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Implementation and Evaluation of Non-Blocking Collective

Commnication with Runtime Optimization Mechanism

NARIBAYASHI Akira! NANRI Takesar® AMANO Hirorumi*

Abstract: This work has developed a non-blocking collective communication library NBC-SIA (Non-
Blocking Collective that Selects Implementation Automatically). This library examines each choises of
implementations for non-blocking collectives, one by one at each invocation, and chooses the best one.
As for the selection of implementations, it provides choises such as use or not to use progress thread, how
to attach CPU core to the progress thread, and algorithms of collectives. In addition to that, as for the
progress thread, this work has implemented an efficient mechanism with lower overhead of mutual exclusion
for handling task queues. According to the results of preliminal experiments, at this point, it has shown that
the selection mechanism of NBC-SIA cannot choose the best one. It is caused by some problem in the way of
collecting measured performances among processes. This problem will be fixed in the next version. On the
other hand, the measured performance of the progress thread of NBC-SIA is better than the ones provided
in other MPI library. Also, necessity of this kind of runtime optimization techniques has been shown by
showing that the best implementation changes according to the runtime situation.
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Wiz &b, 81 IHLABEDIF O U T T 2 FEE 2 IE
35,

BED NBC-SIA ODFELETIE, BUNOEEFEREOMAG
HEZERAGEL LTWD, 2B, FRNLEDOTHL T
&, EEEFE L L TIE Alltoall DAZRMEL TV 5,

o JUZLAALy ROFIM (L / Spare Core / Fully

Subscribed)
o BTV TV XL (Bruck / Ring / Basic Linear)
e Fully Subscribed DHEDFHEA L v NOFHH
(Sleep / Busy Wait)
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e Fully Subscribed DFED T BTV AAL Yy ROAES
77 (Sleep / Busy Wait)

IHoDBEFUHHD S B, TuJVAAL Y FOEHO
AIIZOWTIE, #IHMERRIC 7B 7V AA Ly FEERL
THE, FHALZWVEIL sleep VT, FHTIBRICVS
FNTHMMZTZI T, YOER2,

—J. 7a VAV Y ReMHT 50, CPU a7 Ofl
DYUTHDEELZ, HEALY ROAL Y K% OpenMP
DALy N ERE omp_set_num_threads TZAHE T 5
ZETIFD, B, HIED NBC-SIA T, 77V r—v =
YA OpenMP TA L v NifiFl{fbInTEH, D, &
BAL Y NEDFETHRICAH L THMERWEE2EL
TWad, ZOLLELFIHEAARE LTWD, EBRIZ
E. ZOREDRD LT le T TN r = avb b b,
NBC-SIA DYIAN =Y 2 >V TlE, ZOEHEDAFIZDWN
Ter MEHBEBTRETE S LOSURT 5,

F7-, EFNBET VIV ZLPAL Yy NOREL G, &
ISR D EFHRHZ I 2 FHiEDEHR%E broadcast 35 Z
LTI EZ B,

4. MeEFLM

4.1 =ERAE
SEDOEBRTIX, NBC-SIA 12813 5@ EHEM RGO %)
ROWEE, FEFEOHIE RO BEMOMHR, LT
NBC-SIA OB RN ORE O 2 HX & L, OSU
Micro-Benchmarks 2% & IZ L72R VY Fx—2 2 HWT,
MVAPICH & NBC-SIA kT, MREZFHHIL 72, SEBRIZ{H
A U738, FUJITSU PRIMERGY RX200 S7 % 16
A, InfiniBand FDR TEHi L7 PC 2 I AXTH B, /) —
N272 D Intel Xeon CPU % 1 EEH L, 70w 7 FHHK
% 2.4GHz, CPU 278U 4, / — 4720 O FHREE
HIZF8GB TH5B, £/2. H—FNVDN—Y 3 »iF 2.6.32-
220.e16.x86.64 THH, MPI 74 7'F ViZix MVAPICH2
22 ZfH\W/z, NBC-SIAH, 2O MPI 741 75V EIZHE
BT,

MVAPICH2 # #E i @ configure 2 ¥ ¥ N O 4 7
Y oa v UL T .

--enable-mpit-pvars=all % f§ & L 7=z, & 5 (T,
F AT K O B BE & 1% . MV2_ENABLE_AFFINITY=0,
MV2_SMP_USE_CMA=0, OMP_NUM_THREADS=4,
OMP_SCHEDULE=’static’ % & L 7=, & & . MVA-
PICH2 Ti%, BRIEZAEZ, MV2_ASYNC_PROGRESS=1 #% &
ETHIeTTas VARV Yy KERMHETL2EHDNTRE L 72
%7-%, MVAPICH2 TR L AA Ly KERHLLE
BETOBIZIE, ZOBRBEEHREZREL .

