

e gy B sayHellol)

=
Frablems

Javadoc | Declaration PSR

Cross References

{ o | E‘

<kerminated:= hella (1) [Aspect]fJava Application] C:\Program Filesijzsdk_nblj2sdkl. 4. 2\binljavaw exe (Feb 25, 2005 1:17;09 AM)

Hello

4 | i

KT

=

N

See the online tutorial
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1.2 Enable the World aspect

£= Java - huild.ajproperties - Eclipse Platform & IEIIE[
File: Edit Mawigate Search Project RBun  Window  Help
Jrﬁ' Ii Jﬁ Q- - |'-'¢tEi}@> J@*??I{ E%’Java »
|:E Package Explorer &3 \Hlerarthy = B || [ hello.java || world.aj || 5% outline 52 el
L ==
- : ; ; - 2| Build Configurati
| 55 ~ | Build Configuration = S
EI---Ig'f:—ﬂ- hellowarld '
=3 {default package) Included files
: E! |1] hella.java Select the Folders and Flles ko include in the build configuration;
: E!m warld, aj I :-':- | ja
- JRE System Library [j2sdkl.4.2] “H |_| w::lrld aj
D !Tj ASPECTIRT_LIG - Chiedipselpluginshon
------ |_.!. build, ajproperties
EEI---I;'E—ﬂ- Tracing Example
=
Build Configuration | build. ajproperties |
i o e e
Frablems | Javadoc | Declaration [ECDHSD|E £3 . Cross References ﬁﬁ | el | = = -
<kerminated:= hella (1) [Aspect]fJava Application] C:\Program Filesijzsdk_nblj2sdkl. 4. 2\binljavaw exe (Feb 25, 2005 1:17;09 AM)
Hella =]
« I 3 {8 ;I_I
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1.3 Run the woven code

"

£= Java - world.aj - Eclipse Platform

File Edit Source Fll_E!Faﬁlg:ur Mavigate Search  Project Bur window Help

e ™| 2.,

i =
|| hello. java M@. build. ajproperties

=18l x|

Ej a’ Java »

Iti-Ee a3 -0-&
rt% Package E... E:E‘\L-lierarch}- |
{1Bg -

=12 hellowarld

E|EE (default package)

- @[] hello.java

- [1] world, aj

@ g, JRE System Library [j2sdk1.4.2
Egj ASPECTIRT_LIE - Crieclipseliple
ok Tﬂ. build. ajproperties

124 Tracing Example

] 0= Outline EEH“-.M =

thhlin aspect world {
pointout greetingi)
after ()

System.out.println("Hello to you too..

execution (¥ hello.savHello(..1]1:
greetingl)] |

.":I;

B® s o Rw %

; ‘= import declarations
=@ world

1 e BT & greeting()
- b afteri): greeting..
K| _'*I_I l | 2]
Problems | Javadoc | Declaration [.ECDI'ISEJE 52 Cross References % | N0 | = g

<terminated = hello {17 [Aspect]fJava Application] Z:\Program FilesjZsdk_nbljzsdkl 4.2 bin}javaw.exe (Feb 25, 2005 1:21:50 AM)

Hellao
Hello to you Cod...

il

=

o

Writable Smark Inserk 1
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2 The Aspectd syntax

e aspectvs. class
e advice vs. method
— before(), after(), around()
— allow formal parameters in regular expressions
— special parameter joinpoint
— allow “theJoinPoint” to access the call stack
— around() can call the replaced method with proceed()
* (anonymous) pointcut vs. expression
— just like any boolean expression, where the predicates are joinpoints
e joinpoints
— call(), execute(): method calls (caller), execution (callee), try/catch blocks
— set(), get(): field accesses
— within(): to limit the scopes to method, class or packages
* declarations
— Change the class structures: introducing fields, method, structural relations

Reference
The “quickref” document:
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3 Some AJDT features
3.1 The tracer ex. without aspect

