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-

A
rchitecture of abc

.class
.java

bytecode

A
spectJ
A

S
T

polyglot-based frontend

separator

advice w
eaving +

 postprocessing

Jim
ple IR

code generation +
 static w

eaving

Java
A

S
T

A
spect
Info

frontend
(Polyglot)

backend
(Soot)

1
0

-

abc: A
 w

orkbench for
A

spect-O
riented P

rogram
m

ing 
Language &

 C
om

pilers
research

P
rogram

m
ing T

ools G
roup, U

niversity of O
xford, U

K
S

able R
esearch G

roup, M
cG

ill U
niversity, C

anada
A

arhus U
niversitet, D

enm
ark

4
0

-

S
chedule

9:00 
overview

9:10 
adding syntactic extensions to A

spectJ
9:55 

hands-on exercises
10:05 adding new

 joinpoints
10:50 hands-on exercises
11:00 break +

 continue hands-on exercises
11:30  introduction to S

oot
12:00 optim

isations and analysis
12:30 closeLet us help you w

ith your extensions – w
e're here 

the w
hole w

eek. P
ossibly have a B

oF
 / dinner to 

discuss com
m

on developm
ent plans?

additions to frontend only:
parse, check, transform
to pure A

spectJ

additions to frontend,
A

spectInfo, W
eaver, R

untim
e

S
oot's analysis fram

ew
ork;

cflow
 optim

isations

2
0

-

T
he need for a research com

piler

● explore A
O

P
 language design space

● experim
ent w

ith better code generation

● experim
ent w

ith static analyses 
  

for safety checks and optim
isations

side-benefit: clarify language definition
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3I-

H
ow

 does P
olyglot do it?

●
S

tructured as a series of visitors

●
E

ach visitor pass rew
rites A

S
T

; about 15 such visitors

●
R

igorous use of interfaces and factories m
akes it easy to 

change type system
, environm

ent, ...

●
D

elegates for overriding m
em

bers of non-final A
S

T
 classes 

(cf. intertype decls)

1I-

S
yntactic E

xtensions

●  Introduction to P
olyglot

●  E
xam

ple: global pointcuts

4I-

T
he A

spectJ extension
Like any other P

olyglot extension, five new
 packages:

●
A

S
T

: new
 ast nodes (89 classes)

●
E

xtension: overrides of existing Java A
S

T
 nodes (13 classes)

●
P

arse: new
 lexer and gram

m
ar (2 files)

●
T

ypes: new
 types and type system

 (8 classes)

●
V

isit: new
 passes (35 classes)

●
Includes Java/A

spectInfo separator

●
M

any A
S

T
 classes in pointcut language are light-w

eight

●
T

he tricky bits are the type rules for IT
D

s, and the 
separator into Java &

 A
spectInfo

 plus new
 “driver” that controls pass order etc 

2I-

W
hat is P

olyglot?

●
Jif : Java inform

ation flow
 and program

 partitioning

●
P

olyJ 2.0 : Java w
ith param

eterized types

●
JM

atch : A
bstract iterable pattern m

atching for Java

●
Jx: N

ested inheritance in Java

●
Jedd: B

D
D

-based analyses

●
JP

red : P
ractical predicate dispatch

A
n extensible Java com

piler
S

am
ple extensions:

P
roduced by A

ndrew
 M

yers, N
ate N

ystrom
 et al. at C

ornell



7I-

T
he translation w

e aim
 for

 global pointcut declaration is turned into a nam
ed pointcut: 

class C
 {

p
o

in
tcu

t  globalpc$7345() : !w
ith

in
(C

);
...

}

every advice declaration in m
atching aspect gets 

extra conjunct in pointcut:
p

ackag
e special.bar.foos;

asp
ect F

oo {
b

efo
re(int x) : call(* foo(int)) &

&
 

arg
s(x) &

&
 C

.globalpc$7345()
{...}

after() :  call(* bar(..)) &
&

 C
.globalpc$7345()

{...}
}

5I-

P
olyglot sum

m
ary

✔
E

xtensible in all dim
ensions:

–
syntax, type system

, visitors

✔
P

otential m
erge problem

s w
ith pure Java com

piler only 
occur in extension dir and type system

✔
E

xtensions to abc have sam
e structure as abc itself

8I-

O
ur task list

G
en

eral
T

h
is exam

p
le

●
A

S
T

: new
 ast nodes

one for global pointcuts
G

lobalP
ointcutD

ecl

●
E

xtension: overrides of existing A
spectJ nodes 

new
 m

ethod on A
dviceD

ecl
E

A
JA

dviceD
ecl

●
P

arse: new
 lexer and gram

m
ar 

new
 keyw

ord: global
new

 nonterm
inal

new
 gram

m
ar rules

●
T

ypes: new
 types and type system

 
none

●
V

isit: new
 passes 

to rew
rite to pure  A

spectJ
G

lobalP
ointcutV

isitor

 extend A
spectJ “driver” classes to use the above 

6I-

E
xam

ple extension: global pointcuts

 g
lo

b
al : <

pattern>
 : <

pc>
; 

add a new
 conjunct <

pc>
to the pointcut
of each advice declaration
in any aspect that m

atches <
pattern>

 joinpoints in class C
 cannot be advised by aspects in subpackages   

 of “special”:
class C

 {
g

lo
b

al : special..* : !w
ith

in
(C

);
...

}

 aspect A
 only applies to classes in the package “foo.bar”:

asp
ect A

 {
g

lo
b

al : A
 : w

ith
in

(foo.bar.*);
...

}
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I-

N
ew

 A
S

T
 C

lass (1)
p

ackag
e abc.eaj.ast;

p
u

b
lic class G

lobalP
ointcutD

ecl_c exten
d

s P
ointcutD

ecl_c
                                  im

p
lem

en
ts G

lobalP
ointcutD

ecl
{    // pattern for aspects
    C

lassnam
eP

atternE
xpr aspect_pattern; 

    // pointcut (declared in P
ointcutD

ecl_c)
    // P

ointcut pc;  
    // generated pointcut nam

e  (declared in P
ointcutD

ecl_c)                   
    // S

tring nam
e;

    // constructor
    p

u
b

lic G
lobalP

ointcutD
ecl_c(P

osition pos,
                                C

lassnam
eP

atternE
xpr aspect_pattern,

                                P
ointcut pc)

    

9I-

abc node factory for an extension

 each abc extension has a single node factory that extends 
abc.aspectj.ast.N

odeF
actory_c, and that 

im
plem

ents abc.aspectj.ast.N
odeF

actory

n
ew

 n
o

d
e facto

ry
(in

terface)

factory m
ethods for

each type of
A

S
T

 node

(class)

new
 A

S
T

 
node 1
new

 A
S

T
 

node 1

new
 A

S
T

 
node 1
new

 A
S

T
 

node 2

new
 A

S
T

 
node 1

override old A
S

T
 

node 3

calls constructor

12
I-

N
ew

 A
S

T
 class (2)

   // construct new
 node if any of the children has changed 

   p
ro

tected
 N

ode reconstruct(N
ode n, C

lassnam
eP

atternE
xpr aspect_pattern,P

ointcut pc) ...
(m

ore detail on next slide)
    
    // visit each of the children
    p

u
b

lic N
ode visitC

hildren(N
odeV

isitor v) ...
(m

ore detail tw
o slides on)

    // store (pattern,pointcut) pair in datastructure (of visitor) for later lookup during rew
riting pass

    p
u

b
lic vo

id
 registerG

lobalP
ointcut(G

lobalP
ointcuts visitor,

                                       C
ontext context,

                                       E
A

JN
odeF

actory nf) ...
    
} // end of new

 A
S

T
 class

P
olyglot im

plem
ents all tree rew

riting by “reconstruct” and “visitC
hildren” in each A

S
T

 class 10
I-

global pointcut: new
 A

S
T

 node
 create in

 p
ackag

e ab
c.eaj.ast:

exten
d

s in
 ab

c.asp
ectj.ast:

 interface G
lobalP

ointcutD
ecl

P
ointcutD

ecl
 class G

lobalP
ointcutD

ecl_c
P

ointcutD
ecl_c

 interface E
A

JN
odeF

actory 
A

spectJN
odeF

actory
 class E

A
JN

odeF
actory_c

A
spectJN

odeF
actory_c

 w
ith factory m

ethod for new
 node type

 p
u

b
lic G

lobalP
ointcutD

ecl G
lobalP

ointcutD
ecl(

                                    P
osition pos,

                                    C
lassnam

eP
atternE

xpr aspect_pattern,
                                    P

ointcut pc)
    {
        retu

rn
 n

ew
 G

lobalP
ointcutD

ecl_c(pos, aspect_pattern, pc); 
    }

contains
declaration
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O
ur task list

G
en

eral
T

h
is exam

p
le

✔
A

S
T

: new
 ast nodes

one for global pointcuts
G

lobalP
ointcutD

ecl

●
E

xtension: overrides of existing A
spectJ nodes 

new
 m

ethod on A
dviceD

ecl
E

A
JA

dviceD
ecl

●
P

arse: new
 lexer and gram

m
ar 

new
 keyw

ord: global
new

 nonterm
inal

new
 gram

m
ar rules

●
T

ypes: new
 types and type system

 
none

●
V

isit: new
 passes 

to rew
rite to pure A

spectJ
G

lobalP
ointcutV

isitor

 extend A
spectJ “driver” classes to use the above 

13
I-

N
ew

 A
S

T
 class: reconstruct

   p
ro

tected
 N

ode reconstruct(N
ode n, 

C
lassnam

eP
atternE

xpr aspect_pattern,
P

ointcut pc)
    {
        // has one of the children changed?
        if (   aspect_pattern !=

 this.aspect_pattern || pc !=
 this.pc)