Ry FI—2 707 F LIE OSU Micro-Benchmarks 5.3.2
[10] & ~R—2iZ, WFEUATLTHEITTET MVEGHA
DO Z, WBERMICE ST EL R IIITELFH LT

-—-enable-threads=multiple



BERLEBF SR RIRE
IPSJ SIG Technical Report

Oy I hEERLT, FHALEZ, £7/2. X2 MUVEHEIX
OpenMP % FAWTAiFIML L7z, SEOERTIE, YT ML
FRIZFHWSEARZ MLOEZ % 100,000 3 & U 5,000,000 &
LB EIc DWTHIE 21T - 7-.

4.2 FOJLRRAL Y RIC&2 7T X LHEEED
T BERTAE

F9. ALV AAL Y RIZ& B 70TV XL HEERRE
OMREEIRT 2720, SHHREZEG RV, Ty TV
7" Alltoall JBFEDADMREZFHIL 72, X 6 (2, @IEH4A
MOSET ETOMERMZRT, BEEA Yy -1
A, HMedh LT BRI TdH 5., MVAPICH no progress I,
MVAPICH T/ a2 LV ARV y K&fbid - 25600
. MVAPICH Spare core $ & ' MVAPICH Furry
subscribed &, MVAPICH T/ 02 L AR L v N&{fis7z
BED., TNThd CPU I 7H| D 24T HIETORTERH,
SIA 1Z, NBC-SIA Z V72540 ERHTH 5, W
NDAYy =% A4 XTH, MVAPICH D 7u 'L Z X
Ly REMHALUZGEITHAR, NBC-SIA THrERM % X
EIZEfcETWwWad I s, NBC-SIAD V7 L A
Ly Rizk s 7130 X LHAEBED.

100000

10000

1000

Time [us]

100

10 64 16384

Message size [byte]

4194304

MVAPICH no progress
MVAPICH Spare core s
MVAPICH Fully subscribed
SIA =

6 MVAPICH2 & NBC-SIA i2B175%3E7 1 v ¥ 2 Alltoall
815 O A A IRERE

F 7o, W5 L FEZMATICEST L ZGE 0 MG REE
. B 7TIRT, BEREERE X BEREeERD S5,
FEICL o TRk TcEAZREDOLERTH S, NBC-SIA O
EERH#HRIE. MVAPICH2 T/ o2/ L AR Ly R&{fib
BTGB E I Ao E < FRKICE#RTETWS D
ENGD o7z, B, MVAPICH2 T7u /L AALw R
o254, BERBRIEVWEOO, Fiko@ED, &
B2 BT ZREPKIFIZEINT 5728, T07J La&RD
MReZ M LS5 L 3N#ETH D,

4.3 RRFEROBHBRROLEMDOHER

N7 VYA ZH 100,000 DA E 5,000,000 DEE D,
Ty F U SEMBREORETROENI LS THS T
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Overlap [%]

64 16384 4194304

Message size [byte]

MVAPICH no progress s
MVAPICH Spare core
MVAPICH Fully subscribed w1
SIA =3

7 MVAPICH & NBC-SIA (ZB17 5 @5 RME

LETREOMER, M8 &K 92, TNEFNRT, SIA
Spare Basic Linear. SIA Spare Bruck. STIA Spare Ring
l&. Spare Core T CPU 2 7% 7R L AAL v NiZ#ED
YTHEBAD, £TNVTY AL TOMEEERT, —J. SIA
no progress Basic Linear. STA no progress Bruck. SIA no
progress Ring l&, 707 LV AAL Y REHWRL - ZME
WD, FETNITY ALATOWRERT, 2B, SHOER
BRIE I, Fully Subscribed (Z & 2 MDY, DL FEL
WCHARTKRIBIZER o 72720, 77 705 L TV S,

K&, X7 MUY A ZHPNSWEE, Ave—IYa
ANKEL LB TOIVAAL Y REHAWEGED EHE
DDLU, RZ MUY AS ZAHRKRENGE, EDAY
t—=VHYAATETHIVAAL Y REAVWRWEEN
BHIZIR B Z e Bbhrotz, BETAMT 7Y ONETIE,
Ay —UH A X0 Tar AFE. BBOFIEBUC & b EUE
TE5H00, BFELAWATUTHEITINSGEEORIZET
LIEMITIMBTER, TD2o, FY) R FEEF B DR
i, EFRRORDUIIG U 72 BN 72 B R BT h 5
ZEebhotz,

25000

20000
15000

Time [us]

10000
5000

64 16384 4194304

Message size [byte]

SIA Spare Basic Linear

SIA Spare Bruck s

SIA Spare Ring

SIA no progress Basic Linear ==

SIA no progress Bruck

SIA no progress Ring

8 FEEFENT X 2 FETIEHDME (R ML A X = 100,000)

4.4 EIHEIREEORE
NBC-SIA (251} 2 BALE RS, EL K REFE%
BINTETWVWAENEPEMGET 5720, EEFBRE2FETEL
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250000

