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Traverse the tree

particle_interaction(node) {
if (node is leaf) {
/* node (leaf) WM FRIMEEERADETE */
} else {
/! REBFBEHICTE>TWL
for (child in node.children) {
particle_interaction(child);
3
i
}

4/38



FDPSICH T BRI FRIEE(ERDIALSIE

FI&:
1. MAARZHIFNISWD, V=7 /—RZEFICTENET
2. )L—=TIC&LBAFE

OpenMP (2L B IL—FIC & BAEF1E

#pragma omp parallel for schedule(dynamic, 4)
for (leaf in leaf_list) {

/* leaf NN FEMEEERDFE */
3

BRDIZBELLEARTFEHER S (EL7 OREREY)
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particle_interaction(node) {
if (node is leaf) {
/* node (leaf) NN FEHEEIERDFHE */
} else {
task_group tg;
for (child in node.children) {
/] FDI/—RZEZZRV L TEM (fork)
tg.run([=1{ particle_interaction(child); });
}
tg.wait(); // ZFRUVDET%EFFD (join)
i
}
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o FEFRIETENNILTOY S LEBHEICALSLETEE
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e £ :317l% Directed Acyclic Graph (DAG) D, TRIRS
ns

task_group tg;

tg.run([1{ ... }); QOO0 QOO0 QOO QQOS
tg.run(L1{ ... });

tg.run(L1{ ... B); é@@é@%@éo@éﬁ%o
tg.wait(Q); O

2 J. Reinders, Intel threading building blocks: outfitting C++ for multi-core processor parallelism. " O'Reilly Media, Inc.”,

2007.
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T'eis‘k Queue /Stm

Task @
t $ % %
worker 0 worker 1 worker 2 worker 3

3

R. D. Blumofe and C. E. Leiserson, “Scheduling multithreaded computations by work stealing,” |. ACM, vol. 46, no. 5,

pp. 720-748, 1999,
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Almost Deterministic Work Stealing (ADWS)
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ADWS Dl LT,
o TOUSRISATHICREIRIDAEEZS5Z2UEN DS
o MIMETHRMEMETRL (w_allEw,1, ..., w_4Dkk)

o 7T r—arvBERDERTHD, N\—RFITT7EKEFTIZAL

task_group tg(w_all);
tg.run(LI1{ ... 3}, w_1);
tg.run([I{ ... 3}, w_2);
tg.run(LI{ ... 3, w.3);
tg.run([I1{ ... 3}, w_4);
tg.wait();
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particle_interaction(node) {
if (node is leaf) {
/* node (leaf) NN FEHEEIERDFHE */
} else {
task_group tg(node.n_particles);
for (child in node.children) {
tg.run([=]{ particle_interaction(child); 3},
child.n_particles);

}
tg.wait();
i
}
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MassiveThreads* £iC ADWS #3REL,
BE77M Random Work Stealing & M #E % LL &

AERE:
° 1 /—FITHRE (64 307)
e 4 socket ® NUMA 1&R%
e 16 cores/ socket (Xeon Gold 6130, Skylake)

4 J. Nakashima and K. Taura, “MassiveThreads: A thread library for high productivity languages,” in Concurrent Objects

and Beyond: Papers dedicated to Akinori Yonezawa on the Occasion of His 65th Birthday. Springer Berlin Heidelberg,

2014, pp. 222-238.
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5 U. A. Acar, G. E. Blelloch, and R. D. Blumofe, “The data locality of work stealing,” in Proceedings of the Twelfth Annual

ACM Symposium on Parallel Algorithms and Architectures, ACM, 2000, pp. 1-12.

J. Lifflander, S. Krishnamoorthy, and L. V. Kale, “Optimizing data locality for fork/join programs using constrained work
stealing,” in SC "14: Proceedings of the International Conference for High Performance Computing, Networking, Storage

and Analysis, 2014, pp. 857-868.
7

Q. Chen, M. Guo, and H. Guan, “LAWS: Locality-aware work-stealing for multi-socket multi-core architectures,” in Pro-
ceedings of the 28th ACM International Conference on Supercomputing, ACM, 2014, pp. 3-12.



BEHR: RFAEDE N 2HBETEHD

e SLAWE, NUMA-WS?%&: ¥
o N—RITTICEIKEVNEERTZHDH L)
o T—XTUFvDIEEZTHIEEIERT INE
o BHEMEHD B
o AMZRTIEN—RITIEKELBVEAZRBEE TS

8 Y. Guo, J. Zhao, V. Cave, et al., “SLAW: A scalable locality-aware adaptive work-stealing scheduler,” in 20710 IEEE Inter-
national Symposium on Parallel Distributed Processing (IPDPS), 2010, pp. 1-12.

9 J. Deters, J. Wu, Y. Xu, et al., "A NUMA-aware provably-efficient task-parallel platform based on the work-first principle,”
in 2018 IEEE International Symposium on Workload Characterization (IISWC), 2018, pp. 59-70.