£ Java - ExampleMain.java - Eclipse Platform

Flle Edit Source Refactor Mavigate Search Project Rum Window  Help

IFi-Ele ] % -0 -9 [E#E G- |®5 | Gorl 5| &3ava >
[# Package E.., 532 *_Higrarchy | = O 51l ok ace, ajproperties Bl g=a... 33.“\::' =
W B E - e 2w s e
'L'.;JJ' hellavearld public class ExampleMain § IE = %
Ele=r T_racngxampIe public static void main(String[] args)] { el @ <buid to vie
B src ; Circle ol = new Circle(3.0, 3.0, 2.0):
EEH '.:E':mg Circle o2 = new Circle(4.0):
- B )] Circlejava
lil Fampisial e Souare 31 = new Sguare (1.0, 2.0);
o B [1] Square.java i i R TR
. @ [J] TwoDshape.java
EEE tracing.lib System.out.printlni"cl.perimeter () = " 4+ cl.perimeter()): 2
EEE bracing version] System.out.println("cl.areall = " + cl.areal)): _
E-F3 tracing, versionz o
EEE kracing. versiond System.out.println("sl.perimeter(] = " + sl.perimeter()]: -
E]"'lf:' ASPECTIRT_LIE - Ciheclpsetpl System.out.println("sl.areal() = " + sl.areal)):
=, JRE System Library [j2sdkl 4.2
Tig, nokrace. ajproperties System.out.printlnie. discance (ol) = " + c2.distance (cl) )
ok tracelib, ajproperties ystem.out.println("sl.distance (¢ = + sl.distance (o H
_.t lib £ 3 lni"sl.d (1) " 1.d (1))
- |ﬂ, tracev], ajproperties
K tracevZ. ajproperties 3ystem.out.printlni”sl.to3tring(): " + =sl.to3tring()):
o |arh bracev3. ajproperties T
} e
I -
Al | B llEE= 5
PrnblemsiJavadnc|Declarati0n [ECnnsole 53 " Cross References % | BH &2 | e B =T
=terminated = ExampleMain [4spectdfava Spplication] C:\Program Files'jzsdk nbljzsdkl 4. 2\bin'javaw.exe (Feb 25, 2005 1:35:40 AM)
cl.perimeter () = 12.566370614359172 -
cl.areal) = 12.566370614359172
sl.perimeter() =-4.0
Sareal] = 150
c2d.distance (cl) = 4.24264065837119285
zl.distance (cl) = 2.23606797745379
2l.to3tring(): Sgquare =zide = 1.0 @ (1.0, Z.0)
] I 2« L!J
| | | Writable | Smart Insert | 4511 |
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3.2 The Tracer example with aspect

E

Java - Trace.aj - Eclipse Platform

File Edit Source Refat;or Mavigate Search Project Buri ‘Window Help

=10l x|

E_‘f ayJava -

Iti-La |- % -0-%- | EHFG- (™| $5[OCC- -
" =
IIE PackageE.,, &2 Hierarchy| G| @tracevl... | mTraceMy... | E'.tracev&.. | @.tracevz..
« | BSs - wf
T helloworld ahstract pointout myClassi):
=112 Tracing Example Aok
HLE src * The constructors in those classes.
- tracing L
EIQI Circle. java pointout myConstructor () : myClass() &££ executioninew(..)):
- [J] ExampleMain. java S
Ew Square.java * The methods of those classes.
- [J] TwoDshape.java w4
iel-E trac!ng.llb : pointout wyMethod(): myClass()] &£& executionm(™ *(..)):
#-£H tracing, versionl
[—]EE F@clng.versllon:Z Yo
- 1] Trace. & * ) )
E‘Ill TraceMy(Classes. s ’I’Prlnts trace messages before and after executing constructc
*
#-fF tracing version3
) ASPECTIRT_LIE - Ciieclipseiplel| @ 7 hefore (] : myConstructor(] A
- IRE Syskem Library [j2sdkl.4.2 traceEntry (""" + thisdoinPointStaticPart.getiignature())
----- @ notrace. ajproperties ¥
@ tracelib. ajproperties o = after () : wylonstructor (] {
a1y tracewl.ajproperties traceEzic (" + thisdoinPointStaticPart.getcSignature) )
----- @ tracev, ajproperties 3
----- @, tracev 3. ajproperties
ff ww
| * Prints trace messages before and after executing methods _ILI
4 »

—
g, k) \".,\::I =

%R s e
O T
=k = impurtﬁ
© s javaic
EI@"" Trace
fo 8 TRACE
b o 9 strear

- o % calloep
- @ % initStre
- 5 traceE
-2 9 traceE
| 5 printEr
- H 4 PrinkE:
- & = prinkIn
P myClas
- myCor
- myMet
- before
b after)
- @ before
Bl after()

Ej

F‘ru:ul:ulems| Javadu:u:| Declaration [ E console B2 Cross References |

R\EEZ | 4 B <=0

<terminated > ExampleMain [Aspect]ilava Application] C:\Program Filesli2sdk_nblizsdki.4.2\binijavaw . exe (Feb 25, 2005 1:43:15 AM)

—=% double tracing.TwoDShape.getT ()
<—— double tracing.TwolShape.get¥ ()
<—— double tracing.TwolShape.distance (TwoDS3hape)
——>» double tracing.TwoDShape.distance (TwoDbShape)
cl.area() = 12.566370614359172
gliperimeter:() =400

A

of

| ‘Writable | Smart Insert | 120 |
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3.3 A visualizer

Aspect ¥isualization - Trace.aj - Eclipse Platform i IEllil
File: Edit Source Refackor Mawigate Search Project Run Window Help

J[‘*jv Jﬁﬁ'Jﬁ'D'%'|®E§}@'J§‘3‘I J’Q:u/‘\,:-- = T | s aspect visugli,.

