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Hierarchical Parallelism Control Scheme for Multigrain Parallelization

MoTOKI OBATA,"t JUN SHIRAKO," HIROKI KAMINAGA,t
KAzUHISA IsHIZAKA®tt and HIRONORI KASAHARAT it

A multigrain parallel processing is very important to improve effective performance beyond
the limit of the loop parallelism on a shared memory multiprocessor system. In the multi-grain
parallelization, coarse grain parallelism among loops, subroutines and basic blocks, and near
fine grain parallelism among statements inside a basic block are exploited in addition to the
conventional loop parallelism. In order to efficiently use hierarchical parallelism of each nest
level, or layer, in multigrain parallel processing, it is required to determine how many proces-
sors or groups of processors should be assigned to each layer, according to the parallelism of
the layer. This paper proposes a hierarchical parallelism control scheme for multigrain parallel
processing so that the parallelism of each hierarchy can be used efficiently. Performance of
the hierarchical parallelization using the proposed scheme implemented on OSCAR multigrain
parallelizing compiler is evaluated on IBM pSeries690 Regatta SMP server with 16 processors
using SPEC95FP benchmarks and the hierarchical parallelization using the proposed scheme
gave us 1.9 to 10.6 times speed up against sequential processing.
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Fig.1 Hierarchical macro-task graph.
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Fig.3 Calculation of parallelism and assignment of processors.

Para-ALD, = [150000/50000] =3 000000
O0ODMTG, O0OO0OO0OOO Para-maze, 0OODO0O
OOMTG, OODODOOOODOOOODO MTGOO
0000 Para-maxinsisemTce 100000000
OO RBOOO MT2-100000 O Tyin = 10000
00ooooOoooooUoooooooooooo
O10o0MT2-10000000000000000
Para-mazxs—; =1000000000 MT2-20MT2-
30000000000 1000000MTG, 0000
00000000000 ParamaXinsidemTa2 = 10
00000000 Paramares =3x10=300000
MTG, OOOO0O 3o0000ooooOooooooo
gooooooooMTG, OOOD0OOOOO MT1O
OO0 MTG, O0OOoOoOoOOoOoOoooOoooooooo
Para; = Para_ALD, = Para-mazxz; =10000
O0ooooooo MTG, ODOoOooooooao
MTGo, 00000 OSeq = 150000 + 150000 =
3000000 CPy, O 150000 DO O OOOOMTGo O
00000000o00o0oo0oD0DO00OCP.ALDy =
150000 0 00000000 Parao = Para_ALDy =
[300000/1500001 = 2 00 O0O0OO0O0O0O0O0O0OOO
Para-maxe O O Para_ALDy = 2 0 MTGy OO
MT1O MT200 MTGOOOODODOOOOO
000000000 Paraomaze = 30 D0O0OO
Paramazo =2x30=600000000

3.3 00O PCOPECODOOOOO

0000 3200000000000000000
00o0oO0o0oooOoOO0ooO0oOooooooono 30
00000 MTGODOOOODOOOOOOoOoOOoOOood
0000000 80U 000000 OO0O0OO0OO

oopooooo

3.3.1 MTGUOOOOOODO PCOOPEDODOO

og

gbooodooobooboooouooboboobooo
oooboooooobboooooooooooo
gddodoooobobobOoooouoobooboo
gooooooooooobobbooboooooba
gooooooMTG;,O000D000D00000000O
0 Navei_pp: OO OMTG; O PCOO Npe;OPC
0 PEOO Npg; 0000

MTG; 00000 Para;0d Para_ALD; 0000
O000Pare; 000000000 O0ODOODODO
0000000 Para; < Npe; 0000 O0DODOO
JooooooO0oo0oOobbOOooOooboo RBOOO
0ooooooooooooooooO Para ALD;
gooo pCOO0 MTG; 0D0DO0OO0O0O0O0OOOO
goooopCcOOOOODOOODDODOOODOOOOO
MTG; 0 PCOPEDDOODODD [Npci, Npgi]
00o000O000000bO0oooooooooooaono
0O0o000oOOoO0bOOOo0bObOOo0ooDoOoooooo
0000 (HO((2)0000 NpesONpg, 00000
00 Npe;, OO0ODOOOO PCOOPEOOOOOO
goooddoboooboobobboboobooo
ooobooooboboooooobobbboooo

Para; < Npci < Para_ALD; (1)
Npci X Npgi = Navail_PEi (2)

000 Para; = Para_ALD; 0000 Npe; 00O
oooooooooooooMTG, OO0O0DOOO
0O000000000D0O0000dPara; < Npe; 00O
Npci X Npgi < Naveu_pes 1000000 Npci



