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Abstract Owing to the characteristics of quantification and obliviousness of aspect-oriented language,
modular behavioral analysis and modular reasoning are more difficult than that of the traditional
paradigms. To deal with crosscutting safety and crosscutting quality in aspect-oriented language,
crosscutting modules and affected modules are constrained with pre-conditions and post-conditions,
but assigning blame for pre-condition and post-condition failures during the process of crosscutting
poses subtle and complex problems. To analyze behavioral effect of a crosscutting concern, the
programmer should consider the aspect itself and the part of the system it affects. Furthermore, when
several aspects are woven at a same pointcut, the analysis of possible dangerous interferences becomes
more complex. Similar to the notion of behavioral subtyping in object-oriented language, a notion of
crosscutting invariant is proposed. In order to check the behavioral errors of violating crosscutting
invariability and four other simple behavioral errors, an algorithm based on software behavioral
contracts is proposed. To formalize this algorithm, crosscutting contract calculus and a set of contract
elaboration rules are presented. The contract soundness theorem which ensures the correctness of the
contract elaboration process is stated and proved. An example is also represented to show how to use

these contract elaboration rules to check and analyze the behavioral errors.

Key words aspect-oriented language; crosscutting safety; crosscutting quality; crosscutting
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public class A {

int x,y;
public A(int a,int y) { this. x=ux; this. y=1y;}
public int getX () {return this. x; }
public void sezX (int x) {this. x=x; } @pre { getYO)<9}
public int getY() {return this. y; }
public void setY(int y) { this. y=y; }
}
public aspect Crosscutl {
pointcut sezl1(A a, int x):
execution(void A. setX(int)) & &larg(/l(a) &. &arg.s‘(.r) 5
before(A a,int x) :setl(a,x){
a.setY(x);

}@pre {x>5)
}
public aspect Crosscut2{
declare precedence: Crosscutl,Crosscut?2;
pointcut sezl(A a, int x):
execution(void A. set X (int)) & &.target(a) & &.args(x) ;

before(A a, int x) :setl(a,x){

J@pre{a. getY() >5}
}
Client program M
Aa=new A(5,0);
a. setX(10);

Fig. 1 An Aspect] example.
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FEIR.

Stepl. When a method executes, if the pre-condition of this
method is false, then go to setpl9.

Step2. If the pre-condition of this method is true, then the before
advice which is waiting for execution and has highest
precedence is to execute.

Step3. If the pre-condition of the selected before advice is false,
then go to Step21.

Step4. If the pre-condition of the selected before advice is true and
any pre-condition of other before advice which is waiting for
execution is false. then go to Step23.

Step5. The selected before advice executes.

Step6. If the post-condition of selected before advice is false, then
go to Step22.

Step7. If the post-condition of selected before advice is true and the
pre-condition of the method is false, then go to Step23.

Step8. If there are still other before advices which have not
executed, then go to Step2.

Step9. The affected method executes.

Stepl0. If the post-condition of the method is false, then go to
Step20.

Stepll. If the post-condition of the method is true, then the after
advice which is waiting for execution and has lowest
precedence is to execute.

Stepl2. If the pre-condition of the selected after advice is false,
then go to Step21.

Stepl3. If the pre-condition of the selected after advice is true and
any pre-condition of other after advice which is waiting for
execution is false, then go to Step23.

Stepl4. The selected after advice executes.

Stepl5. If the post-condition of selected after advice is false, then
go to Step22.

Stepl6. If the post-condition of selected after advice is true and the
post-condition of the method is false, then go to Step23.

Stepl7. If there are still other after advices which have not
executed, then go to Stepll.

Stepl8. The program continues to execute.

Stepl9. Throw a pre-condition error of the method.

Step20. Throw a post-condition error of the method.

Step21. Throw a pre-condition error of the advice.

setp22. Throw a post-condition error of the advice.

Step23. Throw a error of violating crosscutting invariant.

