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IN SHORT:




IN SHORT:

void foo() {
new A1();
1d(a);

a
b
}

void bar() {
a = new A2();

b = id(a);
}
A id(A a) {
return a;

}




IN SHORT:

void foo() {
new A1();
1d(a);

a
b
}

void bar() {
a = new A2();

b = id(a);
}
A id(A a) {
return a;

}

foo::a - new A1()
bar::a - new A2()




IN SHORT:

void foo() { foo
a = new Al1();
b = id(a); ) .
}
void bar() {
a = new A2();
b = id(a);
}
A id(A a) {
return a;

}

::a - new A1()
::a - new A2()
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present objects
allocation sites
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IN SHORT:

void foo() { foo::a -» new A1()
a = new A1(); bar::a -» new A2()
— b = 1d(a); id::a - new A1(), new A2()
}

void bar() {
a = new A2();

— b = id(a);
}

C—>A id(A a) {
}

return a;




IN SHORT:

void foo() { foo::a - new A1()

a = new A1(); bar::a - new A2()
— b = 1d(a); id::a -» new A1(), new A2()
} foo::b » new A1(), new A2()
bar::b - new A1(), new A2()

void bar() {
a = new A2();

— b = id(a);
}

A id(A a) {

— return a;
}




void foo() { -y
— a = new Al1(); oo
} fOO::
bar::
:: d = hew AZ();
b = id(a);
}

}

ooV o L

\)

new Al()
new AZ()

new A1(), new A2()
new Al(), new Az()
new A1(), new A2()
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IN SHORT:

void foo() { foo::a -» new A1()
a = new A1(); bar::a -» new A2()
— b = 1d(a); id::a - new A1(), new A2()
}

void bar() {
a = new A2();

— b = id(a);
}

C—>A id(A a) {
}

return a;




IN SHORT:

A1()
T00 o A2()
‘a3 = new 2)
void foo() {Al()° bi;::g ~ new ALCERIEES
a:neW X i .
b = id(a)’
I:>

Add ”context" to vVariab|eg
}
void bar() {

a = new ?2();
b = 1d(a);
}

C—>A 1d(A a) {
}

return a;




IN SHORT:

A1()
kbt I
N fOO(gW{Al(); biQQEa (foo) - new
a=n .
b = id(a);
—

id::a (bar) - new A2()
}

Add ”context” to vVariab|eg
: {
votdabirggw A2();

— b = id(a);
}

C——>A id(A a) {
}

return a;




IN SHORT:

void foo() { foo::a - new A1()
a = new A1(); bar::a - new A2()
— b = 1d(a); id::a (foo) - new A1()
} id::a (bar) - new A2()
foo::b - new A1()
void bar() { bar::b - new A2()
a = new A2(); Add “ -
C—> b =1id(a); “ontext” to Variab|es
}
A id(A a) {
— return a;
}













/di'kle(a)rativ/

Computing denoting high-level programming languages
which can be used to solve problems without requiring the
programmer to specify an exact procedure to be followed.




dil Fiv )
From algorithms to specifications

Computing denoting high-level programming languages
which can be used to solve problems without requiring the
programmer to specify an exact procedure to be followed.




INTERPROCASSIGN( to, calleeCtx, from, callerCtx) «
CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALARG(invo, 1, from), FORMALARG(meth, i, to).




INTERPROCASSIGN( to, calleeCtx, from, callerCtx) «
CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALARG( invo, 1, from), FORMALARG(meth, i, to).




INTERPROCASSIGN( to, calleeCtx, from, callerCtx) «
CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALARG(invo, 1, from), FORMALARG(meth, i, to).




@utput relations in reg

C—— > INTERPROCASSIGN( to, calleeCtx, from, callerCtx) «
——> CALLGRAPH(1invo, callerCtx, meth, calleeCtx),
ACTUALARG(invo, 1, from), FORMALARG(meth, i, to).




INTERPROCASSIGN( to, calleeCtx, from, callerCtx) «

CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALARG( invo, 1, from), FORMALARG(meth, i, to).

— =

(Input relations in blue)




Cmeth(..,From,..D

INTERPROCASSIGN( to, calleeCtx, from, callerCtx) «
CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALARG( invo, 1, from), FORMALARG(meth, i, to).