Vol. 44 No. 4

O MTG; 00 pPCOODOCOO
Para; > Naveu_pp: 0000000000000
0000000000 0000Npe: = Navail_pr:id
Npp;, =10 MTG; 0 Npc;ONpeg; 00000000
gopoooobo 30 MTGoO PCOOPEOOOO
00o0o0oOooO0o0oooOoooobOoooooooo
00 8000000 Nayaii_peo =800 00MTGo
00 Parag =2 < Npco < Para_ALDy =2 00
00 (2)000Npoo =20 Npgo =40 PCOOPE
gooboooo
3.3.2 DO00O0O0O0O0OO0DODOOO PEODOOO
000000 O0OMTG, 000000 NpeiONpg;
dodooooooOoobOoo RBOOOOOOOO
0oMTOOODODODOOODOOODOO RBO
goooooo MTG;0D00000boooooooon
0ooooooooooooooooMTG; 0000
doooogoRrRBOODO MTODOOOOO Para-max
0 MaxNpg; O000OMazNpg; 0 MTG; OO 00O
J0000O0ob000O0b00ob0Dbb000 Npegs
gooooon
00 MaxNpr; > Npg; 00000000000
000 Npp:; 0 MTG, 000000 PEOOODOO
gooo
00 MaxNpr; < Npg;, 00000O0O0OOOOO
0000 pPEOOOOCODOOOOODOODOOOOOO
Ogoo0o0oO0oooooOooOooooobOobooooo
0000000000000 00NpE; =MaxrNpg;:
OPEOOOCDOOO
030000 MTGyp ODD0DOODDDOOD RB
Ooo0d MT O Paramaxr OO0 MaxNpgo O
MaxNpgo = Para-maz, =30 000000000
000000000 [Npco,Npro] = [2,4 0000
Nppo =40 Nppo < MaxNpgo=30000000
0000 PEODODODOODO
3.3.3 MTG, 00000000D00ODOOOO PC
gooo
goooos3.100000000 MTG; O PCO
Npc; OOMTG; 00DD0OD0OO0ODOOOOOOOOO
gobooooooo
e MTG;, 00D DUIUOOUOD RBOOOOODODO
Npci X Npgi = Navea_pes 00000
0000000 Npe; DOOO PCOOOOODOO
e MTG, OOUODOIDODOO RBOUOOONpc; X
Npei < Navwau_pe: 00000
000000000 Naveit_pei—NpciXNpg, OO 0O
00 RBOOOODOOODOOODOOOOOODOOoOO

ooooooooooobooOoobooOooooobooOOoboboo 1049

0000 00o000ooo0uoooooooMTG; O
goooopoOoOoUooooooooooooooon
MTG, 0 0000000000000 0OO00OO0OOO
Para_mazx; 00000 Npe; X Npg; > Para_max;
000000 Npe; O0OOOOOO Npei X Npgi >
Navau_pp: DO0000Npc: X NpEi: < Navail_PEi
000000 Npe; DOOOO

MTG; O Npc;ONpg, 0O0O0O00O0O0OOCOOOO
Npp; 0 MTG; 000000 Naweu_pe DOODOO
O00000000ONaveupe=10000000
oooooood

O00oooo 30000 MTGo O PEODOODOO
000 MTG20MTG2_.0MTG2_3 0 PCOOPE
000000331 0000000 pCOOOOOO
O0o0oMTG, OO OODODODODOOoOoooooood
000000 [Npeco, Npro] =1[2,4/ 00000 PC
OOPEOOOOOOODO

MTG, OOOOOO0OOUONavei_rE2 = Npro =
4 00000 (1) 00 Paraz = 2 < Npe2 <
Para_ALD, =30000000000000000
00000000000 (2)0000 NpexOOODO
OO [Npc2, Npg2] = [2,2) 000000 Npg2 =2
OO000DBOMTG2-2O0MTG._s000000000DO
0000000000 30000 Para-maze—2 =1
000 Para-maxe_3 =1000 MaxNpge: =10
O0OO0O0OONpre, = 1000000000 MTG,
00000000 RBOOODOOOOOOOOO
[Npco2, Npgo]| =[2,1]0 PCOOOOOOOO 300
Para-maxr, =30000000Npce X MaxrNpgs >
Para-maxz, = 30 0000 Npeco O00O0O0O0OO
Npce = 30 0000000 O Nagait_pez = 4 0
OO00D00ONpc2 X MaxNpe2 < Navaii_pr2 000
0000 PCOO Npee=400000000MTG,
0O PCOOPEOOQO [Npc2,Npe2]=1[4,1]0000
000000 Navail_PEloweriayer =1 0000000
o0oo0ooooooooooon
0000000000000 0[Npco, Npro]
[2,4]0 [Npc2, Npg2] = [4,1]0 [Npc2—2, Npra—2] =
[1,1]0 [Npc2-3, Npre—3] = [1,1] 0000000