Fig. 2 Crosscutting invariant detecting algorithm.
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> P > P’ Program P is compiled to program
P’

P |> defn—>p defn’ Definition defn in program

P is compiled to defn’.

P.c > meth—>,, meth’ Method meth in class ¢ is
compiled to meth’.

P.a > ad—, ad’ Advice ad in advice a is compiled
to ad’.

P.c > meth—>, wrap_meth’ wrap_meth’ check
pre-condition and post-condition of method
meth.

P.a > ad—>, wrap_ad’ wrap_ad  check pre-
condition and post-condition of advice ad’.

P.a > ad—.ad,. ad,. check error of violating
crosscutting invariant.

P,a > ad — . ade. ad . check error of

violating crosscutting invariant.

’ . . . /
P,c > e—>. ¢ Expression e is compiled to e'.

Fig. 3 Predicates of Crosscutting Contract calculus.
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public void setX (int x) {
this. x=x;
}
public void sezX_A(int x){
if(get YO << {
setX(x) s
}
else{
mdPreErr(A);
i

}

Fig. 4 SetX and wrapper method of setX after transformation.
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public aspect Crosscutl{
pointcut setl (A a, int x): execution (void A. setX (int))
& &target(a) & &.args(x) ;
before(A a, int a):setl(a,x){
if (x>5) {
(new Check_Crosscutl_pre()). setl(a,x);
a.setY(x);
belse{
adPreErr(Crosscutl) ;
}
}
}
public class Check_Crosscutl_pre{
public boolean set1(A a,int x){
if(x>5){
if (new Check_Crosscut2_pre(). setl(a,x))
return true;
else
return crosscutlnvariantErr(Crosscutl) ;
belse{

return false;

Fig. 5 Aspect Crosscutl and behavioral checking class
Check_Crosscutl _pre.
5 EE¥R S B 7 T Crosscutl FAT R 4 7F 28 Check _
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FRAE Le BN MCE & P FE 7 MFEXS J5 i setX
R I FH B S WP A 26 T 3 sec XA I A AR A5 A0
Kl 6 frn -

Aa=new A(5,0);
a.setX_A(10);

Fig. 6 Client program M after transformation.
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Research Background

Aspect-oriented programming ( AOP) succeeds in localizing, separating, and encapsulating crosscutting concerns. But
some characteristics of aspect-oriented language violate modularization and encapsulation principle, and create dependencies
between different concerns. Modular behavioral analysis and modular reasoning in aspect-oriented language are more difficult
than that of traditional paradigms. In this paper, a notion of crosscutting invariant is proposed to deal with crosscutting safety
and crosscutting quality, and a detecting algorithm is proposed based on this notion. To formalize this algorithm, we present
crosscutting contract calculus and a set of contract elaboration rules. Our work is supported by the Fork Ying Yung Science

Foundation for Yong Teachers under grant No. 94030.

MR A MR B

&) 32 2418 7% (crosscutting contract syntax) Tl L) 32 24 73 55 32 249 SR £ B0 ) Ccontract elaboration rules
P:i=defn" e of crosscutting contract calculus)
defn..=class ¢ extends ¢ implements 7" g P= defnydefn,e P [>e—>. ¢
{ field” meth™ } P |>defn; -, defn; j €[1,n]

. _ L N P [>defn,=-defn,e —p defny--defne
|interface i extends i" { imeth™ }

spect i * meth” de fn

|aspect a { field et “I P ¢ Fometh; —, meth’

crosscut_static cro.x‘scutfdynamzc } P.c |—>methj -, umpjnethjj c [1 ,n:|
crosscut_static. . =out_field" out_meth” P >dlass c+=meth, *=meth, —,
crosscut_dynamic:. = pt" ad” dass c---meth} --~meth,, wrap_meth, wrap_meth,

field 1i=1 fd

o “hp g fead; =, ad’
out_field.:=tc. fd

P.a l>ad; > ad;, P.a t>ad; —> . ad
P.a t>ad; -, wrap ad;j € [1.,n]

@) . J _aa;

