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S
park

is
a

m
odular

toolkit
for

flow
-insensitive

m
ay

points-to
analyses

for
Java,

w
hich

enables
experim

entation
w

ith:

�
various

param
eters

of
pointer

analyses
w

hich
affectaccuracy

and
efficiency

�
various

im
plem

entations
ofpointeranalyses

�
various

clientanalyses
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P
o

in
ter

A
n

alysis
P

aram
eters

S
park

allow
s

experim
entation

w
ith

the
follow

ing
param

eters
that

affect
the

accuracy,
efficiency,

and
size

of
the

result
of

a
pointer

analysis.

�
S

ubset(A
ndersen)

or
unification

(S
teensgard)?

�
A

ppropriate
levelofcontextsensitivity?

a

�
A

re
objectinstances

distinguished
in

field/array
references?

�
A

re
variables

in
S

S
A

form
,

U
D

-D
U

w
ebs,

or
as

in
original

source?

�
A

re
declared

types
and

casts
respected?

�
Is

an
initialcallgraph

required,
or

is
itconstructed

during
the

pointer
analysis?

�
Is

the
initialcallgraph

builtby
C

H
A

,R
TA

,V
TA

,...
?

aN
otyetim

plem
ented

in
currentversion
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S
o

o
t

O
verview

B
ytecode

��
Jim

plify

��
Jim

ple

��
A

nalyses,O
ptim

izations,
and

A
nnotations

��
O

ptim
ized

Jim
ple

��
O

ptim
ized

B
ytecode

S
park

is
a

com
ponent

of
S

oot,
a

fram
ew

ork
for

analyzing,optim
izing,

annotating,
and

decom
piling

Java
class

files.
It

supports
a

num
ber

of
interm

ediate
representations

of
varying

levels,
ranging

from
stack-based,

bytecode-like
B

af
to

structured,Java-source-like
D

ava.

M
ost

analyses
and

transform
ations

in
S

oot,
and

the
S

park
fram

ew
ork

in
particular,

operate
on

Jim
ple,

a
stackless,

typed,
three-address

interm
ediate

representation.
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C

allG
raph

Trim
m
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A
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S

ide-effect
A

nalysis
// S
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Inform

ation
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O
ther

S
oot

A
nalyses

//

��

O
ptim

ized
A

nnotated
Jim

ple
��

N
ative

M
ethod

S
im

ulator

HH�����������
E

scape
A

nalysis
//

E
scape

Inform
ation

GG�����������
// A

nnotation
G

enerator

II����������
O

ptim
ized

A
nnotated

B
ytecode

O
ther

C
lient

A
nalyses

S
park

reads
the

Jim
ple

interm
ediate

representation
produced

by
S

oot,
and

com
putes

m
ay

points-to
inform

ation
for

allpointer
variables

in
the

program
.

T
his

inform
ation

allow
s

clientanalyses
to

determ
ine

w
hether

tw
o

pointer
variables

m
ay

be
aliased,

as
w

ell
as

the
types

that
m

ay
reach

each
variable.

T
he

results
of

these
client

analyses
can

be
used

further
by

S
oot,

or
encoded

in
class

file
attributes

for
use

by
a

JIT
com

piler
or

other
optim

izer.
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C
allG

raph
//

P
ointer

A
ssignm

ent
G

raph
B

uilder

//
P

ointer
A

ssignm
ent

G
raph

//
S

olver
//

P
ointer

A
nalysis
R

esult

N
ative

M
ethod

S
im

ulator

GG�����������

T
he

pointer
analysis

engine
consists

oftw
o

m
ain

com
ponents:

�
T

he
builder

builds
a

sim
ple

interm
ediate

representation
ofthe

flow
of

pointers
in

the
program

.
P

ointer
analysis

param
eters

determ
ine

how
the

features
ofthe

program
are

represented.

�
A

solver
produces

the
required

m
ay

points-to
inform

ation.
T

he
solver

is
m

ostly
independent

of
the

pointer
analysis

param
eters.

W
e

can
experim

ent
w

ith
various

solver
im

plem
entations.
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ssig
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m

en
t

G
rap

h

p 
new

C
p 

q

p 
q.f

p.f 
q

T
he

pointer
assignm

entgraph
is

a
flow

-insensitive
representation

ofthe
program

source.

