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Accelerating RNA secondary structure prediction
applications based on CPU-GPU hybrid platforms

XIA Fei, ZHU Qianghua, JIN Guoging
(Electronic Engineering College, Naval University of Engineering, Wuhan 430033, China)

Abstract ; Prediction of ribonucleic acid (RNA) secondary structure remains to be one of the most important research areas in bioinformatics.

The Zuker algorithm is one of the most popular methods of free energy minimization for RNA secondary structure prediction. However, general-

purpose computers including parallel computers or multi-core computers exhibit parallel efficiency of no more than 50% on Zuker. For this

problem, a CPU-GPU hybrid computing system that accelerates the Zuker algorithm applications for RNA secondary structure prediction is

proposed. The computing tasks were allocated between CPU and GPU for parallel cooperate execution. Performance differences between the CPU

and the GPU in the task-allocation scheme were considered to obtain workload balance. To improve the hybrid system performance, the Zuker

algorithm was optimally implemented with special methods for CPU and GPU architecture. A speedup of 15.93 x over optimized multi-core SIMD

CPU implementation and performance advantage of 16% over optimized GPU implementation were shown in the experimental results. More than

14% of the sequences were executed on CPU in the hybrid system. To the best of our knowledge, our implementation combining CPU and GPU is

the only accelerator platform implementing the complete Zuker algorithm. Moreover, the hybrid computing system is proven to be promising and

applicable to accelerate other bioinformatics applications.
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Algorithm: Task allocation and execution scheme between CPU and GPU

Input Parameters:
N: RNA sequence number; L: RNA sequence length;

Ticpu: Avg. execution time for single RNA sequence on CPU;
Ti16pu: Avg. execution time for single RNA sequence on GPU;
Output Parameters:

E[1; N]: minimal energy of the N sequences;

S[1; N]: secondary structure information of N sequences;
Variables Define:

K: performance ratio GPU vs. CPU;

B: the boundary allocation value for RNA sequences;

Step 1:

K =Tipu/Ticpy !/ get performance ratio of GPU vs. CPU
Step 2:

B =N/(K+1) // compute the boundary value for allocation
Step 3:

Ss3;: Send the sequences in [B; N] to device memory
S3,: Start the GPU computing
Si3: Multi-thread parallel processing over multi-sequence on CPU
for sequence s in [1;B] do
compute energy matrices W, V, WM;
end for
S34: if (GPU computing done)
Receive matrices W, V, WM matrix data form GPU
device memory for sequences in [B; NJ;
Do S;3s;
else go to Sas;
Ss3s: backtrack according to the W, V and WM matrices
for sequence s in [1; N] do
compute E[s];
compute S[s];
end for
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Tab.1 Optimization results of different performance tuning methods on CPU
A(L=68) B(L=120) C(L=154) D(L=221)
Opt. methods

Time Sp. Time Sp. Time Sp. Time Sp.

None 7.449 1 35.282 1 66. 270 1 155.954 1
M1 3.930 1.90 18.631 1.89 34.795 1.90 82.266 1.90
M1 + M2 4.052 1.84 19.164 1.84 34.901 1.90 80.177 1.95
M1 + M2 + M3 1. 081 6.89  4.737 7.45 8.424  7.87 19.059 8.18

Note : Opt methods; M1—02, M2—SSE2, M3—Multi-thread

FEFAAS Xeon E5620 4% 3R] 02 {4675 1% ]
PABRAGF-2 1,90 fhmsg L. i T K B8O,
SSE2 J5 kX T Al =24 cA WL ACR , A 2
XS JEL Y 91 5 | AR P T 4 28 L JROR I VM 248
YRR 2R TR T 2 RS, B4y

ST PERERR IR B T i
4.3 GPU 1%ge

2 Won TAE GPU &2k FIAS [A) 1 RE A
LT B A 5 P 3 AT I Al AL B, C,D
VUL 3514, 5 7 AR 1 1200 2%, R FTBEAL
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JREEN. PLGPU B2 2RI TT i R TE BE
YEMHER FEME . IFR 2 AL, BEH AL
fna , B4 50 T PEREARA 2 1 B & P T
RINLAE VR EE RN LI585 05, AP 53R 1
RAEFESATIR L, RIESHICIRI17 ], — K

Ji 3 120bps ) RNA J$311E GTX 280 b #47 %%
SRR TIEIN £ V- X PHAT IR 1] DA 0. 473ms, 2R A
SCHE g GPU K 3 14 °F 2 S0 AT B 8] Oy
0.293ms, AIARAT 1. 62 A5 RN He, B S AL FAH G
TAE.

R2 =T GPU ML SR M hE LR X LL ( B 18] BA 4L - s, S EE (Sp. ) )

Tab.2 Optimization results of different performance tuning methods on GPU

A(L=68) B(L=120) C(L=154) D(L=221)
Opt. methods
Time Sp. Time Sp. Time Sp. Time Sp.
Ml 0.452 1 2.402 1 3.530 1 20.067 1
M1 + M2 0.199 2.27 0.8  2.81 1.561 2,26 8.876  2.26

Ml + M2 + M3 0.068 6. 65 0.293

8.20 0.754 4.68 3.270 6.14

M1 : hierarchy parallelism, M2 : memory optimization, M3 : thread scheduling and tiling

®3 ARFIARESRIS GG (B E8AL:s)

Tab.3 The estimated task allocation ratio for different sequence groups

A(L=68) B(L=120) C(L=154) D(L=221)
Avg. CPU exe. time 1.081 4.737 8.424 19.059
Avg. GPU exe time 0.068 0.293 0.754 3.270
Speedup GPU VS. CPU 15.90 16.17 11.17 5.83
Estimated allocation ratio 5.92% 5.83% 8.22% 14. 64%

x4 DNARIIEARETE ERHITH EFIINE L ( B &) B4 :s)

Tab.4 Execution time and speedup on different platforms for four sequence groups

A(L=68) B(L=120) C(L=154) D(L=221)
Opt. methods
Time Sp. Time Sp. Time Sp. Time Sp.
Opt. quad. CPU  20.248 1 90.370 1 163.612 1 380. 824 1
Opt. GPU 1.360 14.89 5.860 15.42 15.080 10.85 65.400 5.83
Hybird system 1.280 15.82 5.673 15.93 13.870 11.80 56.386 6.75
4.4 RBERGZIERE 120
N 1104 —a— Group A(L=68) //'
T CPU-GPU RHIR G RS , A LI T 4 100 —e— Group B(L=120) P
>, T T ] —a— Group C(L=154) /,v
HFEHLA L) RNA J7 81 A7 00 4 40 f 45 %0 ~v—CroupDI221) 7
20000 & KEEMFEFS]. 4 AFFIKESH 5 5 o
% 68.120 154 221bps, 3 1 FIFE 2 R 744 LS e S S
A F R P AT X EAUFR], 2 0

GPU #HXS T CPU Ry ik CPU F1 GPU L)
RTINS AR A o AT 55 0 e L il i GPU X
CPU Bh LT H A3 o LA R ANEE 3 R .

1) 73 B Le Al

Kl 8 Ji7s 1AL 55 P L B LA 2% A5 1N
2% 3N ) 30% IR A A GE AT I (8] A4 3 45
Feo WA LUF HY PO 4 FP 51 0 o A SR I 1)
X L AR fe A S L8] 93 3 29 55 T 4%, 4% ,6% T

40 4

30

20 4 o

104 .yt e

e i
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Allocation Ratio(%)

K8 UL HIFEA Al Jr BE LA T AT I 1]

Fig. 8 System Exe. time for four sequence groups
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