(meth(..,From,..D

INTERPROCASSIGN( to, calleeCtx, from, callerCtx) «
CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALARG( invo, 1, from), FORMALARG(meth, i, to).

invo: meth(..,from,..)




(meth(..,From,..D

INTERPROCASSIGN( to, calleeCtx, from, callerCtx) «
CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALARG( invo, 1, from), FORMALARG(meth, i, to).

////////”———— —-~;;;;:TT?10,..) {

invo: meth(..,from,..)




C to = meth(..) j

INTERPROCASSIGN( to, callerCtx, from, calleeCtx) «
CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALRETURN( invo, to), FORMALRETURN(meth, from).




( to = meth(..) j

INTERPROCASSIGN( to, callerCtx, from, calleeCtx) «
CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALRETURN( invo, to), FORMALRETURN(meth, from).

meth(..) { ..

> return from;
} W

invo: to = meth(..) --17mmmmmeeecll .




( to = meth(..) J

INTERPROCASSIGN( to, callerCtx, from, calleeCtx) «
CALLGRAPH(invo, callerCtx, meth, calleeCtx),
ACTUALRETURN( invo, to), FORMALRETURN(meth, from).

invo: to = meth(..) meth(..) { ..

‘\ }




Cvar = new A())

RECORD( heap, ctx) = hctx,
VARPOINTSTO(var, ctx, heap, hctx) «
REACHABLE(meth, ctx), ALLOC(var, heap, meth).




(var = new A()j

RECORD( heap, ctx) = hctx,
VARPOINTSTO(var, ctx, heap, hctx) «
REACHABLE(meth, ctx), ALLOC(var, heap, meth).

meth




(var = new A()J

|

RECORD( heap, ctx) = hctx, Gew contexg

VARPOINTSTO(var, ctx, heap, hctx) «
REACHABLE(meth, ctx), ALLOC(var, heap, meth).

meth %




(var = new A()j

RECORD( heap, ctx) = hctx,
VARPOINTSTO(var, ctx, heap, hctx) «
REACHABLE(meth, ctx), ALLOC(var, heap, meth).




C to = from j

VARPOINTSTO( to, ctx, heap, hctx) «
VARPOINTSTO( from, ctx, heap, hctx), MOVE(to, from).




C to = from j

VARPOINTSTO( to, ctx, heap, hctx) «
VARPOINTSTO( from, ctx, heap, hctx), MoveE(to, from).




( to = from j

VARPOINTSTO( to, ctx, heap, hctx) <
VARPOINTSTO( from, ctx, heap, hctx), Move(to, from).

hctx

heap




C to = from j

VARPOINTSTO( to, ctx, heap, hctx) «
VARPOINTSTO( from, ctx, heap, hctx), Move(to, from).

from

o e




C to = from j

VARPOINTSTO( to, ctx, heap, hctx) «

VARPOINTSTO( from, ctx, heap, hctx), MoveE(to, from).




C to = from _)

VARPOINTSTO( to, toCtx, heap, hctx) «
INTERPROCASSIGN( to, toCtx, from, fromCtx),
VARPOINTSTO( from, fromCtx, heap, hctx).




( to = from _)

VARPOINTSTO( to, toCtx, heap, hctx) «
INTERPROCASSIGN( to, toCtx, from, fromCtx),
VARPOINTSTO( from, fromCtx, heap, hctx).




( to = from J

VARPOINTSTO( to, toCtx, heap, hctx) «
INTERPROCASSIGN( to, toCtx, from, fromCtx),
VARPOINTSTO( from, fromCtx, heap, hctx).

to
toCtx




( to = from J

VARPOINTSTO( to, toCtx, heap, hctx) «
INTERPROCASSIGN( to, toCtx, from, fromCtx),
VARPOINTSTO( from, fromCtx, heap, hctx).

from

fromCtx




Uaase.ﬂd = Fromj

FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx) «
VARPOINTSTO( from, ctx, heap, hctx),
STORE(base, fld, from), VARPOINTSTO(base, ctx, baseH, baseHCtx).




