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Layer-unified Execution Control Scheme
for Coarse Grain Task Parallel Processing

AKIMASA YOSHIDA'

This paper proposes a layer-unified execution control scheme to use parallelism among
coarse grain tasks across several layers in the coarse grain task parallel processing using hier-
archical macrotask graphs. Conventionally, the coarse grain tasks of each layer were executed
on hierarchical processor-groups. Therefore, if the parallelism of a target program exists on
several different layers, it is difficult to utilize the whole parallelism on the restricted number
of processors. To solve such problem, this paper proposes an execution control scheme to
deal with the coarse grain tasks of several layers together by using the concept of layer-start
macrotasks. In the performance evaluations, the effectiveness of the layer-unified execution
control scheme is confirmed by the simulation using 4-layer random macrotask graphs and
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the implementation using OpenMP on SMP for SPECfp95 benchmark program.
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Fig.1 MTG of 3-layer program.
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Table 1 Layer-unified conversion for earliest-executable-
conditions and finish-states.
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MT3 true 3
MT4 true 4
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MT51 true 58 51 518
MT52 true 5S 52
MT53 52 53
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Fig.2 Execution image of 3-layer program (N = 1).

gobooobo103b0000000000 100
OMTIOMTSOOOODODOOOOOOMTS0O0O0
goooo20000MTS10MTS30000000
ooooMTs1 00000000 3000 MT5110
MTs12000000000000000O0
ubo3touoouoooooooooooooooo
0002pGOO PGO 2PECOOO 4PECOOOOO
00000000b0 2000000001000
MT1OMT3OMTSOMTS O PGOOODOOOOOO
MT20MT40MT6OMT70 PG1O00O000O0OC0OO
oooMTsO0000 2000 MT510MT520MT53
OOorPGOOO PEOO PE1OODOOOCOOOOOO
oooo MTiIOMT4OMTeOMTS OO OOOOO
ooooooooo MTO 1PGO22PECOOOOO
00ooo0oooOoPGOO 1PEODDOOOOOOOO
oo0o0ooo0oo pGOOOOOOOOODOOO
oo0o0o0oooo0o0 2000 MTs10 PGOO
1PEOO0OOOODODOOOOMTSIO00 3000
MT5110 MT512000000000000000
oooooobooo0oooooooobbbobooooo
02Mb)0000000MTIOMTS800 10000
gooooMTS 000 MTH10MTSH300 2000
ooooooMTs1 000 MT5110MT51200 30
gboboooooooooooooooooooood
gboboooobooobooobocboooooboobOooo
0000OMTs0000000 2000000000
gboooooodoooooooooboboooboOoooo
MT51 0000000 30000000000000
gobooooooobooboooooooobobooooo
100000 30000000000000 MT5110
MT5120MT20MT6e 00000 DOO0O0ODODOOO0O



Vol. 45 No. 12
ddobooooooooboooooboooooooono
4. JO00OD0O00OO0O0OO0DOO0OO

0000000000000 0000000000
ooooQ

41 0000000000

00000000000000000000000
000000000000 LOOD0O00O00o0oo
00000000 (L-1)00000000000 L
000000000000000000000000
0000000000000D000 LOOO0OOOoO
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000

000000 10 MT500000000 200
MTO MT510MT520MT5300000000MT50
020000000000000000000000
0000010 MT5100000000 300 MT
OMT5110MT51200000000MT51 00 30
000000000000000000000

42 0000000O00OO0O0O0O0OC0

00000000000000000000000
000000000000 O0®® 000000000
0000000000000D00 LOOO00oO0oo
000000000000 trued 00000000
000000000000000000000000
000000 LO0000000000000 MT;
000000000000000000000000
00000 M7, 00000000MTOOOD0OO
0000000000004 00000000 MT;
0000O000ooooo®® 000000 000
ooo

000000100 MTOOOOOOOO0O09g
0100000000000 2000 MT510 MT52
000000000000000000000000
Otrue00000000000000000000O0 2
00000000000000 MT500005SM0
00000000000 3000 MT5110 MT512
0000000000000000000000 trued
00000000000000000000 3000
00000000000 MT51000051SMO0
00000000O0O0OMTS1005800000 MT O
000 MT5000000000000000000
0000000000MT5110051800000 MT
0000 MT510000000000000000

oooooooooobooooooooooooboboo 2735

0o0oooooo
000000000000000040 MT,;00
00@G), 0 MT, 00 MT, 000004, O MT; O
0O MT; 00000 MT, 00000000000
O0EndMTOOODOOmMCaIMTOOOOOO0ODO
OO00O0O0MMRepMTOOOOODOOD0OO0O0D0OOM
ExtMTOOOOOO0O0000000000000
0000000000000
43 00000O0O00O0O0OO0O0
00000000000000 MTOOOO0OO0
0000 MTOOODOOOOOOO0OOOO0O0OO
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000 MTOOOO0OO0O0O0O0O00000O0
0000000000000000000000 L
000000000000000 (L-1)00000
000 M7, 000000000000000000
0000000000000000 MT,00000
00OMT; 0000 LO0O0O0O0000000000
000000000000000000000000
0000000 MT,00000000000000
iS00000000000000000000MT;
0000 LOO0O00000000000000 400
0O L0000 ExitMTOOO0O00O0000O
00000010000000000000000
0100000000000000000000 MT5
00000000 5S0000000 MT50000
00O050MT500000000000000000
0000 ExitMT5600 1000000000000
00D00000000000000 MT510000
0000 51S0000000 MT510000000
000510000000 ExitMT51500 1000
00000000000
44 000000O0D00O0OOOOO0OO
0000000000000000000000
000000000000000000000000
0ooooooo®Y00000000000000
000000000000000000000000
0000 Critical-PathD0 CPOOO0OO0OOOOODO
000000000000000000000000
0000000000000000
0000000000000000000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000



