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/70000000
public class C {

public void methodl () {

int localVarl
int localVar?2

0;
0;

int localVar3

= 0:

String localVar4 = "";

for (int i = 0; i < 100; i++) {
for (int j = 0; j < 100; j++) {
localVarl = 1i + j;
localVar2 = i * j;
}
}
}
}
/700000

public class Child extends C{
public static void main(Stringl[] args) {
new Child () .method1 ();
}
}
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public class C {
public void methodl () {
int localVarl = 0;
int localVar2 = 0;
int localVar3 = 0;
String localVar4 = "";
for (int i = 0; i < 100; i++) {
for (int j = 0; j < 100; j++) {
method2 () ;
}
}
}
public void method2 () {
localVarl =i + j;// 4, 7 0000000
localVar2 = i * j;// localVarl, 200 000 00O

U 22 00000000000000O0000O000000

e IO DOODUOODLDOODDOODLOODDOO

gbooooooan
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2.1.2 Beta

0000000000000 00DODOOO Beta 2]00000000
BetaOlOOUODOOOODODOOOODOUODODODOOODO BetaO O
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V:< (# x: QInteger;
VV:< (# do 11; inner; 12 #);
#)
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020 0000000000 14

public class C {

public void methodl () {
int localVarl = 0;
int localVar2 = 0;
int localVar3 = 0;
String localVar4 = "";
for (int i1 = 0; i < 100; i++) {

for (int j = 0; j < 100; j++) {

ReturnValue returnValue = method2(i, j);
localVarl = returnValue.vl;
localVar2 = returnValue.v2;
}
}
}
public ReturnValue method2(int i, int j) {
int localVarl = i + j;

int localVar2 io*x j;
return new ReturnValue(localVarl, localVar2);
}
class ReturnValue {
int vi;
int v2;
public ReturnValue (int v1, int v2) {
this.vl = v1;
this.v2 = v2;

023 022000000000

ogoobooobooboboobo voooooooovvooboooo
UooboogovviooovidoooDod Integer 0000 xO0D0OOO0OO
OO0000OD0VVODO do 11; inner; 1200110 200000000
U00000mner 00000000000 OOO0DOO0ODOOODOOOO
goooooooooooog

O0000O0BetaODOOOODODOOOOOOOOOODODODOOO
gbobboobobobooboboboobbobobooboobon
gobobooobooboooboboobooboooobooboo vvg
gbobobooboobooooobobooboboooobobooboon
god

VV::< (# do 13; inmer; 14 #)
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O0000000ooOobooogoo vvooooooooooooa
VV: (# do 11; 13; inner; 14; 12 #)
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2.2.1 Closure Joinpoints

Closure Joinpoints [1]00000000000000O0000O00O0OO
Ooodoooooooooooooooooooboboooooooooo
0000000000000 DbO0DO00DO0ODOooOOOoDOoOoDoOO
000000000000 0000000DO00O0OdClosure Joinpoints O
0000b0O0oo0bOoO0bO00obO0o0obo0obDOoOobOOoobOoooDoo
000000000000 0000DO0D00D00000 2400 Closure
Joinpoints 1 00O 0O OOOOOO

024000009000 exhibitOO 120000000000000
0000000000000 00O00O00D0ooooOooooooo
gob00dbobooboboobouoboobboobooo20,2100boobooo
OO0000O000o0Oooooonoog

00000 Closure Joinpoints 0 0 0000000000 OODODODO
gboobooboboobbobooobobobooboooboboobo
000O0O00O0O0obooOO0o0ooO0oooooooobOoobooobooboo
0000000000 bO00DO00ooDOoooooOoooooooooog
g00000o0o0ooobooooooooooooo

2.2.2 Regioncut

regioncut [4] 0 OClosure Joinpoints 0 D 00 000000000000
0000000000000 o00obbOo0bOODddregioncut
ggoobogoboboguobooooobboooobooobooa
goooobobobobobbboddooooooooob

region[call(* *.a()), call(* *.b())]

