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2.1 0JO0O0o0oboooad

000o0o0oogooooooooomAoOPOdOOOOOOOOOOoOoOOoO
obooboobooboobobooboobobooooboboooboo
gbobooboboboooboooboboobbobooboobod
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2.2 Aspectd

AspectJ(5) 00000 AOPOOODOOOOOOPOOOOODO Java
oobooboobooboobooboobooobbooboooboboboo
O AOPOCOCOCOOCO AspectJOOOOOO0OOOODODODOOOOOOOO
gooooo

2.2.1 joinpoint

jompoint 00 0000 0ODOODOO0OO0O0O0OOOOODODOOO0OOO0
O00000D00D0OOCO0O0DAspectJOODODOOOOOODDOOOODO
gboboooobooobobooboboobobooboboonbo
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gbobobooboobooboboboboobooboooobooboobon
god

2.2.2 pointcut

joinpoint 0O OOOOOO0OODO pointecwt DOUOOOOOODODOOO
0000 joinpoint 0O D OO0 joinpoint U O ODODODOODOODOODOOO
U000000 joinpoint 00000000 O0O0ODOODOOD pointecut U
gboooobooon

O00MMPoint 00 OO0O0OODOOOU0OOOOO getXODOOODO
intd0000000000000000 joinpoint 0000000000
AspectJOO0ODODOOOOOOODO

call(int Point.getX())

U0 calll pointcut OO0 O DO0OO0O0ODOOO0OOOOOOODOOO
U000000dD joinpoint 0O0DOODOOD0OODOOOOOODOOOOO
bobooboooobobobooboobooobobobooobono
googn

AspectJOOOO0OOOOO pointcwt OO ODOOOODO

call 000000 DOOOOOOOO

set 0O00O00O0OODOODOODOODOODOODO

get 10000000 OO0ODOOOOOO

initialization 000000000000 OOOOOODOO
execution 0000000000 OOOO

handler 000000000 OOOOOOO

staticinitialization 0000000000000 OOOOOOO

0000 pointcut 0 0 0 O Ojoinpoint O OO0 OO0O0OOOODO Ojoin-
point 00 O0DOO00D0OO0O0D0OO0O0DOO00D0OO0O0MMLined0OODOOODO
O joinpoint 00000000000 OOOOOOOO

within(Line)

within 0 pointcut OO D OOOOOOOOOOOODOONODO joinpoint
goboo0oboooboobobbooobbOoOonbOjonpoint DO OO
0000 pointcut 0O OO OO0ODOOOOOOODOOODOO
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within 0000000000 O0O0CO0DOOOO joinpoint 00O

withincode D0 0000OO0O0O0ODOO joinpoint O OO

pointcut O OO O0O0O0O00O00O0OOOOOOOODOOOODOOD
0000000 pointcut D joinpoint 00 OO O0O0O0O0O0OO0OO0OOOO

target joinpoint 0D DO0ODO0OO0ODOO0ODOOOODOO
this 0000 joinpoint 0000000000 DOOODOOOOOOO

args joinpoint 100000000000 DOO0OO0ODOODOODODOD
0oob0bob0obobobOobO pointeut 00000

clow OO0O0OOOO0OCOODOOODO joinpoint 00O

cllowbelow DOOOO00O0OO0OOOD0OODO joinpoint 0O ODOOODOO
goooobooooooooo

if 00000000000 00000 joinpoint 00O DO

pointcut UO O ODOOOOOODOO joinpoint OO OOO0OOO0O0O
gooobbooooobobboooooboboooooooboboboooon
oon

call(public void Point.*(..))

OO00@MPointD0COOOOOOOOpublicOOOOOOOO0OOODO
O00vodDO0OO0O0O00ODO0ODOO0ODOO0OD0OODO joinpoint OO0
000000 (o.000000000000000O000OUO0OUOO
0000000 [J0@Dooo0ooooooooooooooomoo
googoog

OO00AspectJOOO0ODO0 pointcert 0O OO0 OO0OOOOODOOOO
0000000 joinpoint DOOO0O0ODDOOOOODODODODODO&&OO
00— 0000000000 bo0oooooooooog
gboooaogo

call(public void Point.*(..)) && !'within(Point)

Ob0O0D0PpPoint00 0000000 OOOOOOOOOOOOOOOO
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2.2.3 advice

pointcut OO D OO0OO joinpoint UOODOOOOODOODOOOODO
O0000000 adviceODOOOadvieceOOOODOOOOOOOOOO
oond

before joinpoint 00 O000OO0O0D0OOOO0O0OOODOO
after joinpoint OO0 OO00OOO0DOOOOOOODO

around joinpoint 00O O0OO0OOODOOO

AspectJ O O joinpoint 0 advice 00000 000000000000
oOoooooog

before() : call(int Point.getX()) {
System.out.println("before call Point.getX()");

¥

00000000 0Peint000O0 getXUODODODOODOODOODODO
O0000000DO0O0ODOD before)DO00OO0OO0OOOOOOOOOOO
U000 pointcwt DO OO O0OO0O0ODO0ODOODOOODOODODOO advice
bodyO O JavaOOOOOOOODODO