% -
[£ package Explarer E@\F‘roject_s| =T )@ &,@ ey WL | atﬂl_ »= = O 8iivisu,, I 5 T 0O
ilE S W v
1] hefloworld
E|'[g- Tracing Example !I M Trace
B2 src
L_—_lEB Eracing
Elm il faun | [m— —
(1] ExampleMain.java ———

@ [1] Square.java
Bl [J] TwoDShape.java
=-FF tracing.lib
E@ abstractTrace. aj
& TraceMyZlasses, aj
#H-£1 tracing.versionl
=~ tracing.versionz
B[] Trace.a
:all] TraceMyClasses.aj
- tracing. wersiond
ASPECTIRT_LIB - Ciheclipselpluginsiorg. asp
2% JRE System Library [j2sdk1 . 4.2]
----- [} notrace. sjproperties
----- [5ib tracelib.ajproperties
----- a1y kracewl ajproperties
----- @, tracev?, ajproperties
----- 5} tracev3. ajproperties

=
B

/-

EMIE

-

4] | 2l |_P|;I

I(@ tracevl.ajp... | [Gib traceva.aip. . | Gk traceva.ajp... l [J] Trace.aj 22 |5 tracelib.aj. . | [J] TracemyClas... | [J] Exampletain.. | [l notrace.ajp. . | E]
| ‘
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4. Applying to the OpenOME

| would show you an AOP example In
OpenOME, however ...

 AJDT requires more Memory resources,
when | was compiling it with the complete
OpenOME ... Memory overflow problem

e Gold plating in AJDT?

@  Anout of memory error has ocourred, You can prevent these errors in the
H_-/ future by increasing your heap size befare wou skart the warkbench using the
-ymargs.-Fm:x command line option,

Do sou wank ko exit the workbench?

Yies | P
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The effects of the woven code

E

Java - build.ajproperties - Eclipse Platforna

File: Edit Mavigate Search Project Run  Window Help

[ - |G | e |30 -G~

| &

=10 x|

| T s .@;JJava

% Package Explorer &3 \Hierarthy | =)

[§ racing, aj [1] e el_frace.aj n;l' uild. ajproperties N (| EEOutIine &3
131t i 13 model_k § build ties 52

=l

S =0pendME  [ovs.sfnet]
T merc
<%, JRE System Library [j2sdkl.4.2]
& ASPECTIRT_LIE - CHleclipseiphiginsion
;;l ECLIPSE_HOME fpluginsorg. junit_3.8.1
I ,_-, protege.jar 1.2 (Binary)
grappal_2.jar 1.1 (Binary)
Jao.jar 1.1 {Binary)
Jaolayout.jar 1.1 (Binary)
" jtelos.jar 1.1 (Binary)
[E.ﬁ‘ META-IMNF
= =plugins
[ =projects
@J Makefile 1.1 (Binary)
-5} =README.txt 1.2 (ASCII -kkv)
- ‘D, =build, sjproperties  (Binary)
-----;gr, build, sl 1.1 (ASCIT -kk)
5 dlean.sh 1.1 (Binary}
@ dot.bat 1.1 (Binary)
= dot.sh 1.1 {Binary)
=java.prof  (Binary)
javacc.jar 1.1 (Binary)
=protege. properties 1.1 (ASCIT -kk)
protege_text.properties 1.1 {ASCII -}
=run.bat 1.2 (Binary)
run.sh 1.1 {Binary)
run_protege.bat 1.2 {Binary)
run_protege.sh 1.1 (Binary)
standard_extensions:_text.properties
sklog  (Binary)
tempD. dot
kest.dat
skest.q?  (Binary)
s »hest.tel  (Binary)

ok e e e ] ] ]

0 oy O o O Y o O o WO e O O O o V0 e O e A,

d | |

Build Configuration

Included files
Select the Folders and files to include in the build configur ation:

=]

