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Introduction of AOP

e Aspect-Oriented Programming (AOP)

— AOP has been proposed as a technique for
Improving separation of concerns in software
design and implementation.

— AspectJ (a seamless aspect-oriented
extension to Java)




Introduction of AOP

* \Weaving

The process of combining aspect and
object models to create the desired
runtime behavior

— Can happen at build time or dynamically
during runtime

— Depending on technology, what to weave
specified programmatically or declaratively
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Aspectd Semantic

« An Aspectd program can be divided into two parts:
— Base code, thatis, language constructs as in Java

— Aspect code, Includes aspectual constructs, like join points,
pointcuts, pieces of advice, intertype declarations.

« A Simple Example:

aspect A { aspect

pointcut exePoints():

execution(* C.mQ):

pointcut

after(): exePoints(O{ -

.. } |advice

class C {
void mO{...}
} join point




Points-To Analysis

« Compute objects each variable can point to
— For each variable x, points-to set pt(x)

e Andersen’s Analysis (Andersen, PhD thesis 1994)

— One abstract location for each allocation site
X = new C() vyields pt(x) ={ol}

— View pointer assignments using a constraint graph

— Propagate points-to relations along the edges of the
constraint graph, adding new edges as indirect
constraints are resolved

e Context- and flow-insensitive

— Context-insensitive: different invocation contexts
without separation

— Flow-insensitive: statements in any order
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Flow- and Context-Insensitive

Points-to Analysis for Java

 Points-to information representation in
RMR* analysis

public class Y {} public class X {

Y £,q.h; this@void set(Y r@X~
wold set (¥ 1)
{ this.f = r; p@mam@x
}
public static void main(2tring[] args) { —
X p =new X(); // creating 01 l[@main@X
Y = new Y(); // creating 02
Y 1;
p.set (q) ; q@main@X;
p.-h = q;
1l =p.f; -
1 r@void set(Y r)@X

*A. Rountev, A. Milanova, and B. Ryder (OOPSLA 2001)
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Motivating Examples

* Aspects in Aspectd are transparent to
classes

— From the source of a class, you can not know
which aspect should be woven into the class.

— If we directly use the existing analysis for
the AspectJ program, the result will be
Imprecise.

* In order to handle the unique aspectual
features, a new points-to analysis
technique Is needed.
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public aspect A |
pointcout pl(X =, ¥ v):
args (v) &&ktarget (x) &&keoall (void X.set(Y));

pointout p2 (X x):
set (¥ ¥.h) &itarget (x) &&!within (&) ;

beIfO_Z(XTx},f_L :pl(x,v){ this@void set(Y r@X

X@ad$2@A |

ifter(x x) :p2 (x) p@main@X X@ad$1@A |
{ ¥ 1 = new ¥Y();| // creating o3
) 1@main@X |
} g@main@X <— y@ad$1@A |
publYincr:;E? ¥ {} public class X { r@void set(Y n@X
'EDid set (¥ 1) Join Point Kind May Effect
this.f = r; constructor call object creation
iﬁublic static veid main(String[] args) { constructor execution
X p = new X(); // creating Ol method call virtual invocation
¥ g =new ¥(); // creating oz i
Y 1; method execution
poherly get instance field read
) 1 =p.f; set mstance field write




A Semantics for Points-to
Analysis of AspectJ

Pointcut S, the formal parameters
of the pointcut

Call Site

S,: the formal

Sp: the actual parameters parameters of the advice
at the call site
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A Semantics for Points-to

Analysis of AspectJ

. public aspect & {
 To handle pointcuts

pointcut pl (X =, ¥ y):

args (v) &&ktarget (x) &&call (void X.set (¥)) ;
pointcut p2Z (X =) :

set (¥ X.h)&ktarget (x) &&!within(A] ;
before (X x,Y y):plix,v){

x.d =¥
¥
after (X =) :p2(x)
{
¥ 1 = new ¥Y{); // creating 032
x.g = 1;
}
}
public class ¥ {} public class X {
Y £,g,h;
veold zet (Y r)
{
this.f = r;
—_— }
— y public static woid main(String[] args) {
p Xp =new X(); // creating 01
¥ g = new Y{); // creating 02
Y 1
‘27 _— ‘2, _— |SEETEE =y
l ) 1 1l =p.f;
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A Semantics for Points-to

Analysis of AspectJ

ublic aspect 2 {
e To handle advic

pointcut pl (X =, ¥ y):

args (v) &&ktarget (x) &&call (void X.set (¥)) ;
pointcut p2Z (X =) :

set (¥ X.h)&ktarget (x) &&!within(A] ;
before (X x,Y y):plix,v){

} x.d =¥
after (X =) :p2(x)
. {
a.fter(x XX, Y yy) . pl(XX, yy) ¥ 1 = new ¥Y{); // creating 032
x.g 1
}
}
public class ¥ {} public class X {
¥ £f,g9,h;
— veold zet (Y r)
S, ={xx, yy} ;
this.f = r;
}
public static woid main(String[] args) {
— — Xp =new X(); // creating 01
¢2 (XX) — X’ ¢2(yy) _ y Y q = new ¥(); // creating 02
Y 1
p.sst(q);
IS =
1 p-I;

o(XX) = p,o(Yy) =1
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Performing Points-to Analysis

for AspectJ

e To construct call graph and pointer
assignment graph

e To build up points-to graph based on the
former stage
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Performing Points-to Analysis

for AspectJ

 Pointer assignment graph
— Allocation site nodes
— Variable nodes
— Field dereference nodes

