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Abstract: SGA is a tool based on string graph theory for DNA sequence de novo assembly. In this paper, the sequence de novo assembly
problem based on SGA is proved to be an NP-complete problem, and detailed analysis on SGA is provided. According to the result, SGA
outperforms other similar tools in memory consumption, but cost much more on time in which 60%~70% is spent by index construction.
To tackle these issues, this paper introduces a deep parallel optimization strategy, and implements a Tianhe-2 architecture oriented parallel
framework. Experiments are carried out on different data sizes on ordinary cluster and Tianhe-2. For data of small size, the optimized
solution is 3.06 times as fast as before, and for data of medium size, it’s 1.60 times. The results demonstrate the evident overall
improvement and the linear scalability for parallel FM-index construction. This study can be beneficial to the optimization research of
other relevant issues, and it also affirms the powerful computing ability of Tianhe-2 as a useful tool in life sciences research.
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Table 1 Time breakdown of SGA pipeline
1 SGA JFES ] JT 4173 Hr

AR S ph I 1) (s) I8 B N 8] 7 43 L (%) CPU I/ Jii)(s) CPU I i) ¥ 43 (%)
preprocess 984.68 7.84 984.79 2.53
index 31323 24.95 6 429.46 16.51
correct 1496.56 11.92 12 801.55 32.87
index 5 687.46 45.31 12 229.89 31.40
filter 577.93 4.60 3219.36 8.27
overlap 545.47 4.35 3156.78 8.10
assemble 127.4 1.01 127.6 0.33
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Table 2 Configuration of test platform
F2 WA RCE

WAL Rl =5
CPU & Intel(R) Xeon(R) CPU E7520 @ 1.87GHz Intel(R) Xeon(R) CPU E5-2692 v2 @ 2.20Hz
LAY 5 CPU B 16x4 12x2
P RN 32GB 64G
R 1 16 000
Btk R4 Lmuxl::/;:(rlsll_;);t i..61.']22_3‘-‘1664.615 Linux Ve{{s}l]cl)ir:]%iérii-ﬂo‘el 6
[DEEPNAN 3.6TB 4R IE S I AT A7l R 48,12.4PB
Gif 1F 4 gcc version 4.1.2 20080704 gcc version 4.4.6 2.11.731
DAL I -03 _03
AT openmpi-1.4.3 MPICH 3.0.4

e

BT JRER 1) SGA SEBL AR T 2 AR HAT 77 2, S8 e vk 2, Rtk R ge /e — A1 AR L= 17
177 LI BRIFAT AR T 23456 2 22 (1077 20, ] DLSE TS L Ui 58 R IFAT, AT m] BA 78 4 )
F 2745 s S BT, RG] 5.
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Fig.5 Result comparison
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5 W BAE W AT R ropeBWT J7 £ #) @ FM-index f R, &% E.coli Ml C.elegans FEAR, 43 Jil) 7 %
1271.79s A1 3 390.10s, L 46 )5 (11 DPBCR J5 3% 7 7l it 2 415.5s A1 2 122.91s, 50 13¢5 1 3.06 1541 1.60 £
42 RSN
LA E.coli F{4x3k I3 41 4342 A 81 DA 1), 5 AT Mg 3 =y 5 FM-indlex (147 I [ - 415 it 1 2 30 A0 A7 00 L3R 3.
Table 3 Time consumption of parallel FM-index construction
%3 JHTHE R FM-index [ 1) JF 45

WEFEEL 1 2 4 8 16 32 64
I 18] T4 (s) 1213.29 597.98 293.62 143.10 69.30 31.91 14.26 7.14

128 256
3.59

TN LA 18] 6 B 7, 45 2R3 B R4 S = #8 FM-index (14 I T1) 1 T2 B i 29 2 0000 n e A 52 2 PRI R T RAT R

LB AL
[FI 4, LA E.coli ff) 42K A 21 e #1) B e 4 91, 9547 45 9 J=) 8 FM-index (14 I 13 T4 Bt 2 e B8 A 5 00 I3 4(LL

32 ANEERE D ).
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Fig.6 Speedup of parallel FM-index construction
6 HATHIEE FM-index I 72 ) i bt

Table 4 Time consumption of parallel FM-index merge
&4 JHTEIFRHE FM-index fI 1] JF 4

B 1 2 4 8
B 18] FF 48 (s) 806.31 560.93 453.23 394.56
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Fig.7 Speedup of parallel FM-index merge
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HUBEAI I 5 AR G0 B AT PR RE IR, B0 /N IR b, D0 A I ) 28 5 DA 3 Lb 2 AT R S fE P e v 17 3.06 £,
SERUBEHE S = T 1.60 % JFAT RIS B8 FM-index #7338 B T 20 b S 45 SRR WAL RCR W A2
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