2.2.4 named pointcut

pointcut DO O OO0O0OD0O0OO00O0O00OO0DOOO0OO0OOODOO0OO
O00000D00O adviceU DO pointcut U OO DO OOOOOOOODOO
gbbogoboobooobooboaon

pointcut PgetX() : call(int Point.getX());

0000000000 0O]call(int Point.getX())| 00000 [PgetX()] O
0000000 joinpoint OO OOOOOOODOO

225 000OO0OOOO0OO0

O00OAspectJOOODadvieceOOODODOODOOOOOODOOOOOOO
gboooooooooooooooooooog

declare parents : A extends B;

declare parents : Cx implements D;
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gboooooboboobooooboboboboooboooan
000000000000 AODOOOOOODO BOOOOOoOOODOOO
oobobooooboooobocooooobogoooooboooooo bo
gboboooooboobooobooboooboobobobobooobo
000000000000 mplements) 00 0000000000000
gobobobboooobbbouooooobobooooobboboon
gboobooooboboboobooboobooboobooobobooongd

goobooobooboboboooobobuooo Xgooboboo
o0 yoobooobooooooooooobobozoboboooooo
0 YOoooouoooooboooooobooooobooooooooo
gbooobbooboobooobooboo

gbooooboobobooboobobooboooboboboooan
gbooboobooobooboobooboobooboobooobobooongd
gboboooobooobooobobobooboboboobobbo
gbobobobuooboobobobuobooboboboboboobob
gbooopobooboobbooboobboobooboo

private int Point.num;
public void Point.func() { ... }

U000 Point U000 numO 00000 int000000D000ODO0O
O00D0OO00D0O0OO00D0Point0000 funcOO0OOOOODOOOODO
oboooooooooooooooog

gooobobobobooooobbooooooboooobooboboog
goobooooooooooobobboboobobooooobooobobn
AspectJOO0OOOCOOOOOOODOODODODODODODOOOOOOOOO
gbobobuooooboboboboobobobobobobonod
god

2.2.6 weave

goobbobooooobobobboooobobobooooobbobod
OOadviceU pointctt D00 DO 0O 0OO0OOOOOOOOOOOODOOO
UbobOobDoooobobOobodon weaveOD OO OweaveD OO OO
O000O0OD0DODODO0O000000C00O000O0000AspectJOOOO
gooooogo
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2.2.7 aspect

OO00D0O00000D0O0O00O0000DO AspectJ 0000 aspect OO
pointcutD advieceO OO OO O0O0OOO0O0OO0OODOOOOODOOOOODO
JavaUO classUO D O0ODO0O0O0OOD0O0OOOaspect DODOODOOODO
OU00DO00D0O0b00O0OO0cdassOD 0000000 0OO0DOOaspectdO
ooooooooooooog

aspect SampleAspect {

public static int Point.count = O;

private void print() {
System.out.println(Point.count);

}

pointcut pc() : call(public * Point.*(..)) && !within(Point);
before() : pc(O {

Point.count++;

print () ;
}

000 [aspect] DO JavaO OO 0000 [class] 0000000000
O00aspect DO OOOODOOOODODOODOODOODDOODODOO
00000000000 00D0O00 aspectd classO0O0OOOOOOO
ooogooog

O000000Point 0000 publicOO0OD0OO Point O OOOODODO
00000000000 0Peint00O0OO count OO0 staticO OO OO
O00000pointcut O pe() D00 OO joinpoint 00000000000
googoooon

O00000OPoint DO0OO0OODOOOODODODNO joinpointd oo
o0oo0o0o0ooooobbooobooboooooooboooooo
gbobooobboboooboboobobuoooobuoobuobuobo
goooobooboooboooo

2.2.8 aspectdlld

aspect J aspect 0 00O DO0OO0OOODDOOOOOODOOOODOOO
0000000000 000000000 aspect OO abstract aspect O
0000000000000 ODOO0O000DbOO0O00O0DoDOOd aspect
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aspect DrawAspect {
pointcut pointMovePc() : call(public void Point.move(..);

after() : pointMovePc() {
Draw.update() ;

¥

O 2.1: DrawAspect 0O OO 0O

Ub0boo00b00D0aspectd aspect U0 DO OOOOO0OOOODOO
U000 pointewt UOODOODO0O0OODOOOOODOOOOODODOO
O0b0ooboooboooboboO0d0pointcut 00O O0O0D0O0OO0DOOODOOO
Oooo0oooooooognD adviceUODODOOQOO

2.3 AOrPOOOUO

00000000000 AspectJOODODOOOOODOOODOODODOO
OooOoOoAOPOOOOOOOOOOOOOOOOOOOOOOOOOO
goboobooooboooboboooooooboooooboboooan
AOPO00O OOPODOOODODOOOOODDOOOOODO

231 000000

gooboboboboooobobboooooobbooooooobooo
gboo22100b000boboooboooo

U000 Point OO0O0O move 00O DO0O0OO0O0OODOOOOODOOOO
goboobooooboboobobooooooboobooooobooboooan
O0PbPoint0 000000000 DOO0OOODODODODODLODOOODO
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obooooooooooooob220000000000D000 Point
gboobobooboobobboobooboboboonbob 210
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class Shape {
private Point[] point;

public void moveOnePoint(int i, int x, int y) {
pli] .move(x, y);
Draw.update() ;