U00000000000 regioncut U



N

© 0 N O s W

10
11
12
13
14
15
16
17
18
19
20
21
22

23

020 0000000000 16

//base code
class ShoppingSession {
int totalAmount = O0;
ShoppingCart sc new ShoppingCart ();

void buy(final Item item, int amount) {
Category category = Database.category0f (item);
totalAmount =
exhibit Buying(int amount, Category c) {
sc.add(item, amount);
return totalAmount + amount;
}(amount, category);

}

//advice
aspect BonusProgram {
joinpoint int Buying(int amount, Category cat);
int around Buying(int amt, Category cat) {
if (cat == Item.B0OOK) amt += amt / 2;
return proceed(amt, cat);

0 2.4: Closure Joinpoints 0 D 00000




020 0000000000 17

aQ);
int x = 42;
vO;
b(O);

0000000000000 a()00000b()ODOOOODOOOOOO
ooooooo

regioncut 00 000000000000 OOOODOOOODOOOD
gboobooooobooboobooboobbooboobooobooo
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gboooooodan
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3.1 UJUouobogoooon

gobogbooboobobooooboooogboobobooobobo
O00000DOO0O0DOOO0b0O00DO0O0ODOO0b0O0O0O method20
googoobooon

M1 T1 methodl(argsl) {
//method1 00 O00O0ODO0O
M2 T2 method2(args2) {
//method20 0000000
}
//method1 DO 0OOOOOO

0DO0O0OMI, M200 000 methodl, method20 0000 TL, T200
O0Oargsl, args2 000 0000000000000 00000O000O
Jawva000O0O0O0OO0OOO0OO0OO0D0OO0D0O00O00O000000000
0000000000000000000000000000000000
000 Javad 0000000000000 O0OOCOOOOOOO0O0O0O
oono

oOoooooooooo
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M1 T1 methodl(argsl) {
M2 T2 method2(args2) {}
M3 T3 method3(args3) {}
}

gboboboooboboooooboboboobooboooogon
gooooobooboobooon

M1 T1 methodl(argsl) {
M2 T2 method2(args2) {
M4 T4 method4(args4) {}

3

bobobooboboboboboobobobobobobobob
gboooboobooogd

3.1.1 0J00b0Ooooooooboboooon

gboobobooboboboooboboboboboboobooon
gboobooobobooobobooobobooboboooboobon
gobooboobooooooboboooboobobooboobooboboo
boboobooboboboobobobooobobooboboobo
gooobobooooobboooboobboooooboboboboooon
gbobobuooboboobuoooobobobuoboobobobob
gbbooboobooboboobobooobobobobobooboooboon
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O0bD0ooboouooogn publicU00O0O00O0D0O0O0DOODOpublic
goboubogoobooboboooobouboobooaobouaoobn
gbobooboooobobooooboobobobooobooboboon
gbogobooboobobooboobbooboobo

gboobogobooooooooooboboboobonbog 3100 3.2
gooo
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public void ml(int argl) {
int localVaril;
public void m2(int arg2) {
int localVar2;
public void m3() {

3
}
X

03l 0bbo0b0bboboboboboboobooooooooogn
uo

gbooooooboooobooobooboboobooboooboboon
oboooooooooooooooooooooooong

3.21 0OD00O0OOOOO0OobObObOoooobbbooan

gboobooooboooobobobpoobobooobobooboon
googd
O00COQOO0O0 methodlODOOOODOOOOOOD method2

class C {
M1 T1 methodl(argsl) {
M2 T2 method2(args2) {
//C0000 method2 0 0 O

goCcODOOO0O0OO0ODoO chidOooooobooOoooboooooo
O0000D0O0ChidDODOOOO0D0O method200000000C0OO
googan

class Child {
M1 T1 methodl(argsl).M2 T2 method2(args2) {
//Child 0 000 method2 00 O
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m1

