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Control Flow Graph [Appel, 1998]

a := 0
L1: b := a + 1

c := c + b
a := b * 2
if a < N goto L1
return c

a := 0

b := a + 1

c := c + b

a := b * 2

a < N

return c
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7.tig

1 + 2 * 3
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7’s Pre-Assembly

tc_main:
# Allocate frame

move $x13, $ra
move $x5, $s0
move $x6, $s1
move $x7, $s2
move $x8, $s3
move $x9, $s4
move $x10, $s5
move $x11, $s6
move $x12, $s7

l0:
li $x1, 1
li $x2, 2
mul $x3, $x2, 3
add $x4, $x1, $x3

l1:
move $s0, $x5
move $s1, $x6
move $s2, $x7
move $s3, $x8
move $s4, $x9
move $s5, $x10
move $s6, $x11
move $s7, $x12
move $ra, $x13

# Deallocate frame
jr $ra



7’s Flowgraph

tc_main:

# Allocate frame

move t13, $ra

move t5, $s0

move t6, $s1

move t7, $s2

move t8, $s3

move t9, $s4

move t10, $s5

move t11, $s6

move t12, $s7

l0:

li t1, 1

li t2, 2

mul t3, t2, 3

add t4, t1, t3

l1:

move $s0, t5

move $s1, t6

move $s2, t7

move $s3, t8

move $s4, t9

move $s5, t10

move $s6, t11

move $s7, t12

move $ra, t13

# Deallocate frame

jr $ra
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7000.tig

1 | 2 & 3
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7000’s Pre-Assembly

tc_main:
# Allocate frame

move $x6, $ra
l8:

li $x3, 1
bne $x3, 0, l5

l6:
li $x4, 2
bne $x4, 0, l0

l1:
li $x0, 0

l2:
l7:

j l9

l0:
li $x1, 1
li $x5, 3
bne $x5, 0, l3

l4:
li $x1, 0

l3:
move $x0, $x1
j l2

l5:
j l7

l9:
move $ra, $x6

# Deallocate frame
jr $ra



7000’s Flowgraph

tc_main:

# Allocate frame

move t6, $ra

l8:

li t3, 1

bne t3, 0, l5

l6:

l5:li t4, 2

bne t4, 0, l0

l1: l0:

li t0, 0

l2:

l7:

j l9

l9:

li t1, 1

li t5, 3

bne t5, 0, l3

l4:

l3:

li t1, 0

move t0, t1

j l2

j l7

move $ra, t6

# Deallocate frame

jr $ra
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Liveness

a := 0

b := a + 1

c := c + b

a := b * 2

a < N

return c

a := 0

b := a + 1

c := c + b

a := b * 2

a < N

return c

a := 0

b := a + 1

c := c + b

a := b * 2

a < N

return c
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Dataflow Equations for Liveness Analysis

in[n] = use[n] ∪ (out[n] \ def[n])

out[n] =
⋃

s∈succ[n]

in[s]
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Liveness Calculation

(Forward)

1st step 2nd step 3rd step 4th step

use def in out in out in out in out

1 a

a a ac

2 a b

a a bc ac bc ac bc

3 bc c

bc bc b bc b bc c

4 b a

b b a b a b ac

5 a

a a a ac ac ac ac ac

6 c

c c c c

5th step 6th step 7th step

use def in out in out in out

1 a

c ac c ac c ac

2 a b

ac bc ac bc ac bc

3 bc c

bc b bc bc bc bc

4 b a

bc ac bc ac bc ac

5 a

ac ac ac ac ac ac

6 c

c c c

in[n] = use[n] ∪ (out[n] \ def[n])

out[n] =
⋃

s∈succ[n]

in[s]

Calculation done following forward control-flow edges.
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Liveness Calculation (Backward)

1st step 2nd step 3rd step

use def out in out in out in

6 c

c c c

5 a
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2 a b
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1 a
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⋃

s∈succ[n]

in[s]

Calculation done following reverse control-flow edges.
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Control Flow Graph [Appel, 1998]

a := 0
L1: b := a + 1

c := c + b
a := b * 2
if a < N goto L1
return c
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a := b * 2
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return c
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Conservative Approximation

a := b * b

c := a + b

c >= b

return a return c
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ors.tig

1 | 2
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ors’ Flowgraph

tc_main:

# Allocate frame

move t2, $ra

l3:

li t1, 1

bne t1, 0, l0

l1:

l0:

l2:

j l4

l4:

j l2

move $ra, t2

# Deallocate frame

jr $ra
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ors’ Liveness Graph

tc_main:

# Allocate frame

$fp $ra $sp $v0 $zero

move $x2, $ra

$fp $ra $sp $v0 $zero

l3:

$fp $sp $v0 $x2 $zero

li $x1, 1

$fp $sp $v0 $x2 $zero

bne $x1, 0, l0

$fp $sp $v0 $x1 $x2 $zero

l1:

$fp $sp $v0 $x2 $zero

l0:

$fp $sp $v0 $x2 $zero

l2:

$fp $sp $v0 $x2 $zero

j l4

$fp $sp $v0 $x2 $zero

l4:

$fp $sp $v0 $x2 $zero

j l2

$fp $sp $v0 $x2 $zero

$fp $sp $v0 $x2 $zero

move $ra, $x2

$fp $sp $v0 $x2 $zero

# Deallocate frame

$fp $ra $sp $v0 $zero

jr $ra

$fp $ra $sp $v0 $zero
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Interference Graph

1 Control Flow Graph

2 Liveness
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Interference Graph

a := 0

b := a + 1

c := c + b

a := b * 2

a < N

return c

a

c

b a

c

b
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Register Allocation

a := 0
L1: b := a + 1

c := c + b
a := b * 2
if a < N goto L1
return c

a

c

b r1 := 0
L1: r1 := r1 + 1

r2 := r2 + r1
r1 := r1 * 2
if r1 < N goto L1
return r2
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7’s Interference Graph

$a0

$fp

$ra

$s0

$s1

$s2

$s3

$s4

$s5

$s6

$s7

$sp

$v0

$zero

$a1 $a2$a3$x13

$x5

$x6

$x7

$x8

$x9

$x10

$x11

$x12

$x1

$x2 $x3

$x4
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7000’s Interference Graph

$a0

$fp

$ra

$sp

$v0

$zero

$a1$x6

$x3$x4$x0

$x1

$x5

A. Demaille, E. Renault, R. Levillain Liveness Analysis 25 / 30



ors’ Interference Graph

$a0

$fp

$ra

$sp

$v0

$zero

$a1$x2

$x1
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fact.tig

let function fact (n : int) : int =
if n = 0 then

1
else

n * fact (n - 1)
in

fact (12)
end
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fact’s Liveness Graph

tc_l0:

# Allocate frame

$a0 $a1 $fp $ra $sp $zero

move $x8, $ra

$a0 $a1 $fp $ra $sp $zero

sw $a0, ($fp)

$a0 $a1 $fp $sp $x8 $zero

move $x0, $a1

$a1 $fp $sp $x8 $zero

l4:

$fp $sp $x0 $x8 $zero

beq $x0, 0, l1

$fp $sp $x0 $x8 $zero

l2:

$fp $sp $x0 $x8 $zero

l1:

$fp $sp $x8 $zero

lw $x5, ($fp)

$fp $sp $x0 $x8 $zero

move $a0, $x5

$fp $sp $x0 $x5 $x8 $zero

sub $x6, $x0, 1

$a0 $fp $sp $x0 $x8 $zero

move $a1, $x6

$a0 $fp $sp $x0 $x6 $x8 $zero

jal tc_l0

$a0 $a1 $fp $sp $x0 $x8 $zero

move $x4, $v0

$fp $sp $v0 $x0 $x8 $zero

mul $x7, $x0, $x4

$fp $sp $x0 $x4 $x8 $zero

move $x1, $x7

$fp $sp $x7 $x8 $zero

l3:

$fp $sp $x1 $x8 $zero

move $v0, $x1

$fp $sp $x1 $x8 $zero

j l5

$fp $sp $v0 $x8 $zero

l5:

$fp $sp $v0 $x8 $zero

li $x1, 1

$fp $sp $x8 $zero

j l3

$fp $sp $x1 $x8 $zero

$fp $sp $x1 $x8 $zero

move $ra, $x8

$fp $sp $v0 $x8 $zero

# Deallocate frame

$fp $ra $sp $v0 $zero

jr $ra

$fp $ra $sp $v0 $zero
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fact’s Interference Graph

$a0

$a1

$fp

$ra

$sp

$zero

$v0

$x8

$x0

$x5$x6 $x4

$x7

$x1
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