2736 goooooooo

0000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
45 0000000O00O0O0O00O00OO0OO0
0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000 PEODOODOOOOOODO
000000000000000000000000
0000000000 0O0000O0O001PEODO
00000000000000000000 PEOO
0000000000000000
00000000000000000000
() 00000O00000O0O000000O0000
000000000000000000000
00O0000000000000
(i-a) 00000000000 OO0OOOOOOOOO
000000000000000000 CPO
00000000000000000 PEOD
ooooo
(i-b) 00DOOOOOOOOOOOOODOOOO
000000000000000000 CPO
00000000000000000000 PE
ooooooo
(i) 000000000000 0000O0O0000
PEOOOODOOOOOOODOOOOOO
ooo
(iv) EndMTOOO0O0O000O00 ()0O000
OOooCPOOOOOODOOODOOOODOOOOO
0 CPOOOODOODOODOOOODODOOO MTG
000000000 CPOOOD CPOOYODOOO
46 00000O00O00O0DOOC
00000000000000000000000
0000000 OpenMP O POSIXOOOOODOO
000000000000000000000000
000000000000000000000000
000000000000000000000000
oooo®'"Wooooooe20000000000
O OpenMPOOOOOOOOOOOOOOODOO
00000000000000000
000000000000000000000000

Dec. 2004

gooobdooooboobooooobooooooo
00000000 PEOOOOOOOOOpenMP O
0000000$'0MP PARALLELD $!0MP SECTIONSO
$!0MP SECTION OO DOOOOOOOCOOODOODODO
0ooo00o0o0oooooO0O000000 pEOODOO
gl1go00ooooooobboooobooooboo
gooooooooobooooo

oo0OobO0O0OO0OstoMp SECTIONOOOOOOO
PEOOOOOOOOOODOODOOOCOOCOOOO
gboooooboooboooboodooboooogod
pEOOOOOOOOOOOOOOOOOOODODO
gobooooobooooooobooooobooboooo
0000000000000 o000OpenMP OO0
Ogo0ooO0Os$'oMp CRITICALOOOOOOODOCOCOO
ooo

5. JO0OoO0ooboooooboooooobon
oo

ooobooobooooooooooooooooon
goboooooooooooooooooooood
gooooo40000000000DD0O0O0O0OO
gboooobooooooboooooooooo

5.1 4000000000000000

gbooboobooobooboobo 200000000

OSSSSOLLLLOOOOO02000 400000000

ooooMTGOOOOOOO 22000 400 MTG
goooooooooobooobooooooonoo
MTOOOOOOOOOOOOoOooooOoooooo
i1o00o0ooo4000000000000O00O0O
ooosOoooooooooLoooooooooog
ooooooo400 MTGOOOOOO 10000

02 4000000 MTGOOO
Table 2 Categorization of 4-layer random MTGs.

MTG MT O 400 MTG O
oo ooo oo
oo 01|02 |03 ]| 04| MTG MT
00 | 0O | 0O | OO ot Ot
SSSS 0 0 0 o 4 38
SSSL O O O o 4 62
SSLS O O O o 5 83
SLSS O O O o 7 100
LSSS O O O o 9 116
SSLL O O O O 5 152
SLLS O O O o 13 222
LLSS O O O o 20 292
SLLL O O O o 13 417
LLLS O O O o 36 647
LLLL O O O O 36 1247

o000 MTGOOOOOOOOOOOO



Vol. 45 No. 12

oooooooooobooooooooooooboboo

03 4000000 MTGO 16PEOODOOOODO

Table 3 Speedup ratio of 4-layer random MTGs on 16 PEs.
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Table 4 Execution result of Turb3d program on Sun Ultra80.

oooo PEO | 0000 [s] | 00000 D%&ETDDT DDDDP%SDM[EH PEOOO [%]f
000000000 1 21.950 1.00
000000000 1 21.983 0.99 1418 21.973 99.9
000000000 2 12.148 1.81 709 12.071 99.4
000000000 3 9.008 2.44 473 8.694 96.5
000000000 4 7.558 2.90 355 7.401 97.9

OO0o0t+o0 PEODOOODO

EXECUTION TIME
7.557710e+00 [s]
Il

PEO
PE1

PE2

pes (AR i

L L L L |
0.0E+00 7.0E+00
TIME [s]

04 Ultra800000000000000C0OCO Turb3dOOO
oooo
Fig.4 Execution trace of Turb3d by layer-unified
execution control on Ultra80.
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by layer-unified execution control on Ultra80.
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