:Iargl <€
localVarl €

m?2

arg2 <
localVar2 <

—> TR

032 0000000b0b0ob0obobobobobooboobogno
ooo

O0000000000 ML, T1, argsl, M2, T2, args20 0000000
0 methodl, method2 0 00 0000000000000 000OOOCO
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000 method20000000
0000000000000

0 330000000000000000000000000000
Oo0oO0oooo
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030 0bOo0bobobopooobobobobooobobobob22

/70000000
public class C {
public void methodl (int argl) {
public void method2(int arg2) {
,s7/0000000000O0O0O0O0
System.out.println("method2 in superclass");
}
}
}

/700000
public class Child extends C {
public void
methodl (int argl).public void method2(int arg?2)
/0000000000000
System.out.println("method2 in subclass");
}
}

033 gbobobobobobobobobobobobobobo
oon
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/70000000
public class C {
public void methodl (public int argl) {
int localVari;
public void method2(int arg2) {
public int localVar2;
public void mehtod3 () {
/7000 cO0000method30 OO
3
}
}
}

//00000
public class Child extends C {
public void methodl (int argl).
public void method2(int arg2).
public void method3() {
//000 Ch41d0 00 0O method30 OO
}
}

034 000000000000000O publicODODOODOOOODOO

3.3 Ubuobbooboboboboonod

gbogbobuooboobooboboboboobooboogaon
gboboboobobobooboobobooboobooooooboon
gooooboooobd

0000000 3.60000000methodlD0O0O0O0OO0OOOO0ODO
O method3ODOOOOO0OOOODOOODOODOOOOOOODOODO
OUmethod3O0DDOOODOOOOODO method2ODODOOODOOODO
gboobobooboobbooboobbooboobbooboo
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m1
—argl
localVarl
m2
arg2
»>|ocalVar2
— Child
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public void methodl () {
public void mehtod2 () {
public void method3 () {
method2 (); /0 000000000O0O0O0O0O0O
}
}
methodl1 (); //0000000O0O0O
method2 () ; /0 00000000000O0O0O0O00O
method3 ();//00000000000000000O0O0O0O0O00O

U 36 0000boooobooobooonoboobooan
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00000000000 0DO00OO00O0DbDO0O00d JastAddOODO
O00000 JavaO 0000000000 JastAddJOOODOOOOO
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gboooobobooboboooboboboooobobobooooooon
00 JastAddOOOOO000DDOOCOOOO0O0

4.1 JastAdd

JastAdd [3] O Javarbased D 0000000000 OOODOOOOO
JastAddODOOOOOO0OOOOO0OO0O0ODOOOOOO0OoOobooDooboOoOoo
googn

OO0O000OO0oQoOoOoOODODOOOOo0OOoOoOOODJastAddO OO
gboooboobooobooobooon

4.1.1 DO0OO0OO0

00000 (abstract syntax tree, AST) 0000000000000
0000000000 0O0D0JastAddOOODOOOOOOOOOOOO
O0Java0OO0OO0OOO0OO0OO0OOODODASTOODODOOODOOODOOO
ASTOODOO ASTNode OO OO ODOODOODODOODOODONODO
OfStmtO00000000 StmtOO00OO0O0O0OO0000O0DDOOCOAST
goo0ooooooboooobboooboooobooooooboooo
gagooobobbobobbbtododoooaooon

4.1.2 0ODOO0O0OO0OO0OOO

JastAddO OO OOOO0O0ODO0OO0oOooOOooooooooa
e ast 00O

e parser 1 001
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1| UnlessStmt : IfStmt;

O41l:ast 00000000

o jraglI OO

gbooobobooboobbooboobbooboobbooobooo

ast QOO0

ast 00 0000ASTODOOOOODODDOOOODOOOOOODODOD
goodan
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ClassB : ClassA ;
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Stmt statement =
unless_then_statement.u {: returm u; :}
|unless_then_else_statement.u {: return u; :}

