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An Aspect-Oriented Programming Language
for Pointcuts Using Various Program Information

KivyosHI NAKAGAWAT and SHIGERU CHIBA't

This presentation proposes Josh, which is our new Aspect-Oriented Programming (AOP)
language that enables to describe pointcuts using various program information. In AOP,
pointcuts specify the join points where programs are combined by a weaver. In general, the
description of pointcuts needs various information of the programs. However, since the infor-
mation available in pointcuts is limited in existing AOP languages, there is a case that the
users cannot describe aspects that they need. This presentation first points out this problem
and then shows our Josh language, in which it is possible to define a new pointcut that spec-
ify join points by using various information. Josh allows the users to define a new pointcut
designator in Java. Thus the implementation of the pointcut designator can use reflective
computing provided by Josh for accessing various information. Therefore Josh has more pow-
erful expressiveness than other AOP languages like AspectJ, which provides only the limited
kinds of pointcut designators. Also this presentation shows the weaving time and run time
overhead that we measured by benchmark tests, and they were compared with AspectJ’s.
The result showed that overheads due to Josh is relatively small.

weave D00 0000000 weaverUOOOODODO
0o0oooooO0ooooooogd pointcut OO O

1. 0o0o0oad

Joo00oo0ooooooooooooooooo
J0o00o00oooooooo00oooooonDon
doooooooooOoooooooOoOoooooon
goboooooooooooobOooobobOoboboooo
000000 crosscutting conernJO0 0000000
0000000000000 AOPHODOOODODO
gooo0odoooodooooOoobooooobooo
gofdobOoOoboOoOoooobpobooOoobooooo

oobOoooooooooooboooooooboooo

t0o0ob00oo0o0ooboooooooo
Graduate School of Information Science and Engineer-
ing, Tokyo Institute of Technology

47

0000000000 ooooooogooog
0000 AopPO0OO0ODOODODOODOOODO
000000 AspectJ®0000AspectJ 00000
goooooooooooOoooooooooooo
0 pointcut 0000 O O0Opointcut 0000000
oooooooooooOoOoOoOoOoooooooodg
00000 weavelOOOOOOOOOODOOOO
O0o0ooooooooooooooooooooo
000000 oUooooooooooooooooo
00o00O000O000OOoooOOooOoOooooooon
0000000 00®1000C++00000000
00000000000000O0AspectJOODOO0O



48 goooooooooboooooooo

opooooooo

00o0o0o0ooooooooUoooooo AorO
O JoshOOODOODOJosh O pointcut 00O OO0
0000000000000 000OOAO pointcut O
pointctt 000000000000 OOOOOOONO
00000oooooooooooogoooooa
000000000000 ooooOoooooooon
000000000 AspectJ 000 O pointcut O O
000000000000 Opointcet 0000000
gooo0OJeshOOOOOOODOOOOOODOOO
O0O00O pointcut 000000000 OOOOOO
o0o0o000 JawvaODOOOOOODOODOOODOO
0000oooooooooooooooooooo
00000000000 pointcut OO0 OODOO
000000 0oOooooooooOoooooooog
00000000000 00000000 JoshOO
0000000 0o0oooo0ooooooooooo
00000000000 000000 pointcut 00O
ojdooooOo0Ooooooooooooooog
godoooodooooOoooooooogooo
oooooooono

000200 AspectJOODOOOOODO300
JoshOOOOOOODO 4000 JeshOOODODOOO
go0Od0ds000000000De00DOODODO
goodooooooyooooooogoo

2. 00O AspectJOO OO

0000000 AspectJ OODOOOOOOOODO
Aop0 0000000000 OODOOODOOOOO
AspectJUODOOOO 11000000000

2.1 AspectJOOO0O0OOO0O0OO0OO

Aspect] 0000000000 0OOCOOOOOOO
oooobooooooooooboboobooooooo
gboooooOoboooooooooboooooooo
goooooooooobooobooooboooo
goooooooooboooooooboooooo
goooboooobooooboooboboooooo
goooboooooooooobboooboooooao
gooooooobooooood

ygooooooooboooboboooooooooo
goooooocooooooooobooooooonon
oobooooood pemtcut OO0 O OOOOOO
gboooooooooobobooooooboooooon
gbobooooooooooooooooobooooan
pointcut 0 O O O pointcut 0 0000000000
gooobooooooooooobooboooooob

July 2004

O befored afterdJaround 0 3000000000 O
000000000000 0b000b0bOO0D pointcut
go0o0o000o0o0O0o0oo0ooooOoooooooooo

goooooooooboooooooo
before() : call(int Point.getX()) {
System.out.println("before call getX");
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Fig.2 The tree structure representing expressions.
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void Sum.accept(Visitor v) {
v.visitSum(this);

