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Abstract: The performance of collective communications impacts the efficiency of large scale parallel numerical
computing application. Since the theoretic analysis and evaluation on every type of collective communications is
still insufficient for the programmer, the communication modules of many applications are designed and used unrea-
sonably. Using Intel IMB benchmark, this paper analyzes and evaluates the typical MPI (message passing interface)
collective communication on BXJ supercomputer (a parallel machine platform), and gives the theoretic results based
on the current model and algorithm. The results show that the performance of different MPI collective communica-
tions is different. There is an obvious gap between the actual value of some collective communication and theoretic
value. The results reflect that there are still many researches, such as accurate theoretic performance model for some
collective communication, optimization of collective communication, and optimization of application communica-
tion module, etc.
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Table 1 Basic parameters for communication system of
BXJ parallel computer
#1 BXIIHArPLlf RGIEASE
G0 ESil 28
GLEX i HH s % st /MR /us 1.58
B2 GLEXGETRA I KAl 9/ (MBYs) 6343
GLEX il A e K 56/ (MBYs ) 9710
MPI#THAER /us 2.37
A= MPI #4311 58/ (MB/s ) 6343
MPI ]38 i 96/ (MBYs ) 9236

o TZ I 6 AL T A s AT RS I
B M2 S ARG, SC A Sl AY s R IF 47 M
Bl 8 1924 MPL#ERE
3.2 WA A5 B Ui ik

X MPILAS AR 4538 5 V5 BE Y BE (6, MO 1
SCHYAAR S AT o S TR IR o FLE {547 FEAIK
It 28 8 B A TR 52 B DU (B A 61 5 {1, A g il
UL, AN PG S 2 R Bt TR B T B RN 28
63 y ZEORIE AL B3 1Y 20 SIMD 137 $ 55
A BB RV

Xf T MPLAE & T8 A5 A PERE I L , 26 ] Intel IMB
DR e, PPN B 46 5 38 TR #8432 2240 45 Reduce
Gather, Alltoall , Beast, Scatter , Allgather FI Allreduce.
IS R U R

4 FEACETR S B S B 5 Br

B, Al IMB  PingPong 2 ) Fll Sendrecv £
J Ik MPT 38 THAE IR FIAE s Sa s Ol o

F2 2R WoR  (1)BXT R/ NMER 2.72 ps 5 &
GERAL S 502.37 us FAH 24, {H PingPong Y £
i g — %l £ 64 Byte (packet) I, JEIR 3% I
Tho RIRTEBXTAL T4 PR AT iy, ML 7 B A
55 H AR P AR THAE I 58 4 o (2) SR MPLiE
TS T B T B R RST BB I i A Wess i, {5 28 MPI
FRARMEIR B Fe JGR AT 5 , RIE A4 MB i iH B
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Table 2 Results of PingPong
42 PingPongillif %5 3t

B/ Byte BRI JEIR /us W95/ (MB/s)

0 1 000 2.71 0

16 1 000 2.73 5.58

128 1 000 7.93 15.39

1024 1 000 8.60 113.53

4096 1 000 9.56 408.81

8192 1 000 10.95 713.37

16 384 1 000 14.16 1103.77

32768 1 000 20.46 1527.63

65536 640 19.63 3183.32

262 144 160 47.38 5276.02

1 048 576 40 188.56 5303.29

4194 304 10 801.46 4990.92

3R 40BN THEY ST 8 AR
12/ FERS , Sendrecy #2712 17 8 192 S HERE AT ) 4E
BT FENE DL
Table 3 Results of Sendrecv (8 processes per node)
43 Sendrecy ML 4T YL (15 2 8 IEFY)
i HE ByME O RKE CPIEE TR/
/Byte WHL iB/us iB/us B/pus  (MB/s)
0 1 000 3.06 5.83 3.25 0
128 1 000 11.86 12.81 12.11 19.06

4096 1 000 17.96 24.24 2043 322.26
8192 1000 23.37 3242 2529  481.99
16 384 1000 37.56 54.87 40.72  569.50
32768 1000 70.60 99.62 76.67  627.40
65 536 640 139.65 19039 14932  656.54

Table 4 Results of Sendrecv (12 processes per node)

A4 SendrecviMliL5 P O 5 12 R

it EE BME RRIE CPIEE AFTE/
/Byte WHL iR/ps iR/us B/us  (MB/s)
0 1 000 3.12 3.59 3.19 0

128 1 000 14.72 20.17 15.24 12.11
4096 1 000 24.08 35.65 2599  219.13
8192 1 000 32.07 45.96 34.16  339.96
16 384 1 000 53.09 102.83 56.90  303.90
32768 1 000 101.92 143.50 109.37  435.53

F 3 MR AMALE R WoR : (D) FRMA AT I
KT Sendrecv 134 fie /)N JiE IR FEACHERTE 3.20 ps A2
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ceive 5¢ M AT LA TE B ) 58 WA B R, 5 LA 5
AW 4 5 Sendrecv #1E AL iy 64 KB K4 40 19 ZE 3R 7
98.40 ps & 193.60 us 2 [H] (8 AR/ HTT 1) , 5 54K
P EEAY) 5