        {
            // then m

ake a fresh copy of this node
            G

lobalP
ointcutD

ecl_c new
_n =

 (G
lobalP

ointcutD
ecl_c) n.copy();

            new
_n.aspect_pattern =

 aspect_pattern;
            new

_n.pc =
 pc;

            retu
rn

 new
_n;

        }
        retu

rn
 n;

    }

16
I-

E
xtension (override A

spectJ)
p

ackag
e ab

c.eaj.exten
sio

n
;

...p
u

b
lic class E

A
JA

dviceD
ecl_c exten

d
s A

dviceD
ecl_c im

p
lem

en
ts E

A
JA

dviceD
ecl

{    // constructor
    p

u
b

lic E
A

JA
dviceD

ecl_c(P
osition pos, F

lags flags,
                           A

dviceS
pec spec, List throw

T
ypes,

                           P
ointcut pc, B

lock body) ...
       // add a new

 conjunct to the pointcut of an advice declaration
    p

u
b

lic E
A

JA
dviceD

ecl conjoinP
ointcutW

ith(G
lobalP

ointcuts visitor, P
ointcut global)

    {
        E

A
JA

dviceD
ecl_c n =

 (E
A

JA
dviceD

ecl_c) th
is.copy();

        n.pc =
 visitor.conjoinP

ointcuts(pc, global);
        retu

rn
 n;

    }
}

 and override A
dviceD

ecl factory m
ethod in

 E
A

JN
odeF

actory

 im
p

o
rtan

t:
 rew

rite m
ust m

ake new
 copy, not m

odify existing 
 advice declaration

14
I-

N
ew

 A
S

T
 class: visitC

hildren

    p
u

b
lic N

ode visitC
hildren(N

odeV
isitor v)

    {
        // visits pointcut

N
ode n =

 super.visitC
hildren(v);

        C
lassnam

eP
atternE

xpr aspect_pattern =
                (C

lassnam
eP

atternE
xpr) visitC

hild(th
is.aspect_pattern, v);

        retu
rn

 reconstruct(n, aspect_pattern, pc);
    }



19
I-

T
he abc Lexer

 m
any new

 keyw
ords:

aspect, privileged, pointcut, proceed, target...

 m
inim

ise “stealing” of keyw
ords from

 Java 

 stateful lexer:
Java:

aspect, privileged and pointcut
aspect: 

after, around, before, declare, issingleton, percflow
, 

percflow
below

, pertarget, perthis, pointcut, proceed
pointcut: 

adviceexecution, args, call, cflow
, cflow

below
, error, 

execution, get, handler, initialization, parents, 
precedence, preinitialization, returning, set, 
soft, staticinitialization, target, throw

ing, 
w

arning, w
ithin, w

ithincode

 

17
I-

O
ur task list

G
en

eral
T

h
is exam

p
le

✔
A

S
T

: new
 ast nodes

one for global pointcuts
G

lobalP
ointcutD

ecl

✔
E

xtension: overrides of existing A
spectJ nodes 

new
 m

ethod on A
dviceD

ecl
E

A
JA

dviceD
ecl

●
P

arse: new
 lexer and gram

m
ar 

new
 keyw

ord: global
new

 nonterm
inal

new
 gram

m
ar rules

●
T

ypes: new
 types and type system

 
none

●
V

isit: new
 passes 

to rew
rite to pure A

spectJ
G

lobalP
ointcutV

isitor

 extend A
spectJ “driver” classes to use the above 

20
I-

N
ew

 Lexer
 “D

river” class to link
 in the new

 extension (new
 keyw

ords, 
 new

 joinpoints...)
p

ackag
e abc.eaj;

p
u

b
lic class A

bcE
xtension exten

d
s abc.m

ain.A
bcE

xtension
{       ...other features of this class discussed later ...

    p
u

b
lic vo

id
 initLexerK

eyw
ords(A

bcLexer lexer) {
         // A

dd the base keyw
ords

         su
p

er.initLexerK
eyw

ords(lexer);

        // new
 keyw

ord
        lexer.addG

lobalK
eyw

ord("global", 
// the lexem

e
 n

ew
 LexerA

ction_c(
new

 Integer(abc.eaj.parse.sym
.G

LO
B

A
L), 

// token passed to parser
                      

n
ew

 Integer(lexer.pointcut_state()))); 
// enter pointcut state

    }
}

 add keyw
ords to lexer states w

ith: 
    addJavaK

eyw
ord

    addA
spectJK

eyw
ord

    addP
ointcutK

eyw
ord

    addG
lobalK

eyw
ord

    addA
spectJC

ontextK
eyw

ord 18
I-

P
arse: new

 gram
m

ar
 include “../../aspectj/parse/aspectj.ppg”;
 package abc.eaj.parse;

 term
in

al T
oken G

LO
B

A
L;

 n
o

n
 term

in
al G

lobalP
ointcutD

ecl global_pointcut_decl;

 exten
d

 class_m
em

ber_declaration ::=
 global_pointcut_decl:a

        ... build A
S

T
...

    ;
 exten

d
 interface_m

em
ber_declaration ::=

 global_pointcut_decl:a
       ...
    ;

 global_pointcut_decl ::=
        G

LO
B

A
L:x C

O
LO

N
 classnam

e_pattern_expr:a C
O

LO
N

 pointcut_expr:b 
S

E
M

IC
O

LO
N

:y
        {:
            G

rm
.parserT

race("G
LO

B
A

L type_pattern_expr, pointcut_expr");
            R

E
S

U
LT

 =
 parser.nf.G

lobalP
ointcutD

ecl(parser.pos(x,y), a, b);
        :};

 a new
 production 

 for an existing
 nonterm

inal



23
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N
ew

 V
isitor C

lass

p
ackag

e abc.eaj.visit;
...p

u
b

lic class G
lobalP

ointcuts exten
d

s C
ontextV

isitor
{    // the tw

o passes
    p

u
b

lic fin
al static in

t C
O

LLE
C

T
 =

 1;
    p

u
b

lic fin
al static in

t C
O

N
JO

IN
 =

 2;
    p

rivate in
t pass;

    // m
apping from

 cpe to pc
    static H

ashM
ap globalpcs =

 n
ew

 H
ashM

ap();
    static in

t unm
atchedC

ollectP
asses =

 0;

    // factory for constructing new
 nodes

    E
A

JN
odeF

actory nodeF
actory;

 P
olyglot base class for visitors

 that need access to context:
 variables in scope, current class,
 etc.

21
I-

O
ur task list

G
en

eral
T

h
is exam

p
le

✔
A

S
T

: new
 ast nodes

one for global pointcuts
G

lobalP
ointcutD

ecl

✔
E

xtension: overrides of existing A
spectJ nodes 

new
 m

ethod on A
dviceD

ecl
E

A
JA

dviceD
ecl

✔
P

arse: new
 lexer and gram

m
ar 

new
 keyw

ord: global
new

 nonterm
inal

new
 gram

m
ar rules

✔
T

ypes: new
 types and type system

 
none

●
V

isit: new
 passes 

to rew
rite to pure A

spectJ
G

lobalP
ointcutV

isitor

 extend A
spectJ “driver” classes to use the above 

24
I-

N
ew

 V
isitor C

lass: key m
ethods

   p
u

b
lic N

odeV
isitor enter(N

ode parent, N
ode n){

        if (pass =
=

 C
O

LLE
C

T
 &

&
 n in

stan
ceo

f G
lobalP

ointcutD
ecl) 

            ((G
lobalP

ointcutD
ecl) n).registerG

lobalP
ointcut(this, context(),

nodeF
actory);

        retu
rn

 su
p

er.enter(parent, n);
    }

    p
u

b
lic N

ode leave(N
ode parent, N

ode old, N
ode n, N

odeV
isitor v)

    {
        n =

 su
p

er.leave(parent, old, n, v);
        if (pass =

=
 C

O
N

JO
IN

 &
&

 n in
stan

ceo
f E

A
JA

dviceD
ecl) {

            E
A

JA
dviceD

ecl adviceD
ecl =

 (E
A

JA
dviceD

ecl) n;
            P

C
N

ode aspct =
 P

C
S

tructure.v().getC
lass(context().currentC

lass());
            retu

rn
 applyM

atchingG
lobals(aspct, adviceD

ecl);
        }
        retu

rn
 n;

    }

 called w
hen

 entering A
S

T
 node 

 typically adjust
 context

 called w
hen

 leaving A
S

T
 node 

 this does the
 rew

riting

22
I-

T
w

o new
 passes for global pointcuts

 P
ass 1:

 C
ollect all global pointcuts, and store them

 in a
 m

apping of (class pattern expression (cpe), pointcut (pc)) pairs 

 P
ass 2:

 fo
r each

 aspect A
:

fo
r each

 (cpe,pc) pair:
if A

 m
atches cpe

th
en

 fo
r each

 advice declarations ad in A
:

ad.pointcut =
 ad.pointcut &

&
 reference to pc

 one class for both visitors, 
 store m

apping in static data 



27
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D
riving abc

 abc.eaj.A
bcE

xtension. F
or registering 

●
new

 keyw
ords

●
new

 shadow
 and joinpoint types

●
extended runtim

e abc.eaj.E
xtensionInfo:

●   create lexer, parser, type system
,...

