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1. “Lazy Code Motion”, by J. Knoop, O. Rüthing, and B. Steffen, in PLDI’92;

2. “A Variation of Knoop, Rüthing, and Steffen’s Lazy Code Motion”, by K. 
Drechsler and M. Stadel, SIGPLAN Notices, 28(5), May 1993;
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Machine Independent

Redundancy 

Redundancy elimination

Partial redund.  eliminat.

Consolidation 

Code motion

Loop-invariant code motion

Consolidation

Global Scheduling

Constant propagation

Useless code 

Dead code elimination

Partial D.C.E.

Constant propagation

Algebraic identities

Create opportunities

Re-association

Replication

Specialization

Replication

Strength Reduction

Constant Propagation

Method caching

Heap→stack allocation

Tail recursion elimination
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Today

(Lazy Code 
Motion)
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…
a = (x+y)+z;
b = a-1; 
c = x+y;
…

Before CSE

…
t = x+y;
a = t+z;
b = a-1; 
c = t;
…

After CSE
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a = x+y;
x == 0 

x = z;
b = x+y;

i < n

c = x+y;
i = i+c;

d = x+y

i = x+y; 

Expressions
1: x+y
2: i < n
3: i+c
4: x==0

0000

1001

1000

1000

1100 1100

� ������� ��������	
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Expressions
1: x+y
2: i<n
3: i+c
4: x==0

a = x+y;
t = a;

x == 0 

x = z;
b = x+y;

t = b;

i < n

c = t;
i = i+c;

d = t;

i = t; 

0000

1001

1000

1000

1100 1100

must use same temp
for CSE in all blocks
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Some occurrences of 
b+c are redundant
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a ← b + c

a ← b + c b ← b + 1
a ← b + c

a ← b + c
a ← b + c
a ← b + c

*
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b ← b + 1
a ← b + c a ← b + c

a ← b + c

Inserting a copy of “a ← b + c” after the definition of b 
can make it redundant fully redundant?
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b ← b + 1 a ← b + c

a ← b + c
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x ← y * z

a ← b + c

b + c is partially  
redundant here

x ← y * z
a ← b + c

a ← b + c
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B1: r1 ← 1
r2 ← r1

r3 ← r0 + @m
r4 ← r3

r5 ← (r1< r2)
if r5 then B2 else B3

B2: r20 ← r17 * r18

r21 ← r19 + r20

r8 ← r21

r6 ← r2 + 1
r2 ← r6

r7 ← (r2> r4)
if r7 then B3 else B2

B3: ...

C �	
������r2, r4, r8

1-�	���
����r1, r3, r5, r6, r7, r20, r21
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B1: r1 ← 1
r2 ← r1

r3 ← r0 + @m
r4 ← r3

r5 ← (r1< r2)
if r5 then B2 else B3

B2: r20 ← r17 * r18

r21 ← r19 + r20

r8 ← r21

r6 ← r2 + 1
r2 ← r6

r7 ← (r2> r4)
if r7 then B3 else B2

B3: ...

B1 B2 B3
DEEXPR r1, r3, r5 r7, r20, r21
UEEXPR r1, r3 r6, r20
KILLEDEXPR r5, r6, r7 r5, r6, r7

C �	
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����r1, r3, r5, r6, r7, r20, r21
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AVAILIN(n) = ∩∩∩∩m∈ preds(n) AVAILOUT(m), n � n0

AVAILOUT(m) = DEEXPR(m) ∪ (AVAILIN(m) ∩ KILLEDEXPR(m))
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ANTOUT(n) = ∩∩∩∩m∈ succs(n) ANTIN(m), n not an exit block

ANTIN(m) = UEEXPR(m) ∪ (ANTOUT(m) ∩ KILLEDEXPR(m))
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EARLIEST(i,j) = ANTIN(j) ∩ AVAILOUT(i) ∩ (KILLEDEXPR(i) ∪ ANTOUT(i))

EARLIEST(n0,j) = ANTIN(j) ∩ AVAILOUT(n0)
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LATERIN(j) = ∩∩∩∩m∈ pred(n) LATER(i,j), j � n0

LATER(i,j) = EARLIEST(i,j) ∪ (LATERIN(i) ∩ UEEXPR(i))
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2 -�∈ INSERT�
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2 -�∈ DELETE�+)�� ����
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INSERT(i,j) = LATER(i,j) ∩ LATERIN(j) 

DELETE(k) = UEEXPR(k) ∩ LATERIN(k), k � n0

If local redundancy elimination has already been 
performed, only one copy of x exists.  Otherwise, 
remove all upward exposed copies of x.

*
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2 -�∈ INSERT�
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Bi

Bj

|succs(i)| = 1

x

|preds(j)| = 1

Bi

Bj Bk
x

|succs(i) > 1

|preds(j)| > 1

Bi

Bj Bk

Bh

x



12

KT2, 2003 23

�������
	�� ������������	

B1: r1 ← 1
r2 ← r1

r3 ← r0 + @m
r4 ← r3

r5 ← (r1< r2)
if r5 then B2 else B3

B2: r20 ← r17 * r18

r21 ← r19 + r20

r8 ← r21

r6 ← r2 + 1
r2 ← r6

r7 ← (r2> r4)
if r7 then B3 else B2

B3: ...

B1

B2

B3

1,2 1,3 2,2 2,3

EARLIEST r20, r21 { } { } { }

Example is too small to show off LATER

INSERT(1,2) = { r20, r21 }

DELETE(2) = { r20 , r21 }

B1 B2 B3
DEEXPR r1, r3, r5 r7, r20, r21
UEEXPR r1, r3 r6, r20
KILLEDEXPR r5, r6, r7 r5, r6, r7

B1 B2 B3
AVAILIN { } r1, r3 r1, r3
AVAILOUT r1, r3, r5 r1, r3, r7, r20, r21 …
ANTIN r1, r3 r6, r20 { }
ANTOUT { } { } { }