’

UnlessStmt unless_then_statement =
UNLESS LPAREN expression.e RPAREN statement.s
{: return new UnlessStmt(e, s, new Opt()); :%}

’

UnlessStmt unless_then_else_statement =
UNLESS LPAREN expression.e RPAREN
statement_no_short_if.s ELSE statement.t
{: return new UnlessStmt(e, s, new Opt(t)); :}

’

O 42: parser DO OO00OOO0O
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aspect Unless {
public void UnlessStmt.transformation() {
Expr co = getCondition();
LogNotExpr not = new LogNotExpr (co);
setCondition (not);
flushCache () ;
}

0 4.3 jrag0 0000000
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Stmt block_statement_inner =
inner_method_declaration.m
{:
InnerMethodDeclStmt s = new InnerMethodDeclStmt ();
s.setMethodDecl (m);
return s;

>

MethodDecl inner_method_declaration =
inner_method_header.m inner_method_body.b
{:

m.setBlockOpt (b);
return m;

1}
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MethodDecl method_declaration =
ori_method_declaration.o {: return o; :}

>

MethodDecl ori_method_declaration =
method_headers.l method_body.b
{: return new MethodDecl ().makeORIMethod(l, b); :}

>

List method_headers =
method_header.h
{: return new List().add(h); :}
| method_headers.l DOT method_header.h
{: return 1l.add(h); :}

045 00000000000 0O0O0ODO0ODLOOO0OO0O parserd0O0g
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public class C {
public void methodl (public int pl, String p2) {
public int 1lvl = 0;
int 1v2;
public int method2(int p3, String p4) {
return 1vi;
}
}
}

046 00000000DO0O0O0OOO0ODOOODOOO

void method() {
int[] a = {1, 2, 3};
}

gobodboobbooboobbooboobbad

class C$method {
private int [] a;
void run$$() {

a = {1, 2, 3};//error
}

}
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method (args) ;
0000000 thisODODOOOOOODOOOO
this.method(args) ;
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method (args) ;
ad
$this.method(args, this);
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T1 methodl(argsl) .T2 method2(args2) {
//method body
}

ooo0boooobobooobobobuooooboogTy, T200000O
methodl, method2 0 O 0O 00O OO argsl, args2 [l methodl, method2
googooogd

oobooboooobooboobooon

T2 method2(args2, C$methodl $outer) {

return new C$method2($outer) {
//method body
}.run$$(args2);

}
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public class C {
public void methodl (int pl, String p2) {
new C$methodl (this).run$$(pl, p2);
}
public int method2(int p3, String p4, C$methodl $oute
return $outer.new C$method2 ($outer).run$$(p3, p4);
}

class C$methodl {

public C $this;

protected int pl;

private String p2;

protected int 1lvi;

private int 1v2;

public C$methodl (C $outerArg) {
super () ;
$this = $outerArg;

}

public void run$$(int arg$pl, String arg$p2) {
pl = arg$pil;
p2 arg$p2;
1vli = 0;

}

class C$method2 {
public C$methodl $outer;
private int p3;
private String p4;
public C$method2(CPmethodl $outerArg) {
super () ;
$outer = $outerArg;
}
public int run$$(int arg$p3, String arg$p4d) {
p3 = arg$p3;
p4 = arg$p4d;
return 1vi;
}
}
}
public C(O) A
super () ;

}

i
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public void method () {
int[] a = {1, 2, 3};
}

048 0000000000000 O0OO00OO0OO00OO0O0O00O000O00O0

class C$method {
private int[] a;
public int run$$ () {
int[] a$ArrayInit = { 1, 2, 3 } ;
a = a$ArraylInit;