●   introduce new
 passes

●   insert new
 passes betw

een existing ones 25
I-

N
ew

 visitor class: apply global pcs

 p
ro

tected
 E

A
JA

dviceD
ecl applyM

atchingG
lobals(P

C
N

ode aspct,
                                                 E

A
JA

dviceD
ecl ad)

    {
        Iterator i =

 globalpcs.keyS
et().iterator();

        w
h

ile (i.hasN
ext()) {

            C
lassnam

eP
atternE

xpr pattern =
 (C

lassnam
eP

atternE
xpr) i.next();

            if (pattern.m
atches(aspct)) {

                P
ointcut global =

 (P
ointcut) globalpcs.get(pattern);

                ad =
 ad.conjoinP

ointcutW
ith(th

is, global);
            }
        }

        retu
rn

 ad;
    }

28
I-

abc pass structure

parse_and_clean
parse and build initial class hierarchy

patterns_and_parents
eval patterns; declare parents; eval patterns

precedence_relation
com

pute aspect precedences

disam
biguate_signatures

inner/outer classes and m
ethod signatures

add_m
em

bers
populate types w

ith m
em

bers
interface_IT

D
s

propagate interface IT
D

s to im
plem

entors
disam

biguate_all
resolve all variable/m

ethod references
fold_and_checkcode

type checking; reachability etc 

saveA
S

T
m

ake S
oot connection

m
angle_nam

es
m

angle nam
es of private IT

D
s etc

aspectj_transform
s

separate pure Java and A
spectInfo

passes_jim
ple

m
apping from

 classes to A
S

T
s for Jim

ple

 new
 global pc

 passes go here 

 com
plex extension 

 passes go after
 sem

antic checks

26
I-

O
ur task list

G
en

eral
T

h
is exam

p
le

✔
A

S
T

: new
 ast nodes

one for global pointcuts
G

lobalP
ointcutD

ecl

✔
E

xtension: overrides of existing A
spectJ nodes 

new
 m

ethod on A
dviceD

ecl
E

A
JA

dviceD
ecl

✔
P

arse: new
 lexer and gram

m
ar 

new
 keyw

ord: global
new

 nonterm
inal

new
 gram

m
ar rules

✔
T

ypes: new
 types and type system

 
none

✔
V

isit: new
 passes 

to rew
rite to pure A

spectJ
G

lobalP
ointcutV

isitor

 extend A
spectJ “driver” classes to use the above 
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O
ur task list

G
en

eral
T

h
is exam

p
le

✔
A

S
T

: new
 ast nodes

one for global pointcuts
G

lobalP
ointcutD

ecl

✔
E

xtension: overrides of existing A
spectJ nodes 

new
 m

ethod on A
dviceD

ecl
E

A
JA

dviceD
ecl

✔
P

arse: new
 lexer and gram

m
ar 

new
 keyw

ord: global
new

 nonterm
inal

new
 gram

m
ar rules

✔
T

ypes: new
 types and type system

 
none

✔
V

isit: new
 passes 

to rew
rite to pure A

spectJ
G

lobalP
ointcutV

isitor

✔ extend A
spectJ “driver” classes to use the above 

it's as easy as abc!

29
I-

B
arrier P

asses

pass sequence is run independently for each source file;
b

arrier p
asses serve to ensure all files have reached

the sam
e stage before proceeding

B
A

R
R

IE
R

source 1
source 4

source 3
source 2

PASSES

32
I-

E
xercise: surround advice

 su
rro

u
n

d
(<

form
als>

) : <
pc>

 {beforeadvice}{afteradvice}

 transform
s to tw

o pieces of norm
al advice

 b
efo

re(<
form

als>
) : <

pc>
 {beforeadvice} 

 after(<
form

als>
) : <

pc>
 {afteradvice}

 runs before and after the joinpoint

consider advice precedence rules...

30
I-

Insert new
 passes

p
ro

tected
 vo

id
 passes_patterns_and_parents(List l, Job job)

    {
        su

p
er.passes_patterns_and_parents(l, job);

        l.add(n
ew

 V
isitorP

ass(C
O

LLE
C

T
_G

LO
B

A
L_P

O
IN

T
C

U
T

S
,

                              job,
                              n

ew
 G

lobalP
ointcuts(G

lobalP
ointcuts.C

O
LLE

C
T

,
                                                   job,
                                                   (E

A
JT

ypeS
ystem

) ts,
                                                   (E

A
JN

odeF
actory) nf)));

        l.add(n
ew

 G
lobalB

arrierP
ass(C

O
LLE

C
T

E
D

_G
LO

B
A

L_P
O

IN
T

C
U

T
S

, job));
        l.add(n

ew
 V

isitorP
ass(C

O
N

JO
IN

_G
LO

B
A

L_P
O

IN
T

C
U

T
S

,
                              job,
                              n

ew
 G

lobalP
ointcuts(G

lobalP
ointcuts.C

O
N

JO
IN

,
                                                  job,
                                                  (E

A
JT

ypeS
ystem

) ts,
                                                  (E

A
JN

odeF
actory) nf)));

    }

 barrier passes
 ensure that all
 source files reach 
 this stage before
 proceeding
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II-

E
xam

ple Java/aspects separation
 asp

ect A
spect {

  p
rivate in

t C
.count =

 0;
  p

rivate vo
id

 C
.inc() {

          count+
+

;
  }  b

efo
re(C

 x) : call(* foo(..)) &
&

 
                       target(x) {
         x.inc();
  } }

 p
u

b
lic class A

spect {
    p

u
b

lic static vo
id

 A
spect$inc$5(final C

 this$6) {
        this$6.A

spect$count$3+
+

;          
    }

    p
u

b
lic fin

al vo
id

 before$2(C
 x) { x.A

spect$inc$5(); }

    p
u

b
lic A

spect() { super(); }

    p
u

b
lic static in

t init$count$7(final C
 this$4) { 

      return (int) 0; }

    p
u

b
lic static A

spect aspectO
f()

       th
ro

w
s  

       org.aspectj.lang.N
oA

spectB
oundE

xception {
        retu

rn
 n

u
ll;

    }

    p
u

b
lic static b

o
o

lean
 hasA

spect() { retu
rn

 true; }
 }

// to be filled in later

execution joinpoint:
●real nam

e “inc”
●real param

eters none
●real class “C

”

* intertype m
ethod inc 

  
host C

 
im

plem
entation A

spect$inc$5
* before advice, pointcut

call(* foo(..)) &
&

 target(x)
m

ethod for body before$2(C
 x)

* intertype field count,
host C
initial value from

 init$count(C
)

 all the inform
ation that is not Java goes into A

spectInfo 1
II-

A
dding new

 joinpoints

●  A
spectInfo

●  m
atcher

●  w
eaver

4
II-

W
hat's in A

spectInfo?

A
spectInfo

IR
 for A

spectJ constructs:
pointcut, advice decl, IT

D
s,...

m
apping:

P
olyglot types ⇔

 S
oot types

m
appings:

possibly m
angled signatures

⇒
“real” signatures &

 categories 
(for IT

D
s &

 accessors)

m
apping:

 m
ethods &

 fields 
 real class

⇒

2
II-

A
rchitecture of abc

.class
.java

bytecode

A
spectJ
A

S
T

polyglot-based frontend

separator

advice w
eaving +

 postprocessing

Jim
ple IR

code generation +
 static w

eaving

Java
A

S
T

A
spect
Info

frontend
(Polyglot)

backend
(Soot)
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S
hadow

 K
inds

S
hadow

M
atch

B
odyS

hadow
M

atch

C
lassInitializationS

hadow
M

atch
E

xecutionS
hadow

M
atch

InterfaceInitializationS
hadow

M
atch

P
reinitializationS

hadow
M

atch

for blocks of Jim
ple code

S
tm

tS
hadow

M
atch

C
onstructorC

allS
hadow

M
atch

G
etF

ieldS
hadow

M
atch

H
andlerS

hadow
M

atch
M

ethodC
allS

hadow
M

atch
S

etF
ieldS

hadow
M

atch

for single Jim
ple statem

ents
(or a pair, for constructor call)

 and a singleton class for each kind nam
ed

 
<

kind>
S

hadow
T

ype (a subtype of S
hadow

T
ype) 

 w
ith a m

ethod 
S

hadow
M

atch m
atchesA

t(pos)
 singleton instance of <

kind>
S

hadow
T

ype created by
static <

kind>
S

hadow
M

atch.new
T

ype()

individual
shadow

 instances

5
II-

IR
 for pointcuts

P
ointcut

LexicalP
ointcut

S
hadow

P
ointcut

D
ynam

icV
alueP

ointcut
C

flow
P

ointcut
LocalP

ointcutV
ars

P
ointcutR

ef
E

m
ptyP

ointcut
F

ullP
ointcut

W
ithin

  - D
irectlyW

ithin
W

ithinA
dvice

W
ithinC

onstructor
W

ithinM
ethod

W
ithinS

taticInitializer

C
lassInitialization

C
onstructorC

all
E

xecution
G

etF
ield

H
andler

InterfaceInitialization
M

ethodC
all

P
reinitialization

S
etF

ield

A
rgs

T
argetA

ny
  - T

argetT
ype

  - T
argetV

ar
T

hisA
ny

  - T
hisT

ype
  - T

hisV
ar

C
flow

C
flow

B
elow

A
nd/O

r/N
ot

If

C
astP

ointcutV
ar

needed for inlining of nam
ed pointcuts

8
II-

C
om

puting A
dvice Lists (sim

plified)

 fo
r each

 w
eavable class C

fo
r each

 m
ethod M

 in C
fo

r each
 “position” pos in M

fo
r each

 shadow
 type t

S
hadow

M
atch sm

 =
 t.m

atchesA
t(pos);

fo
r each

 advice declaration ad
P

ointcut pc =
 ad.getP

ointcut();
R

esidue r =
 pc.m

atchesA
t(sm

);
add (pos,ad,r) to “advice list” of M

; 
R

esidue is an IR
 of the 

dynam
ic test to be

inserted (e.g. for if, args, ...) 

advice lists are applied in
a separate w

eaving pass

[for non-statem
ent shadow

s,
pc.m

atchesA
t(..) takes m

ore 
param

eters]

“positions” are defined
in A

bcE
xtension

6
II-

E
xam

ples: A
spectJ pointcut to IR

 A
sp

ectJ
In

term
ed

iate R
ep

resen
tatio

n
 execution(int F

oo.foo(char)) 
w

ithinm
ethod(int F

oo.foo(char)) 
&

&
 execution()

 adviceexecution()
w

ithinadvice() &
&

 execution()

 call(F
oo.new

(int))
constructorcall(F

oo.new
(int))

 initialization(F
oo.new

(..))
(w

ithinconstructor(F
oo.new

(..))
&

&
 classinitialization()) 

|| interfaceinitialization(F
oo)
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N
ew

 A
S

T
 node

p
ackag

e abc.eaj.ast;
...p

u
b

lic class P
C

C
ast_c exten

d
s P

ointcut_c
                      im

p
lem

en
ts P

C
C

ast
{    p

ro
tected

 T
ypeP

atternE
xpr type_pattern;

    ... reconstruct, visitC
hildren ...