Allocation Assignment | Field Write Field Read

Instruction s: 1l =newC [=7r [.f =7 [=r.f
wirite read
Edge 08 — 1 S el g reeddl

Transfer Function | f(G,l =newC') | f(G,l=7r) | fIG,L.f=7) | fIG,l=r.f)
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Performing Points-to Analysis

for AspectJ

. Allocation
public aspect & {
pointocut pl(¥ =, ¥ vy): @ >{ l@ad$2@A ‘

args (v) E&ktarget (x) &&call (void X.set(Y)) ;

=
pointout p2 (¥ x): E
set (Y X.h) &&target (x) &&!within (&) ; '2'
before (X =,Y y) :plix,v){
X.g = ¥i Allocation :
! @ > X@ad$2@A
after (X x) :p2(x) g
{
¥ 1 =new ¥(); // creating 03
x.g = 1;
t : :
} this@void set(Y r)@X x@adiil@A
public class Y {} public class X { — %
Y £,g9,h; = 3=
vold set (Y r) E E =
{ — l@main@X T
this.f = x; r@void set(Y r)@X @main@X =
} .
public static wvoid main (8tring([] args) { sslgolh =
X p =new X(); // creating 01 el)t
Y g = new ¥Y(); // creating 02
¥ 1; Allocation : Assignment
p.set (g); @ »‘ q@maln@X {-g_> y@ad$1@A
p-h = g;
l =p.f;
}
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Evaluation

e Subject programs

Program #LOC | #Class | #Aspect | #Method | #Advice | #CallSite
bean 121 2 ] 20 2 48
conal 1942 21 9 181 46 6635
cona2 291 2 ] 21 10 135
dem 1668 29 + 174 8 543
figure 94 3 ] 22 ] 29
nullcheck 1474 23 ] 156 ] 480
qsort 72 2 ] 8 4 21
telecom 248 8 2 31 4 98
spacewar 1537 22 9 161 24 627

 Experiment procedure

— Compare the precision between the existing byte-
code-level Java approach and our source-code-leve
approach.
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Precision Analysis

Program Deference Sites (% of total) Call Sites (% of total)

Source-code 0 T [ 2310 0% 1T 2] o+
app roach an 556 | 444 | 00 0.0 0.0 | 1000 | 0.0 0.0
643 | 357 | 00 0.0 0.0 [ 1000 | 0.0 0.0

conal 95.1 40 [ 00 0.9 0.0 99.4 | 0.6 0.0

803 138 [ 00 0.9 0.0 99.0 [ 0.3 0.5

CoR? ? 86.3 13.7 | 0.0 0.0 0.0 | 1000 | 0.0 0.0

Byte-code _4 733 | 267 | 0.0 | 0.0 | 0.0 [ 1000 | 0.0 | 00
approach dem 94.1 49 [ 0.0 1.0 0.0 98.5 1.5 0.0
727 | 262 | 05 0.6 0.0 998 | 0.2 0.0

figure 64.1 | 359 | 0.0 0.0 0.0 | 1000 | 0.0 0.0

62.5 375 | 00 0.0 0.0 100.0 [ 0.0 0.0
nullcheck | 83.0 13.2 1.4 2.2 0.2 98.3 1.7 0.0
56.8 11.8 | 0.3 0.9 0.2 995 | 0.5 0.0
quicksort 524 176 | 0.0 0.0 0.0 100.0 | 0.0 0.0
06 | 294 | 00 0.0 0.0 100.0 | 0.0 0.0
telecom 723 21.5 3.1 3.1 0.0 100.0 | 0.0 0.0
6.1 34.2 1.7 0.0 0.0 100.0 | 0.0 0.0
spacewar 85.0 11.7 | 3.2 0.0 0.0 97.2 | 0.5 2.3
6.1 250 | 09 0.0 0.0 98.8 | 0.8 0.4
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Performance Analysis

Source-code Byte-code

approach apprc/)ach
Program \ EMNode / #Edge BGTims)
bean \ T8/108 32/54 63/78
conal N)S8/1107 /| 414/546 468/593
cona? N 642 52/140 627125
dcm 6Y6/3283 41772066 084/39594
ficure A174: :
nullcheck S558/1978 248/2907 S531/11968
quicksort 44/59 1 8/36 /15
telecom 166/204 62/118 477100

spacewar TT3/1739 | 271/1563 735/4078

Our aspect-aware points-to analysis approach
contains fewer nodes and edges, and improve the
precision significantly.
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Concluding Remarks

e Conclusions

— We proposed an aspect-aware points-to
analysis

— The feature of our analysis
» AspectJ source-code-level
* Flow-insensitive and context-insensitive

e Future work

— Library code
— Flow-sensitive & context-sensitive




Thank you!