}

0 2.2: Shape 0O 0O

class Point {
private int x;

private int y;

public void move(int dx, int dy) {
x += dx;
y += dy;

}

0 2.3: Point 000

gobooboobobooboooooboobooboooboooboo
gbobooog20000o0oobooobobobboobobon
gbobopooooboboboobooboobonooobobonoon
goooooogoogog
O00000000oooooooCoooO0o00oooooooDon As-
pectJUOOOODOODOODOOOODODOODODOODODOODODOOODO
gboboobooboobgoobgooboobobooboobooobon
gbooobooobooboboobodbooonbn joinpointDOODOOMO
0000000000000 0OD0O000D0O0OAspectJOODODOOOODO
goooooooooooooooboooboobooboooboobobono

23.2 0O00O0OO0OOO

AOpO000O00OOO0ODOOOOOUODOOOOOOODDOODODOOO
ob0z210023000000000000000O00O00O0ODO0ODOODO



020 0O000O00bObOOoO0obOOoobOoobboobooon 18

OO0 Point U000 move O DODOOU00O0O0ODOO0OODOOODOOODOOO
move O OODODOODOO0ODOO0ODOODLOOOOODOODDOO
gbooaoodg

ooo0ooboOo0 pointDO0O0DOO0DOO0ODOODOOODOOODO
O0oobo0odbDPbPoint00000oobobboooobooboboonog
0000000000000 00000000DrawAspect 100000
Point 00 000D ODOOO00OODODODO PointOOOO moved OO
gboboboboooobobmmoved DO00O0ODLODODODOO
gbobooboooboobooobobooboboboobooobo
gbooooobooboooboboaoo

ggoboboboooooobobobbooobbboooooooboobobo
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gbooobooobooboooboo 2100 2300000000000
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public class Figure {
List elements;
public Figure translate(int dx, int dy) {
for(Iterator iter = elements.iterator(); iter.hasNext(); ) {
Point elem = (Point) (iter.next());
elem.translate(dx, dy);
}
return this;

¥

0 2.4: Figure O OO

gbobopooobooboboooobobobobobooooobobgan
ooooogog

2.5.1 Open Modules

Aldrich 0 0000 Open Modules 2|8]3]| 00000000000
0000000000000 00000000000000000Open
Moduless 00O DOOOO0O000O0ODDOOOODDOOOOODODOODOOO
oooooooog

0000240000000 FigureOOOOOODOOOOOOOO List
O00000000translate 000 0000000000000 OOO0O

0000 2500000000000000000 Figure.translate 0O
0000000000000 0000O0oDOoO0O000ooDooooooon
O00oooooooooooo

00000000 tanslate 000000000 O0ODOOOODOOODO
OOFigure0ODOODOOOO0ODO translate 0000000000000
O00ooooooooooono

000 FigueOOODOD 26000000000000000000O
elements0 000 Point DO OO0 0O0O0OODOO FigueOOOOODOODO
0000000000000 0000000D00OReplayAspect0 0000
O00OFigureDOOODOODOO translate 000000000 ODOOOO0O
Otranslate 00 0000000000000 OODOOOOOOOOOOO
0000000000000 00o0ooo0ooooooo0ooooon
ooooooon

000 Open ModulesUOO 2700000000 00OO0O0ODOODOO
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Aspect ReplayAspectq{
pointcut translate(int dx, int dy):
call(* Figure.translate(int, int)) && args(dx, dy);

LinkedList moves = new LinkedList();

before(int x, int y, Figure fig)
translate(x, y) && target(fig) {
// Store fig, x and y in th moves list

O 2.5: ReplayAspect 00000

OO00Omodule000O0OO0O0OONO FigureModule 0O OOOOOOOOO
classOO000D000DDDDODOOO00000O0OD0DODOOOOOOFigure
D000 Point0000ODOODOOODOfriendd000O0OOO0OO0O
000000000000 000000000000D0D00O00O000
0000000000000 00000000expose0 0000000
O0000o00ooo0ooooDoooooooooooooooooon
expose 0 0000000000000 0ODOODOO0OOOODOODOOO0O
fiend 00 0000000000000 0OOOOODOOOODOOOO0O0O
O00000O0Oadvertised class0 0000000000 ODOOOODOO
0000000000000 00000D000000000000000
Oexpose 0000000000000 000ODOO0ODODOOOOCclassO
O FigureO Point OO0 O00O00 200000000

advertise : call(Figure Figure.translate(int, int));
expose : call(Figure Figure.translate(int, int)) &&
lwithin(Figure) && !within(Point)

027000000friend000000O0 DebuggingAspect O Figure 0 O
OO0 PointDO00O0OD0O0OO0OOODOOODOODOODOOOODODODOO
O000advertise 0000 ReplayAspect 00 D0 O0O0D0OOO0OO0DOODO0O
00000000000 000D000000OOexpose0 0000000
028000000000D00DO0DODODODODODO
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public class Figure {
List elements;
public Figure translate(int x, int y) {
for(Iterator iter = elements.iterator(); iter.hasNext(); ) {
Object elem = iter.next();
if(elem instanceof Point)
((Point)elem) .translate(x, y);
else if(elem instanceof Figure)
((Figure)elem) .translate(x, y);
}
return this;