   // translate to A
spectInfo 

    p
u

b
lic abc.w

eaving.aspectinfo.P
ointcut m

akeA
IP

ointcut()
    {
        retu

rn
 n

ew
 abc.eaj.w

eaving.aspectinfo.C
ast

              (type_pattern.m
akeA

IT
ypeP

attern(), position());
    }
}

9
II-

E
xam

ple: C
ast P

ointcut
 b

efo
re(int i)

   cast(short) &
&

 arg
s(i)

   &
&

 if (i <
 S

hort.M
IN

_V
A

LU
E

   ||  i >
 S

hort.M
A

X
_V

A
LU

E
) 

 {   S
ystem

.err.println( “W
arning: loss of “ +

 
                                  “precision casting “ +
   

 i   +
  `` to a short.'');

 } general syntax:

 basic_pointcut_expr ::=
P

C
_C

A
S

T
 LP

A
R

E
N

 type_pattern_expr R
P

A
R

E
N

12
II-

O
ur task list

G
en

eral
T

h
is exam

p
le

✔
extend parser, new

 A
S

T
 nodes

as before...

●
A

spectInfo: IR
 for aspect-specific features

new
 class for cast pointcut

●
M

atcher: extend shadow
 m

atcher
how

 to m
atch new

 pointcut

●
N

ew
 runtim

e
dynam

ic representation of
cast joinpoint

●
E

xtend driver classes to use new
 runtim

e
A

bcE
xtension

10
II-

O
ur task list

G
en

eral
T

h
is exam

p
le

●
extend parser, new

 A
S

T
 nodes

as before...

●
A

spectInfo: IR
 for aspect-specific features

new
 class for cast pointcut

●
M

atcher: extend shadow
 m

atcher
how

 to m
atch new

 pointcut

●
N

ew
 runtim

e
dynam

ic representation of
cast joinpoint

●
E

xtend driver classes to use new
 runtim

e
A

bcE
xtension
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S
hadow

 M
atcher (1)

p
ackag

e abc.eaj.w
eaving;

...p
u

b
lic class C

astS
hadow

M
atch exten

d
s S

tm
tS

hadow
M

atch
{    ..
    p

u
b

lic static C
astS

hadow
M

atch m
atchesA

t(M
ethodP

osition pos)
    {
        if (!(pos instanceof S

tm
tM

ethodP
osition)) retu

rn
 n

u
ll;

     
        S

tm
t stm

t =
 ((S

tm
tM

ethodP
osition) pos).getS

tm
t();

        if (!(stm
t in

stan
ceo

f A
ssignS

tm
t)) retu

rn
 n

u
ll;

        V
alue rhs =

 ((A
ssignS

tm
t) stm

t).getR
ightO

p();
        if(!(rhs in

stan
ceo

f C
astE

xpr)) retu
rn

 n
u

ll;

        T
ype cast_to =

 ((C
astE

xpr) rhs).getC
astT

ype();
        retu

rn
 n

ew
 C

astS
hadow

M
atch(pos.getC

ontainer(), stm
t, cast_to);

    }

13
II-

N
ew

 A
spectInfo C

lass
p

ackag
e abc.eaj.w

eaving.aspectinfo;
...p

u
b

lic class C
ast exten

d
s S

hadow
P

ointcut
{    p

rivate T
ypeP

attern pattern;
...    p

ro
tected

 R
esidue m

atchesA
t(S

hadow
M

atch sm
)

    {
        if (!(sm

 in
stan

ceo
f C

astS
hadow

M
atch)) retu

rn
 N

everM
atch.v();

        T
ype cast_to =

 ((C
astS

hadow
M

atch) sm
).getC

astT
ype();

        if (!getP
attern().m

atchesT
ype(cast_to)) retu

rn
 N

everM
atch.v();

        retu
rn

 A
lw

aysM
atch.v();

    }
...}

next step: define C
astS

hadow
M

atch

16
II-

S
hadow

 M
atcher (2)

    p
u

b
lic static S

hadow
T

ype shadow
T

ype()
    {
        retu

rn
 n

ew
 S

hadow
T

ype() {
            p

u
b

lic S
hadow

M
atch m

atchesA
t(M

ethodP
osition pos) {

                retu
rn

 C
astS

hadow
M

atch.m
atchesA

t(pos);
            }
        };
    } 

    p
u

b
lic List /*<

C
ontextV

alue>
*/ getA

rgsC
ontextV

alues()
    ... return singleton of value being cast ...

    p
u

b
lic C

ontextV
alue getT

argetC
ontextV

alue()
    ... return null ...

    p
u

b
lic S

JP
Info m

akeS
JP

Info()
    ... m

ake the relevant static joinpoint info ...

14
II-

O
ur task list

G
en

eral
T

h
is exam

p
le

✔
extend parser, new

 A
S

T
 nodes

as before...

✔
A

spectInfo: IR
 for aspect-specific features

new
 class for cast pointcut

●
M

atcher: extend shadow
 m

atcher
how

 to m
atch new

 pointcut

●
N

ew
 runtim

e
dynam

ic representation of
cast joinpoint

●
E

xtend driver classes to use new
 runtim

e
A

bcE
xtension
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N
ew

 R
untim

e (2)

p
ackag

e org.aspectbench.eaj.runtim
e.reflect;

...p
u

b
lic class E

ajF
actory exten

d
s F

actory
{    ...

    p
u

b
lic C

astS
ignature m

akeC
astS

ig(S
tring stringR

ep) {
        C

astS
ignatureIm

pl ret =
 n

ew
 C

astS
ignatureIm

pl(stringR
ep);

        ret.setLookupC
lassLoader(lookupC

lassLoader);
        retu

rn
 ret;

    }

  ...
}

17
II-

O
ur task list

G
en

eral
T

h
is exam

p
le

✔
extend parser, new

 A
S

T
 nodes

as before...

✔
A

spectInfo: IR
 for aspect-specific features

new
 class for cast pointcut

✔
M

atcher: extend shadow
 m

atcher
how

 to m
atch new

 pointcut

●
N

ew
 runtim

e
dynam

ic representation of
cast joinpoint

●
E

xtend driver classes to use new
 runtim

e
A

bcE
xtension

20
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O
ur task list

G
en

eral
T

h
is exam

p
le

✔
extend parser, new

 A
S

T
 nodes

as before...

✔
A

spectInfo: IR
 for aspect-specific features

new
 class for cast pointcut

✔
M

atcher: extend shadow
 m

atcher
how

 to m
atch new

 pointcut

✔
N

ew
 runtim

e
dynam

ic representation of
cast joinpoint

●
E

xtend driver classes to use new
 runtim

e
A

bcE
xtension

18
II-

N
ew

 R
untim

e (1)

p
ackag

e org.aspectbench.eaj.lang.reflect;

im
p

o
rt org.aspectj.lang.S

ignature;

p
u

b
lic in

terface C
astS

ignature exten
d

s S
ignature

{    p
u

b
lic C

lass getC
astT

ype();
}

obvious im
plem

entation in
package org.aspectbench.eaj.runtim

e.reflect.C
astS

ignatureIm
pl
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E
xercise: array pointcuts

 B
ar aro

u
n

d
(B

ar array[], int index) : 
arrayg

et() &
&

 targ
et(array) &

&
 arg

s(index) {
     

B
ar value=p

ro
ceed

(array,index);
     

retu
rn

 value;
 } vo

id
 aro

u
n

d
 (B

ar array[], B
ar value, int index) : 

arrayset() &
&

 targ
et(array) &

&
 arg

s(value, index) {
      

p
ro

ceed
(array,value,index);

 } general syntax:

 basic_pointcut_expr ::=
    

P
C

_A
R

R
A

Y
G

E
T

 LP
A

R
E

N
 R

P
A

R
E

N
   |  P

C
_A

R
R

A
Y

S
E

T
 LP

A
R

E
N

 R
P

A
R

E
N

21
II-

U
se new

 runtim
e

p
ackag

e abc.eaj;
...p

u
b

lic class A
bcE

xtension exten
d

s abc.m
ain.A

bcE
xtension

{   ...
    // create list of shadow

 types that the w
eaver w

ill iterate over
    p

ro
tected

 List/*<
S

hadow
T

ype>
*/ listS

hadow
T

ypes()
    {
        List/*<

S
hadow

T
ype*/ shadow

T
ypes =

 su
p

er.listS
hadow

T
ypes();

        shadow
T

ypes.add(C
astS

hadow
M

atch.shadow
T

ype());
        retu

rn
 shadow

T
ypes;

    }

    p
u

b
lic S

tring runtim
eS

JP
F

actoryC
lass() {

        retu
rn

 "org.aspectbench.eaj.runtim
e.reflect.E

ajF
actory";

    }

   ...

