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Collective Communication Functionality
for a Work-Stealing Framework
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Abstract: In order to realize fast parallel computing in distributed memory environments, communication
functionality is important that enables each computational node to properly refer to data required for its
computation. However, in the work-stealing-based load-balancing framework Tascell that we have proposed,
limited communication functionality can be used by users in distributed memory environments, which hinders
parallel performance improvements of some applications. In this research, we implemented Tascell programs
that perform n-body simulation with dynamic load balancing, employing the Tascell framework and the col-
lective communication functionality of an MPI library. By conducting performance evaluations, we confirmed
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that these Tascell programs achieved much better performances over previously implemented ones.
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Fig. 1 Lazy task spawning based on backtracking in an exam-
ple of a matrix multiplication C' = AB. We defined a
task as the range of the matrix C' to be calculated. The
matrix calculation is performed by recursively dividing
the range of the matrix. When a task is requested, the
Tascell worker backtracks to the past, divides its own

task and returns it to the other worker.
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Fig. 2 An illustration of hierarchical boxing and a hierarchical
tree representing the spatial structure. The Barnes-Hut
algorithm recursively decomposes space into subspaces
called cells (presenting in two dimensions for simplic-
ity). In the left figure, each black dot represents a body.
In the right figure, black and white nodes represent bod-

ies and cells, respectively.
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1 300,000 i, #%F DT TlE 3,000,000 fHTH 5.

J = FHA7 —=A8031 DD DGR 2K 3 12, 16
DA OISR % X 4 1R L 7z, SHlifS Rk, FEfTR
Mz, KROHEE (mktree), 70— FF* v A b (beast), /I
DFHEL (feale), FHRLKTROER (gather), Z DB
M (others) ® 5 2IZHFTRL TV 3,

Beast TlF, / — FEOBINC X 28 E2sIZ AL
BonTwiw (K3) », MEOETN»EFICHSNS
(K 4). FHEMRROEMCENEEFEZHEHL w5 2250

*3 JLA D treecode[6] 12, 7TV —ETINICHD VLT A FHDOE
HT =8 2% T 2700 Hb->TE D, KiffETbZzh
ZHOBTWS,
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FEHRRE RO LN PR LOKE R L2y 7 L ko
TWBIEah5, /—FA7 =B BOHINC X >TH
DEFEIR ] (feale) PF L KHIML T2 DlE, £7—4
MZNZF I L THEDOFHR  — FIc LT 2 7 28k
T AREE, EEESEML, Ho CEFERRAEMmLTL
FolkltvtEzioNns,

AR TEEL 72, FHEROENHIELELRZ 200
7ar g Lz HET 5, FHEREROERRE (gather) 12
D\ CIZ MPI_Gatherv %\ 7z Tascell 70 7°5 A DJFH3
B REESE S e, BT, K328\ TIRiE DER
RIS IIE»RZ LR NEVwH 0D, K4 128W» T
ZOEPEZFICRoNS, O Eds, FEEROT—
FHA XML E D RORAT =5 74 2y
% MDI%, MPI_Gatherv # M\ 7EWTH 2 LHWTE 3,
Co#AE LTI, MPI_Gatherv XUf MPI Reduce IC56 4
HORELZ L) BNHEELLRIN TS ERETH
i, IEXRINIRBEERDOEOSZDE ML LTHN
TWwibhtEZoNS,

) — FEDAZRIT X 2 IOFHRERFE DO Z(LIZ 2w T,
AR TEEL MDD 70 7T DB W T—EDBEL)
Erionzboo, HENZIFIEESEONTHS L
BEARY, ZORKRELTEZONDIDIE, FAIET
PV FOEZFIHE)EEBE IR N DEETH B, EME
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BEHV2Z LIck>T, ToGHRBICERI NG Y AV
FT7Y 27 POV AL RFBAH LI DD, WEZDH DN
AL o RTIERG, WTFROBRICEVLTY 2/ —
FZHAWZBOHOFERRS 1/ — Fozitk h B
LTw30DlE, /—FHDBEaX F3KREL, BEEIR
Ik MR B ERl>oCTLEFoTWwa 70 EEZ NS,
F7, 211 HTHERZEBD, Tascell 7L —L0 7 —27128
FEEHE — FRElD Y 2 7 D3%EZE X, 3T Tascell % —
NEREHATEEIICHR>T0D, 2D, 1EHD Tascell
F— NIRRT 2 — FEDIKE WAL, Tascell
F—NOEMPREL BN TELFREDEZ NS, K
MAETEE L2200 7077 LI2D0T, /— FEOH
ISR > THOFH R DSEAR ISR L v ok, 29

LR bEZ NS,

R o F B I 2 W T X, Beast+Gatherv,
Beast+Reduce I B2 25 Z L3 TE, Beast &
Mg U CKIE 2 ggom L2 gl c& 5, — 4T, /—F
W7 — A3 16 DA TIE, HOFHER (feale) 234 <
ol AER, WAL E N TV R AKDORESE (mktree) 125>
2 I O FATIR R 0 2 B EVEETE 2 5o
TETWS, 2O LS, I EoWFIBEICE T
RO 215 2 72 DI IR DOREEED W HIL S AR R
THDLI EBLD 5,