¥

0 26: 0000 Figure OO

module FigureModule {
class Figure || Point;
friend DebuggingAspect;
advertise : call(Figure Figure.translate(int, int));
expose : call(x Point.translate(int, int)) && within(Figure);
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aspect TranslateCost {
int total = 0;

pointcut translate() : call(* Point.translate(int, int)) && within(Figure);
before() : translate() { total++; }

0 2.8: Figure Translate Cost 00 0 0O

w_interface xShape {
pointcut set()
execution(void set(int, int)) ||
execution(void set(Point, Point));

import after set();

}

0 2.9 xShape 00 O0O0D0O0OOOOOODO
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w_interface xDisplay {
pointcut update()
execution(void update());
export update();
}

0 2.10: xDisplay DO DO OO0 ODOOO0OODO

weave {
class Point implements xShape;
class Line implements xShape;

class Display implements xDisplay;

connect (xDisplay.update, xShape.set);
}

O 2.11: weave

gooon

02110000000000000000000000000000
00000000000 000000000 Point 0000 xShaped 0O
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xDisplay 0 O update D OxShape0 0 set 000 00000O0O0O0DOOO
googoooon

ccJaaUOO0O0OO0OODOOOOOOOOOOODODOOOOOOOO
bbb ooooboobooooboobooo
gboboooboboooooboboboooboboboobobo
ggoobtbodooubboooobooobbooobooooooa
000000000000 DbOoO0n eccJavalODOOOOO

0000 2900000 [execution(void set(int, int))] O set() O O As-
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K.Sullivan 0 00 00O XPI(Crosscutting Programing Interface)|6]
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3.2 UUbobubooobbubooboboboood
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package P1;

public class C1 {
public void run() {
P2.C2.run();

0 31:P1.C1000

package P2;

public class C2 {
public void run() {
VAT V)

0 3.2 pP2.C2000

00000000 D0O0D00OOcall, set, get DOODODOODOOODO
gooooooobooboobooboobobobmoboobobooooog
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package P2;

public aspect Al {
pointcut pc() : call(public void C2.run());

before() : pc() {
/* ... %/

0 33:P2A100000

package P2;

public abstract aspect A2 {

pointcut pc() : execution(public void C2.run());

3

O 34: P2A20000000
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package P3;

public aspect A3 extends P2.A2 {
before() : pc() {
VA V)

O 35:P3.A300000O
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package P2;

public aspect A4 {
pointcut pc() : call(public void C2.run()) && 'within(P2);

before() : pc() {
/* ... %/

0 3.6: P2A400000

package P3;

public class C3 {
public void £() {
P2.C2 cl = new P2.C2();

cl.run();

0 3.7 pP3.C3000
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package P1;

public class C4 {
public void £() {
VA V)
}
public void g() {
VA T V)

0 3.8 P1.C4000

package P2;

public class C5 extends P1.C4 {
public void £() {
VAT V)

0 3.9 P2.C5000
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package P3;

public class C6 extends P1.C4 {
public void g() {
VAT ¥

O 3.10: P3.C6 OO O

package P4;

public aspect A5 {
declare parents : P2.C5 extends P3.C6; // (1)

public void P3.C6.£() { // (2)
VA T Y

O 3.11: P4AS 00000

0000000 c4bgOoODOODOOODODDOOOOOCeODODO
OfO00000000000 Cc40f000000

gbobooooobooboboooooob snnoooboboooon
O00000000000000000 AS0000000 (1)Oooooo
CioobOceoopoOoOoooopoOoOoOooopoOoOoooooboOoooo
ce0DOOO ChOOOoOoUOOoDOobOOoOocc4booooDpbobOoboDon
gbooboboobooboooboboobooboobobooboooo
O000o0o000oooooOoOooOoO0oOooooooo cOo0onon g
OOo0o0oOoOobDOoOobcc40opooooOobo ceboobbOgnOoOD
googooboood

00000000 AOD000D0 (2)00000C6ODOOODfOOO
Oo0obOoOobooOoooOoOoboOobbo ceoooooopoooc40m
0000 fO0000ODO0OOCeOOOoOoOOO foDOobObOOoOnOD
gogoboooboboobooboooobooboooobooooobooboo
bobooboooobooboboboooboboooobooboboon
OO00O00OD Ae00OODOODOD CoO0OO0ODO fO00OOODOODDOOO
f0oo0do0Ooooo0oooooooooboooOoOoOooooooDooooD



030 AOpOD0OODOOOOOOODOOOOOOD 35

gboooobooboboboonooobobooobobobooboboon
googobooboobboobuoobooobobon
gbooogbobobooboobobuooboobobobaban
gboboboooboboobooboobobonoooboboonoood
gbobobobooboboboboboooboboboooobo
gboboboobobooogboboboboooobobobob
gbboobooobooooobobooboobobooooobooboooobo
gobogobooboobbooboooo