}
22

II-

O
ur task list

G
en

eral
T

h
is exam

p
le

✔
extend parser, new

 A
S

T
 nodes

as before...

✔
A

spectInfo: IR
 for aspect-specific features

new
 class for cast pointcut

✔
M

atcher: extend shadow
 m

atcher
how

 to m
atch new

 pointcut

✔
N

ew
 runtim

e
dynam

ic representation of
cast joinpoint

✔
E

xtend driver classes to use new
 runtim

e
A

bcE
xtension

It's as easy as abc!
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w
w

w
.sable.m

cgill.ca/publications/

W
hatis

S
oot?

W
hatcan

itdo?

S
ootis

a
fram

ew
ork

for
analysing

and
transform

ing
Java.

D
eveloped

atM
cG

illsince
1998

-
has

been
used

in
m

any
research

projects.

K
ey

features
thatS

ootprovides
are:

C
onvenientIR

s
(m

ainly
Jim

ple);
E

xisting
analyses

and
transform

ations;
Fram

ew
ork

for
new

analyses,transform
ations,

code
generation;

D
ava

decom
piler;

U
sing

S
ootin

the
a
b
c

backend
–

p.
III-A

-2

U
sing

S
ootin

the
a
b
c

backend

(S
ee

also:
http://w

w
w

.sable.m
cgill.ca/soot)

W
hy

do
w

e
use

S
ootin

a
b
c?

P
rovides

a
convenientbasis

for
w

eaving,since
its

IR
(Jim

ple)
is

sim
ple,typed

and
stack-less.

U
se

the
existing

bytecode
optim

izations
to

optim
ize

the
outputofthe

w
eaver

(a
b
c

has
-
O

options).

D
evelop

A
spectJ-specific

analyses
and

transform
ations.

U
se

existing
w

hole
program

analyses
and

points-to
fram

ew
orks

to
reason

aboutcallgraphs
and

pointer/alias
analyses.

E
nable

efficientim
plem

entations
ofnew

,
sophisticated

pointcuts.

U
sing

S
ootin

the
a
b
c

backend
–

p.
III-A

-3

O
utline

Introduction
to

S
oot

W
hatis

S
oot?

W
hatcan

itdo?
W

hy
do

w
e

use
S

ootin
a
b
c

?
S

oot’s
interm

ediate
representations.

Intra-proceduralanalysis
fram

ew
ork

(analysis
w

ithin
m

ethod
bodies).

C
allgraphs,points-to

analysis
and

inter-proceduralanalysis.
S

oot’s
dava

decom
piler.

U
sing

S
ootfor

cflow
optim

izations
in
a
b
c

.

U
sing

S
ootin

the
a
b
c

backend
–

p.
III-A

-1



S
ootC

lasses

S
ootM

ethod

S
ootC

lass

Jim
pleB

ody

S
cene

S
ootF

ield

getM
ethod()

getF
ield()

getS
ootC

lass()

S
cene.v()getS

ignature()

getA
ctiveB

ody()

(singleton)

getS
ignature()

U
sing

S
ootin

the
a
b
c

backend
–

p.
III-A

-6

S
oot

B
y
te

c
o

d
e
−

to
−

J
im

p
le

F
ro

n
t−

e
n

d
F

ro
n

t−
e
n

d

J
a
v
a
−

to
−

J
im

p
le

A
d

d
 ta

g
s

D
e
c
o

m
p

ile
 to

 J
a
v
a

G
e
n

e
ra

te
 B

y
te

c
o

d
e

A
n

a
ly

s
e
s
 a

n
d

 T
ra

n
s
fo

rm
a
tio

n
s P

o
ly

g
lo

t
S
o
o
t

.
j
i
m
p
l
e

.
j
a
v
a

.
c
l
a
s
s

.
j
a
v
a

.
c
l
a
s
s

U
sing

S
ootin

the
a
b
c

backend
–

p.
III-A

-4

B
o
d
y-centric

V
iew

S
ootM

ethod

U
nitG

raph

C
hain

C
hain

C
hain

Jim
pleB

ody

getA
ctiveB

ody()getTraps()
getU

nits()

getB
ody()

getU
nits()

new
B

riefU
nitG

raph()

getLocals()

U
sing

S
ootin

the
a
b
c

backend
–

p.
III-A

-7

S
ootD

ata
S

tructure
B

asics

S
ootbuilds

data
structures

to
represent:

a
com

plete
environm

ent(S
c
e
n
e

)
classes

(S
o
o
t
C
l
a
s
s

)
F

ields
and

M
ethods

(S
o
o
t
M
e
t
h
o
d

,
S
o
o
t
F
i
e
l
d

)
bodies

ofM
ethods

(com
e

in
differentflavours,

corresponding
to

differentIR
levels,ie.

J
i
m
p
l
e
B
o
d
y

)

T
hese

data
structures

are
im

plem
ented

using
O

O
techniques,and

designed
to

be
easy

to
use

and
generic

w
here

possible.

U
sing
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ootin
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C
onverting

bytecode
→

Jim
ple

→
bytecode

T
hese

transform
ations

w
ere

relatively
hard

to
design

so
thatthey

produce
correct,usefuland

efficientcode.

W
orth

the
price,w

e
do

w
anta

3-addr
typed

IR
.

raw
bytecode

typed
3-address

code
(Jim

ple)

◦
each

insthas
im

plicit
◦

each
stm

tacts
explicitly

effecton
stack

on
nam

ed
variables

◦
no

types
for

local
◦

types
for

each
local

variables
variable

◦
>

200
kinds

ofinsts
◦

only
15

kinds
ofstm

ts

U
sing

S
ootin

the
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b
c

backend
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R
aja’s

T
hesis,C

A
S

C
O

N
99,C

C
2000,S

A
S

2000

Jim
ple

Jim
ple

is:

principalS
ootInterm

ediate
R

epresentation

3-address
code

in
a

control-flow
graph

a
typed

interm
ediate

representation

stackless

U
sing

S
ootin

the
a
b
c

backend
–
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B
ytecode

→
Jim

ple

N
aive

translation
from

bytecode
to

untyped
Jim

ple,
using

variables
for

stack
locations.

splits
D

U
-U

D
w

ebs
(so

m
any

differentuses
ofthe

stack
do

notinterfere)

types
locals

(S
A

S
2000)

cleans
up

Jim
ple

U
sing

S
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the
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b
c
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Jim
ple

exam
ple

Java:
p
u
b
l
i
c
i
n
t
b
a
r
(
i
n
t
a
,
i
n
t
b
)
{

r
e
t
u
r
n
a
+
b
;

}
Jim

ple:
p
u
b
l
i
c
i
n
t
b
a
r
(
i
n
t
,
i
n
t
)
{

F
o
o
t
h
i
s
;

i
n
t
a
,
b
,

$
i
0
;

t
h
i
s
:
=
@
t
h
i
s
;

a
:
=
@
p
a
r
a
m
e
t
e
r
0
;

b
:
=
@
p
a
r
a
m
e
t
e
r
1
;

$
i
0
=

a
+

b
;

r
e
t
u
r
n
$
i
0
;

}

U
sing

S
ootin
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b
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W
eaving

exam
ple

–
source

p
u
b
l
i
c
c
l
a
s
s
F
o
o
{

p
u
b
l
i
c
i
n
t
f
o
o
(
i
n
t
x
,

i
n
t
y
,
i
n
t
z
)
{

r
e
t
u
r
n
b
a
r
(
x
,
y
,
z
)
;

}p
u
b
l
i
c
i
n
t
b
a
r
(
i
n
t
a
,

i
n
t
b
,
i
n
t
c
)
{

r
e
t
u
r
n
a
+
b
+
c
;

}

}a
s
p
e
c
t
A

{

b
e
f
o
r
e
(
F
o
o
x
)

:

c
a
l
l
(
i
n
t
b
a
r
(
i
n
t
,
i
n
t
,
i
n
t
)
)
&
&

t
a
r
g
e
t
(
x
)
{

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(
x
)
;

}

}

U
sing
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Java
→

Jim
ple

Input:
P

olyglotA
S

T
generated

from
.java

sources

C
om

pile
A

S
T

to
Jim

ple

G
enerate

Jim
ple

m
ethods/classes

for
im

plicitJava
features

(initializers,inner
class

accessor
m

ethods,
class

literals,assertions)

O
utput:

Jim
ple

to
be

analyzed/optim
ized,eventually

converted
to

bytecode

C
om

bination
ofP

olyglot,Java-to-Jim
ple,

Jim
ple-to-B

ytecode
passes

form
s

a
com

plete
Java

com
piler

equivalentto
javac.

T
his

partis
unchanged

in
abc.

U
sing

S
ootin
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W
eaving

exam
ple

–
originalbytecode

p
u
b
l
i
c
i
n
t
f
o
o
(
i
n
t
x
,

i
n
t
y
,
i
n
t
z
)

0
:

a
l
o
a
d
_
0

1
:

i
l
o
a
d
_
1

2
:

i
l
o
a
d
_
2

3
:

i
l
o
a
d
_
3

4
:

i
n
v
o
k
e
v
i
r
t
u
a
l

F
o
o
.
b
a
r
(
I
I
I
)
I
(
7
)

7
:

i
r
e
t
u
r
n

U
sing
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Jim
ple

→
B

ytecode

A
naive

translation
introduces

m
any

spurious
stores

and
loads.