Uaase.ﬂd = Fromj

FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx) «
VARPOINTSTO( from, ctx, heap, hctx),
STORE(base, fld, from), VARPOINTSTO(base, ctx, baseH, baseHCtx).




Uaase.ﬂd = Fromj

FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx) «
VARPOINTSTO( from, ctx, heap, hctx),
STORE(base, fld, from), VARPOINTSTO(base, ctx, baseH, baseHCtx).

from hetx

ctx heap




Uaase.ﬂd = Fromj

FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx) «
VARPOINTSTO( from, ctx, heap, hctx),
STORE(base, fld, from), VARPOINTSTO(base, ctx, baseH, baseHCtx).

from hetx

ctx heap




Uaase.ﬂd = Fromj

FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx) «
VARPOINTSTO( from, ctx, heap, hctx),
STORE(base, fld, from), VARPOINTSTO(base, ctx, baseH, baseHCtx).

from

ctx




( to = base.fld j

VARPOINTSTO( to, ctx, heap, hctx) «
VARPOINTSTO( base, ctx, baseH, baseHCtx),
FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx), LOAD(to, base, fld).




( to = base.fld j

VARPOINTSTO( to, ctx, heap, hctx) <
VARPOINTSTO( base, ctx, baseH, baseHCtx),
FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx), LOAD(to, base, fld).




( to = base.fld j

VARPOINTSTO( to, ctx, heap, hctx) <
VARPOINTSTO( base, ctx, baseH, baseHCtx),
FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx), LoAD(to, base, fld).

base

ckx




( to = base.fld J

VARPOINTSTO( to, ctx, heap, hctx) <
VARPOINTSTO( base, ctx, baseH, baseHCtx),
FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx), LoAD(to, base, fld).

base baseHCtx

......

ctx Ly baseH
fld




( to = base.fld j

VARPOINTSTO( to, ctx, heap, hctx) <
VARPOINTSTO( base, ctx, baseH, baseHCtx),
FLDPOINTSTO( baseH, baseHCtx, fld, heap, hctx), LOAD(to, base, fld).

base baseHCtx

ctx fld baseH

Fld




C A::toMeth() )

MERGESTATIC(invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «
SCALL( toMeth, invo, inMeth), REACHABLE(inMeth, callerCtx).




MERGESTATIC(invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),

CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «
SCALL( toMeth, invo, inMeth), REACHABLE(inMeth, callerCtx).

inMeth toMeth

invo: A::toMeth(..)

callerCtx




A::toMeth()
MERGESTATIC(invo, callerCtx) = calleeCtx,

REACHABLE( toMeth, calleeCtx),

CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «
SCALL( toMeth, invo, inMeth), REACHABLE( inMeth, callerCtx).

inMeth toMeth

invo: A::toMeth(..)

callerCtx callerCtx




( A::toMeth() J

MERGESTATIC(invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «
SCALL( toMeth, invo, inMeth), REACHABLE(inMeth, callerCtx).

callerCtx




( base.sig(..) J

MERGE (heap, hctx, invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),
VARPOINTSTO( this, calleeCtx, heap, hctx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «
REACHABLE( inMeth, callerCtx), VCALL(base, sig, invo, inMeth),
VARPOINTSTO( base, callerCtx, heap, hctx),
HEAPTYPE( heap, heapT), LOOKUP(heapT, sig, toMeth),
THISVAR( toMeth, this).




MERGE ( heap, hctx, invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),

VARPOINTSTO( this, calleeCtx, heap, hctx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «

REACHABLE( inMeth, callerCtx), VCALL(base, sig, invo, inMeth),
VARPOINTSTO( base, callerCtx, heap, hctx),

HEAPTYPE(heap, heapT), LOOKUP(heapT, sig, toMeth),

THISVAR( toMeth, this).

inMeth |

invo: base.sig(..)




MERGE ( heap, hctx, invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),
VARPOINTSTO( this, calleeCtx, heap, hctx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «
REACHABLE( inMeth, callerCtx), VCALL(base, sig, invo, inMeth),
VARPOINTSTO( base, callerCtx, heap, hctx),
HEAPTYPE(heap, heapT), LOOKUP(heapT, sig, toMeth),
THISVAR( toMeth, this).

inMeth |

invo: ba§e.sig(..)