3.3 Uu

000000000000000000 abe(AspectBench Compiler)|[4]
O00000000000O0abeO AspectJ OO0 00000000000
OO00000OOpolyglot O soot OO ODDOOOODDODOODODOOOO
O000000D0Aspect)J 0000000000 O0DODOOOOODOOO
gooobbobbbotodooooouooboobobobboddooooobo
O00abcO Open Modules OO ODOO0OODOOOODOO

abcO0OO0OOODOO0ODOODO JavaDOODOODOODODOODOODDOO
ggooooboooooog

O000Java0O0OODODOODOODOOOODODOODOOOODOODOOO
gobogbboggobooobbuooobboooboboboooooo
ggoobobobobbtbdbdooououobobobbbodoooooobo
0o0ooooboobboooooooooooooooboooo

abcOOOOOODOOOODOOOOODOOODODDOODODOODO
ggotbbbooooooooooobobobbuoooooobbuooo
gooooobooooobbooooboooooboboooooobog
ggboobooobbooodbbogobboooobboooouoobobo
ggobbdoodoooooobbtooooobobbooooooboooa
goo0oo0ooboooooobooboooobogobooooboooo
bbb boooboooubbooubobooooobooboa
goboboboooboobbtboobtbooooboboooobooobooa
0ooooboboboboo0dooooooooboobooboon

3.3.1 0000000

gboooooboobooobooboobooboboboobooooboon
O00abcOOODOOODOODOOODOODOODODOODODOODO
gbooboboobboobooboobbobbuoobuooboboobobo



030 AOpOD0OODOOOOOOODOOOOOOD 36

gbooboboooboobooboobobbobooboooooonboo
gbogboobooobomoobooboobooobuoobooboo
gbbooooobobooboboboboboobobobobobo
O00000O00DOOCO0O0DbOO0O00Ocall, get,setD0O0DOOO0ODO
goboobooboobbooooooboobobooooooobboooon
gbobobooobobobobooboboboobobobooboban
gboooobooboobbooboooo

3.3.2 UU0O0Ooooooon

ggobooboboooboogoboobobooooooobooboobo
gbooobboobooboobobooooa
gbobooooboboboooboboboooobobobboooon
gbobobobooboboobobuooboboogboobobo
gbobooboboboobooboobobbooooobooboooobo
gbobobobobobooboooooobooooobobobo
gboboboooboboodgbouobobboboooobobon
gbooboboobooobbooobooboobooboooobooobooo
gboboooobobobobobobobobobooobobooo
gboboboboobobboobooboboobobobobobon
bobooboooobooboobobooboobobobooobono
gbogobooboobboobobuooboobboobn
goobbobbuoooobobobbboodoobboooobobobbog
gbobobooobobooboobooboooboboboobonbo
gboboooobobooboobooboboobooobobonoon
gboobbooboobbooboobbooboobbooboo
gooboobooboooobboooooooobobooooooooboboo
goboobobooboobooboooboooboobooobooooobo
Ob0o000ooooooooboobDJaval000O00O0O0O0OOD0OOOODOO
ggoobobooboboooboboobobobobooobobon
Oabstract DOO0OODOOO0O0OD0OO0OO0O0O0ODOOOOOOOOODO
gboboboboobooooboboboboooobobobon
gboboooboobooobobooboobonoooboobobooobo
gobooboobooboobooboobooboobooboooboboboo
gboboboboooboobboobobobobooooboboobon
gbobobooboobobobobobooboboboobonbo
O00000OAspectJOOOJavaOOOO0OOOOOCOODODOOOOO
final] 00 000000000000 OOOOOOOOOOOOOOOO



030 AOpOD0OODOOOOOOODOOOOOOD 37

gboboboooboboboboooboobobooooboboboobon
googooboobogbbooboobbooboobbon

3.3.3 lwithin(DOOOOODO)

gbooooboboobooooobooboooboooboooan
O00bD0O00bo0b0o0Do000oUn callyget,setDOODOOODOOO
goboobobooobooboobooboobooboooooooboo
booboooooobooooobobobooboboboooogn
gbogoboboobooboobobooboobooobooboooo
ggbogboobobooooboooobooooboobobobooboobooooboobooboboo
gboboboooboboboobooboboboooboboboooobogan
gbogooboobooobooboooboooo

O0000O000Ocall,set, get 00000000 [&& lwithin(O OO
O0000)|0000000000000oooooO0oooooUooOoo
gboboooobobomooobobooobobobobobooon
gboboboooboboboooobobooboobooobobob
gbooooobooobooonoog

O0O00[within()]JOOODOOOOODOOODOOOOODOOODOOO
gobobooboooboboobobbboooobbooooobbooooon
gbooobobooboboobobooboobooobbooboooboboonooo
gobooooobobobooboooooboboboobobonoon
gbooaoog

[within(DOOOOOOO)]0O00D0O000O0o00oooooooooo
gboboobboboboboobboboooboboobooobo
gobbobooboboobobooooobobboooobboobboooan
O000000000000000000 [&& within(OOOOOOO)]O
gboooooooooooooooboooobooooboooboobooobgo
000 && within(DOOOOOO)|)00D000000O0000O0000
gboboboboboobooboboboobooboboobobo
ggobooboobooboooboooboooboboobooobooboo
godg

3.3.4 U000OO0OOOOO0OO0

abcO0OUOODOUOOOODOODOODODODDODODOODOODODOO
gboboooboboobogbobobuobobuooooboboobo
gboobobooboobbooobooboobbooboonbooo