Tw
o

approaches
(C

C
2000),

aggregate
expressions

and
then

generate
stack

code;or
perform

store-load
and

store-load-load
elim

ination
on

the
naive

stack
code.

U
sing
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the
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b
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W
eaving

exam
ple

–
originalJim

ple

p
u
b
l
i
c
i
n
t
f
o
o
(
i
n
t
,
i
n
t
,
i
n
t
)

{

F
o
o
t
h
i
s
;

i
n
t
x
,
y
,

z
,
$
i
0
;

t
h
i
s
:
=
@
t
h
i
s
;

x
:
=

@
p
a
r
a
m
e
t
e
r
0
;

y
:
=

@
p
a
r
a
m
e
t
e
r
1
;

z
:
=

@
p
a
r
a
m
e
t
e
r
2
;

$
i
0
=

t
h
i
s
.
b
a
r
(
x
,
y
,
z
)
;

r
e
t
u
r
n
$
i
0
;

}

U
sing
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W
eaving

exam
ple

–
w

eaving
by

hand

p
u
b
l
i
c
i
n
t
f
o
o
(
i
n
t
x
,

i
n
t
y
,
i
n
t
z
)

0
:

i
n
v
o
k
e
s
t
a
t
i
c

A
.
a
s
p
e
c
t
O
f
(
)
L
A
;
(
1
4
)

3
:

a
l
o
a
d
_
0

4
:

i
n
v
o
k
e
v
i
r
t
u
a
l

A
.
b
e
f
o
r
e
$
0
(
L
F
o
o
;
)
V
(
2
0
)

7
:

a
l
o
a
d
_
0

8
:

i
l
o
a
d
_
1

9
:

i
l
o
a
d
_
2

1
0
:

i
l
o
a
d
_
3

1
1
:

i
n
v
o
k
e
v
i
r
t
u
a
l

F
o
o
.
b
a
r
(
I
I
I
)
I
(
9
)

1
4
:

i
r
e
t
u
r
n

U
sing
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W
eaving

exam
ple

–
w

oven
Jim

ple

p
u
b
l
i
c
i
n
t
f
o
o
(
i
n
t
,
i
n
t
,
i
n
t
)

{

F
o
o
t
h
i
s
;

i
n
t
x
,
y
,

z
,
$
i
0
;

A
t
h
e
A
s
p
e
c
t
;

t
h
i
s
:
=
@
t
h
i
s
;

x
:
=

@
p
a
r
a
m
e
t
e
r
0
;

y
:
=

@
p
a
r
a
m
e
t
e
r
1
;

z
:
=

@
p
a
r
a
m
e
t
e
r
2
;

t
h
e
A
s
p
e
c
t
=
A
.
a
s
p
e
c
t
O
f
(
)
;

t
h
e
A
s
p
e
c
t
.
b
e
f
o
r
e
$
0
(
t
h
i
s
)
;

$
i
0
=

t
h
i
s
.
b
a
r
(
x
,
y
,
z
)
;

r
e
t
u
r
n
$
i
0
;

}
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W
eaving

exam
ple

–
ajc

w
eaving

p
u
b
l
i
c

i
n
t

f
o
o
(
i
n
t

x
,

i
n
t

y
,

i
n
t

z
)

0
:

a
l
o
a
d
_
0

1
:

i
l
o
a
d
_
1

2
:

i
l
o
a
d
_
2

3
:

i
l
o
a
d
_
3

4
:

i
s
t
o
r
e

%
4

6
:

i
s
t
o
r
e

%
5

8
:

i
s
t
o
r
e

%
6

1
0
:

a
s
t
o
r
e

%
7

1
2
:

i
n
v
o
k
e
s
t
a
t
i
c

A
.
a
s
p
e
c
t
O
f

(
)
L
A
;

(
5
2
)

1
5
:

a
l
o
a
d

%
7

1
7
:

i
n
v
o
k
e
v
i
r
t
u
a
l

A
.
a
j
c
$
b
e
f
o
r
e
$
A
$
1
2
4

(
L
F
o
o
;
)
V

(
5
6
)

2
0
:

a
l
o
a
d

%
7

2
2
:

i
l
o
a
d

%
6

2
4
:

i
l
o
a
d

%
5

2
6
:

i
l
o
a
d

%
4

2
8
:

i
n
v
o
k
e
v
i
r
t
u
a
l

F
o
o
.
b
a
r

(
I
I
I
)
I

(
3
7
)

3
1
:

i
r
e
t
u
r
n

U
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A
dding

an
intra-proc

analysis/transform

S
ootprovides:

A
n

analysis
fram

ew
ork.

V
arious

controlflow
graph

builders.
V

arious
im

plem
entations

of
F
l
o
w
S
e
t

.
P

acks
associated

w
ith

differentphases
ofS

oot.
A

large
num

ber
ofanalyses

and
transform

s
already

im
plem

ented.

To
add

new
analysis/transform

s
you

can:
E

xtend
an

existing
analysis

and/or
transform

and
add

to
a

P
ack

(w
illsee

an
exam

ple
later);or

Im
plem

enta
new

analysis
and/or

transform
and

add
to

a
P

ack.
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W
eaving

exam
ple

–
bytecode

from
Jim

ple

p
u
b
l
i
c
i
n
t
f
o
o
(
i
n
t
x
,

i
n
t
y
,
i
n
t
z
)

0
:

i
n
v
o
k
e
s
t
a
t
i
c

A
.
a
s
p
e
c
t
O
f
(
)
L
A
;
(
1
4
)

3
:

a
l
o
a
d
_
0

4
:

i
n
v
o
k
e
v
i
r
t
u
a
l

A
.
b
e
f
o
r
e
$
0
(
L
F
o
o
;
)
V
(
2
0
)

7
:

a
l
o
a
d
_
0

8
:

i
l
o
a
d
_
1

9
:

i
l
o
a
d
_
2

1
0
:

i
l
o
a
d
_
3

1
1
:

i
n
v
o
k
e
v
i
r
t
u
a
l

F
o
o
.
b
a
r
(
I
I
I
)
I
(
9
)

1
4
:

i
r
e
t
u
r
n
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soot.toolkits.scalar

T
he

F
l
o
w
A
n
a
l
y
s
i
s

H
ierarchy

<<F
orw

ardF
low

A
nalysis>>

<<A
bstractF

low
A

nalysis>>

<<B
ranchedF

low
A

nalysis>>
<<F

low
A

nalysis>>

C
astC

heckE
lim

inator
...

<<F
orw

ardB
ranchedflow

>>

B
ranchedR

efV
arsA

nalysis

<<B
ackw

ardA
nalysis>>

S
im

pleLiveLocalsA
nalysis

C
om

binedD
U

A
nalysis

...

LocalD
efsA

nalysis

S
im

pleD
om

inatorsA
nalysis

...

U
sing
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W
eaving

details
do

m
atter!

l
a
w
O
f
D
e
m
e
t
e
r
.
o
b
j
e
c
t
f
o
r
m
.
P
e
r
t
a
r
g
e
t
.
f
i
e
l
d
I
d
e
n
t
i
t
y

:

ajc
1.2.0

used
too

m
any

locals,too
m

any
cflow

stacks.

ajc1.2.0:
616

locals
41

m
,38

s

ajc1.2.0+
S

oot:
3

locals
2

m
,56

s

ajc
1.2.1

integrated
abc’s

idea
ofcflow

counters,and
rem

oved
bug

thatgenerated
too

m
any

cflow
stacks.

ajc1.2.1:
38

locals
12.2

s

ajc1.2.1+
S

oot:
3

locals
12.2

s

abc
uses

S
oot’s

packing
oflocals,optim

ises
cflow

counters
(stillto

com
e)

abc:
3

locals
8.7

seconds

U
sing
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E
njoy:

F
low

A
nalysis

R
esults

You
can

instantiate
an

analysis
and

collectresults:
L
i
v
e
V
a
r
i
a
b
l
e
s
A
n
a
l
y
s
i
s

l
v

=
n
e
w

L
i
v
e
V
a
r
i
a
b
l
e
s
A
n
a
l
y
s
i
s
(
g
)
;

/
/
r
e
t
r
i
e
v
e

a
n
a
l
y
s
i
s

r
e
s
u
l
t
s

f
o
r

a
s
t
m
t

s
:

l
v
.
g
e
t
F
l
o
w
B
e
f
o
r
e
(
s
)
;

l
v
.
g
e
t
F
l
o
w
A
f
t
e
r
(
s
)
;

N
ow

you
can

use
the

results
ofyour

analysis
in

a
transform

ation.
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W
hatyou

m
ustprovide...

A
checklistofyour

obligations:

1.
S

ubclass
*
F
l
o
w
A
n
a
l
y
s
i
s

2.
Im

plem
entabstraction:

m
e
r
g
e
(
)

,
c
o
p
y
(
)

3.
Im

plem
entflow

function
f
l
o
w
T
h
r
o
u
g
h
(
)

4.
Im

plem
entinitialvalues:

n
e
w
I
n
i
t
i
a
l
F
l
o
w
(
)

and
e
n
t
r
y
I
n
i
t
i
a
l
F
l
o
w
(
)

5.
Im

plem
entconstructor

(itm
ustcalld

o
A
n
a
l
y
s
i
s
(
)

)U
sing
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T
he

T
r
a
n
s
f
o
r
m

H
ierarchy

...

S
taticM

ethodB
inder

U
nreachableM

ethodsT
agger

...

