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Language,S
em

antics

C
::=

x
:=

E
|
C

�

;C

�

|
if

E
t
h
e
n

C

�

e
ls

e
C

�

|
w

h
ile

E
d
o

C

�
Forexpressions,w

e
assum

e
there

exists
a

sem
antic

function
[[E

]]
:
S
t
o

→
V

a
lw

hich
satisfies

the
follow

ing
property:

Ifforall
x
∈

fv
(
E

)
w

e
have

s
1

x
=

s
2

x,w
ith

s
1
,s

2
∈

S
t
o,then

[[E
]]s

1
=

[[E
]]s

2 .

�
The

definition
of

[[E
]]w

ould
contain

the
clause

[[x
]]s

=
s

x.

�
The

sem
antics

ofa
com

m
and

has
functionality

[[C
]]

:
T
r
c

→
T
r
c.

�
B

ecause
T
r
c

is
a

C
P

O
,therefore,w

ith
the

follow
ing

pointw
ise

ordering,
T
r
c

→
T
r
c

is
a

C
P

O
:
f
1
v

f
2

iff
f
1
(T

)
v

f
2
(T

)
forall

T
∈

T
r
c.
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S
em

antics,contd.

[[x
:=

E
]]

=
λ
T.λ

s
.let

s
′
=

T
s

in
[s

′
|
x
7→

[[E
]]s

′]

[[C

�

;C

� ]]
=

λ
T.[[C

� ]]([[C

� ]]T
)

[[if
E

t
h
e
n

C

�

e
ls

e
C

� ]]
=

λ
T.λ

s
.let

s
′
=

T
s

in

iftrue?
([[E

]]s
′)

then
[[C

� ]]T
s

else
[[C

� ]]T
s

[[w
h
ile

E
d
o

C

� ]]
=

lfp
(F

)
w

here

F
:
(
T
r
c

→
T
r
c
)
→

(
T
r
c

→
T
r
c
)

is

F
(f)

=
λ
T.λ

s
.let

s
′
=

T
s

in

iftrue?
([[E

]]s
′)

then
f([[C

� ]]T
)s

else
s

′
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Independences

�
W

e
w

illbe
interested

in
a

finite
abstraction

ofthe
pre-traces

and
the

post-traces
relevantto

the
execution

ofa
com

m
and.

�
The

abstracttraces
are

term
ed

independences:an
independence

T
#
∈

Independ
=

P
((

V
a
r
∪

{⊥
})
×

V
a
r
)

is
a

setofpairs
ofthe

form
[x

n
w

].

�
If

x
is

a
variable,then

[x
n

w
]denotes

thatthe
current

value
of

x
is

independentofthe
initialvalue

of
w

.

�
If

x
is

⊥
,then

the
nonterm

ination
behavior

ofthe
com

m
and

is
independentof

w
.

This
is

form
alized

by
the

follow
ing

definition
of

w
hen

an
independence

correctly
describes

a
setoftraces.
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D
efinition

ofindependences,ordering
on

independences

�
Forall

T
∈

T
r
c,forall

x
∈

V
a
r
∪

{⊥
},forall

w
∈

V
a
r,

T
|=

[x
n

w
]

holds
iffforall

s
1
,s

2
∈

S
t
o
⊥

:
s
1

=�

s
2

im
plies

T
s
1

x=
T

s
2 .

T
|=

T
#

holds
iffforall

[x
n

w
]
∈

T
#

itholds
that

T
|=

[x
n

w
].

�
The

ordering
T

#1
�

T
#2

holds
iff

T
#2
⊆

T
#1

.

�
Independ

form
s

a
com

plete
lattice

w
rt.the

ordering
�

;let
u

i T
#

i

denote
the

greatestlow
erbound

(w
hich

is
the

setunion).
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S
om

e
facts

�
If

T
|=

T
#1

and
T

#1
�

T
#2

then
T

|=
T

#2
.

�
Ifforall

i
∈

I
itholds

that
T

|=
T

#i
,then

T
|=

u
i
∈

I T
#i

.
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D
o

w
e

have
an

abstractinterpretation?

�
If

[x
n

w
]belongs

to
u

� T
#�

then
italso

belongs
to

som
e

T
#�

.

�
Let

γ
:Independ

→
P

(
T
r
c
)

be
defined

as:

γ
(T

#
)

=
{T

∈
T
r
c

|
T

|=
T

#
}

�
W

e
can

show
that

γ
is

com
pletely

m
ultiplicative.

�
Therefore,w

ith
α

:
P

(
T
r
c
)
→

Independ
defined

as:
α
(T

)
=

⋃
{T

#
|
T
⊆

γ
(T

#
)},w

e
have

(P
(
T
r
c
),α

,γ
,Independ

)

is
a

G
alois

connection.
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