030 AOpOD0OODOOOOOOODOOOOOOD 38

gboooooobobobooboobooobooboboboobooooan
gbooobobooboboobobooboboobobobobo
gbooooooooooooooobobooog JavalO0OO0OOO
gboooobood

gogobobboooooobobboooobbbooooobobbooo
gbobobobuooboboboobobobboooobobobod
gbbooooobooobobooooboobobooboobooboooboooboon
gbobooooboboboobobuooboooboboobobo
gboboobobooboobboobuoobbooboobo

gboboooboboboobooooboboboobooaonooooan
gboboboboobooooobobobobooooobobobon
gbobobooobobobooboboboooobobobood
goooooooooooooooboJavalO0O0O0OOoooonO

34 U0O0OOoO0

gboooboboobobooboooboobooboboobboboon
goboobooboobooooobooobooboooboobooooobooobo
OO0 AOPOOOO0OOO0OO0OO0OO0OO0O0O0O0OO0OOOOOOOOOOOOO
goog
gbobooobobobobuoooobobobuoboobobobon
OO0 AOPOOOOOO0OO0OO0OO0OO0OO0O0O0OOO00OOOOOOOOOOOOO
goobooboboboboboboboooboooooboboooboon
gbbouboboboobooboobobooboobooobooab
O000C0COOOO0O0O0O00U0Oooooooogo AoPOOOOOOQ
goobobooooobbbooooobbooooobobbooooon
gbobobbobuooboobobuoobbobuooooboboobo
gboboboooboobobooboobobooooooboboonboon
gboboooobobobbobobooobobooboobbobon
gboboboobobobobobuobooboboboobabobo
ggoboooobooobobobooooboboboooboobon
gbobooboooboboboobooboboboboboobobo
good
gbooobooobobobooooboonoooboooboooan
Oo00O0OC0C0OOO0O0O000oOoDooD ACPOOODOOOOOOOOO
gboboobobooooboboooobobobooooobobbooooon
gbobooooobbooboobooboobobooobobooobo
gboobooobooobooboobgoobooboobooboobon



030 AOpOD0OODOOOOOOODOOOOOOD 39

godg
gbooooboboboooobobuoboooboboboooon

vbobobouodoboobooobuoobobobobboooboobo

gboooobooboobboobuoobooobbod



40

40 OO0

00000000000 00O0D0D0O00 AspectJOOOOOODOO
0000000000000 AJHotDraw[1] 00O DOD0OO0OOOOOO
AJHotDraw OO OO OOOOOO00OO0OODODOOOAspectJOODODO
goboooooboboboooboboboooboboboobono
oo

4.1 0OO0O0O0OO0OOOOO0OO

OO0OAJHotDrawOOOOOOOOOCOCODOOOOOOOOOOOO
gobooboboooooobobooooooobobooooooboooooon
gboobooobooboobogbobooobooboobboobo
0000000000000 AspectJOOO0D0OOOODOOCOODOOOO
OO0000O0OD00D0O AspectJODOOODO abcOOOOODODOODOO
O00U00o0o0ooboobooouobobabcooooooooO

gbooogboboobuooooobobobobobooboooan
O0000D0 AJHotDbraw O ODOOOOOODOOOOOOOOOODOO
00000000000 0000 AJHotDrawOOOOOOOOOOODO
gboboobobooboouobobboboboobobooobo
0000000 AJHotbrawOOOOQOGOODOOOOODODOOOOODOO
O00D0OD0O0O000000000 AJHothrawOOODOOOOOOOOO
abcO0O0OOO0ODOODOOOOOOODOOOOOODOOO

4.1.1 ODUOO0O0O0obOOOOooOodn

AJHotDraw OO OO0 O0D0OOOO0OOOOODOOOOOODOOOO
ugbooaoog
gbooboboobobobooboboobooboboooooobon
gbobooooboobobooboobobooooboboonoon
gboboboobobobobobuoobobobaoooobobban
goboobooooobooboboooooooboooooboooon
gboooobooboobooboobooboobooboobon



0o40 0DOO 41

0 4.1: AJHotDraw 000000000
| abe(1) |0ODDOOO (2)

gooooo 3 7
gboooobogoog 10 17
goooood ) )
gbooooboobooaoo 10 10
googooboobooboobon 21 21
gboaoboobuoaboo 3 3
gboooboobon 44 44

gboooboboboboboobobobooboboobobon
gooobooboobooboobooobooboboooobooobobooboo
gbobobooouoboboobobobooboboboobobo
gboooboobooboobooboo
abcOOOO0ODOOOOOODOOOOOOOODOOOOODOOO
gbobobooobobooboboboboooboboboobobo
OO0OO00O0OOAJHotDbrawOOOODOOOOD 44000000000
0 AJHotDraw 00 440 00000000COCO00O0O0OOODOOCOO
gbobobobooobobobuonooobobobobooooba
gboogopobobboobooboobobooboobobooboooo

4.1.2 00

oobooobobooobbooobbooobobooob 4100000000

4.1.3 00

O000abe00000000000 AJHotDrawD (0000)0000
()00000000000aebe000O00000000(0000)00
00 (2)0000