<<B
odyT

ransform
er>> <<T

ransform
er>>

<<S
ceneT

ransform
er>>

B
usyC

odeM
otion

C
opyP

ropagator
LocalP

acker
N

ullC
heckE

lim
inator(A

nalysisF
actory)

...A
dviceInliner

B
oxingR

em
over

S
w

itchF
older

S
taticInliner

U
sing

S
ootin

the
a
b
c

backend
–

p.
III-A

-27

W
hatS

ootprovides
...

im
pls

ofabstraction
dom

ains
(flow

sets)
standard

abstractions
trivialto

im
plem

ent;

an
im

plem
ented

solver,nam
ely,

d
o
A
n
a
l
y
s
i
s
(
)

m
ethod:

executes
intraprocedural

analyses
on

a
C

F
G

using
a

w
orklistalgorithm

.
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W
hole-program

analyses

C
H

A
callgraph

based
on

class
hierarchy

V
TA

–
m

ore
precise

callgraph
(O

O
P

S
LA

2000)

S
park

(stable):
context-ins.

points-to,callgraph
and

side-effectanalysis
(C

C
2003)

P
addle

(currentresearch):
B

D
D

-based
fram

ew
ork

for
context-sensitive:

points-to
analysis

callgraph
analysis

cflow
analysis

type
analysis

(i
n
s
t
a
n
c
e
o
f

checks)
side-effectanalysis

(aspectpurity)
escape

analysis
(t
h
i
s
J
o
i
n
P
o
i
n
t
[
S
t
a
t
i
c
P
a
r
t
])

U
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soot.P
ack

A
dding

transform
ations

to
S

oot(easy
w

ay)

1.
Im

plem
enta

B
o
d
y
T
r
a
n
s
f
o
r
m
e
r

or
a
S
c
e
n
e
T
r
a
n
s
f
o
r
m
e
r

i
n
t
e
r
n
a
l
T
r
a
n
s
f
o
r
m

m
ethod

does
the

transform
ation

2.
C

hoose
a

pack
for

your
transform

ation
(usually

j
t
p

)

3.
A

dd
your

transform
to

the
pack.

P
a
c
k

j
t
p

=
G
.
v
(
)
.
P
a
c
k
M
a
n
a
g
e
r
(
)
.
g
e
t
P
a
c
k
(
"
j
t
p
"
)
;

j
t
p
.
a
d
d
(
n
e
w

T
r
a
n
s
f
o
r
m
(
"
j
t
p
.
n
t
"
,

n
e
w

N
u
l
l
T
r
a
n
s
f
o
r
m
e
r
(
)
)
)
;
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S
oothas

the
S

P
A

R
K

points-to
toolkit

Ifyou
w

antto
know

...
the

types
ofthe

receiver
o

in
the

call:
o
.
m
(
.
.
.
)

1.
E

nable
c
g
.
s
p
a
r
k

so
thatpoints-to

sets
are

com
puted.

2.
T

hen
use

points-to
inform

ation.

L
o
c
a
l

o
;

P
o
i
n
t
s
T
o
A
n
a
l
y
s
i
s

p
a
=

S
c
e
n
e
.
v
(
)
.
g
e
t
P
o
i
n
t
s
T
o
A
n
a
l
y
s
i
s
(
)
;

P
o
i
n
t
s
T
o
S
e
t

p
t
s
e
t

=
p
a
.
r
e
a
c
h
i
n
g
O
b
j
e
c
t
s
(
o
)
;

j
a
v
a
.
u
t
i
l
.
S
e
t

t
y
p
e
s

=
p
t
s
e
t
.
p
o
s
s
i
b
l
e
T
y
p
e
s
(
)
;

U
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S
ootphases

cg

wjtp

wjop

wjap

jtp
jop

jap
bb

tag

jtp
jop

jap
bb

tag

jtp
jop

jap
bb

tag

jtp
jop

jap
bb

tag

jbjbjbjb

U
sing

S
ootin

the
a
b
c
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–
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soot.jim
ple.toolkits.callgraph.C

allG
raph

Q
uerying

C
allG

raph

e
d
g
e
s
O
u
t
O
f
(
S
o
o
t
M
e
t
h
o
d
)

iterator
over

edges
w

ith
given

source
m

ethod

e
d
g
e
s
O
u
t
O
f
(
U
n
i
t
)

iterator
over

edges
w

ith
given

source
statem

ent

e
d
g
e
s
I
n
t
o
(
S
o
o
t
M
e
t
h
o
d
)

iterator
over

edges
w

ith
given

targetm
ethod

m
ain()

o.foo();
C

1.foo()
V

IR
T

U
A

L

m
ain()

o.goo();
C

1.goo()
V

IR
T

U
A

L

m
ain()

o.goo();
C

2.goo()
V

IR
T

U
A

L

bar()
o.foo();

C
2.foo()

V
IR

T
U

A
L

U
sing

S
ootin

the
a
b
c

backend
–
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C
allG

raph

C
ollection

ofedges
representing

allm
ethod

invocations
know

n
to

S
oot

explicitm
ethod

invocations
im

plicitinvocations
ofstatic

initializers
im

plicitcalls
of
T
h
r
e
a
d
.
r
u
n
(
)

im
plicitcalls

offinalizers
im

plicitcalls
by

A
c
c
e
s
s
C
o
n
t
r
o
l
l
e
r

...

F
i
l
t
e
r

can
be

used
to

selectspecific
kinds

ofedges

U
sing

S
ootin

the
a
b
c

backend
–
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C
ode

E
xam

ple

v
o
i
d

m
a
y
C
a
l
l
(

S
o
o
t
M
e
t
h
o
d

s
r
c

)
{

C
a
l
l
G
r
a
p
h

c
g

=
S
c
e
n
e
.
v
(
)
.
g
e
t
C
a
l
l
G
r
a
p
h
(
)
;

I
t
e
r
a
t
o
r

t
a
r
g
e
t
s

=
n
e
w

T
a
r
g
e
t
s
(
c
g
.
e
d
g
e
s
O
u
t
O
f
(
s
r
c
)
)
;

w
h
i
l
e
(

t
a
r
g
e
t
s
.
h
a
s
N
e
x
t
(
)

)
{

S
o
o
t
M
e
t
h
o
d

t
g
t

=
(
S
o
o
t
M
e
t
h
o
d
)

t
a
r
g
e
t
s
.
n
e
x
t
(
)
;

S
y
s
t
e
m
.
o
u
t
.
p
r
i
n
t
l
n
(

"
"
+

s
r
c
+
"

m
a
y

c
a
l
l

"
+
t
g
t

)
;

}
}
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C
allG

raph
E

dges

E
ach

E
d
g
e

contains
S

ource
m

ethod
S

ource
statem

ent(ifapplicable)
Targetm

ethod
K

ind
ofedge

source
m

.
source

stm
t.

targetm
.

kind
•

•
•

V
IR

T
U

A
L

f
o
o
(
)

{
o
.
b
a
r
(
)
;

}

b
a
r
(
)

{
/
*
*
/

}

U
sing

S
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a
b
c
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D
ava

decom
piler

p
u
b
l
i
c

i
n
t

f
o
o
(
i
n
t

x
,

i
n
t

y
,
i
n
t

z
)

{
A
.
a
s
p
e
c
t
O
f
(
)
.
b
e
f
o
r
e
$
0
(
t
h
i
s
)
;

r
e
t
u
r
n

t
h
i
s
.
b
a
r
(
x
,

y
,

z
)
;

}

D
ava

decom
piles

bytecode
w

ith
strange

aspect-generated
controlflow

thatbreaks
other

decom
pilers.

D
ava

is
integrated

w
ith

S
ootand

a
b
c

,use
a
b
c

-
d
a
v
a

<
a
r
g
s
>

and
decom

piled
outputw

illbe
placed

in
a

subdirectory
called

d
a
v
a
/

.

V
ery

usefulfor
debugging

w
eavers.

U
sing

S
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3
III-B

-

S
im

ple optim
isations

no variable binders?
use an integer counter instead of stack

share stacks for m
ultiple pointcuts:

e.g. unify cflow
s in

call(* bar(..)) &
&

 cflo
w

 (call(* foo(..)) &
&

 arg
s(t,*,*))

call(* bar(..)) &
&

 cflo
w

 (call(* foo(..)) &
&

 arg
s(*,s,*))

to
cflo

w
(call(* foo(..)) &

&
 arg

s(x,y,*))

E
specially useful because of inlining of nam

ed pointcuts

S
im

ple IR
 transform

ations:
no need for dataflow

 
analysis

1
III-B

-

O
ptim

isations in abc

●Intraprocedural A
nalyses using S

oot
●Interprocedural A

nalysis
●

A
nalysing A

spectJ P
rogram

s
●

O
ptim

ising cflow

4
III-B

-

Intraprocedural O
ptim

isations
each cflow

 stack is local to a thread
w

ant to retrieve it just once per m
ethod body

but never get the stack if it is not used

C
flow

S
tack threadLocalS

tack =
 n

u
ll;

...if (threadLocalS
tack =

=
 n

u
ll)

threadLocalS
tack =

 cflow
.getT

hreadS
tack();

rely on S
oot's null-check 

elim
inator to rem

ove this

getT
hreadS

tack() never 
returns null

2
III-B

-

R
unning E

xam
ple: 

O
ptim

ising cflow

p
o

in
tcu

t fooF
rom

B
ar(int x) :

call(* foo()) &
&

cflo
w

( call(* bar(*)) &
&

 arg
s(x) )

foo

bar

call stack:
bind x to the argum

ent of
the last call to bar 

bar
O

bvious im
plem

entation:
m

aintain thread-local stack of bindings
push before each call to bar
pop after each call to bar
check top upon each call to foo



7
III-B

-

O
ptim

ising cflow
asp

ect A
spect {

    p
o

in
tcu

t fooF
rom

B
ar(int x) :

        call(* foo()) &
&

        cflo
w

( call(* bar*(*)) &
&

 arg
s(x) );

    b
efo

re(int x) : fooF
rom

B
ar(x) {

        S
ystem

.out.println("foo from
 bar, x=

"+
x);

