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 c+
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x :=
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 c+
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 c+
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 R
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x :=
 a+

b
x :=
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b

c :=
 c+
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u :=

 c+
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v :=
 c+
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x :=
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b
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c :=
 c+
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 c+
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 c+
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 c+
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 c+

b
u :=

 c+
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V

A
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∏
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r
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V
A

IL(n
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otherw
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)
]](b)
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M

P
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,n
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+
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∗

T
R

A
N
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y :=
 a+
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b :=
 a+
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 a+

b
z :=
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a)y :=
 a+
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x :=
 a+

b
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z :=
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b :=
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z :=
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y :=
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b :=
 a+
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 a+
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z :=
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x :=
 a+
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a :=
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z :=
 a+

b

b :=
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z :=
 a+
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•
A

pplications

•
C

onclusions

9

B
ackground

D
em

and-D
riven

D
ata-F

low
A

nalysis...

•
A

graw
al(2000)

•
H

orw
itz,R

eps,S
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(1994+
)

•
D

uesterw
ald,G
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offa

(1995+
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•
...

•
K

noop
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ar

1999,K
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S
2007)

10

R
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tandard)

D
ata-F

low
A

nalysis...

•
D

ata-F
low

Lattice
Ĉ

=
(C

,⊓
,⊔

,⊑
,⊥

,⊤
)

•
D

ata-F
low

F
unctional[[

]]
:
E
→

(C
→

C
)

R
everse

D
ata-F

low
A

nalysis...

•
R

everse
D

ata-F
low

F
unctional

(H
ughes,Launchbury

1992+
)

[[
]]R

:
E
→

(C
→

C
)

defined
by

∀
e
∈

E
∀

c
∈
C
.
[[
e

]]R
(c)=

df ⊓
{
c
′|[[

e
]](c

′)
⊒

c
}
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A
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•
A
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for
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o
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1.
D

ata-F
low

Lattice:

(C
,⊓

,⊔
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,⊥
,⊤

)=
df

(B
,
∧

,
∨

,≤
,fa

lse
,tru

e
)

2.
D

ata-F
low

F
unctional:[[

]]a
v

:
E
→
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B
→

B
)

defined
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∀
e
∈

E
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e
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df
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is
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ell-defined

and
m

onotonic.

2.
[[
e

]]R
is
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M
onotonicity,D

istributivity,and
A

dditivity

...ofdata-flow
functions.

D
efinition

[M
onotonicity,D

istributivity,A
dditivity]

LetĈ
=

(C
,⊓

,⊔
,⊑

,⊥
,⊤

)
be

a
com

plete
lattice

and
f

:
C
→

C
a

function
on

C
.T

hen:
f

is

1.
m

onotonic
iff∀

c,c
′
∈
C
.
c
⊑

c
′
⇒

f
(c)

⊑
f
(c

′)

(P
reserving

the
order

ofelem
ents)

2.
distributive

iff∀
C

′
⊆

C
.

f
(⊓

C
′)

=
⊓
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f
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|
c
∈

C
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(P
reserving
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3.
additive
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C

′
⊆

C
.

f
(⊔

C
′)
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⊔
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f
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c
∈

C
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reserving
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bounds)
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lattice
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f
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C
→
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is
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⇐
⇒

∀
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⊆
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.
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(⊓
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⊑
⊓

{
f
(c)

|
c
∈

C
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⇐
⇒

∀
C

′
⊆

C
.

f
(⊔
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⊒
⊔

{
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(c)

|
c
∈

C
′}
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e
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◦
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e

]]
⊑

Id
C
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]]
is

m
onotonic.

2.
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e

]]◦
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e

]]R
⊒
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C
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e
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In
term
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e
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=
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=
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⊔
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]]R

(req
In
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m

∈
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}

otherw
ise

T
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R
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inF
P
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olution:

∀
c
q
∈
C
∀

n
∈

N
.
R

-M
inF

P
c
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)=

df
req

In
f
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w
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req
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q
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R
-M

inF
P

-equation
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rt

c
q
∈
C
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S
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F
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xF
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s

ifn
=

s

⊓
{
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,n
)
]](in

f
(m

))
|
m

∈
p
red

(n
)
}

otherw
ise

T
he

M
a
xF

P
-S

olution:

∀
c
s
∈
C
∀

n
∈

N
.
M

a
xF

P
([[

]],c
s
) (n

)=
df

in
f
∗c
s (n

)

w
here

in
f
∗c
s

denotes
the

greatestsolution
ofthe

M
a
xF

P
-equation

system
w

rtc
s
∈
C
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F
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q
∈
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∈
C
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c
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⊑
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⇒

M
a
xF

P
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⊒
c
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∈
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∀
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O
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=
⊓
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∈
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afety]

∀
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s
∈
C
∀

n
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N
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M

a
xF

P
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)
⊑
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functional[[
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heorem
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∀
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s
∈
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∀

n
∈

N
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M

a
xF

P
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=

M
O
P
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O
fcourse...

R
everse

data-flow
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]]R
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T
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q
∈
C
∀
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N
.R
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O
P
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)=
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∈
P

[n
,
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R
everse

D
FA
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ain

R
esults

T
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[S
oundness

/R
everse

S
afety]

∀
c
q
∈
C
∀

n
∈

N
.
R

-M
inF

P
c

q (n
)
⊒

R
-J

O
P

c
q (n

)

T
heorem

[C
om

pleteness
/R

everse
C

oincidence
(P

recision)]

∀
c
q
∈
C
∀

n
∈

N
.
R

-M
inF

P
c

q (n
)
=

R
-J

O
P

c
q (n

)

if[[
]]

is
distributive.
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P
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c
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T
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e
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M
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c
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n
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h
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r
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C
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erification
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W
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 P
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P
rogram
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x :=
 a+

b
x :=

 a+
b

c :=
 c+

b
u :=

 c+
b

v :=
 c+

b
f

e
y :=

 a+
b

x

se29
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T
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{q}
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d
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P
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W
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A
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for
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1.
D

ata-flow
lattice:

(C
,⊓

,⊔
,⊑

,⊥
,⊤

)=
df
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X

,
∧

,
∨

,≤
,fa

lse
,fa
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re
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⊥
=

fa
lse
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tru

e
<

fa
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⊤

2.
D
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→

(
B

X
→

B
X
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defined

by

∀
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∈
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v =
df
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∧
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∨
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∀
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=
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=
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∀
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∀
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∈
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=
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•
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•
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A
pplications

read(a,b)
read(a,b)

b)
a)

x :=
 a+

b

y :=
 a+

b

c :=
 a+

b

a :=
 ...

x :=
 a+

b

z :=
 a+

b

b :=
 ...

z :=
 a+

b

x :=
 a+

b

D
ebugger

w
rite(c)

x :=
 a+

b

x :=
 a+

b

y :=
 a+

b

c :=
 a+

b

a :=
 ...

x :=
 a+

b

b :=
 ...

z :=
 a+

b

Program
 point

satisfies
availability ,
does not!

w
hile

"H
ot Spot" O

ptim
izer

z :=
 a+

b
x

w
rite(c)

V
ariable c is not initialized

program
 point

z :=
 a+

b

x :=
 a+

b

z :=
 a+

b

x :=
 a+

b

along som
e paths reaching

e
e

g

f
f
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F
rom

A
pplications

tow
ards

C
onclusions

R
everse

D
ata-F

low
A

nalysis
especially

w
ell-suited

for...

•
H

ot-S
potO

ptim
ization

•
D

ebugging

•
Just-in-tim

e
C

om
pilation

based
on

answ
ering

data-flow
queries.

H
ence...

•
D

ata-F
low

A
nalysis

for
D

ebugging

•
D

ata-F
low

A
nalysis

for
Just-in-tim

e
C

om
pilation

w
ere

titles
considered

optionally.
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C
onclusions

(C
ont’d)

A
s

an
appealing

add-on...

•
R

D
FA

is
tailored

for
parallelization!
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R
ecallagain...

A
 P

ossibly H
uge

P
rogram

 R
egion

A
 P

ossibly H
uge

P
rogram

 R
egion

x :=
 a+

b
x :=

 a+
b

c :=
 c+

b
u :=

 c+
b

v :=
 c+

b
f

e
y :=

 a+
b

x
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C
onclusions

and
P
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D
ata-F

low
A

nalysis
for

M
ulti-C

ore
A
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