
Lecture 4: Control Flow Optimization Lecture 4: Control Flow Optimization 

COS 598C COS 598C –– Advanced CompilersAdvanced Compilers
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Reducible Flow GraphsReducible Flow Graphs
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Non-reducible!
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Back to Loops Back to Loops –– Assembly Generation Assembly Generation 
SchemaSchema

for (i=x; i<y; i+=z) {
body;

}

while-do schema

if (i >= y) goto done
body;
i += z;
goto loop

loop:

done:

do-while schema

if (i >= y) goto done
body;
i += z;
if (i < y) goto loop

loop:

done:

Question: which schema is better and why?
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Loop Induction VariablesLoop Induction Variables

� '�����
����
	

�����
	���
	

������������
�����	���
���
�������
����
���#������
	��
��	�������(���	�����������
����������
��

� )
�
��
�����
����
	

���� 
�����
����
	

����������������

��
���������
��
��
������
	�����������	����*��+,  #�
���	�� �
��
������
��

� -	
�
	��
�����
����
	

���� �
�
��
�����
����
	

������
��
����	��������������%����
���$��	�'*./�'01../�'++&#�'�
$�
	��
��	��
���	�����
���'&�
�������	
�
	��
�����
����
	

���

� 2�	
����
�����
����
	

���� �
	

������
��
��
��
��
	�
�����
������
��
�
��
�����
����
	

���

� Prof. David AugustCOS 598C - Advanced Compilers

Class Problem 1 (4 from last time)Class Problem 1 (4 from last time)

r2 = r1 *  4
r4 = r7 + 3
r7 = r7 + 1
r1 = load(r2)
r3 = load(r4)
r9 = r1 *  r3
r10 = r9 >> 4
store (r10, r2)
r1 = r1 + 4
blt r1 100 Loop

Loop:

r1 = 0
r7 = &AIdentify the basic,

primary and derived
inductions variables in 
this loop.
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Loop UnrollingLoop Unrolling
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Loop:
r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = r2 + 1
blt r2 100 Loop
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r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = r2 + 1
blt r2 100 Loop

Loop Unroll Loop Unroll –– Type 1Type 1

Loop:
r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = r2 + 1
blt r2 100 Loop

r2 is the loop variable,
Increment is 1
Initial value is 0
Final value is 100
Trip count is 100

Loop:
r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = r2 + 1

r1 = MEM[r2 + 1]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = r2 + 2
blt r2 100 Loop

Loop:
r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6

Remove branch from
first N-1 iterations

Remove r2 increments
from first N-1 iterations
and update last increment

Counted loop
All parms known

" Prof. David AugustCOS 598C - Advanced Compilers

Loop Unroll Loop Unroll –– Type 2Type 2

Loop:
r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = r2 + X
blt r2 Y Loop

r2 is the loop variable,
Increment is ?
Initial value is ?
Final value is ?
Trip count is ?

Remainder loop executes
the “ leftover”  iterations Unrolled loop same as Type 1,

and is guaranteed to execute
a multiple of N times

Counted loop
Some parms unknown

RemLoop:
r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = r2 + X
blt r2 fin RemLoop

tc = final – initial
tc = tc / increment
rem = tc % N
fin = rem * increment

r1 = MEM[r2 + X]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = r2 + (N*X)
blt r2  Y Loop

Loop:
r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
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Loop Unroll Loop Unroll –– Type 3Type 3

Loop:
r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = MEM[r2 + 0]
bne r2 0 Loop

pointer chasing, loop
var modified in a strange
way, etc.

Non-counted loop
Some parms unknown Loop:

r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = MEM[r2 + 0]
beq r2 0 Exit

r1 = MEM[r2 + 0]
r4 = r1 *  r5
r6 = r4 << 2
MEM[r3 + 0] = r6
r2 = MEM[r2 + 0]
bne r2 0 Loop
Exit:

Just duplicate the
body, none of the 
loop branches can
be removed.  Instead
they are converted into
conditional breaks

Can apply this
to any loop including
a superblock or
hyperblock loop !



