
Lecture Lecture 7:7: HyperblocksHyperblocks

COS 598C COS 598C –– Advanced CompilersAdvanced Compilers
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FROM LAST TIME: Control DependencesFROM LAST TIME: Control Dependences
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Class Problem from Last TimeClass Problem from Last Time

if (a > 0) {
r = t + s
if (b > 0 || c > 0)

u = v + 1
else if (d > 0)

x = y + 1
else

z = z + 1
}

a. Draw the CFG
b. Compute CD
c. If-convert the code
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Region Formation + IfRegion Formation + If--conversionconversion
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BB2
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BB6

BB5’

BB1

BB3

80 20
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72

10

64.8
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26
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18
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When to Apply IfWhen to Apply If--conversionconversion
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90
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Negative 1: Resource UsageNegative 1: Resource Usage

BB2

BB4

BB1

BB3

60 40

100

60 40

Case 1: Each BB requires 3 resources
Assume processor has 2 resources

No IC: 1*3 + .6*3 + .4*3 + 1*3 = 9
9 / 2 = 4.5 = 5 cycles

IC: 1(3 + 3 + 3+ 3) = 12
12 / 2 = 6 cycles

100

Resource usage is additive
for all BBs that are if-converted

Case 2: Each BB requires 3 resources
Assume processor has 6 resources

No IC: 1*3 + .6*3 + .4*3 + 1*3 = 9
9 / 6 = 1.5 = 2 cycles

IC: 1(3+3+3+3) = 12
12 / 6 = 2 cycles

BB1

BB2 if p1

BB3 if p2

BB4
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Negative 2: Dependence HeightNegative 2: Dependence Height

BB2

BB4

BB1

BB3

60 40

100

60 40

Case 1: height(bb1) = 1, height(bb2) = 3
Height(bb3) = 9, height(bb4) = 2

No IC: 1*1 + .6*3 + .4*9 + 1*2 = 8.4

IC: 1*1 + 1*MAX(3,9) + 1*3 = 13

100

Dependence height is max of
for all BBs that are if-converted
(dep height = schedule length
with infinite resources)

BB1

BB2 if p1

BB3 if p2

BB4

Case 2: height(bb1) = 1, height(bb2) = 3
Height(bb3) = 3, height(bb4) = 2

No IC: 1*1 + .6*3 + .4*3 + 1*2 = 6

IC: 1*1 + 1*MAX(3,3) + 1*2 = 6
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Negative 3: Hazard PresenceNegative 3: Hazard Presence

BB2

BB4

BB1

BB3

60 40

100

60 40

Case 1: Hazard in BB3

No IC : SB out of BB1, 2, 4, operations
In BB4 free to overlap with those in
BB1 and BB2

IC: operations in BB4 cannot overlap
With those in BB1 (BB2 ok)

100

Hazard = operation that forces
the compiler to be conservative,
so limited reordering or optimization,
e.g.,  subroutine call, pointer store, …

BB1

BB2 if p1

BB3 if p2

BB4
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When To IfWhen To If--convertconvert
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BB2

BB4

BB1

BB3

60 40

100

60 40

100

BB1

BB2 if p1

BB3 if p2

BB4
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The The HyperblockHyperblock
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Block SelectionBlock Selection
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Block SelectionBlock Selection
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Example Example -- Step 1 Step 1 -- Block SelectionBlock Selection

BB2 - 8

BB4 - 3

BB6 - 2

BB5 - 5

BB1 - 5

BB3 – 2

80 20

10

90

10

90

10

80 20

10

main path = 1,2,4,6
num_ops = 5 + 8 + 3 + 2 = 18
weight = 80

Calculate the BSVs for BB3, BB5
assuming no hazards, K = 4

BSV3 = 4 x (20 / 2) x (18 / 80) = 9
BSV5 = 4 x (10 / 5) x (18 / 80) = 1.8

If Threshold = 2.0, select BB3 along with
main path
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Example Example -- Step 2 Step 2 -- Tail DuplicationTail Duplication

BB2

BB4

BB6

BB5

BB1

BB3

80 20

10

90

10

90

10

80 20

10

BB2

BB4

BB6

BB5

BB1

BB3

80 20

10

90

10

81
9

80 20

10

BB6’

9
1

Tail duplication same as with Superblock formation
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Example Example -- Step 3 Step 3 –– IfIf--conversionconversion

BB2

BB4

BB6

BB5

BB1

BB3

80 20

10

90

10

81
9

80 20

10

BB6’

9
1

BB1
p1,p2 = CMPP

BB2 if p1

BB3 if p2

BB4

BB6 BB5

10

BB6’

81 9

1 9

10

If-convert intra-HB branches only!!
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Hyperblock Performance Evaluation (1)Hyperblock Performance Evaluation (1)
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Class ProblemClass Problem

BB2 - 8

BB4 - 2

BB7 -1

BB5 - 3

BB1- 3

BB3 - 2

20 80

100

20 80

BB6 - 2

BB8 -2

BB9 -1

45 55

55

10

35
10

35

Form the HB for this subgraph
Assume K = 4, BSV Threshold = 2 
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Block Selection Block Selection –– Try 2Try 2
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Block Selection Block Selection –– Try 2 (continued)Try 2 (continued)
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Block Selection Block Selection -- Try 2 Try 2 -- ExampleExample

Enumerate all paths, rank by priority

1. A-B-D-E-F-H-N
2. A-B-D-E-F-H-K-N
3. A-B-D-E-G-J-M-N
4. A-B-D-E-G-J-L-M-N
5. A-B-D-E-G-I-M-N
6. A-B-D-E-G-J-L-N
7. A-B-D
8. A-C-D-E-F-H-N
9. A-C-D-E-F-H-K-N
10. A-C-D-E-G-J-M-N
11. A-C-D-E-G-J-L-M-N
12. A-C-D-E-G-I-M-N
13. A-C-D-E-G-J-L-N
14. A-C-D

15. A-B-D-E-F-G-I-M-N
16. A-B-D-E-F-G-J-M-N
17. A-B-D-E-F-G-J-L-M-N
18. A-B-D-E-F-G-J-L-N
19. A-B-C-E-F-G-I-M-N
20. A-B-C-E-F-G-J-M-N
21. A-B-C-E-F-G-J-L-M-N
22. A-B-C-E-F-G-J-L-N
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Block Selection Block Selection –– Try 2 Try 2 –– Example continuedExample continued
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HyperblockHyperblock Performance Using PathsPerformance Using Paths

4 - issue

8 - issue


