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A Fast Method to Select Hyperblock
on Instruction Level Parallel Processors

KuN1O TABATAt and HIDEAKI KOMATSUt

For the efficient execution on instruction-level parallel processors with predicated instruc-
tions, some optimization techniques are essential, such as converting a conditional branch
into complementary predicated instructions (IF-conversion), control speculation, and data
speculation. The performance improvement achieved by these techniques varies depending
on where to apply and not to apply the optimization because of the insertion of infrequently
executed code, or the imbalance of the critical paths in branch targets. Compilers are re-
quired to select suitable program regions (Hyper Block) for these optimizations. To satisfy
the requirement, existing studies propose a Generate-&-Test-style method, in which a hyper
block selector forms all the possible Hyper Blocks, queries the estimated execution time driv-
ing code schedulers, and chooses a case of Hyper block selections with the best efficiency.
Since the execution time of the method increases exponentially according to the number of
the branch, the method spends impractically large compilation time for wide regions in pro-
grams. We propose a faster and efficient method even when the Hyper Block candidate area is
wide. The key idea of our method is that a hyper block selector estimates the approximately
best execution time of a region based on the subsets of the region recursively. The recursion
starts from code-scheduled Basic Blocks, and stops when estimated execution time is worse
than the sequential execution. This idea is implemented by dynamic programming, which
achieves almost linear compilation time, and allows this method to be applied to wide areas
in programs.
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Conditional branch P1, P2 = conditional branch
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Fig.1 An example of an unsuitable case of IF-conversion:
INST-BN and INST-CN are instructions in basic
block B and basic block C. The instructions which
are put horizontally represents that they will be ex-

ecuted in parallel.
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Fig.2 An example of a control flow: A, B, E, F, G is the

hottest path, and it is required to decide C & D is
included in a hyperblock.
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Fig.3 Contents of basic block.
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Fig.4 Elements of series parallel graph, (a) series

(b)

connection, (b) parallel connection.

4. 0000040

41 O O
00000000000000000000000
000000000000000000000000
00000000000 0000000000000
0000D000D000D000000000
41.1 00000000000
000000000000D00000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000MO00000000
000000000000000000000000
0000000000000
00O000D000000000000000000
000000°00000000000000000
000000000000000000000000
0000000000 4()00000000000
04(h)00000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000
0000000000000 DD00D00000O0
0000D000000000000000D00000
0000D00000000000000000000
00000000000 5()000000000(b)0
(00000000 000000D0000D0000

Y 0000000000000 00000000000000
goooooO0ooOoOoO0O0OOO0O0O0OO0000OOOO000O0O
goo0oodooooooooooooo0oooooOoooo
gooobooooooooooooooOon



Vol. 43 No. SIG 1(PRO 13)

Critical Path Length is 6
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Fig.5 Modeled basic block.

ooooo
ooi1oooooooooooooood w
gobooooooooooooobooon

ooooooooooboOoOooooooooo woo

goloboooooooool1ooooooooon

O0001l<w<WOOOOO wOO000O0OO

ooooooooOoooooooow Ooooooo

gooooo

oobooboebOOCOUOOCOOOZ20000000O0O
gooooobooboooooobooboooboo200

ooooooo0o00 Xoooooooooooo

goooooooooooboooooobboobooo

gooooobooobed wWDOOooDOOOOO
goboobooooobobooooooooooobooo
gdoooooboooooboooodoood wo0OO
gooooooooobobooocbooooooil100o
obobOoooooboooboooobooooooobooo

00oo0000o00ooooooo wooo20000

gooooooooooooobooboobOoooon 1

000000000000 W?0000000000

gooooboooo2000000DO000DO
gooooobooobobooooooboboooooon
gooooooooooooobooboboboooo
goooooooooooooobobooooood
oboobob w0O0O00O0000O0O0000000
moooooobooboooboobooboboooo

gooooooo woboOoooooo 100000

oooooocowoooooooooo

oooboooooboooooboooooobooon
goooooooooooocooooboooboooobo

000 wOO0O0OO0ODOOO0ODODOO0O0O0O0O0000o0

gbooooooooooo

goboboooooooooooooooobobOoOoboOooooobooo 101

X
06 000000000000
Fig.6 Modeled parallel suite.
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Diiload g, [base+a]
jadd g, 1
imul g2
istore [base+a], g
iload h, [base+b]
iadd h, 1
imul h,3

Aiimove a, 1
imove b, 1
imove ¢, 3
fadd a, 1
isub b, 1
cmpjmp-eq a, 1, C

Biiload d, [base+a] | istore [base+c], g
iload e, [base+b] iload j, [base+d]
jadd d, 1 jadd j, 1
jadd e, 1 imul j,5
isub d, 1 istore [base+d], j
isub e, 2 goto F:
isub £, e
iadd d, e E:iload h, [base2]
iadd e, f iload i, [base2+a]
goto G: iload j, [base2+b]

iload ~ k,[base2+c]

Ciimove d, 4 jadd b, 1
imove e, 4 jadd i, 2
cmpjmp-eq b, LE | iadd j, 3

jadd k.4

F:iadd j, g

istore [base+b], h
iload i, [base+c]
iadd i, 1
imul i, 4

Giiadd e, d
iadd f, d
goto A:
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Fig.7 An example program segment for hyperblock selec-
tion algorithm, (a) original control flow graph, (b)
original assembly code.
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Fig.8 After Program Dependence Graph generation, crit-

ical path length and avarage parallelism are also

estimated.
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Fig.9 An example of Series Parallel Nest Tree.
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Table 1 Estimation of execution performance.

Suite\Parallelism | 1 2 3 4 5 6
D 16 8 53 4 4 4
E 8 4 2.6 2 2 2
S5 13s 71.5s 5.45s 4.5s 4.5s 4
C 3 1.5 1 1 1 1
S4 16 9 6.45 55 55 5
1
6
5
6.
2
8.

F 1 1 1 1 1

S3 17 10 7.45 6.5 6.5

B 10 5 5 5 5

S2 13.5s 9s 1.7s 7.25s 7.25s

A 6 3 2 2 2

S1 19.5 12 9.7 9.25 9.25

G 2 1 1 1 1 1
S0 21.5 13 10.7 10.25 10.25 9.5

5

5

02 0000O0DOOOO0OO0ODOOoO
Table 2 Structure information on dependency of

execution performance estimation.
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