�
S

im
ple

(
p

)
or

field
reference

(
p.f

)
nodes

(depending
on

pointer
analysis

param
eters)

represent
alllocations

storing
pointers.

�
F

or
a

contextsensitive
analysis,m

ultiple
nodes

m
ay

represent
a

single
variable

in
differentcontexts.

�
E

dges
represent

not
just

explicit
assignm

ents,
but

also
flow

through
m

ethod
param

eters,return
values,and

exceptions.

�
S

om
e

or
all

edges
can

be
m

ade
bi-directional

for
a

unification-based
analysis.

�
E

very
node

has
a

declared
type

w
hich

the
solver

m
ay

use.
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1
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s
t
a
t
i
c
v
o
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d
f
o
o
(
)
{

a
1
:
p
=
n
e
w
O
(
)
;

q
=
p
;

a
2
:
r
=
n
e
w
O
(
)
;

p
.
f
=

r
;

t
=
b
a
r
(
q
)
;

}s
t
a
t
i
c
O
b
a
r
(
O

s
)
{

r
e
t
u
r
n
s
.
f
;

}T
his

graph
w

ould
be

m
ade

from
the

code
fragm

ent
by

a
unification-based

analysis,
represented

by
bi-directional

edges.
O

bject
instances

are
not

distinguished,
so

a
single

sim
ple

node
represents

allinstances
of

field
f

.
A

ll
allocation

sites
ofeach

type
are

grouped
together

in
a

com
m

on
node.
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p
le
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new

O

��

a2:
new

O

��
p��

r��
q��

p.f

s
s.f��t

T
his

is
the

pointer
assignm

ent
graph

thatw
ould

be
produced

from
the

exam
ple

code
using

different
settings

of
pointer

analysis
param

eters.
A

subset-based
analysis

is
being

done
in

this
case,

so
edges

are
directed.

O
bject

instances
are

distinguished,
so

separate
nodes

represents
.
f

and
p
.
f

.
E

ach
allocation

site
is

represented
using

its
ow

n
node.
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Java
class

files
m

ay
contain

optionalnam
ed

attributes
w

ith
arbitrary

data.

�
A

ttributes
can

be
used

to
com

m
unicate

results
ofanalyses

to
a

virtualm
achine,JIT

com
piler,or

other
optim

izer.

�
S

oot
provides

an
annotation

fram
ew

ork
w

hich
allow

s
annotations

to
be

associated
w

ith
classes,

fields,
m

ethods,
or

individualstatem
ents,and

propagated
cleanly

betw
een

its
interm

ediate
representations.

�
W

e
are

experim
enting

w
ith

encoding
side-effectinform

ation
in

attributes
for

use
by

JIT
com

pilers.

B
ytecode

//S
oot

// A
nnotated

B
ytecode

//

�� 6 6
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JIT
C

om
piler

O
ther

O
ptim

izers
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S
id

e-effect
A

n
alysis

i
n
t
g
e
t
X
(
)

{
r
e
t
u
r
n
t
h
i
s
.
x
;
}

O
f
o
o
(
O
p
,
O
q

)
{

i
n
t
r
e
t
=
1
0
0
0
0
0
0
;

w
h
i
l
e
(
r
e
t
>
0
)
{

p
.
f
=

r
e
t
;

q
.
f
=

g
e
t
X
(
)
;

r
e
t
=

p
.
f
-

1
;

}r
e
t
u
r
n
r
e
t
;

}Ifw
e

can
determ

ine
thatneither

the
w

rite
to
q
.
f

nor
the

callto
g
e
t
X
(
)

access
p
.
f

,
then

w
e

can
m

ove
the

redundant
load

and
store

ofp
.
f

outside
the

loop.
S

uch
side-effect

analysis
is

one
exam

ple
client

ofpoints-to
analysis.

S
ide-effectanalysis

com
putes

a
dependence

graph
betw

een
statem

ents
possibly

reading
or

w
riting

fields.
T

his
inform

ation
is

used
by

other
analyses

w
ithin

S
oot,

such
as

com
m

on
subexpression

elim
ination.

