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Abstract: To address the issues of inefficient performance analysis and difficulty in tuning caused
by the scarcity of input/output (I/O) data and the prohibitive costs of modeling and optimization
in large-scale parallel applications, a novel method for machine learning-driven 1/O performance

modeling and prediction in large-scale parallel applications is proposed. During the modeling
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phase, on the one hand, a linear regression-based model for 1/O feature prediction in parallel
applications is constructed using data sampled from small-scale node environments to enable the
extrapolation of features to large-scale configurations; on the other hand, I/O features in parallel
applications acquired from small-scale node environments, along with the corresponding 1/0 stack
parameter space, are fed into an artificial neural network (ANN) for training. This allows for the
learning of the nonlinear mapping between system configuration parameters and I/O performance,
leading to the construction of a model for I/O performance prediction in parallel applications.
During the prediction phase, the I/O features of large-scale parallel applications are first predicted
via the I/O feature prediction model. These predicted features, together with the corresponding
1/0O stack parameter space of large-scale parallel applications, are then fed into the I/O performance
prediction model to accurately predict the 1/O performance of such applications. Experimental results
demonstrate that, on a domestic supercomputer, the proposed method exhibits high prediction
accuracy across four benchmark applications: IOR, S3D-10, BT-10, and Flash-10. When models
trained on 1-—16 nodes are extrapolated to a 128-node (2 048-process) scenario, the mean absolute
percentage errors (MAPEs) are 19. 07%, 18.96%, 12.34%, and 14. 16 % , respectively. Furthermore,
by tuning the I/O stack parameters based on the proposed model, I/O performance speedups of
16. 38, 23.16, 45. 36, and 65. 38-fold are achieved for the four benchmark applications.

Keywords: large-scale parallel applications; 1/O performance modeling; 1/0O auto-tuning; artificial
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Fig. 1 Structure of the LMP-I0 method
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this study
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Fig. 2 Schematic diagram of the ANN model structure
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Table 3 Performance comparison of 4 methods on the IOR

benchmark program

#erl ik Evar

EMAPIZ / % ERMSE RZ

A3 1.30  19.07 2.22  0.843
AIO 0.91 19.16 1.42  0.935
YR
DIPL 1.51  23.57 2.58 0.788
OPRAE 0.94 20.30 1.47  0.931
A 2.13  37.26 3.30 0.654
AIO 5.63  71.89  7.57 —0.820
CEE/N
DIPL 5.69 72.76 7.68 —0.876
OPRAE 5.64 74.01 7.56 —0.813
A3 1.47  19.17 2.49  0.803
) AIO 4.27  53.44  5.83 —0.080
RE
DIPL 4.12  50.01 5.80 —0.070
OPRAE 5.63  72.78 —0.07 —0.815
T SRR N B

Bl 3 BT AR N TOR MR FERY B
HBLR 128 9 A1 (2 048 HEFE) 1Y 1/ O B 4] 14 43 1
Pl DAL rpon] LLOE R 3, 0000 5 S5 s 1 48 4 3 A 4%
B KRS B AR g B A0 FE AR TN £ L 3 W AR AR
% 1 22 1 1/ O BsF () BT s AR AR A A S AT

251

ol — EEERL
@ °
_;_‘;15- ° 40 .°'.o '.. o
6 .o .= °
5 uf ot ol
= wo8° °%°
= ﬂ' 8,2°% @

St s’,.w e

o =
0 5 10 s 20 25

LS/ O/ (] /s
3 ARICOFIRAE 128 5 (2 048 R T AF TOR e )7
1 1/ O B ] A
Fig. 3 1/0 time scatter plot of the IOR benchmark program
using the proposed method at 128 nodes(2 048 process)
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Table 4 Performance comparison of 4 methods on the S3D-

