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Tab. 1 Incoherent de—dispersion processing time when the number of samples is fixed
(time: s, samples: 131072)

32 channel 64 channel 128 channel
number of DM
CPU TITAN V CPU TITAN V CPU TITAN V

1 0.0273 0.0078 0.0566 0.0148 0.1078 0.0289

2 0.0548 0.0085 0.1125 0.0154 0.2153 0.0296

5 0.1395 0.0102 0.2837 0.0172 0.5502 0.0324
10 0.2813 0.0132 0.5774 0.0204 1.1226 0.0357
20 0.5776 0.0189 1.2642 0.0265 2.3252 0.0434
40 1.4008 0.0314 27714 0.0393 5.3281 0.0599
80 3.0338 0.0574 6.0615 0.0658 11.9435 0.0962
160 6.1332 0.1193 13.0557 0.1273 26.7130 0.1636
320 13.8274 0.2556 29.5114 0.2740 56.2105 0.3399
640 33.9295 0.5106 65.7593 0.6378 134.9701 0.7307
1280 75.4416 1.0504 154.0248 1.3330 312.0603 1.7597

2560 158.7455 2.2094 329.0613 2.8760 668.0033 4.0038




5120 322.9089 4.3976 698.3460 6.0016 1389.3232 8.6268

Fz 2 FHHHEERIEETIE AL IERTE (B s, R4 131072)
Tab. 2 Incoherent de—dispersion processing time when the number of samples is fixed
(time: s, samples: 131072)

number of 256 channel 512 channel 1024 channel

DM CPU TITAN V CPU TITAN V CPU TITANV

0.2103 0.0565 0.4204 0.1127 0.8289 0.2249

0.4308 0.0579 0.8371 0.1143 2.2732 0.2275

1.1644 0.0614 2.1853 0.1197 4.9677 0.2379

10 2.5279 0.0664 4.6357 0.1280 9.5110 0.2492

20 5.4891 0.0785 10.3499 0.1459 18.5704 0.2838

40 11.5288 0.1039 21.8757 0.1830 36.8282 0.3424

80 23.8050 0.1597 48.0757 0.2638 74.0204 0.4728

160 57.7672 0.2726 119.5114 0.4276 194.2584 0.7379

320 136.8641 0.5256 274.3375 0.7527 507.1785 1.2810

640 299.1812 1.0638 590.8383 1.4577 1161.6285 2.3831

1280 632.3722 2.5118 1238.2926 2.9597 2463.5231 46113

2560 1299.2245 6.8297 2592.5578 7.0263 5102.2142 9.3347
5120 2749.8164 19.221491 5533.0351 17.4777 10995.2138  20.4063

1. K2 RSO 131072 CRIEEREE), WG DM ER ARt AL F GPU I
FFBEUR CPU B 4T S35 1 A T € A B R I T o AR P T LA Y, 0 Bt s
Btit: DM R8s, GPU AT CPU fHic Ab BRI [ Ze MRS I, GPU A3 S A BRI [R) izt de /D T
CPU fY PR W): 4 DM MW R, B SCHR A SR OB, CPU 1 GPU A 3175 5 e ]
B, {HAE CPU fF S R LE GPU KK £ .

F 3 BIEHAEERIEETIH G ERT A (B4L: s, RiE: 1024)
Tab. 3 Incoherent de—dispersion processing time when the number of channels is fixed
(time: s, channels: 131072)

number 4096 sample 8192 sample 16384 sample 32768 sample
of DM CPU TITAN CPU TITAN CPU TITAN CPU TITAN
1 0.0259 0.0073 0.0519 0.0145 0.1037 0.0287 0.2072 0.0577
2 0.0518 0.0073 0.1036 0.0144  0.2075  0.0286 0.4147 0.0569
5 0.1307 0.0077 0.2624 0.0151 0.5251 0.0298 1.0499 0.0598