049 0000000000000 00O0O0OOOO0O0O0OO0OD0OO0

public class C {
public void methodl () {
public void method2 () {
method2 (); //0 00000000000 DOOO
}
method2 (); //000000000DOCOOO
}
}

U 410 0000000000 O0OO0OO0OO0O0O00
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1| public class C {

2 public void methodl () {

3 new C$methodl (this).run$$ ();

4 }

5 public void method2(C$methodl $outer) {
6 $outer.new C$method2($outer).run$$ ();
7 }

8

9 class C$methodl {

10 public C $this;

11 public C$methodl (C $outerArg) {

12 super () ;

13 $this = $outerArg;

14 }

15 public void run$$ () {

16 $this.method2(this); //000000O0O0ODOOODO
17 ¥

18

19 class C$method2 {

20 public C$methodl $outer;

21 public C$method2(CPmethodl $outerArg) {
22 super () ;

23 $outer = $outerirg;

24 T

25 public void run$$() {

26 $this.method2($outer); //0000000000O0OCOOO
27 }

28 T

29 }

30 public Cc(O) A

31 super ();

32 }

33 |

0 411: 0000000000000 00O00O0000
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/70000000
public class C {
public void methodl () {
public void method2(int i) {
//00000000D00C0000O0
System.out.println("method2 in superclass");

}
}

/700000
public class Child extends C{
public void methodl ().public void method2(int i) {
//method10 0 method20 00O DO ODOO
System.out.println("method2 in subclass");
}
}
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/70000000
public class C {
public void methodl () {
new C$methodl (this).run$$ ();
}
public void method2(int i, C$methodl $outer) {
/000 0000000000000 000000Od
$outer .new C$method2 ($outer).run$$(i);
}

class C$methodl {

public C $this;

public C$methodl (C $outerArg) {
super () ;
$this = $outerArg;

}

public void run$$() {

}

class C$method2 {
public C$methodl $outer;
private int ij;
public C$method2(C$methodl $outerArg) {
super () ;
$outer = $outerArg;
}
public void run$$(int arg$i) {
/7000000 method20 0000000 0ODOODO
//00000000000000
i = arg$i;
System.out.println("method2 in superclass");
}
}
}
public C(O) {
super () ;
}
}

/700000
public class Child extends C {
public void method2(int i, C$methodl $outer) {
//method20 0000000
$outer .new CPmethod2($outer) {
public void run$$(int i) {
//000000000 method20 00000
//Cémethod20 run$$0 00000000000
System.out.println("method2 in subclass");
}
}.run$$ (i);
}
public Child () {
super () ;

}

0 413 000000O0DLO0OOO0OOO0O0ODOO0OO0ODbOOOO0O0b0O0Dbo
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public void method2(int i, $TCN$$methodl $outer) {
$outer.new $TCN$$method2 ($outer) {
public void run$$(int i) {
System.out.println("method2 in subclass");
}
}.run$$ (i);
}

0 4.14: $STCN$O O OO ODODOOOOOO
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public class C {
public void methodl () {
int localVarl = 0;
int localVar2 = 0;
int localVar3
int localVar4 = 0;
public void method2 () {
localVarl = 1 + j;
localVar2 = - Js
localVar3d = 1 * j;
localVard = i / j;

1]
o

-

}
for (int i = 1; i <= 10000; i++) {
for (int j = 1; j <= 10000; j++) {
method2 () ;
}
}
}

public static void main(String[] args) {
C c = new CQ);
long start = System.currentTimeMillis ();
c.methodl () ;
long stop = System.currentTimeMillis ();
System.out.println(stop - start);

gs1l: 0004000

054000000000 s300000000000000000O0O
0000000000 5.3, 540000000000 method2000 5.1,
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e OS: Windows 7
e CPU: Intel Core i5

e 10 : 4.00GB
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public class C {