10 program

#Erl ik Evae

EMAPE/% ERMSE R2

AL 8.27 19.06 13.41 0.937
\ AIO 22.32  40.78 34.12  0.589
[T
DIPL 22.56 37.31 37.82 0.496
OPRAE 22.35 41.73  34.11 0.590
AL 8.52 18.96 13.62 0.934
AIO 43.25 49.14 65.38 —0.506
CEETN S _ _
DIPL 43.16 78.75 65.76 —52.330
OPRAE 43.09 78.80 65.33 —0.503
AL 9.35 22.96 15.16 0.919
) AIO 37.09 64.65 56.80 —0.136
RE _
DIPL 43.22 78.65 65.86 —0.528
OPRAE 22.35 41.73 65.35 —0.504
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Table 5 Performance comparison of 4 methods on the BT-10

program

EROTA ik

EMAE EM.’\PE / % ERMSE R2

AL 6.05 21.46 11.98 0.743
AIO 10.95 34.21 19.84 0.297
[T
DIPL 11.52  34.12 21.50 0.174
OPRAE 10.88 34.27 19.70 0.306
AL 3.98 15.93 7.15 0.908
\ AIO 17.79  69.27 26.40 —O0.245
CEEINS
DIPL 18.03 68.85 27.27 —0.328
OPRAE 17.72  68.85 26.28 —0.233
AL 2.46  12.34 4.81 0.959
) AIO 14.89  53.09 23.39 0.022
"E
DIPL 14.49  49.99  23.36  0.025
OPRAE 10.87 33.97 19.71 0.306
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Table 6 Performance comparison of 4 methods on the Flash-

10 program

AR
N 7‘7& EMAE EI\/IJ\PE/% ERMSE Ie2
.
AL 52.49 14.16 98.56 0.896
AIO 297.55 83.11 406.65 —0.769
[T
DIPL 300.25 83.10 413.02 —0.825
OPRAE  297.43 83.03 406.59 —0.824
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Fig. 6 1/O time scatter plot of the Flash-IO program using
the proposed method at 128 nodes(2 048 process)
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Table 7 Prediction results on 128-node (2 048 processes)

IOR benchmark program using different training

sample scales

A 48 b Y254 1 Y44 2 Il 4E 3
Eviar 1.30 0.92 0. 86
Enare/ % 19. 07 15.98 14.23
Eruse 2.22 1.47 1.26
R 0. 843 0. 931 0. 959
%8 TIORAAEEFEPTRE i & T2 .5 128(2 048

FHA) TR L R
Table 8 Prediction results on 128-node (2 048 processes)

IOR benchmark program under different workloads

WA 8 bR fiakdl 1 i 2 fakdl 3
Ewuax 1. 30 1.09 0.76
Esare/ %0 19. 07 16. 22 13.59
Eruse 0. 843 1.720 1. 170
R? 2. 220 0. 906 0. 956
%9
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Table 9 Tuning results on 128 nodes (2 048 processes) for the IOR benchmark program under different modeling strategies

B g/ S 98/

et RE A A A RUN/MB O BINEFE] /s S /s - B
(MB-«s™1) (MB-+s b
YR 128 120 8 1.28 1.47 3200. 00 2 649. 42
EEE/NIS 128 64 16 0. 94 1.23 4 357.45 3338.22
TR Gt 128 120 16 1.07 0. 80 3828. 04 5145.73
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Table 10 Tuning results on 128 nodes (2 048 processes) for the S3D-10 program under different modeling strategies

S

B vE/ S A 58/

AT Ra B 8 FWR/AN/MB O BUMETRE /s SEIE ]/ s B i
(MB+s™ ) (MB+s™ ")
YR 128 120 8 6.09 9.78 1681. 44 1047. 46
EEE/NIS 128 96 1 5. 30 7.97 1932.08 1285. 46
RA 128 120 8 6.09 9.78 1681.44 1047. 46
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Table 11 Tuning results on 128 nodes (2 048 processes) for the BT-10 program under different modeling strategies

R AL SR T DL L 2 35 A BRI 2%l Bl B
N5 R U DE IS B SfELI AT A 2ER T /0 3
SRAET G0 5 OST Z [6] 1 347 BE i 153 22 Gl 55 4R

s w - " . X s | o A SEN AT 98/
HBL R REME S B A KN/ MBSO BT R /s S AT E] /s
(MB«s™ ) (MB-+s ")
[ 64 64 4 3.85 3.37 1662. 34 1897.42
EEE/N S 64 32 8 2.67 2.10 2397. 00 3041. 83
TR A AR 64 32 8 2. 67 2.10 2397.00 3041. 83
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Table 12 Tuning results on 128 nodes (2 048 processes) for the Flash-10 program under different modeling strategies
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Fig. 7 Comparison of I/O time speedup of the proposed
method under three modeling strategies at 128 nodes

(2 048 processes)
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