    }
}

p
u

b
lic class C

flow
 {

    void foo() {}
    void bar1(int x) { foo(); baz(); }
    void bar2(int x) {}
    void baz() { foo(); }

    p
u

b
lic static void m

ain(S
tring[] args) {

        C
flow

 c =
 n

ew
 C

flow
();

        c.foo();
        c.baz();
        c.bar1(3);
        c.bar2(4);
    }

}

5
III-B

-

Intraprocedural O
ptim

isations (2)

cflow-specific

N
u

llC
h

eckE
lim

in
ato

r.A
n

alysisF
acto

ry f = 
    n

ew
 N

u
llC

h
eckE

lim
in

ato
r.A

n
alysisF

acto
ry() {

       (...)

                p
u

b
lic b

o
o

lean
 isA

lw
aysN

o
n

N
u

ll(V
alu

e v) {
                    // S

tan
d

ard
 n

u
ll-ch

eck elim
in

ato
r 

                    if (su
p

er.isA
lw

aysN
o

n
N

u
ll(v)) retu

rn
 tru

e;
                     
                    if (v in

stan
ceo

f In
vo

keE
xp

r) {
                        In

vo
keE

xp
r ie = (In

vo
keE

xp
r) v;

                        S
o

o
tM

eth
o

d
R

ef m
 = ie.g

etM
eth

o
d

R
ef();

                        retu
rn

 C
flo

w
C

o
d

eG
en

U
tils.isC

flo
w

G
etM

eth
o

d
(m

); }
                    retu

rn
 false; }

    };
    // th

is sh
o

u
ld

 ru
n

 b
efo

re D
ead

 A
ssig

n
m

en
t E

lim
in

atio
n

    P
ackM

an
ag

er.v().g
etP

ack("jo
p

").in
sertB

efo
re(

    n
ew

 T
ran

sfo
rm

("jo
p

.n
u

llch
eckelim

", n
ew

 N
u

llC
h

eckE
lim

in
ato

r(f)), "jo
p

.d
ae");

F
actory for 

constructing 
custom

ised N
ull-

C
heck elim

inators

8
III-B

-

C
all G

raph

baz
foo

bar2
bar1

baz

foo

m
ain

bar1
bar2

foo

baz

foo

1
2

3
4

5

6

7

2
nd call 

triggers advice

never
triggers advice

alw
ays

triggers advice

call(* foo()) &
&

cflo
w

( call(* bar*(*)) &
&

 arg
s(x) )

      =
call

      =
execution 6

III-B
-

Intraprocedural O
ptim

isations: 
S

um
m

ing U
p

figure

quicksort

sablecc

ants

LoD-sim

LoD-weka

Cona-
stack

Cona-sim

0

250

500

750

1000

1250

1500

1750

2000

2250

N
o opts.

Intraprocedural

W
e have reduced, but not elim

inated, overheads for cflow
S

im
ilar speedup for ajc 1.2 vs. 1.2.1 (som

e of the sam
e opts)

see P
LD

I 2005 for detailed results
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C
all G

raph

baz
foo

bar2
bar1

baz

foo

m
ain

bar1
bar2

foo

baz

foo

1
2

3
4

5

6

7

2
nd call 

triggers advice

never
triggers advice

alw
ays

triggers advice

U
pdate shadow

s

Q
uery shadow

s

call(* foo()) &
&

cflo
w

( call(* bar*(*)) &
&

 arg
s(x) )

m
ayC

flow
(3) =

 {5,6,7}
m

ustC
flow

(3) =
 {5,7}

9
III-B

-

Interprocedural O
ptim

isations

to im
plem

ent cflow
(p)

u
p

d
ate sh

ad
o

w
: 

push/pop stack at each shadow
 m

atching p

q
u

ery sh
ad

o
w

: 
test w

hether stack nonem
pty

bind form
als from

 stack (if applicable)

at q
u

ery sh
ad

o
w

: 
predict em

ptiness:
if yes or no, rem

ove test

at u
p

d
ate sh

ad
o

w
:

predict w
hether observed by any query:

if not, rem
ove push/pop

12
III-B

-

O
ptim

ising cflow
 (2)

A
t q

u
ery sh

ad
o

w
 q

sh
:

If ¬
(

 upsh : qsh
∃

 
 ∈m

ayC
flow

(upsh))
qsh is alw

ays false and can be rem
oved

If (
 upsh : qsh
∃

 
 ∈m

ustC
flow

(upsh))
qsh is alw

ays true and can be rem
oved 

A
t u

p
d

ate sh
ad

o
w

 u
p

sh
:

If ¬
(

 qsh 
 m

ayC
flow

(upsh)) 
∃

∈
upsh is never queried and can be rem

oved
If (

 sh : upsh 
 m

ustC
flow

(sh))
∃

∈
upsh is guaranteed nonem

pty and can be rem
oved

O
nly valid if no 

variables are 
bound

10
III-B

-

O
ptim

ising cflow

F
or each update shadow

 sh:

st ∈
 m

ayC
flow

(sh) :
at statem

ent st, w
e m

ay be in the dynam
ic scope of sh

st ∈
 m

ustC
flow

(sh) :
at statem

ent st, w
e m

ust be in the dynam
ic scope of sh

T
he set of statem

ents that can be 
reached interprocedurally from

 sh
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III-B

-

cflow
 analysis: im

plem
entation

“m
ay call” : use P

addle fram
ew

ork for callgraph construction
still under active developm

ent

set representation: B
D

D
s via Jedd 

(extension of Java for program
m

ing B
D

D
-based analyses)

Im
plem

enting the analysis in Jedd:

<
stm

t>
 m

ayC
flow

(S
hadow

 sh) {
  <

stm
t>

 m
ayC

flow
 =

 stm
tsW

ithin(sh);
  <

stm
t>

 old;
  d

o
 {

    old =
 m

ayC
flow

;
    <

m
ethod>

 targets =
 m

ayC
flow

(stm
t) <

>
 callT

argets(stm
t);

    m
ayC

flow
 |=

 targets(m
ethod) <

>
 stm

tsIn(m
ethod);

  } w
h

ile (m
ayC

flow
 !=

 old);
  retu

rn
 m

ayC
flow

;
}

13
III-B

-

C
om

puting cflow
 inform

ation
co

m
p

u
tatio

n
 o

f m
ayC

flo
w

(sh
):

m
ayC

flow
  

 { st | st is in intraprocedural shadow
 of sh}

repeat
for all m

ethods m
 | ∃

 st ∈
 m

ayC
flow

(sh) : st m
ay call m

 do
m

ayC
flow

 
 m

ayC
flow

 ∪
 set of statem

ents in m
until m

ayC
flow

 does not change

co
m

p
u

tatio
n

 o
f m

u
stC

flo
w

(sh
): d

u
al

H
ow

 is the “m
ay call” relation com

puted?
●

C
all graph construction in Java is 

tricky
●

A
spectJ constructs (advice...) can 

affect the call graph of the base 
program

16
III-B

-

cflow
 analysis: im

plem
entation (2)

S
tackInfo si =

 stackInfo(stack);
B

D
D

C
flow

S
tack bddcfs =

  n
ew

 B
D

D
C

flow
S

tack(cflow
A

nalysis, si.shadow
s, si.stm

tM
ap.keyS

et(), si.bindsA
rgs );

fo
r (Iterator stm

tIt =
 bddcfs.neverV

alid(); stm
tIt.hasN

ext();) {
  fin

al S
tm

t stm
t =

 (S
tm

t) stm
tIt.next();

  fo
r (Iterator rbIt =

 si.aa(stm
t).getR

esidueB
oxes().iterator(); rbIt.hasN

ext(); ) {
      fin

al R
esidueB

ox rb =
 (R

esidueB
ox) rbIt.next();

      if (!(rb.getR
esidue() in

stan
ceo

f C
flow

R
esidue)) co

n
tin

u
e;

      C
flow

R
esidue cfr =

 (C
flow

R
esidue) rb.getR

esidue();
      if (cfr.setup() !=

 stack) co
n

tin
u

e;

      rb.setR
esidue(N

everM
atch.v()); }

} Interface w
ith abc: setting the never valid residues:

14
III-B

-

R
ew

eaving: an analysis 
fram

ew
ork for A

spectJ

bytecode generator

A
spectInfo

from
 frontend

w
eaver

w
oven 

Jim
ple

m
atcher

advice lists

analyses

E
xisting Java 

analyses can 
be used for 
A

spectJ

residue
optim

iser
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Interprocedural O
ptim

isations:
S

um
m

ing U
p

figure

quicksort

sablecc

ants

LoD-sim

LoD-weka

Cona-
stack

Cona-sim

0 10 20 30 40 50 60 70 80 90

Intraprocedural
Interprocedural

A
ll but one cflow

 w
ere static properties

T
he analysis identified all of these

S
en

d
 u

s yo
u

r 
b

en
ch

m
arks!

18
III-B

-

O
ptim

isations, A
nalyses and 

B
eyond

●
S

tatically determ
ining properties:

A
t each program

 point:
–

N
ever m

atches: no error
–

A
lw

ays m
atches: error

–
M

ay m
atch: w

arning and runtim
e assert

●
pcflow

(): analysis for precision
●

T
racecuts: analysis crucial for efficiency

d
eclare erro

r : uiC
alls() &

&
 cflo

w
(call(* E

nterpriseB
ean+

.*(..)))
        : "U

I call from
 E

JB
";

A
dapted from

 
Laddad, 
A

spectJ in A
ction
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