It
can

also
be

encoded
in

the
class

file
as

annotations
for

use
by

a
virtualm

achine,
JIT

com
piler,or

optim
izer.
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S
id

e-effect
In

fo
rm

atio
n

in
A

ttribu
tes

1
q
.
f

=
r

s
=

p
.
f

3
f
o
o
(
)

4
f
o
o
(
)

r
=

q
.
f

2
p
.
f

=
s

w

r
r

wrw
r

w

1.
F

or
each

statem
ent,

S
park

encodes
num

bered
nodes

representing
loca-

tions
read

and
w

ritten.
R

epeated
uses

of
the

sam
e

reference
use

the
sam

e
node.

2.
N

odes
representing

over-
lapping

sets
of

locations
are

connected
in

a
graph

(dashed
lines).

H
ere,f

o
o
(
)

reads
locations

pointed
to

by
q
.
f

,and
w

rites
those

pointed
to

by
p
.
f

.



'&

$%

S
o

lver
In

the
solver,

w
e

experim
ent

w
ith

im
plem

entation
details

w
hich

affectefficiency.

�
T

he
solver

can
collapse

strongly
connected

com
ponents

and
rooted

D
A

G
s

ofsim
ple

nodes
in

the
pointer

assignm
entgraph.

�
It

can
then

propagate
points-to

sets
for

sim
ple

nodes
in

a
single

pass.

�
It

m
ust

iteratively
propagate

sets
for

field
reference

nodes
to

their
aliases.

?
R

especting
declared

types
increases

precision,and
prevents

blow
up

in
the

num
ber

ofaliased
field

references,butreduces
graph

sim
plification

opportunities.

?
Im

plem
entation

ofpoints-to
sets

has
a

huge
effecton

analysis
tim

es.
W

e
are

investigating
alternative

im
plem

entations
such

as
O

B
D

D
s.
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N
ative

M
eth

o
d

S
im

u
lato

r
S

im
ulation

D
river

� � � �
5 5 5

5 5

N
ative

M
ethod

S
im

ulation
A

bstract
C

lass
OO

P
ointer

A
nalysis

A
bstract
C

lass
OO

N
ative

M
ethod

S
im

ulations

P
ointer

A
nalysis

W
e

have
developed

a
fram

ew
ork

w
hich

allow
s

disparate
flow

-
insensitive

analyses
that

m
ust

consider
the

effects
of

native
m

ethods
to

share
a

single
library

ofsim
ulated

native
m

ethods.

E
ach

native
m

ethod
is

represented
by

a
concrete

subclass
of

the
N

ative
M

ethod
S

im
ulation

abstract
class,

in
w

hich
the

m
ethod’s

effects
are

described
in

term
s

of
abstractoperations

such
as

object
allocations,assignm

ents,and
field

reads
and

w
rites.

E
ach

analysis
provides

an
im

plem
entation

ofthe
P

ointer
A

nalysis
abstractclass,w

here
itdefines

its
representation

ofthe
abstractoperations.
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E
xp

erim
en

ts
an

d
F

u
tu

re
W

o
rk

W
e

w
illuse

S
park

to
answ

er
these

questions:

�
W

hich
pointer

analysis
param

eters
are

appropriate
for

Java?

�
W

hich
pointer

analysis
param

eters
are

appropriate
for

different
clientanalyses?

�
W

hich
pointer

analysis
im

plem
entations

fit
w

ellw
ith

w
hich

pointer
analysis

param
eters?

�
H

ow
can

analysis
results

be
used

effectively
by

JIT
com

pilers?

�
H

ow
can

analysis
results

be
com

m
unicated

securely
to

JIT
com

pilers?

S
park

is
available

for
other

researchers
to

im
plem

enttheir
points-to

analyses
w

ithin
it,

so
that

they
m

ay
be

com
pared

in
a

com
m

on
context.

Itis
included

in
version

1.2.4
ofS

oot,available
under

the
LG

P
L

atw
w
w
.
s
a
b
l
e
.
m
c
g
i
l
l
.
c
a
/
s
o
o
t
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