
Lecture 12: OptimizationLecture 12: Optimization

COS 598C COS 598C –– Advanced CompilersAdvanced Compilers
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Where are we?Where are we?

� ��������

� 	
���
�
��
�����������


� ������
�

� ���

� ����������
�

�
Prof. David AugustCOS 598C - Advanced Compilers

OptimizationOptimization
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Classical OptimizationsClassical Optimizations
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CaveatCaveat
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Static Single Assignment (SSA)Static Single Assignment (SSA)
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Dominance Property of SSADominance Property of SSA
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Dead Code EliminationDead Code Elimination
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Dead Code EliminationDead Code Elimination
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Dead Code EliminationDead Code Elimination
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r1 = 3
r2 = 10

r4 = r4 + 1
r7 = r1 * r4

r2 = 0 r3 = r3 + 1

r3 = r2 + r1

store (r1, r3)
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Constant FoldingConstant Folding
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Strength ReductionStrength Reduction
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Class ProblemClass Problem

r1 = 0

r4 = r1 | -1
r7 = r1 * 4

r6 = r1

r3 = 8 / r6
r3 = 8 * r6
r3 = r3 + r2

r2 = r2 + r1
r6 = r7 * r6
r1 = r1 + 1

store (r1, r3)

Optimize this applying

1. constant folding
2. strength reduction
3. dead code elimination
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Constant PropagationConstant Propagation
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r1 = 5
r2 = r1 + r3

r1 = r1 + r2 r7 = r1 + r4

r8 = r1 + 3

r9 = r1 + r11
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Simple Constant PropagationSimple Constant Propagation
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Local Constant PropagationLocal Constant Propagation
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r1 = 5
r2 = ‘_x’
r3 = 7
r4 = r4 + r1
r1 = r1 + r2
r1 = r1 + 1
r3 = 12
r8 = r1 - r2
r9 = r3 + r5
r3 = r2 + 1
r10 = r3 – r1
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Global Constant PropagationGlobal Constant Propagation
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r1 = 5
r2 = ‘_x’

r1 = r1 + r2 r7 = r1 – r2

r8 = r1 *  r2

r9 = r1 + r2
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Class ProblemClass Problem

r1 = 0
r2 = 10

r4 = 1
r7 = r1 * 4

r6 = 8

r2 = 0
r3 = r2 / r6

r3 = r4 * r6
r3 = r3 + r2

r2 = r2 + r1
r6 = r7 * r6
r1 = r1 + 1

store (r1, r3)

Optimize this applying

1. constant propagation
2. constant folding
3. strength reduction
4. dead code elimination
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Forward Copy PropagationForward Copy Propagation
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r1 = r2
r3 = r4

r2 = 0 r6 = r3 + 1

r5 = r2 + r3
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Backward Copy PropagationBackward Copy Propagation
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r1 = r8 + r9
r2 = r9 + r1
r4 = r2
r6 = r2 + 1
r9 = r1
r10 = r6
r5 = r6 + 1
r4 = 0
r8 = r2 + r7
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CSE CSE –– Common Common SubexpressionSubexpression EliminationElimination
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r1 = r2 * r6
r3 = r4 / r7

r2 = r2 + 1 r6 = r3 * 7

r5 = r2 * r6
r8 = r4 / r7
r9 = r3 * 7

if op is a load, call it redundant
load elimination rather than CSE
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Class ProblemClass Problem

Optimize this applying

1. constant propagation
2. constant folding
3. strength reduction
4. dead code elimination
5. forward copy propagation
6. backward copy propagation
7. CSE

r1 = 9
r4 = 4
r5 = 0
r6 = 16

r2 = r3 * r4
r8 = r2 + r5

r9 = r3
r7 = load(r2)
r5 = r9 * r4

r3 = load(r2)
r10 = r3 / r6
store (r8, r7)

r11 = r2
r12 = load(r11)
store(r12, r3)
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Constant CombiningConstant Combining
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r1 = r2 + 4
r3 = r1 < 0
r2 = r3 + 6
r7 = r1 – 3
r8 = r7 + 5
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Operation FoldingOperation Folding
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r1 = r2 & 4
r3 = r1 ^ -1
r2 = r3 < 6
r4 = r2 == 0
r5 = r6 << 1
r7 = r5 + r8