public void methodl () {
int localVarl = 0;
int localVar2 = 0;
int localVar3 = 0;
int localVar4 = 0;
for (int i = 1; i <= 10000; i++) {
for (int j = 1; j <= 10000; j++) {
ReturnValue result = method2(i, j);
localVarl = result.ril;
localVar2 = result.r2;
localVar3 = result.r3;
localVar4 = result.r4;
}
}
}
public ReturnValue method2(int i, int j) {
int rl =1 + j;
int r2 = 1 Js
int r3 = 1i * j;
int r4 =1 / j;
return new ReturnValue(rl, r2, r3, réd);
¥
class ReturnValue {
int ri1;
int r2;
int r3;
int r4;
public ReturnValue(int pl, int p2, int p3,
rl = pil;
r2 P2;
r3 P3;
rd4 = p4;
}
}

public static void main(String[] args) {
C c = new CQ);
long start = System.currentTimeMillis ();
c.methodl ();
long stop = System.currentTimeMillis ();
System.out.println(stop - start);

int p4)
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public class C {
public void methodl () {

int result = 0;

public int method2() {
int r1 = 1i + j;
int r2 =1 - j;
int r3 =1 * j;
int rd = i / j;
return rl + r2 + r3 + r4;

}

for (int i 1; i <= 10000; i++) {
for (int j = 1; j <= 10000; j++) {

result method2 () ;

N .

}
}

public static void main(Stringl[] args) {
C c = new CQ);
long start = System.currentTimeMillis ();
c.methodl ();
long stop = System.currentTimeMillis ();
System.out.println(stop - start);
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public class C {
public void methodl () {
int result = 0;
for (int i 1; i <= 10000; i++) {
for (int = 1; j <= 10000; j++) {

I .

result method2 (i, j);
}
}
}
public int method2(int i, int j) {
int rl =1 + j;
int r2 =1 - j;
int r3 = 1 * j;
int r4d = i / j;

return rl + r2 + r3 + r4;

}

public static void main(Stringl[] args) {
C ¢ = new CQ);

long start = System.currentTimeMillis ();
c.methodl ();
long stop = System.currentTimeMillis ();

System.out.println(stop - start);
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public class C {
public void method1l () {
new C$methodl (this).run$$ ();
}
public void method2(C$methodl $outer) {
$outer.new C$method2($outer).run$$ ();
}

class C$methodl {
public C $this;
private int localVarl;
private int localVar2;
private int localVar3;
private int localVar4;
private int 1;
private int j;
public C$methodl (C $outerArg) {
super () ;
$this = S$outerArg;
}
public void run$$ () {
localVarl = 0;
localVar2 = 0;
localVar3 = 0;
localVar4 = 0;
for(i = 1; i <= 10000; i++) {
for(j = 1; j <= 10000; j++) {
$this.method2 (this);
}

}

class C$method2 {
public C$methodl $outer;
public C$method2(C$methodl $outerArg)
super () ;
$outer = $outerArg;

}

public void run$$() {
localVarl = 1i + j;
localVar2 = 1i - j;
localVar3d = 1i * j;
localVard = i / j;

}
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public class C {
public void method1l () {
new C$methodl (this).run$$ ();
}
public int method2 (C$methodl $outer) {
return $outer.new C$method2($outer).run$$ ();

}

class C$methodl {

public C $this;

private int result;

private int ij;

private int j;

public C$methodl (C $outerArg) A
super () ;
$this = $outerArg;

}

public void run$$ () {
result = 0;
for(i = 1; i <= 10000; i++) {

for(j = 1; j <= 10000; j++) {
result $this.method2 (this);

}
}

class C$method2 {
public C$methodl $outer;
private int ri;
private int r2;
private int r3;
private int r4;
public C$method2(CPmethodl $outerArg) {
super () ;
$outer = $outerhrg;
¥
public int run$$ () {
ri = i + j;
r2 = i - j;
r3 = i * j;
rd =1/ j;
return r1 + r2 + r3 + r4;
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