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Abstract In order to match the overall computing capability of super computer, the super computer’s
storage subsystem usually has good I/O performance scalability, which causes that, applications’ I/O
access concurrency under the best performance of the storage subsystem and the total compute core
number (tens of thousands to several millions) of super computer are usually in the same order of
magnitude; however, the process number (equals to the I/O access concurrency) used in visualization
in scientific computing (ViSC) applications is usually relatively small (experientially set to 1% of used
computing process number, typically several to hundreds). Therefore, the best I/O performance of
the storage subsystem cannot be achieved. In this paper we propose a two level parallel data read-
based acceleration method for ViSC applications. Multi threads parallel data accessing is introduced
into the visualization process; the I/O access concurrency of the super computer’s storage subsystem
has been enhanced and visualization applications’ data read rate has been promoted through the two
level parallel read, i. e. the parallelism among multi processes and the parallelism among multi threads
inner process. The test results show that, under various visualization process scales, the peak data
read rate using two parallel mode is higher than that using single parallel mode by 33.5%-269.5%,
while the mean data read rate using two parallel mode is higher than that using single parallel mode by
26.6%-232. 2% ; according to the diverse scientific computing applications and various process scales,
based on two level parallel data read method, the overall peak running speed of visualization
applications can be accelerated by 19.5%-225.7%, and the mean speed can be accelerated by
15.8%-197.6%.
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Fig. 8 Thread number calculation algorithm flow in
one ViSC process
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Table 1 Software and Hardware for Test

F 1 MHNEKEEH IR

Computing Node
Test Machine P . 8 . .
Hardware Configuration

Storage Subsystem

Test Software Environment

Hardware Configuration

Sugon 4 cores, 16 GB memory,20 Gbps ib

Tianhe2-b 24 cores, 64 GB memory,40 Gbps ib

Lustre, 26 1/O nodes.,
78 TB data volumn for users

Linux,JASMIN, HDF5, MPI,
pThread, TeraVAPReader

Linux,JASMIN, HDF5, MPI,
pThread, TeraVAPReader

Lustre, 3. 4 PB data volumn for users
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Table 2 Dataset for Test
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Generation Step/MB on Patch
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Fig. 12 Data read rate of Sugon cluster using different

process number and thread number

P12 BB T A ) o P e o 0 A Al 13 M o

P 12 v g IR AT B 1 B (1 AR o0 .
PR R A 6 B A7 B2 O 30 Y R BOR T 4 D
I B A P T A 38 I R 9 IO BE S T A BT R

WX 5 1A 2 A T/ O PR BE 28 ILH T A — 2. 3R]
g bl T HDES 2 i & 2 i 03k o O oK filt
P AT 20 B I o 3 A — B0 % B HDEFS
Vo R R A A 2 AP T 0 R S U A

K13 Wos 1 BEOLARRE 8 HEFE T i AR 2
RO Bs e BOE R 0] LA L AE 8 ERR R . PTF
7 HE SR AT I (B B0 1 I A B /2y 269. 506 (7 £&
P vs TR PI{H B 130 BUHE (2~ 8 LR Jdie i
WOE AR vs 1 4B B0 232,200, IR 13
bl LU L TR A 1O A sE B BIR,
LA SR R N A LR RO AN 2 i

3090

2515.5 2528.5

2445.4

2090

1090

Read Rate/MBps

90 1 1 1 1 1 1 1 1
1 2 3 4 5 6 7 8
Thread Number
Fi

g. 13 Data read rate of Sugon cluster under 8 processes
K13 BESLAERE 8 kR HdE i3 Mo R

TER 2-b A RE B abAT 1 A i e i (it A
Bl 128~1024, H ML BB 1~64) By HE
D, 18 14 b 7R 1 e A () i e P 5 1 1Pk i i
G5 TR 2-b AR R B AT A ARt AL HE A
£ IR IO a7 = R R N N D B < S A I
FHERAT 3 2 1 TR 2 TR S 2 A7 A 2R G0 BF R 1K
Wz i) e il /O e T4 Rk, B 14 9 1/O
RE MR E BA B 2 AL I . B DAL rh AT SR W] DA
B PRI AT B L IO A ) BT AT

4090 |
é 3090
=
i
2
£ 2000 |
E —&— 128 Processes
R~ —- 256 Processes
100 A 512 Processes
—»— 1024 Processes
90

1 2 4 8 16 32 64
Thread Number
Fig. 14 Data read rate of Tianhe2-b cluster using different

process number and thread number
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Fig. 15 Two level parallel-based data read peak enhance-

ment of Tianhe2-b cluster compared with one level parallel

under different process scales
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Table 3 Overall Running Speed Enhancement of ViSC Applications
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Minimum Value of
Peak Read Rate

Enhancement Proportion

1/O Proportion in ViSC

Running Time

Maximum Value of
Peak Read Rate

Enhancement Proportion

Maximum Value of
Average Read Rate

Minimum Value of
Average Read Rate

Enhancement Proportion Enhancement Proportion

65 19.5 90. 2
75 23.2 120. 8
85 27.1 163. 2
95 31.3 225.7

15.8 83.3
18.7 110. 2
21.7 146. 4
25.0 197.6
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