00000000000000000000000000000000
000 (1)00 (2)00000000000000000(1)00000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
0000()000000000000000



0o40 0DOO 42

0 4.2: AJHotDraw OO OO QO OQOOOOO
abc 000000000 abe

obooboooog | 42.8430 ugbooooood
oooboooog | 42370 42.500 O

000 (2)00000000000000DO0000O0O00OODOO0
0000000000000 00000000O0OoOO(nHooooooo
O0000o00o0O0000o0oooooooooooo(y)ooooooo
gbobopooobobboooboboboobboboboobono
goboobooboboobbooobobogoobooobooboboo
gboboboboobooboboboobobooooboboobon
O0000000((R)00000000000O000D0Uoooooood
gboooooooooooooooooooog

4.2 0OO0O0O0OO0OOOO0OOO

abcO00O0O00O00DO0ODOOO0OO0DOODOOOO abeO O AJHotDraw
gbooobobooboobboobuoobooobbooobooo

4.2.1 0O0O0OO

gbobobobobobobobo

CPU : AMD Athlon(tm) 64 2.20GHz

000 : 2GB

OS : Windows XP SP2

JavaSDK : 1.5.0

abc: 1.2.1

4.2.2 00

gobooboooobooobooo



0o40 0DOO 43

423 00

g420000000000000000DO0DOOOODOODODO
0o03%00000000)0000000000000000OOO0
gboooooooooooooooooooooooooooonoo



44

50 o

O000000000D00ODODOO0OO AspectJOOOOOOOODO
O000AJHotDraw OO DO OOOOOOOO0O0O0O0O0O0O0O0O0OOOO
gboboobogoboboobobooboobooboooooobooobo
gbobobooooboooooboboboooboboboobono
goobbooboooooboooobooobooooboooboboo
gboobobooboobbooboobbooboobbooboo

000000 AJHotDrawOODOOOOODODOOOOOODOOOD
gobooboobooboobooobooboobobogoboobooboo
gboooboobooboobooon

5.1 U000 obbooooobbbodogood

gbooobbooboobobobooobobooobooooooooon
gbobooooboboooboboboobboooooboboon
gboboobuobobobuooboobooboboboobabo
gbobobbobboooboooboobobooobooobobooooDo
gboboboboooboboboobooboboboboooobo
gbobbobooobobobooboobobuobooobobobod
gboogooboobgoooo

5.1.1 0OO00OoOoogod

AJHotDraw OO O ODODOOOOOOOOOOOOOODODODOOOO
gbobooboooobobobooobobooboboooooboooon
gbobobooobobuobooboobobobooobobobobo
gboooaogo

goboobooboobboobuooboobboobooooan
gbobooooboboobooboobbobobobobooobo
goboboboooobobobbooooobbooooboboboboooad
gbobooooboooboobooobobobobobooboboobbo
OUO0O0DOcall,set,get OO ODO0O00ODOOO0OOOOOODODOOODO



gs0d 00 45

000000000000000000000000000000000
00000000000000000000000000000000
O00execution 000 0000000000000 OOOOOOOOO
000000000000000000000000000000000
00000000l 00000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
ooo
00000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
0000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
oooooo
O0000000000000000000000000 pA, pB, pC,
pD, ... 000000000000000O0000O0000000000
000000000000000000000

before() : call(void pA.classl.run()) && 'within(pB) { ... }

000000000 pADDODDOD rn000C00O0 pBOOODO
000000000000000000000000000000000
0000000000000000000000000000000

00000000000000000000000000000000
000000000000000000000000000000 pAO
00000000000000000MpBO00OOOOOOOOOOO
00000000000 0000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000 pA,pC,pD,...0000000
000000000000000000000000000000000
00000000000000000000000000000000

AJHotDraw 00 Ocal 0000000000 withinODOOOOO OO
000000000000000000000000000000000
000000000000000000000000000000000
00000000000000



gs0d 00 46

5.1.2 0OJ00OO0OO0OOOOOoODOO

AJHotDraw OO OOOOOOOCODOOODODOOODOOOOOOOOOO
gbboboboobobobooboobobooooobobonDon
goboobboboobooboobooboobooboooboooboobooboo
O000C0OAJHotDrawOOOOOOOOOOOOOOOOOOOOOO
gboogooboobooboboobooboonbo

5.1.3 0OU00O00OOOOoOobbOboOo

gbooooboboooobobobooooobobooboooan
O000OCO0O0OD0CO0OD0AJHotbrawOODOOOODODOOODOOODO
goboooboobbooobooooobooboobooobbbobobo
gbobobooouoboobooboboboobobobooobaobo
gbbobooooboboboobobobooobooboooogn
ooooooooogooooboono

gboboooooboboooboobooooobobobooboooooan
gbobobooobboboboobooboboboboboobobo
goboobobooobooboboobooboooboooboooobooboo
goog

5.1.4 0O00OO0OO0OOOO0OO0

gbobooobobooboobobooboooboobooboon
gbboboboobobobobobobooboboboobobo
gbogobooboobbooboobbooboobbooboo

goboobooobooboooboobooboooboooboooboDbo
gboooooboboobooboboboobobboboobobo
gbobooobobobobooboboobobooboobbobo
goooooooogoooooooboooboobogng