[J] omMETab.java

= aspects =
[A [J] model_trace. ai

|—_| tracing. aj

':I lc controller

';I [ (= model |

Build Configuration | build, ajproperties |

Build Configuration
@ srcincludes
----- @ srcoexcludes

==

Problers | Javadoc | Declaration SENE e -1 L | &l & | e =
aop [AspectJ,I'Java F\pphcatlon] Ct\Program F|Lesi,]25dk nb'|,]2sdk1 4. 21bintjavaw, exe (Feb 25, 2005 1:52:50 PM)
TIT T T T =T T T e T T T o S T T T T e C S =TT 1T

executlnn(OHEElement edu. toronto.cs.owe.model. TelosElewent . getParent )
execution (CHEE lement edu.toronto.cs.ome.model,. TelosElement .. getParent () )
execution (CMEE lement edu.toronto.cs.ome.model.TelosElement. getParent i)
execution (OMEE lement edu.toronto.cs.ome.model. TelosElement..getParent () )
execution (CHEE lement edu.toronto.cs.ome.model,.TelosElement . getParent ()
execution (OMEE lement edu.toronto.cs.owe.wmodel. TelosElement . getParent ()
execution (CHMEE lement edu.toronto.cs.ome.model,TelosElement . getParent ()]
execution (CMEE lement edu.toronto.cs.ome.model,.TelosElement.getParent ()
execution (OMEE lement edu.toronto.cs.ome.model. TelosElement . getParent () )
execution (CHEE lement edu.toronto.cs.ome.model.TelosElement . getParent ()
execution (OMEE lement edu.toronto.cs.owe.model. TelosElement . getParent ()
execution (CHMEE lement edu.toronto.cs.ome.model,.TelosElement . .getParent () )
execution (CHEE lement edu.toronto.cs.ome.model,.TelosElement . getParent ()
execution (OMEE lement edu.toronto.cs.ome.model. TelosElement . getParent () )
execution (CHMEE lement edu.toronto.cs.ome.model,.TelosElement. getParent ()
execution (OMEE lement edu.toronto.cs.owme.model. TelosElement . getParent ()

=l
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Visualizing the trace aspect

& Aspect Yisualization - build.ajproperties - Eclipse Platform ;lglﬁl

1) J o I f;; & ﬁ - '% - J Fit ﬂ-j? @’ - JLE? x‘;ﬁ Jjis (0o T ﬁ pg}."-\spect\p'isuali... =
=2Prajects 52 s - = EM & ,,@ = H, | mtﬁﬁ w = -.== visualiser M., 22 7 [l

S e

El---‘if—‘_% =0penIME  [ovs.sf.net] Yisualizer - Aspect] Provider e 91‘ -

ij EIW tracing

' | ]
| - |
¥ 1 LIJ

File Edit Mavigate Search Project Run ‘Window Help

o o — " = e—
|J] tracing. aj | |J] madel_trace.ai “u_.& build, ajproperties &3 B || El consals 22 N Fﬁ [ B | = RSO
z X : o ||| cterminated= aop [Aspect]{lava Application] C:\Pragram Filesijzsdk_nbljzsdkl. 4.2 bintjavaw, exe (Fel
Build Configuration :
<-— execution{OMEElement edu.toronto.cs.ome.model.TeloskE leﬁl
Included Files ——» execution (OMEElement edu.toronto.cs.owe.wmodel. TelosElem
Select the Folders and files to includs in the build configuration: <-— execution(OHEElement edu.toronto.cs.ome.model.TelosEle
e LE‘? ed-ﬁ ;l —=> execution (OMEElement edu.toronto.cs.owe.model.TelosElem
‘ E---foj‘vstanford | <—— ‘execution (OMEElement edu.toronto.cs.ome.model.TelosEle:
| { @A oot I :J x
Build Configuration | build, ajpraperties | 4] | b

| |
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5. Hosting the course projects

We have 11 teams, codenames are: _ _
mindz, photons, team2, xteam, lumiere solutions, mugqgd, overnight
enterprise, team7, websilon, team9, canadiantired

Any windows ECF lab, use “terminal services”, the first server is
dedicated for us, enter your team’s code name as username,
“ece450” as password for now, you can access it, only within the lab
for now

The URL of the tomcat server is http://127.0.0.1:8080

The deployed web service should be placed under c:\program
files\apache software foundation\tomcat 5.5\webapps\axis\WEB-
INF\classes\<codename>

These directories are shared as \\128.100.36.17\<codename> so
that you can copy the binary files into the place

We also installed an Eclipse plugin for collecting metrics in the ECF
windows lab
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