6. PBEEMRRE

FEA T BREICE T 2 AR HD 7 & D ZE M HFE
Dl & LTIE, Orthogonal Recursive Bisection (ORB) [8]
MBEIFoN S, ORB I, ZRRO&RITHIN A L CTHEE %
M Z R 2 DI DE L T FETH S, 4
T 2 PHE DB TEIC L > TIRET 3 FEDfM, >
S a2 lL—vavORiEMIRRIC B 2 K5HE , — F oA
Rz E, B2 RTFESREIN T2, ORB
&, TEDORBUE LAY T2 —vary 9 ItBWTH
MeshTns,

Z oo d LRy 22 928 & L Tix, Warren 512 X %
Hashed Oct-Tree[10] 125D Fid3dH 5. Warren 5137
1% Morton NEFFIZ & D NEFAHT %2 4T 5 72 L Cili4 iz 3
L, DElI N/ 2ZHANOE M2 &5, — FIZEfR L T»
% . Morton HFIZHDWT 22 0#$ 5 2 LT, Ef
SNZHROEMBIENEE 2 Z EnWffsns,. %
7o, BE — FEO7F—5 oIRGB L T, D
BHICEHE  — F RICWE S AR HGE D 5 % B —fthd
R — FlicfleabR 2988827 T0ws, 20Xk
FHEZHEBL L) L2856, LEOFHE, —Ficv—72
AT 4=V v 7 LRERRICT =7 O\ wAb¥ & AfHE &
T 5METFERBHIEL 25 7-9, BED Tascell DA
DR TIIHEIT 2 2 LIFTE R0,

HOLEREE X, 2o TREX7 LBl Tary ¥4
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GRAPE[11] 2 EDHMN—F Y = 7 2 T, FHERH
% Y9 2 IR E /N BOREEL 2 SR EH L 2 R IR T
Ho7D, WETIE GPGPU % HlV 72 3HEL T (9] 23 2
TETWS, —7, FacNFEEL 72 Tascell 717 7 413,
FHREHIHZ 3 E L bR T ORI EF->TED, 1#
B/ NBURHE Z D b O D EEGIZIT> Ty, 8- T,
FENSUS R O B LB I K b, 2 2 MERE R B2 R
AEND.

7. DI

AR T, AMOET7 L —27 —7 Tascell & MPI 5
A4 77 ) OENEEEEE T, BINaMTIET w2
WHEET T 2L —>av%iT) Tascell 7077 L %K
WL, iz fT-o 7. BIFED Tascell D A D A A T,
DA B VBEBICE T —Y 2T E 2 @ {EHAE 1l
Wb b, o7 7V r—vavz2HEibL THHEE L
WHEREI s S v ) BERBEE L. AT
1%, Tascell 7L —LT—2 & MPI 4 759 %HHT 3
LKD) LAMIREZFENTES Z L ZRT L LE DI,
STEEA ') BEICE T % Barnes-Hut 703V X L DS
LD HEREFEAN I BT, ERTFEE 7 Tascell 70 7
L&D HRBICHEREPEUEIND Z EER LKL, T,
FHERROEN T E LT 2 oDk 29085 Hilk U 74
B, WREE LD L Fr ¥ —d@EFz A GGIERERZEN
L7Sits, T—FH A XKL TRWATY =Y T4 %
REBEVH LT,

BINAR D7 L =207 =7 Z WO A ) BRED
72 ® Barnes-Hut 7V 3 Y AL 2 RETE-0121F, K
DREREDNFULS /7 — FREBE O FRELGER £4%  OFE
PEINTVWDE I ED, AEZBL OURINL, THA
BYREICBOLTHNAMRSRZIT) 2 &2, —#Dit
Pl — FIichhs 28R X 2 P L 2w amoFsd
®, B/ —FoEhSINE o BAICHLTY, 2
DEtFEZ W T2 2 L AMEZHEYIICTHTE S Lo
TR H S5, LrL, KAEDLHIITMPL 74 77V &
Tascell 7L =20V =7 2HlAaGEbE2ZLIck-T, B
DX BRAFIFFERPHELS 22 LoD EINT
W3, %8, Barnes-Hut 73 A AIZDOWTIX, BEF
DA T VERBDO OO /) — FRENEFHLTE: L, Tascell
2R, — RN FE %2 FIRICEER S 2 2 L IZAThE
ThH5b.

AWFZE CREAM % 1T 5 72 Tascell 70 7" 7 L D% 1 Hifl
THY, R EVWTRALZAT—7E) T4 D
M Z RS 5 72 DI2iE, b ERT -2t v T
v PICERZET 2% 0, ERLEREMUNOERFEFIEE AV
FFEENERTH LR NH L. SHBFD L) REEE
X U2 OFHt b TV, BINAMSE 7 L —L 7 — 712Kk
SNBZBEDIEY FIzOoWTHRHAZ2ITHITFETH S, %
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7z, GPGPU ZFH L 7z 7 — FINMFLEL o i, A
DREFE L E R O EEIR O HHTAIE % & 9 72 Barnes-Hut
T DY ZLEEDOAUIUGIZOGT SIRET L, PR 2
fFoTVuERLWEEZTVS,

SR AWEO—ERIE, PEAHREERDIZ (B) T44e
7R RR BB ERE R O E ML (21300008) 7% & Vi, Rl
e F0F7E (B) TR D IcHE-D B Eafmiaiic & 3
WiFbsED AL (22700030) DK% B CTfT- 7.
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