}

void Number.accept(Visitor v) {
v.visitNumber (this);

}
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void Expr+.accept(Visitor v) {
Class nodeClass = this.getClass();
String name = "visit"
+ nodeClass.getName() ;
Method m =
v.getClass () .getMethod
(name, new Class[]{nodeClass});
m.invoke(v, new Object[J{this});
}
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aspect Logging {
before : call("void Point.setx(..)") {
System.out.println("Point.set* was called");

}
}
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intertype : same("Point") {
int getX() { return x; }
}
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implements("java.lang.Comparable") ;
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before : call("void *.move(int, int)") {
if ($1 <0 |l $2 <0
System.err.println("wrong arguments.");
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around : call("void *.move(int, int)") {
if ($1 <0 |l $2<0)
throws new Exception();
else
$_ = $proceed($1, $2);
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Fig.3 The flow of compilation by Josh.

O000000000ooo0oooooooooooo
O0ooooooooen

pointcut 00 0000 00O00ODOOODOOCOOO
00 joinpoint 00000000 DDODOODOOODO
jompoint 0000000000000 OOOCODOO
pointcut 0 pointcut 0000 000000OO0OO
AspectJ 00000 calDOODOODODOOOOODO
call(int Point.getX()) DO OO OOOOOOOOOO
O joinpoint 0 0000 O0O0OOODOOOOOO
000000000000 000000 Aspectd O
execution 000000000 OOOOOOOOOO
0000000000000000000 joinpoint
00000000 joinpointDO OO0

00 pointcut 00000000000 OOOODO
020000000000000 pointcut0 0000
OO0 joinpoint 00000000000 0OOOODO
O0odooooUoooooOooooooooooo
O0o0ooD00oo0ooooU0Dooooooooooao
0000000000 O0DOOO0OOO0DOOAspectd
OcallO withinOOODOOODODODOOOOOOOOO
O0o00ooO0oDoOoo0o0ooOoOooooooooooao
0000000000000 0o0ooooooooo
0000000000000 D0O0O0Aspect] O target
Ocflowd 00000000000 0000OODOO
O000ooOO0ooooooooooooooog Java
o0o0ooOooo0ooooUooodooogooood
000O0U0o0o0oooooooU0oooUooooDooogo
ooooooooo

3.2.2 Joinpoint 00O OO0

JavaOO OO OOO0OO0OODO joinpoint O O Josh

Y AspectJ O joinpoint 00 000000000000 OO OJosh
00000000000000000000000
Y target 0 0000000000000 OOOOOOOOO



52 goooooooooboooooooo

00 joinpointO0O0 O OO0O0O0DOODOOOOO join-
point 00000 0OO0O0OODODOjoinpoint DO OOO
O0D0joinpoint 00 O00O0O0C0OOOOOJoshO
go0o0ooO0odoOoooOobOOooboooobooog
400000 joinpoint 00 OO0 OOO0OODODODODO
O CtClassO CtFieldO CtMethodO CtConstructor O O
000000000000 0000"000 joinpoint
000000000000 JavaOOOOODOO API
O0000O0Djoinpoint OOODOODODOODOOODOO
ooooooooooooobim

OO0O000D000D joinpoint OODOOODOOOO
joinpoint 0000 O0O0OOOOOOOOOCOCOD
0000 CtClassd O addFieldd addMethod O O O O
djoooopoddoobU0oOoboDOooboboooooo
00O setSuperclassl addInterface 0 00000000
00000oooooooooooooooooooon
0o0ooooooooo

00 joinpoint 00000 O0OOODDOONO join-
point DO OO0O0ODOOOJoshOOOOODOOO
ooobooboooboooooooobobDboOooo
00000 O0instanceof 10 6 000 OO joinpoint
O0000000000000 MethodCalld FieldAc-
cesslJ NewExpr[ Cast0 HandlerO Instanceof 0 O O O
gdoodooooooooOoboOooboooogoooo
joinpoint 000000 OOOOO0OOOO 200
replace 0000 0000 joinpoint 00 OO0 OOOO
00D0D0O00000D0O000DOOoOoOo0goooong
O joinpoint 000000000 O0O0ODO D Javassist
oooooOoooobOoobOooDboOooboOOdDjoin-
point DO O000OO0OOO0OOOOCDOOOOOOO
oooooboOoOooOooooo

3.23 ODO0O0ODOOOODOOOODOD

Josh O weaver 0 00000000 OO Ojoinpoint
OO00O0OJoinpoint 0O0OOOODODOCOODOO join-
point 00000000000 ODOODOOODOOO
pointcut 0000000000000 ODOOOOOO
JodoooooooooooooooDoo