Outline

MEDER
Case Study: FIFE>Zal—>a>nFt
9Z’7ji§'J:E7-)l/c‘:’ \EU%‘}L/D /

Work Stealing Ik 2889 E 38X
XEUT I ZXDRF%

IRZEF&: Almost Deterministic Work Stealing (ADWS)
Deterministic Task Allocation

Hierarchical Localized Work Stealing



KR DKDHZHD:

37/38



oo

KR DKDHZHD:
1. FRRETEMNILTOT S LZEHEICLESIE TS S

37/38



oo

%%/1 DRDHBZHD:
. AEIFTRIEATEMNILTOI S LZBRICHTETES

e FEEXLE5XZTLIFERTZIHDD,
RFDEZRILHET ILDLSICRIBL KGR AT RE

37/38



oo

HLDRHBZHD:
1. PERRETENMMITOV S LEBEICHILTES
s TEEZEXZLIFERTZHDD,
RERDER AT ET IILDELIICRIEL LEEIRATHE
2. MIBRICK ZEI G EfSEL

37/38



oo

ﬁb@ﬂ?&bé%o)'
. REIRABETENNL OIS LEBEICHH)LTES
s TEEZEXZLIFERTZHDD,
RERDER AT ET IILDELIICRIEL LEEIRATHE
2. MIBRICK ZEI G EfSEL

* Hierarchical Localized Work Stealing

37/38



oo

ﬁb@?@é%@'
. AEIFTRIEATEMNILTOI S LZBRICHTETES
° TEEEL5XBUIFERTZIHLOD,
ERDZRILFNET IILDLIICREL LLEERPIEE
2. MEBRICL BB RFEDE
* Hierarchical Localized Work Stealing
3. XEU7 7 RORAEDORV\WR 22—y

37/38



oo

ﬁb@?@é%@'
. AEIFTRIEATEMNILTOI S LZBRICHTETES
° TEEEL5XBUIFERTZIHLOD,
ERDZRILFNET IILDLIICREL LLEERPIEE
2. MEBRICL BB RFEDE
* Hierarchical Localized Work Stealing
3. XEU7 7 RORAEDORV\WR 22—y
° [FZRENBRRTDa—)>TJY,
BFrMEICECEL 7= Work Stealing

37/38



oo

ﬁb@?@é%@'
. AEIFTRIEATEMNILTOI S LZBRICHTETES
° TEEEL5XBUIFERTZIHLOD,
ERDZRILFNET IILDLIICREL LLEERPIEE
2. MEBRICL BB RFEDE
* Hierarchical Localized Work Stealing
3. XEVT7 VL RDOBAEDRWVWR T D227
° [FZRENBRRTDa—)>TJY,
BFRMEICEEEL 7= Work Stealing

EEMEZRIEFERVERER L2 ERK

37/38



o EARYVDUAFEEDEHFa—=2T
e SFTOYIVIHEEZER B2 ZERLTLSY,
iterative W 7OJ S LICBRE Y 2 THEMLTEEDS
* FEIRIRICH TS ADWS
* ADWS (FEED X EUBEBICT LRI BE
o HEAARENH S HHEL THIBZNL

38/38



BESE7ILIVX L (1/3)

local migration
queue queue

| | ‘ NN

l k J i worker i

e 1 DM worker (i) DEITICER
o worker BB OB YEHDAEAIDIERZIERT 3 (search)
o 22T DAERLE, worker OEIFEDE|L T

PE|=ICW T worker (k) IC2 X0 %E$ (migration)
1/5



BESE7ILIAVX L (2/3)

local migration
queue queue

151

T

| ‘ | NN

[ k J i worker i

o BHOMEIE T worker DEEFENDEIINNIL,
EMINTHERIZFEITT B (ERINED)
o kit (ARID./—R; 1) X local queue IZ push I3

2/5



BESE7ILIVX L (3/3)

queue queue

4

5] 153
l k j i worker i

o fthd worker M52 27 (15) h* migrate T 31545,
migration queue |ICZ XTI HYEIMNIND

local migration

3/5



Deterministic Task Allocation Of4&

local migration
queue queue

[ i i I NN

1 k Jj i worker i

o ARVIFENDHEICETIND
® search ->local queue -> migration queue
* DEDERDIFEDERITIEFMHRI-ND
* migration #2Eh" lock-free T%H23
o [EBEHCH S worker [ZXL T migration HY2E72 0 (FERFER)
* search FIC lock contention AYEL 7L
4/5



Deterministic Task Allocation DRIEE S

(1) First, worker i is executing
tasks in the left-side task group.

(2) Tasks in the right-side task
group are not executed yet.

(3) The wait is not resolved and

Tasks of worker i other workers are forced to idle.
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