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Abstract: Alltoall is an important collective operation of MPI (message passing interface), which impacts the paral-
lel efficiency of many parallel numerical computing applications. Since theoretic analysis and evaluation of Alltoall
collective communications on the massive parallel computer is still insufficient, improper communication module
design and poor communication usage are widespread in many applications. The test of basic MPI communication
performance shows that the communication latency is instable due to network contention and the variety increases
with the number of MPI processes. In order to reduce the gap between the predicted run-time and the measured run-
time, this paper proposes a new performance model to evaluate Alltoall operation. The model considers not only the
standard parameters such as bandwidth and latency, but also takes into account network communication contention.
Results on the BXJ supercomputer show that the performance prediction model accurately captures the Alltoall com-
munication behavior even for the operations on a large number of processors and manifests network competition
cost on the Alltoall communication.
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Table 1 Basic parameters for communication system of

BXJ parallel computer

#1 BXITHATHLEAS RAHEA SR

4ty gl SHH

GLEX 3l 1R 5 6] s e/ NER /s 1.58

W2 GLEX@IRH [ i KA 9/ (MB/s) 6 343
GLEXGETX i KAl 52/ (MB/s) 9710

MPI 38 THAE IR /us 2.37

B2 MP1 5[] 38 T 55/ (MBS ) 6343

MP1 X r) i 17 78/ (MB/s) 9236

Table 2 Basic parameters for NRC interconnection
#2 NRCHEIEA B R

gl ZHUH
IS PN L3/ € 3
TAEEM/MHz 312.5
SR M bit 256
ZXTIFH 16x16
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Fig.1 Relationship between latency
and the number of processes
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Table 3 Relationship between latency and the number of processes (8 processes per node)
A3 G EER SR G & (R 2084 MPIERY)
SRR 4 KB £ ffn 16 KB £ iz
RORIEIR Ips — F/MEIR/ps IER 2% /ps $2FHHHI%  FRRIER/us  Fe/MER/ps - IR ps 8T+ 1%
16 18.30 18.23 0.07 0.38 40.82 40.75 0.07 0.17
32 17.99 17.92 0.07 0.39 37.39 37.24 0.15 0.40
64 18.12 18.03 0.09 0.50 37.49 37.31 0.18 0.48
128 18.09 17.98 0.11 0.61 37.71 37.31 0.40 1.07
256 18.35 18.04 0.31 1.72 39.68 38.27 141 3.68
512 19.62 18.05 1.57 8.70 38.72 37.49 1.23 3.28
1024 20.69 17.93 2.76 15.39 54.01 37.80 16.21 42.88
2048 27.84 17.92 9.92 55.35 53.39 37.72 15.67 41.54
4096 21.06 17.86 3.20 17.92 53.32 37.63 15.69 41.69
8192 24.24 17.96 6.28 34.97 54.87 37.56 17.31 46.09
Table 4 Relationship between latency and the number of processes (12 processes per node)
A4 GWAGHER SR G O R 124 MPIIERY)
. 4 KB ¥dli tk 16 KB #jdi
BRIER s /PERus  IERZE/ps  $EFHLLHI% BRIER/us  H/PERpus  HERE/us 2T+ HHII%
16 23.86 18.23 0.04 0.17 50.03 49.94 0.09 0.18
32 24.08 23.82 0.16 0.67 54.26 53.97 0.29 0.54
64 25.60 23.92 0.20 0.79 54.62 54.10 0.52 0.96
128 25.04 25.40 0.28 1.13 54,71 53.74 0.97 1.80
256 24.82 24.76 0.56 231 56.01 53.96 2.05 3.80
512 25.63 24.26 1.05 4.27 56.30 53.55 2.75 5.14
1024 30.80 24.58 6.57 27.12 78.41 53.67 24.74 46.10
2048 37.67 24.23 13.47 55.66 78.39 53.68 24.71 46.03
4096 30.86 24.20 6.66 27.52 78.31 53.30 25.01 46.92
8192 35.65 24.20 11.57 48.05 102.83 53.09 49.74 93.69

Fig.2 Relationship between communication bandwidth

of single MPI process and the size of messages

P2 FiERRIN MP LA 08 5 B 1% ik ] 4 5C 2

Fig.3 Relationship between cumulative communication

bandwidth of single node and the size of messages
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Fig.4 Comparison of actual value and predicted value
by different Alltoall models on BXJ (16 KB message)
K14 BXJ I Alltoall f& S B A% i 155
M%) b (16 KB E)

Fig.5 Comparison of actual value and predicted value
by different Alltoall models on BXJ (128 B message)
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Table 5 Comparison of actual value and predicted value

by different Alltoall models (4 KB message)
#5  Alltoall JEMPERE 15 FLE AT EE (4 KB L)

. AT 5 84 MPI T 5 124~ MPI
IR R SEFER s
SCINE JERROR AR STIE AR R
512 17411 11941 17435 24610 17911 23406
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4006 330610 95693 346391 435567 143540 429731

8192 983752 191410 908548 2512881 287115 2117 705

Table 6 Comparison of actual value and predicted value
by different Alltoall models (16 KB message)
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8192 3387261 319394 3187948 9891631 479091 7 801 452
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