MERGE ( heap, hctx, invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),
VARPOINTSTO( this, calleeCtx, heap, hctx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «
REACHABLE( inMeth, callerCtx), VCALL(base, sig, invo, inMeth),
VARPOINTSTO( base, callerCtx, heap, hctx),
HEAPTYPE(heap, heapT), LOOKUP(heapT, sig, toMeth),
THISVAR( toMeth, this).

inMeth . , toMeth

invo: base.sig(..)




base.sig(..)
MERGE (heap, hctx, invo, callerCtx) = calleeCtx,

REACHABLE( toMeth, calleeCtx),
VARPOINTSTO( this, calleeCtx, heap, hctx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «
REACHABLE( inMeth, callerCtx), VCALL(base, sig, invo, inMeth),
VARPOINTSTO( base, callerCtx, heap, hctx),
HEAPTYPE(heap, heapT), LOOKUP(heapT, sig, toMeth),
THISVAR( toMeth, this).

inMeth N " toMeth

invo: base.sig(..)




MERGE ( heap, hctx, invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),
VARPOINTSTO( this, calleeCtx, heap, hctx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) <«
REACHABLE( inMeth, callerCtx), VCALL(base, sig, invo, inMeth),
VARPOINTSTO( base, callerCtx, heap, hctx),
HEAPTYPE(heap, heapT), LOOKUP(heapT, sig, toMeth),
THISVAR( toMeth, this).

inMeth. N e toMeth

invo: base.sig(..)




MERGE ( heap, hctx, invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),
VARPOINTSTO( this, calleeCtx, heap, hctx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) «
REACHABLE( inMeth, callerCtx), VCALL(base, sig, invo, inMeth),
VARPOINTSTO( base, callerCtx, heap, hctx),
HEAPTYPE(heap, heapT), LOOKUP(heapT, sig, toMeth),
THISVAR( toMeth, this).

inMeth,

invo: base.sig(..)







#10

9 RULES ARE ENOUGH!



Variety of Analyses

4 }
~




Variety of Analyses

£

Just alter the definition of “context”




LET'S RECALL WHERE
ARE CREATED



LET'S RECALL WHERE
ARE CREATED

RECORD( heap, ctx) = hctx,
VARPOINTSTO(var, ctx, heap, hctx) « #3
REACHABLE(meth, ctx), ALLOC(var, heap, meth).
MERGESTATIC(invo, callerCtx) = calleeCtx,

REACHABLE( toMeth, calleeCtx),
#8 CALLGRAPH(1invo, callerCtx, toMeth, calleeCtx) «
SCALL( toMeth, invo, inMeth), REACHABLE(inMeth, callerCtx).

MERGE (heap, hctx, invo, callerCtx) = calleeCtx,
REACHABLE( toMeth, calleeCtx),
VARPOINTSTO( this, calleeCtx, heap, hctx),
CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) « #9

REACHABLE( inMeth, callerCtx), VCALL(base, sig, invo, inMeth),

VARPOINTSTO( base, callerCtx, heap, hctx),

HEAPTYPE(heap, heapT), LOOKUP(heapT, sig, toMeth),

THISVAR( toMeth, this).




LET'S RECALL WHERE
ARE CREATED

VARPOINTSTO(var, ctx, hege . # 3

RECORD( heap, ctx) = hctx,

MERGESTATIC(invo, callerCtx) = calleeCtx,

8 REACHABLE( toMeth, calleeCtx),
# CALLGRAPH(invo, callerCtx, toMeth, Ctx) «

REACHABLE( toMeth, calleeCtx),
VARPOINTSTO( this, calleeCtx, heap, hctx),

CALLGRAPH(invo, callerCtx, toMeth, calleeCtx) « #9
REACHABLE( inMeth, callerCtx), VCALL(base, sig, invo, inMeth),
VVARPOINTSTO( base, callerCtx, heap, hctx),

HEAPTYPE(heap, heapT), LOOKUP(heapT, sig, toMeth),

HISVAR( toMeth, this).