5 MR A )l 4 PR P IR Y PEAS
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FEECE X BOC R |, S EE &  MPLIE tHIER Fl
AT SEN B IR e, 1B 2 43 1 164~ MPI
PEFEE 8 1924 MPI #ERL T, X%} 128 B 116 KB A M
S AT Beast BAE 1430 THAE IR 15 50 , BV 2 15 8 B
/N, DU B MPT E R 2504 1 B 1) Beast 38 THAEIR A2 4L
oo Hd s 4L, o BB A
3 84~ MPIFERE AT 121 MPIHEFE (S5 5, X T HE 8
., 2T MSTHEIESAT T AR5, b iy RS IR/
FE 3R o B 2.37 ps, B AR 4 PingPong B} /) i 15 7 9
3183 MB/s 4.,

1A I A s s (1) XFT 128 B B, Beast
T8 THAE IR Y S 5 MST 2500 By BB W) & 15 4%
U, Teie BT RS 3 8 S MPLIE R | b 2 1
3112 MPLERE , Beast il HAEIR (520 5 MST 55
BB A 2ZEA K Q) B FIFE AR g 124
MPLFERRET , 38 THAHT Y 58 4 Fo i 2 8 4~ MPTE AR A 5
K, FH N 1 Beast 38 THAE IR glg K —28, (3) i F5LFr
RGN 5 B R G, PRz AT ) THE R A
A — W B, S AAAE—E W B0

B2 o (1) X 16 KB {94 8, , Beast il iRAEIR



256 Journal of Frontiers of Computer Science and Technology HENBIZE5HER 2017, 11(2)
45 Beastiffi i1 §E(128 B) 50 Reduceifi iRPERE(128 B)
I 180 +
‘3“5) I 160 - ~ MST #ig{E A
230t gL,140 - = SEJN(8/N)
5 25| 2 %gg I M (12/N)
" 200 ® 80| .
15} ~ MSTHLEE 60 "
1of * SMEN) of . —
51 SEM(12/N) 20
0
16 32 64 128 256 512 10242048409 8192 16 32 64 128 256 512 102420484096 8192

MPIHFEEL
Fig.1 Latency of Bcast for different MPI

processes (128 B message)
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AR GRE]T 4 096 FEFERT R 2455 DA L, RIAR MEAR RS
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Fig.2 Latency of Bceast for different MPI

processes (16 KB message)
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Reduce FIIEE AR T MST B AL, 4EIR o Fl1 S HL
{H 7] Beast, X Fy, LLFEM 2.2 GHz 715, HAB & B
AEpp SR AT DABRA T 256 11

MPIHFEEEL
Fig.3 Latency of Reduce for different MPI

processes (128 B message)
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Fig.4 Latency of Reduce for different MPI

processes (16 KB message)
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GatherBVEEREXT H.(128 B)
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Fig.5 Latency of Gather for different MPI

processes (128 B message)
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Fig.6 Latency of Gather for different MPI

processes (16 KB message)
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5.4 Scatter PEfig

& 7. [ 8 43 & 16 > MPI #E 7% % 8 192 1> MPI
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Scatter B/ AU BIS(E 3T 2.2 A9 ()AL, a1 SHL
{H 7] Beast.,

7 B 8 B A s - (1) 2478 B HR N Hy
128 B i, Scatter il il AEIR (1) SIMME 5 MST 515 1
WEW) AT, TR THE Y AUG 81 8> MPLiF R,

S JE )R 8 12> MPILiEFRE , Scatter 18 TR AE 3R Y 520
HHISEAZEA KR (2)XF T 16 KB AYIH K., Scatter il
HUIE R i SCMMEFE R AU N 55 T 512 B 5 e
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Fig.7 Latency of Scatter for different MPI

processes (128 B message)
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Fig.8 Latency of Scatter for different MPI

processes (16 KB message)
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A 5 I AL i 55 K 450 MB/s, 8 HEFR/BA Y 55 N
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Fig.9 Latency of Allgather for different MPI processes
(16 KB message, 8 processes per node)
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Fig.11 Latency of Allgather for different MPI processes

(128 B message, 8 processes per node)
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Fig.10 Latency of Allgather for different MPI processes
(16 KB message, 12 processes per node)
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Fig.12 Latency of Allgather for different MPI processes
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2100 Allreduce#2/EERE(16 KB,12/N)
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Fig.13 Latency of Allreduce for different MPI processes

(16 KB message, 12 processes per node)
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Fig.15 Latency of Allreduce for different MPI processes

(128 B message, 12 processes per node)
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Fig.14 Latency of Allreduce for different MPI processes
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(128 B message, 8 processes per node)
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Fig.17 Latency of Alltoall for different MPI processes
(16 KB message, 12 processes per node)
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Fig.19 Latency of Alltoall for different MPI processes
(128 B message, 12 processes per node)
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Table 5 Latency of collective communications

A5 OB A o e AR A E SRS DL

K SN S E—

12 PERR/ T 25, SHEFE/ 1T S
1 Reduce 342 352
2 Bcast 1208 1056
3 Gather 61 466 59 600
4 Scatter 144 919 141772
5 Allgather 632 637 429 510
6  Allreduce 5126 3487
7 Alltoall 9886 531 3383299
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Fig.18 Latency of Alltoall for different MPI processes
(16 KB message, 8 processes per node)
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Fig.20 Latency of Alltoall for different MPI processes
(128 B message, 8 processes per node)
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