JoshOODOOODOOOODOOODODOO weaverd
0000000000000 DO pointcut O weaver
OD0if000000000000000O00 Opoint-
ctt U0 0000 pointcut 0 000 OO joinpoint O
00000000000 Ojoinpoint 00 OOOOOO
000000000 0Oweaverd O OO joinpoint OO

Y Ct00 Compile-Time 00000000 JavadOO OO0
0 APIODDO ClassO FieldDDODODODOOOOOOOO
ooo

July 2004

01 CtClassOOOO0O0OO0OO0O0OCOO

Table 1 Methods in CtClass.
ooo
String  getName()
goooooo
CtClass  getSuperclass()
ooooooo
CtClass|[]  getInterfaces()
gooooooooo
CtField]] getFields()
gooooooo
CtMethod[]  getMethods()
goooooo
ooo

void  setName(String name)
gooooooao

void  setSuperclass(CtClass c)
ooooooobo

void  setInterfaces(CtClass[] i)
goooooooooo

void  addField(CtField f)
goooooooono

void  addMethod(CtMethod m)
ooooooooo

02 MethodCallOOOOOOOOOOOO
Table 2 Methods in MethodCall.

ooo
CtClass getCtClass()
gooooOooooooooOoOoooo
CtMethod getMethod()
goboooooboooo
CtMethod getMethodName()
ooooooobooooo
CtClass|[] mayThrow()
goooooooooooooo
CtBehavior where()
gooooooobooo0oooobobo
ooo
void replace(String code)
gooobooooooOooooooo

gbobooboooooooobooooooooooooboo
O joinpoint 0000000000 O0O0DOOOOO
goooooooobooobooooboboooo
gboooobooooooboooooooooboooboo

gooaag
intertype :
int z;
}
O000000OPeint 000000000 z0OO
gobooboooobobooboobooboOoOooobooDbOoooo

ood
if (c.getName().equals("Point"))
c.addField(CtField.make("int z;", c));

000 cO CtClass 00 00O joinpoint 00 0000

same ("Point") {



Vol. 45 No. SIG 9(PRO 22)

O00OOweaver 0 0000000000 DOOODONO
O00000cO00OO000D0O000 PointODOODO
gbobooObOoooocoooboooooboooboobooDboon
O000if000000000000D000O0joinpoint
gooobooooooooooboon

000000000 Oweaver OO OO0 OODODO
OO0O0O0OoOoooooogo JeshOoOOOOoooo
gooooooon

around : call("void *.move(..)") {
System.out.println("move");
$_ = $proceed($$);

}
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if (mc.getMethodName().equals("move")) {
mc.replace
("{ System.out.println(\"move\");" +
" $_ = $proceed($$); I ;
}
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target ("Point") && within("Display") {
System.out.println("point");
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if (c.getName().equals("Display")) {
mc.replace(
" if ($0 instanceof Point) {" +
" System.out.println(\"point\");" +
" $_ = $proceed($$); }"
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}
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static boolean paramTypel(CtMethod m,
String[] args, JoshContext jc) {
CtClass parType =
m.getMethod () .getParameterTypes () [0];
CtClass argType = jc.getType(args[0]);
if (parType.subtype0f (argType))
return true;

if (argType.subtypeOf (parType)) {
jc.setIf("$1 instanceof " +
argType.getName()) ;
return true;
}
else
return false;
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0000000000 paramTypel 000000 10
OmOOString0000000000000000
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001000000000000000000000
000000000000 weaveDOOOOO0O00OO
000000000 paramTypel 0000 O O Josh-
ContextD setf 0000 000 0O0O0O0OOOOOO
000000000000000000000000
OD00O00O000O0O0O0Osetf0000000000
0000000000000 00000000000
0000000 f0000000000000000
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JoshDOOODOOODOODOOOOOOOOOOODO
0000000O00O0Jsh0O000O00O00O000O
000000000000000AspectJ 00000
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intertype : within("Point"):
implements("java.lang.Comparable") ;

OO00000000 implements0 00000000
Point 00 OO java.lang.Comparable 00 000 00O
oooooo

JoshOO OO implements0 0000000 0OJava
OstaticOOOOOOOOOODODOOOOOOODOO
00000000DO00D00D00000 joinpoint O
00000000 joinpoint 00 M String0 0000
JoshContext OO O0OOO0DOODOOO voidOOOO
0000 joinpoint 00 DO DO O Opointcut 0O O
00o0oo00ooU0oooUoooooooooDpoooo

gboooooboooooboobooooo
static void addThrows(CtMethod m,
String[] args, JoshContext jc) {
CtClass type = jc.getType(args[0]);
m.addExceptionType (type);
}