10 0.2656  0.0081  0.5379  0.0157 1.0764 0.0313 2.1585 0.0625

20 0.5430 0.0086 1.1102 0.0171 2.2238 0.0348 4.4429 0.0699

40 1.0930 0.0099 22470  0.0205 4.5026 0.0414 9.1970 0.0852

80 2.2684 0.0129 4.6959  0.0266 9.3686 0.0565 18.5134  0.1147

160 54016  0.0191 122362 0.0401 242389 0.0859 48.6114 0.1781

320 12.6597 0.0296 31.9656 0.0705 63.5571 0.1461 126.8976 0.3047

640 28.2764 0.0541 71.4992 0.1230 144.0788 0.2692 288.2967 0.5664

1280 61.5773 0.1020 150.4389 0.2408 299.1604 0.5263 614.7442 1.1099

2560  129.2098 0.2064 302.7521 0.4777 637.8879 1.0559 1280.9965 2.2027




5120  281.6858 0.4243 672.2270 0.9917 1374.9966 2.1815 2756.7142 4.5928

3B 1024 THIE S, SREEF DM B ARALAE BL T 19 GPU JEAT SR CPU 34T
LB ARAR TV (LR BV FE IS ) o SRR s I, Bl DM U3 m,  GPU 1 CPU %K
P Ao SR )3 0 4 DM HOh [ e i, BEE B R, TR AT AP IT R 2
(AL, {HE, GPU R0 B AL BN 8] 201 CPU THEEIN R], A AT JL A fr i 22, &
HA] LA GPU KR4 T ARAH T (B A T IR A]

4 FEAE DMK 5120, SRAFFUMIEECARARILIT, GPU JH4T 5LVEM CPU B AT R AEAH
T LR BT FEIS 1) o Y SRAFE ] I, A5 B i (384 n,  GPU 1 CPU 11 s Adh B s i)
W IN; M ] e i, BEAE S SR RN, AT R R AT BT T B 2 (W A . 7E
TRIERECRFEECR LIRS UL R, GPU (IS S A3/ T CPU,  HLYMFE R 1A) 22 15 01 &

< 4 DM B4 EERTIEARTiH B B ALEERT B (BBfL: s, DM: 5120)
Tab. 4 Incoherent de—dispersion processing time when the number of DMs is fixed (time:
s, DMs: 131072)

Channel Sample 4096 8192 16384 32768 65536
3 CPU 7.4468 15.0353 30.2430 60.6416 133.7846
TITAN V 0.1002 0.2003 0.4215 0.8864 2.0978
64 CPU 14.5728 29.8505 59.7925 123.8967 330.8217
TITAN V 0.1127 0.2164 0.4667 1.2664 2.8659
128 CPU 28.6676 57.8297 118.1305 316.7424 703.6475
TITAN V 0.1307 0.2665 0.7702 1.9095 4.0631
256 CPU 53.8793  111.2041 301.5122 694.0670 1386.7769
TITAN V 0.1519 0.4544 1.1833 3.4037 8.927236
519 CPU 104.1580 282.3113 684.1435 1361.1676  2718.7850
TITAN V 0.2411 0.6064 1.4260 3.3107 7.3363
1024 CPU 281.2189 684.9610 1375.0873 2744.7187 5494.2190
TITAN V 0.4230 1.0071 2.1739 4.6273 9.8898
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Fig 4. GPU algorithm speed—up when the number of samples is 131072
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Fig 6. GPU algorithm speed—up when the number of channels is 131072
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Incoherent Dedispersion Algorithm Based on GPU

Toktonur"’, Zhang Hailong"®”, Wang Jie"’, Ye Xinchen"’
(1.Xinjiang Astronomical Observatory, Chinese Academy of Sciences, Urumgi 830011,China; 2. Key Laboratory of Radio Astronomy,
Chinese Academy of Sciences, Nanjing 210008,China; 3. National Astronomical Data Center, Beijing 100101, China)

Abstract: In order to meet the requirements of real-time de-dispersion processing of pulsar
signals, a GPU based incoherent de-dispersion algorithm is implemented. We use
high-performance parallel computing methods to conduct in-depth research on the incoherent
de-dispersion algorithm for multi-thread processing, and propose a parallel acceleration scheme
for the algorithm, which solves the problem that the de-dispersion algorithm has a large amount of
calculation and cannot be processed in real time. We analyze the intensive computing parts of the
algorithm, efficiently use the hierarchical storage structure of the GPU, improve the utilization
rate of GPU computing resources, thereby reducing the calculation time, and significantly
improving the calculation performance of the incoherent de-dispersion algorithm.

Key words: De-dispersion; GPU; Parallel Computing; Real-time Processing