$ Prof. David AugustCOS 598C - Advanced Compilers

Loop Unroll SummaryLoop Unroll Summary
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Class Problem 2Class Problem 2

for (i=0; i<100; i++) {
j = i;
while (j < 100) {

A[j]--;
j += 5;

}
B[i] = 0;

}

Unroll both the outer
loop and inner loop 2x
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Control Flow Optimizations for Acyclic CodeControl Flow Optimizations for Acyclic Code
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Control Flow Optimizations (1)Control Flow Optimizations (1)

1. Branch to unconditional branch

L1: if (a < b) goto L2
. . .
L2: goto L3

L1: if (a < b) goto L3
. . .
L2: goto L3  � may be deleted

2. Unconditional branch to branch

L1: goto L2
. . .
L2: if (a < b) goto L3
L4:

L1: if (a < b) goto L3
goto L4:
. . .
L2: if (a < b) goto L3  � may be deleted
L4:
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Control Flow Optimizations (2)Control Flow Optimizations (2)

3. Branch to next basic block

4. Basic block merging

. . .
L1: if (a < b) goto L2

L2:
. . . 

BB1

BB2

. . .
L1:

L2:
. . .

BB1

BB2

Branch is unnecessary

. . .
L1:

L2:
. . .

. . .
L1:
L2:
. . .

BB1

BB2

BB1

Merge BBs when single edge between
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Control Flow Optimizations (3)Control Flow Optimizations (3)

5. Branch to same target

. . .
L1: if (a < b) goto L2
goto L2

6. Branch target expansion

. . .
L1: goto L2

stuff1
L1: goto L2

L2: stuff2
. . . 

BB1

BB2

. . .

stuff1
L1: stuff2
. . .

L2: stuff2
. . . 

BB1

BB2

. . .

What about expanding a conditional branch?
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Unreachable Code EliminationUnreachable Code Elimination

Mark procedure entry BB visited
to_visit = procedure entry BB
while (to_visit not empty) {

current = to_visit.pop()
for (each successor block of current) {

Mark successor as visited;
to_visit += successor

}
}
Eliminate all unvisited blocks

entry

bb1 bb2

bb3 bb4

bb5

Which BB(s) can be deleted?

Algorithm
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Class Problem 3Class Problem 3

L1: if (a < b) goto L11
L2: goto L7
L3: goto L4
L4: stuff4
L5: if (c < d) goto L15
L6: goto L2
L7: if (c < d) goto L13
L8: goto L12
L9: stuff 9
L10: if (a < c) goto L3
L11:goto L9
L12: goto L2
L13: stuff 13
L14: if (e < f) goto L11
L15: stuff 15
L16: rts

Maximally optimize the control flow of this code
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RegionsRegions
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Regions (2)Regions (2)
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Region Type 1 Region Type 1 –– TraceTrace
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BB2

BB4

BB6

BB5

BB1

BB3

80 20

10

90

10

90

10

80 20

10
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LinearizingLinearizing a Tracea Trace

BB2

BB4

BB6

BB5

BB1

BB3

80
20 (side exit)

10 (side exit)

90

10 (entry count)

90 (entry/
exit count)

10 (exit count)

80
20 (side entrance)

10 (side entrance)
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Issues With Selecting TracesIssues With Selecting Traces
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Trace Selection AlgorithmTrace Selection Algorithm

i = 0;
mark all BBs unvisited
while (there are unvisited nodes) do

seed = unvisited BB with largest execution freq
trace[i] += seed
mark seed visited
current = seed
/*  Grow trace forward * /
while (1) do

next = best_successor_of(current)
if (next == 0) then break
trace[i] += next
mark next visited
current = next

endwhile
/*  Grow trace backward analogously * /
i++

endwhile
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Best Successor/PredecessorBest Successor/Predecessor
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best_successor_of(BB)
e = control flow edge with highest 

probability leaving BB
if (e is a backedge) then

return 0
endif
if (probability(e) <= THRESHOLD) then

return 0
endif
d = destination of e
if (d is visited) then

return 0
endif
return d

endprocedure
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Class Problem 4Class Problem 4

BB2

BB4

BB6

BB5

BB1

BB3

20 80

100

450

20 80

BB3

BB6

BB6

51 49

49

10

41
10

41

Find the traces
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FreeFree--form regionsform regions
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Intervals & Structural AnalysisIntervals & Structural Analysis
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Intervals and Structural Analysis: ExampleIntervals and Structural Analysis: Example