000 pointcut 0000000000 O throws OO
goooooooooboooo
gboooooboooooooobooooo
OO00o0oO0O00O00000O0O0D000000000O0Josh
gooboooooooobooboooooobooboo
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o0O0O0000000220000000 VisitorO
gbooocooooooboooobooooooooo

within("Expr+") {
void accept(Vistor v) {
v.visit<), josh.getCtClass().getName() %>(this);
}
}

OObO00O00OOO0O0OO0OOEprOOODODOOO
accept OO0 OO0ODOO0OO0<%O%>000000
OO0 JavaO0OOOODOOOODODOOO String00O0O
oobooooooooobooooObOoOobooboooo
O0000<%0%>000000000000

O0ODOO0OO0O0OO0jeshODOOOOODOOOODDODOO
0000000 joinpoint 00 O0O00000O0O00OO
JoshContext 0O OO DODOOOOODOOOOODODOO
OOpointcut DO O0O0O0O0000O0O00OO joshOODO
obbooooooooboobOoO accept DO OO
ob00oo0O000JeshOODOOOODOOOOOOOO
0000000000000 String0 0000000
oooooono weaverd OOOOOOOOO

"void accept(Visitor v) { v.visit"
+ josh.getCtClass() .getName ()
+ 0 (thlS) ;}n

0000 Expr000000CDOOOOODOOOODOO
0o0oooooooooooooooooobooboo
000000000000 2200 AspectJOODODO
JodooDoooooooboOdJeshOoOOOooOooog
I:ID[IDDDD2)DDDDDDDDDASpectJDDD
U2220000000000000b0000000Oa
3.4 JoshO0ODOODOOD
JoshOODDODOODOOOODODOODOODDOODOO
0O000Javasssist ’ 0 00000000000000
OJoshOODOOOOOOOODODODO Javassist 00O
0ooooooooooo JeshOOOODOOOOO
0000 joinpoint OO 0OOO0OOOOODOODOO
O0O0OJavassist 0 DO 0ODO0OOOOOOOOOOO
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befored afterJaround D 0000000000000
0000000 DbO0Db0O0D00D D Javassist OO
gpboooooooboo
goooooooobobobobooooooboo
0O00000oOooboOoboogn joinpoint OO0
gboobooboooboobbooboouoboobobooo
000000000000 OododAspectJOOOO
O pointcut OO 00O JoshOOOOOOOOOOOO
O0OAspectJO cflow 0000000 O0ODOODOO
OO0cflowO DOOOODOODOOODOOOODOOODO
0000O0o0oooobbOo0dooooobobooo

intertype :
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OO0D0Javassist 000000 O0ODOOO0O0OOO
0000000000 D000000000O0OOcflow
ob0ooob pointcut 0OOOOOOOOO0OOO
goboooooon

4. O 0O O

ooooooooooo 2220000003400
goboooooooobono 22100000000
OO0O00JoeshODOODOOOOOODOOODOO updater
OO0ODOOO0O0O0O0O00O0Oupdater00onooon
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updater ("FigureElement", "redraw");

0000000000 O0obbobDOoO0OO0gd joinpoint
gooboooobooboboboooboobooo
00000000 FigureElementO OO OOODO0OO
OoO00oO0OOO0ObCOoDO redrawDOOooonoooQ
goboboooobooooooobbooooooboo
goobooooboboobbooooobo221000
goooboooobobooboo

00000 joinpoint DOOODOODO staticOO O
oobooooo

static boolean updater(MethodCall mc,
String[] args, JoshContext jc) {
CtClass root = jc.getCtClass(args[0]);
String mname = args[1];
CtMethod mth = mc.getMethod();
// skip if the method is redraw().
if (mth.getName().equals(mname))

return false;

Hashtable fields =
enumerateFilds(jc, root, mname);
updated = false;
mth.insturment (new ExprEditor() {
public void edit(FieldAccess expr) {
String name = expr.getFieldName();
if (expr.isWriter() &&
fields.get(name) == expr.getCtClass())
updated = true;
}
b

return updated;

000000 0ooooUoOogoooo joinpoint O
OO000O00OmcO00O00OOmcOOOOOO mth
000000 CtMethod OO OO OOOOOOODOO
oooooooooog

00000 fieldsOOOredraw OO OO0 O OO0DODO
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0000000000 pointcut 000000000 OO0OO0OO 55

oo0OoooOoOooOobOOoOoooboboOoooooooo
oobooboOooboOooboOoOobooboi1oboobooboobooo
OO0 Qupdater 00000 OmcO OO joinpoint O O
oooooogogo

