
��

��

C
on
stan
t
p
rop
agation
is
ex
am
p
le
of

F
O
R
W
A
R
D
�F
L
O
W
�A
L
L
�P
A
T
H
S
p
rob
lem
�

In
tu
itiv
ely�
d
ata
is
p
rop
agated
forw
ard
in
C
F
G
�
an
d
valu
e
is

con
stan
t
at
a
p
oin
t
p
on
ly
if
it
is
th
e
sam
e
con
stan
t
for
all
p
ath
s

from
start
to
p
�

G
en
eral
classi�
cation
of
d
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p
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s�reaching definitions

very busy expressions
live variables

constant propagation

available expressions
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R
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y := x + 1
z := x + 1

m
erge

...x+1...

STA
R

T

<---- x+1 is "available" here

x := y op z E0E1

E1 = {y op z} U
 (E0 - Ex)

(w
here Ex is all expressions involving x)

STA
R

TE0 = { } 

EQ
U

A
TIO

N
S:

Lattice:  pow
erset of all expressions in procedure

confluence operator:   m
eet (intersection)

com
pute greatest solution
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a := R
EA

D
()

b := R
EA

D
()

d := b - a

d := b + d

d > 0

d := a + b

m
erge

print (d)

STA
R

T

m
erge

d > b

EN
D

d0d1d2

{}{d0}

{d0,d1}

{d0,d1,d2}

{d0,d1,d2}

{d0,d1,d4}

d3

d4

{d0,d1,d2,d4}

{d0,d1,d3}

{d0,d1,d2,d3}

{d0,d1,d2,d3}

Lattice: pow
erset of definitions in procedure

Equations:STA
R

T{}

x := e D
in

D
out

D
out = 

d
{d} U

 (D
in - dx)

(dx is set of all definitions of x)

C
om

pute least solution

C
onfluence operator: join (union)

C
om

plexity:  D
*E*D

 (D
 is num

ber of definitions)
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�
rev
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f
d
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ch
a
in

a := R
EA

D
()

b := R
EA

D
()

d := b - a

d := b + d

d > 0

d := a + b

m
erge

print (d)

STA
R

T

m
erge

d > b

EN
D

d0d1d2

{}{d0}

{d0,d1}

{d0,d1,d2}

{d0,d1,d2}

{d0,d1,d4}

d3

d4

{d0,d1,d2,d4}

{d0,d1,d3}

{d0,d1,d2,d3}

{d0,d1,d2,d3}

def-use chains
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A
C
K
W
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A
variab
le
x
is
said
to
b
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a
p
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t
p
if
x
is
u
sed
b
efore
b
ein
g

assign
ed
on
som
e
p
ath
from
p
to
E
N
D
�u
sed
in
register
allo
cation
��

Lattice: pow
erset of variables ordered by containm

ent

Equations:

EN
D

{}

x := y op z

E0 E1 =  {y,z} U
 (E0 - {x})

C
onfluence operator: join (union)

C
om

pute least solution
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is
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ath
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p
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E
N
D
b
efore
an
assign
m
en
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to

y
or
z�

Lattice: pow
erset of expressions ordered by containm

ent

Equations:

EN
D

{}

x := y op z

E0 E1 =  {y op z} U
 (E0 - Ex)

C
om

pute greatest solution

(Ex is set of expressions containing x)

C
onfluence operator: m

eet (intersection)
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eq
u
a
tio
n
s

u
n
n
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rily

p

y = ....x....

x = 2
x = 3

e1
e2

e3

- w
e should schedule e3 after w

e have processed e1 and e2;
    otherw

ise e3 w
ill have to be done tw

ice

- if this is w
ithin a loop nest, can be a big w

in
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region
R

gen[R
]: set of definitions in R

 from
 w

hich there is
   a path to exit free of other definitions of the sam

e variable

kill[R
]: set of definitions in program

 that do not reach 

out = gen[R
]  U

   (in - kill[R
])

exit of R
 even if they reach the beginning of R
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a =  b + c

d

R

p

R
1

R
2

R
1

R
2

p R
1

R

R

R

gen[R
] =   {d}

kill [R
] = D

a
(all definitions of a)

out[R
] = gen[R

] U
 (in[R

] - kill[R
])

gen[R
] = gen[R

2] U
 (gen[R

1] - kill[S2])
kill[R

] = kill[R
2] U

 kill[R
2]

gen[R
]  = gen[R

1] U
 gen[R

2]
kill[R

] = kill[R
1] 

Ukill[R
2]

gen[R
]  = gen[R

1]
kill[R

] = kill[R
1]

in[R
2] = gen[R

1] U
 (in[R

] - kill[R
1])

in[R
1] = in[R

]

in[R
1] = in[R

2] = in[R
]

in[R
1] = in[R

] U
  gen[R

]
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