4. 0000

O0ooUouooooooooooooooo oS-
CAROODOOO0DODOOO0OOOOOOOOoOoooO
0000 1600000000 IBM pSeries690 Re-
gattal OO0 O RegattalOO OO OO0



1050 goooooooo

4.1 0 0OOO

O00000oooooooogg OSCAROO
0000000000 000000000OdOpenMP
00000000oo0oooooooooooooog
OO0 OpenMPOOOOODO 1000000000
00000o00oo0o0o0ooooooooooooog
00000ooooooooooooooooooon
oooooOooOooooOoooOOoOoooooooodg
goooooooopoOooooOooooooooo
0000000000O00O0OOODOOoOoO'™o

00000 OpenMPOOOOOO IBM XL For-
tran for AIX Version 7.1 000000000000
Regatta D00 OO0O0OO0O0DOOODODO Regatta O
1.1GHzOODOODOOOODOOOO Powerdd 800
000000 16000000ooOoo sMPOOOO
00010000000000 L10000064KBO
000 L10000032KBO20000000 L2000
o015MBOOOOOOOODO L3000OO0O 256 MB
go00ooopoooooo 8GBOOOO

Oo0o00OOoOXL FortranOOOOOOOOOOOO
o0oo0O00ooooo0ooooooooDoooo
O00ooUooooooooooooooosooon
000000000 0o0ooooOoooooooooo
ooooog

4.2 SPECOSFPOOODOO

SPECY95FP 0O O 0 OtomcatvOswimOsu2cord hy-
dro2d0 mgrid0 applud turb3d 0 70 000000
ooo00o0oooooOooooOodooOoooooo
OSCAROODOOOODOODOO OpenMPOOODODO
O XLFortranOOOOOODOOOOOOOOOOOO
00 00 0405 -gsmp=noauto -qhot -qarch=pwr4”
00000000 Osu2cord turb3d 0000000
0«05 000000000000SCARODOODO
00ooooDo0oooOoOoOooooooD «“o04700
0000000o0o0o0oooonoooooooooon
O0D000OSCARUDDOOODOODODOOOOO
000odoOoooooooooooooooooon
ooooooooogoooooooooodoooo
O000o0oooO0o0oOoRBOOOODOOOO pPCO
00000oooO0oo0oooooooooOoooooo
OO0 RBOOODOO PEOO 2000000000
O PEOOOCODO 1PEOOOO PCOOOOOOOO
000000 RBOOOOOOOOOOO pCcOOO
oooooMTGOOOODOOOOOODOOOOOO
00000000 000ooooo RBOOOOO RB
0000000000000000goooooog

Apr. 2003

11.00 o XL Fortran(max)
@ 0SCAR(max)

0.00

tomeatv swim su2cor  hydro2d mgrid applu turb3d
Programs

04 SPECY9FPOOOOO
Fig.4 Maximum performance for SPEC95FP.

Npe > Para_ALDrp 00000000000 0OOO
000000 ParaALDpp 00000000000
0000000000 XLFortranOOOOOODOO
J000000XL Fortran OO ODOO0ODOOOO
goOooooogog “O05 -ghot -qarch=pwr4” O
goooooooooooooouoogoon «o05
-gsmp=auto -qhot -qarch=pwr4” 0 0000000
0000000000000 OOsu2cor 00000
O000000o0ooood0Otuwb3ddOOOOOOO
O00oo000ooooooooooooooooooo
OSCARODODOOO0OOOODOOOXL Fortran O
O000oooooooooooooooooooog

000000CC0O00OOOOO SPECYFPOOO
000000000 0o0oo0ooooooooo 1
000000000 00ooooooooooooo
gooooopoOoOooOoOooooooooooooo
00400000 10000000000000OC
O0XL Fortran OO OODO0OOOXL Fortran OO O
00000 1600000000000 00U0O0OoXL
FortranO 10000000 16000000000
00000000000DoooooOOg OSCAROOO
000 10000000 1600000000000
00000000000 0000o0 40000000
0000000000 o0ooooooooooooo
000000 00ooooooooooooooog
go0ooooooog20000000o0o0O0 pCcOO
PEOOOOOOOOOOOOODOOODODOOOLOO
O00oDooo0oO0 MainOOOOOOOOOOOO
100000000000000 Parad Para_ALDO
O00000000000000 Nawape0O0OO
PCO NpcOPEO NpgOOOOOOOODOOO
O00oOooDo0oO0oooOooooooooooon
Joo0ooooooog “™MAIN-DO140” O OO0
00000000 booooooooooooon



Vol. 44 No. 4

ooooooooooobooOoobooOooooobooOOoboboo

1051

01 1600000000 IBM Regatta 000 SPECOSFPOOOD0OOODO
Table 1 Execution time (seconds) of SPEC95FP on 16 processors IBM Regatta.
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Table 2 Processor assignment result by the proposed scheme.
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