5. O O
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gob0oodd weaveld OweaveJ OO O OOODOO
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OO0 publicOODOOODOODODOODOCDOO
goooooOobbOobDOoOoOooOooooboobooDo
000000000 oooooooooooooooao
Sun Blade 10000 Dual UltraSPARC III 750 MHzO
1GB 00 O OSolaris 80Sun JDK 1.4.0.010 AspectJ
1.1b20000

AspectJ 0O 0000 1100000000000
OO0 weave 00 O00OO0O00D0ODO XercesO OO
00 AspectJOO 000 ajcd weaved 0 000 Josh
O0o0oO0OobO0oO0oOnb weaveODOOOOOODO
0000000000 JavaOODOOOO javacOO O
goooobooooooooobooobooooooo
00 JoshO weave 0000000000 DOODODO
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7560000000000 XercesOOOOOOODO
0000000008400 000000ooooD
0000000 100 JoshOOODOODO weaved O
O0O0DO0OO00O0DOO0O0O00DO weaveld O Xerces
opooooo XMLOOOOO boMOoOoooood
gooooooooboooo

ooboo30000JeshOOO0OOODOOOODO
O00O0OAspectJO0O0D0 100%00000000
00000000000 weaveD 0O OOODO Xerces
000000000 weaveO OO OO OOJoshO As-
pectJ0 1400000000000 AspectJOO0O
000 ajc00000000O weaveO OO XercesO O
0000000 4030000000000 0 Aspectd
OoopDobDOoO0 weaveDOOOOOOOOOOOO
00000000 0oO0OooooooOon JoshO As-
pectJO 1.300000JoshO000 OOOO joinpoint
oooodoooooobobOoobOoboooooooo
ooooobopoooobocOoooooobooooooo
gooooOoOooooOodogooooooooooo
goooOooooOoOOoOooOOoOooOboOOoooo
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03 XercesOO weave OO ODO0OOOODOOOODOO
Table 3 Weave and execution overheads on Xerces.

00000 4weaveld OO

goooooo 00000KBO

ooooo
Josh
AspectJ

36.20 javacO0 O O
77.70 69%0
112

408
11060 130%0
881

1928
42690 153%0
2787

04 Java GrandeO0OOOOOODOOOOOO

Table 4 Performance comparison with Java Grande benchmark.

Euler Molecular Monte Carlo Ray Tracer Search
ooooo 0.3 0.3 0.4 0.3 0.3
weave D00 OO | Josh 3.6 3.4 4.4 3.8 3.7
AspectJ 8.4 5.7 7.1 6.1 5.8
ooooo 28.0 22.1 22.7 19.1 17.4
ooooooao Josh 29.1 22.1 28.3 29.5 20.1
AspectJ 28.3 22.1 22.9 19.4 20.7
ooooooo 2,307 10,818 42,599 5,338,398 71,228,058

05 0000000000 weaveOOOODOOOO
Table 5 Weave time for intertype declaration.

oopooooDo 4 8 16 32 64
Josh 3.0 3.0 3.1 33 3.6
AspectJ 4.1 43 45 51 6.2

000000000 00oooDonO weavedOOQODOO
O0o0o0ooOoooOoooooooooooooon
ooooooo
00D00000o0o0ooooooO0oooooooon
000000000 OJava Grande forum® 0 sequen-
tlal OO0 000000 0Oweave0 OO0 O OOOO
gooo0o0oOooooooooooOoooooooo
gooooooodoooooooooooooooo
0000 1000000000000 JoshO Aspectd
Otarget 0000000000 OCOOOOOOODOO
00000000000 4000000000JoshDO
weave 000 00000000000 OOOOOOO
00000000000 AspectJO weaverJ OO0
0000000000000 0OOtarget000O0OO
00000000 ooDooooooooooooog
0000000000000 0000000 JoshO
O000OD0O000OO0O0O000O instanceof D OO
00000000 AspectJO0 OO OODO instanceof O
0000000000 000000oooo JeshOoO
5000000000000000 instanceof 00O
OO0 659000000000 0AspectJO 73000
ooooooo
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O00000O0O0O0O0000000Josh O Aspectd
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O000OExpr 0000000000000 weavelO
ooood

intertype : within("Expr+") {

void accept(Vistor v) {
v.visit<) josh.getCtClass().getName() %>(this);
}
}

<%0 %>000000000000000000
0000000000000 00000000 Sum
00000o00oooooooooooo<%d %>
oo0ooooD«“Ssum”000000000OOCODOO
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