@ pre pn { e} @ post pn {e} Pa Fspect a ad, ~ad,

Jpost

meth . =tmd Carg”) { body}

imeth .. =tmd Carg”)
8 — 4 aspect a ad’ ---ad,/,wrap_adl sewrap_ad,

class Check_a_pre ad, _++ad

pre Mpre

out_meth .. =tc.md(arg” ){ body}

pt L= pointcut pn:jt’ .
cass Check_a_post ad Lpost cead post

ad .= (before|after) (arg™ ) : pn{ body}

@ pre pn { e} @ post pn { e} meth’ Poc >e —>. ¢
jtii=t.mdCarg") Pic bt md (1, argny+t, argn,){e} @ pre{e,} @ postie,}
argii=t var = tmd (¢, argn, 1, argn,){¢'}

body::=e | abstract
a /
meth® P,a >e—. ¢

P.a,ad > pn(t, argn,-t, argn,){e} @ pre{e,} @ post{e,}

e .. =newc | var | null

le. fd | e. fd =e ,
— pn(ty argn, **+t, argn,){e}

le. md (e*)
|super.md (e*) wrap‘ e, Pre,{c,md)e, Post,{c,md>
| if Ce) eelsee | true | false Poclre, > e} Puc l>e. >cij € [1.n]
[{e; e P.c > md(ty xyt; ;) — o ¢ md_t(ty 2,124
|return e ifCe’ )¢
binding::=wvar =e @ret = this. md (xy*a;);

t:i=c | i | boolean e’ »

var..=a variable name or this mdPostErr(c) ;
c::=a class name or Object }
i:: =interface name or Empty else{

fd::=a field name mdPreErr(c);

md .. =a method name }
a..=a aspect name return(@ ret ;

pn’.=a pointcut name }
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wrap® Psasad e —. ¢ e, Pre,{asad>e, Post,{a-ad
» »

P,asad |>e, —>. e, Pya,ad >e, >. e, j € [1,n]
P.asad |>pn ey xit, 2,) = « pn(ty a1+t 2,04
if (e {
(new Check_a_pre (D). pn(xy+x;);
(f/;
ifCer)
(new Check _a_post()). pn(xy=+x;);

else
adPostErr(c);
}
else{

adPreErr(¢);

pre e, Pre,<a; ad;) a; < aji j = [1,n]

P.a; ad; |>pn;(t, argn,+t, argn,){e}
@ pre{eb; } @post 46“/ }
— e boolean pn; (t; argn,++t, argn,){
if(e?,] {

if (new Check _aj.\_preO. pn;i Cargn, =+rargn,))
return true;

else
return crosscutInvariantErr(a;) ;

telse{

return false;

}
post* ad; Before <a;,c,md) e, Pre,{c,md>
P.c bre, —>. ¢

’
e,; Post,<a;,ad;>P, a;,ad, ‘*&1, e €
a; < ajr ] - [19?’1]

P.a;, ad; >pn;(t; argn,-t, argn,){e}
@ prefe, @ post{e, }
— 0w boolean pn; (t; argny -1, argn,){
if(e:] ) {
ifCes)
return true;
else
return crosscut InvariantErr(a;) ;
belse{

return false;

}
post® ad; After<a; comd> e, Pre,{c,md>
P.c bre, >, e,

’

eq; Post,<a;,ad;YP, a;sad; |>e,; —. e,

a <ap j=1[1.n]
P.a;, ad; F>pn;(t, argn,+t, argn,){e}

@ pre{e,; @ post {e,; i
— o« boolean pn; (t; argny -1, argn,){
if( ei/ ){
ifCel)
return true;
else
return crosscutInvariantErr(a;) ;
belse{

return false;

all' P,c l>e—>, 'P.cl>e:t; >. ¢ j € [1,n]
eit.md (e +ve,) —>. ¢ . wrap _md (e ++e,)

P.al>e—>,¢ P,al>e :t; >, ¢, j € [1,n]
7
e:t.md (e ++e,) —>. e .wrap_md (e *+e,)