5.2 0O0OOOO

gbooooogobobooboobobobooboooboooan
O0000D00OCO000DbODOOO0O00bO000 AJHotbrawD OO QO QOO
gobooboooboooboooooboobooooboobbooboobon
gbboooboobobooooboboboboboooobobon
gboogooboobgoooo



gs0d 00 47

oO0o0DOo00bOOO00DO0Od abcODOOOODOOOOOODOOOO
gbobooooboboobobuoooobobboooboboobo
gbobobooboboboobobboboobooboboboba
gbobouooboboboboobooboboboooooboonoon
googobooboobboobuoobooobobon



48

el OO0

goooobbooooogooobobouooooooobbobouooo
00000000000000000000000000O0000B00OO0
ggbbogobooduoboooooboouobooobooooboa
gobobooooboobooobbooboooobboooobbuoooa
00000000000 000000000000000DO00000
ggoobboobooobooouobtboooobbooonbooougooa
gobbooobobuooobboooboboobbbooobooobboo
0o0ooo
gdoboodbobodbobodbbuoobbuoobbuoobboonboo
goboboboooubbooooboobobooooboboogoooo
00000000000 000000000000000000000O0
ggboobtbdobuogbooobboobboooobboooooo
gobobooooboboobbobbtboooobobooooboobooooo
000000000000000000000000O00000D0O00OO0
bbb oooubooooboguoboobobooboa
gobooboooboooooobooobbuoobooobooooooo
0000000000000 00000000000O00O00000000
gobbooooboodboogobbuooobbooooobobouooooo
gobooobooobbuooobbuooooboooobooooooo
00000000000000000000000000000D000OO0
ggn
0000000000000 OAspectJ 0D O0OO0OO0OOODOOODO
abc(AspectBench Compiler) 000 0000000000000 000OO
bbb booobuooboobooboboouobooboa
goooooboooobooobobboooboooboooooboo
goboboobboogobboobbooobbooboobbooabooo
bbb booobbuoobobuoouobuoooboooonoo
goon
gobboboooouoooooobooooouoboboooan
gbooboooboboooobtooouooobbooouboboooobooo
O0000Open Modules ccJavaO OO DO OO00O0OD0OOO0OODOOOOO



ged 0DOO 49

gobooboooobobooboooooobbooooooooboooan
gboobuoooboboooobobooboboboboboobo
gbobooboobooboobobuobobobuobboboboobo
gobooooooobobooboobooboooobooooooboobogan
gboogobooboobboobooboobo



50

oo

1]
2]

AJHotDraw: http://sourceforge.net/projects/ajhotdraw/.

Aldrich, J.: Open Modules: Reconciling Extensibility and Informa-
tion Hiding, In AOSD workshop on Software Engineering Properties
of Languages for Aspect Technologies (SPLAT ’04) (2004).

Aldrich, J.: Open Modules: Modular Reasoning about Advice, In
Proceedings of the European Conference on Object-Oriented Pro-
gramming, volume 3586 of LNCS, pp. 144-168 (2005).

Allan, C., Avgustinov, P., Christensen, A. S., Hendren, L., Kuzins,
S., Lhoték, O., de Moor, O., Sereni, D., Sittampalam, G. and Tib-
ble, J.: abc: The AspectBench Compiler for AspectJ, Generative
Programming and Componenent Engineering (GPCE) (Glick, R.
and Lowry, M.(eds.)), Lecture Notes in Computer Science, Springer
(2005).

AspectJ: http://www.eclipse.org/aspectj/.

Griswold, W. G., Sullivan, K., Song, Y., Shonle, M., Tewari, N.,
Cai, Y. and Rajan, H.: Modular Software Design with Crosscutting
Interfaces, IEEFE Softw., Vol. 23, No. 1, pp. 51-60 (2006).

Kiczales, G. and Mezini, M.: Aspect-oriented programming and
modular reasoning, ICSE ’05: Proceedings of the 27th international
conference on Software engineering, pp. 49-58 (2005).

Ongkingco, N., Avgustinov, P., Tibble, J., Hendren, L., de Moor, O.
and Sittampalam, G.: Adding open modules to AspectJ, AOSD ’06:
Proceedings of the 5th international conference on Aspect-oriented
software development, New York, NY, USA, ACM Press, pp. 39-50
(2006).

Shinomi, H. and Tamai, T.: Impact Analysis of Weaving in Aspect-
Oriented Programming, ICSM ’05: Proceedings of the 21st IEEE



ged 0DOO o1

International Conference on Software Maintenance (ICSM’05),
Washington, DC, USA, IEEE Computer Society, pp. 657-660
(2005).

[10] Shinotsuka S, Ubayashi N, S. H. and T, T.: An Extensible Contract
Verifier for AspectdJ, 2nd Asian Workshop on Aspect-Oriented Soft-
ware Development (AOAsia-2, Workshop at ASE 2006), pp. 35-40
(2006).

[11] OO0O0,0000,0000: AOPO000O0OO0OOOCOOOOOO
O0000,000000000000 23000 (2006).

[12) OO0O,0000,00000,0000:000000000000
O00000000,000000000000 22000 (2005).