IGNORE CONTEXT ALTOGETHER




IGNORE CONTEXT ALTOGETHER

void foo() { foo::
a = new Al(); bar::

b = 1d(a); id::

} foo::
bar::

void bar() {
a = new A2();

b = id(a);
}
A id(A a) {
return a;

}

CoOowowow

1 111

new A1()
new A2()
new A1(), new A2()
new A1(), new A2()
new A1(), new A2()




IGNORE CONTEXT ALTOGETHER

RECORD(heap, ctx) = * <——3
MERGE (heap, hctx, invo, callerCtx) = * <]
MERGESTATIC(invo, callerCtx) = * <e—m3

@se a single context everywhereﬂ




USE CALL-SITES AS CONTEXTS




USE CALL-SITES AS CONTEXTS

void foo() {
a = new Al1();
inv1 E;b b

i1d(a);

g

void bar() {
a = new A2();
inv2 /= b = id(a);
}

8

A id(A a) {
}

return a;

foo::
bar::
id::
id:
foo::
bar::

a
a
a

:3
b
b

- new A1()
- new A2()
(invl) - new A1()
(inv2) - new A2()
- new A1()
- new A2()



—

(Context‘s depth)




RECORD(heap, ctx) = * <—3
G\Io context for heap abstractiong




RECORD( heap, ctx) = *

MERGE (heap, hctx, invo, callerCtx) = invo

MERGESTATIC(invo, callerCtx) = iNvO




1-CALL-SITE SENSITIVE
—

@ontext sensitive heap abstractiong




RECORD( heap, ctx) = CtX




RECORD( heap, ctx) = CtX

MERGE (heap, hctx, invo, callerCtx) = invo

MERGESTATIC(invo, callerCtx) = invVO




USE ALLOCATION-SITES AS CONTEXTS




USE ALLOCATION-SITES AS CONTEXTS

Based on the receiver
object in a method call




USE ALLOCATION-SITES AS CONTEXTS

Gieally good for Object—Oriented language§)




USE ALLOCATION-SITES AS CONTEXTS

class C {
void meth(Object o) { ... }
}

class Client {
void bar(C c1, C c2) {
c1.meth(objl);

éé:meth(oij);
}

}




USE ALLOCATION-SITES AS CONTEXTS

ee )
&lass C { ( #contexts for meth::o: )
void meth(Object o) { ... }
}

class Client {
void bar(C c1, C c2) {

éi:meth(objl);

éé:meth(oij);
}

}




USE ALLOCATION-SITES AS CONTEXTS

class C { ( #contexts for meth::0? )
: void meth(Object o) { ... }

class Client {
void bar(C c1, C c2) {

c1.meth(obij1 ;
(93 1) (#objecl:s (and which) c1 and c2 point to?)

éé:meth(oij);
}

}




RECORD(heap, ctx) = * <—3
G\Io context for heap abstractiong




RECORD( heap, ctx) = *

MERGE (heap, hctx, invo, callerCtx) = heap <——

(Use the allocation-site of the receiver object)




RECORD( heap, ctx) = *

MERGE (heap, hctx, invo, callerCtx) = heap
MERGESTATIC(invo, callerCtx) = ctx <—

G\lo receiver object to us@




RECORD( heap, ctx) = *

MERGE (heap, hctx, invo, callerCtx) = heap
MERGESTATIC(invo, callerCtx) = ctx <—

G\Io receiver object to use!)

( Copy context from calleg







* DIFFERENT CONTEXT DEPTHS




DIFFERENT CONTEXT DEPTHS

 ALTER DEFINITIONS OF RECORD AND MERGE




DIFFERENT CONTEXT DEPTHS

ALTER DEFINITIONS OF RECORD AND MERGE

* OTHER TYPES OF CONTEXT




DIFFERENT CONTEXT DEPTHS

ALTER DEFINITIONS OF RECORD AND MERGE

OTHER TYPES OF CONTEXT

* COMBINE DIFFERENT CONTEXTS




DIFFERENT CONTEXT DEPTHS

ALTER DEFINITIONS OF RECORD AND MERGE

OTHER TYPES OF CONTEXT

* COMBINE DIFFERENT CONTEXTS

(What to combine? Where? How?)




RECAP




George Kastrinis e http://gkastrinis.info
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