200000
150000

Time [us]

100000
50000
0

4194304
Message size [byte]
SIA Spare Basic Linear
SIA Spare Bruck
SIA Spare Ring ==
SIA no progress Basic Linear
SIA no progress Bruck
SIA no progress Ring I

9 FEEFRUT & B FEATHE OFHE (R ML X = 5,000,000)

7GEe, BIMICHERER L 254 CHE L, RT ML
1 XA 100,000 DA L 5,000,000 DHED, AT T
LAREOFERHOMEEZ, M 10 & 111ZR7T, &H.
HIfiOFR» S, SEOERRELE 707 J LTk, 7T
IV ZLMOMEREENKREL BN 2D o7z, E
BFREEEE L5 EOMREE UTIE, Ring 70TV XA
DEDDHA%ERLTWVWS, SIA Auto tuned A%, HEER
L7-BEDWRETH 5,

L‘?‘ﬂ@/\ﬁ MLVY A XDGES, %%?F&%.ﬁb

XU T, EERFEEZHIERLZB450MRE

j(%<uﬂﬁbflﬂ6 Ebhrol, £z, }EI;’%EH(D
7= O EFTHF DR % R U 724558, BHENEREHZ, Fully
Subscribed 23, Z< DO ATEEIZEEL =2, %
Bk 7S B I N2 Z R0 h o7z, LAL, 0K
DO 70 & X Tl Fully Subscribed O Al BEREE A T 12
EMozd 2, MOTueARNZO T AD%E T %5-
TIROWIIZFE B 72, 7027 T LEEOFREREH,
DELKFE IO KIFIZES Lo Tz, ZOMBEE MRS
5 FBe LT, NBC-SIA OIAN—Y 3 v Tlk, &F%
FEIZOWT, BB EREOEY -7 7 u e X TOFH
ETHRL, REDLDEERT L LD, ELELEHT S
FETH 5,

35000
30000
. 25000
(2]
= 20000
£ 15000
= 10000
5000
0 64 16384 4194304
Message size [byte]
SIA no progress Ring
SIA Spare Ring s
SIA Auto tuned
H 10 HEBEROAMIZ &2 ETRHMOMEE (X7 VA X =
100,000)
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300000
250000
200000
150000
100000
50000
0

Time [us]

16384 4194304
Message size [byte]

SIA no progress Ring
SIA Spare Ring
SIA Auto tuned ==

11 HEBEROAMIC L2 ETHEOME (N7 MLd A X =
5,000,000)

5. BEEMR

EHBE OB R LEAT & U T, Faraj old. 70 v
FUTEFEFIZB T REMTIVTY X LEREZAREE U
7% M#EE T 1 77V Self Tuned Adaptive Routines for
MPI collective operations (STAR-MPI) Z#2% L 7z [11].
Zhid, NBC-SIA & REBRIZ, EfTRICEFEEFETLVITY
AL%E 12T, lZ-o 726 D% ENT ZHMTH
%, ULH»U STAR-MPL &, 70y %> 7 EERBE I
JELTWARW, £k, 707 J AhOEFTEEOIFOH L
FEERFIZ TN T ) ALEREITZA D LS. MPI R OE
MBEMMTIRERINTOAR, call site &IS58 %,
HEMBEEIZEMLTWS,

—H. FETay F U EMEREE SR E U BEEL
B %2 FFow@IE 7 1 77 ) & LT, Barigou, Gabriel &I
Abstract Data and Communication Library(ADCL) 2%
% [12][13], U L. ADCL TEIfLERDO SR & 75> T\
ZOFEFMBERFET VTV XLDOHRTHY, T TV AR
Ly FOFHOAHEDZERIIAIT X2,

6. LIV

AW TIE, FEITREORMICIG U TEEFEZEIRT 5
B LEREE A O T ey F U ERBET A 7T
NBC-SIA #BAF L7z, 72, NBC-SIA I28 1) 5 FETBL
D—22 LT, HEIEA — N~y REERLZTO 2L
AAVLY RIZ& 2703 XL HEREZ AL 72, FEER
DOFR, B A TIE, NBC-SIA 2B 2 EETE DM
REFTAFHRICMELED O, EUVWVERBPITAZVED
D, FATRHZHBAT 2RI & » THREARFEETERLLT)
THIZ e, BRSO KM E R T E 7,
72, NBCSIA B33 70l LAAL Yy RiIZkaTIL
) XL HERERSRE DY, BEZD MVAPICH2 (251 5552
HUT, KOMRISEMETEZ L E2R Lz, 5HDTE
LTI, EEFEERTEZ2URETS L 2512, Alltoall
DA DL EIE DR EED 5,
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