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THEE: R 20 AR T R e el T R MR RO s T B A i R, A R
B TT (GPU) 12 i Hd $2 0 Ab B AR A it B H0h A B b () — A EEB3A . B GPU AESEFRE 7T T
A b B F 75 V2 A0 B B D9 A I A, 5 B R BRI G 2L A s b PR AR vh GPU R BAR LT, A4 T
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FRITAR G G IR AR AR 433l T CUDA A1 PyOpenCL i ] GPU BEAT 4T 11
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h B 45 . N37, P141.91 ERFR IR : A
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FH TR ST 5 30 0 H 2 v 40 7 20 1 & R W 4 )i 21, IRAT I R ROR O LT
P2 15 R SR AL 343 B B () B B it . R AL R BT (graphics processing unit, & FRK GPU)
[ H B AT 1S K & 1 e 2502 5745 DAFE B (I I T8) 9 5€ k. GPU I A &% e W) bl 5 08 A ]
(NVIDIA) #2H, MILEJE Bos-RiE 7SR B IER, o —AMar T CPU Wi A
Jt. HAET, GPU K4/ NVIDIA fl AMD. [T CPU M0 B M A F T 3L 1) 22 4% 0 1
K&, T GPU AL ZE# i GPU BT AZ O EZ £ T CPU M2 5% 0. Bl NVIDIA Tesla
C2075 Fl, HAZOEUE 448 A, HUKS R is HOE B2 ik 1030 Gflops, iz H.fE /jii CPU. GPU
RAE B2 LR FEFRAT PERIAE XS BRAN 1%, 724718 505 A M3 FI1EH

ik B R R T TR 40 AP % K 3 H Hi-GAL" (Herschel infrared Galactic Plane Survey) ) SDP
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(science demonstration phase) Z(HE L HEPHME 2° x 2° HIIE, BRI OARFR A [ = 30°, b = 0° Al
[=59, b=0°. TG—IEEEA 5 kB A IEAE, 75128 PACS 70 um 1 160 um, SPIRE
250 pm, 350 um #1500 pm, FEEEURZ MR REHIE 105 ~ 10° 24 Hi-GAL il 1) = 14
X B R A () A B B B Y TR SR . CEARERUR I £ A ) A B A R A AN A 1
A b BLR AR R B S AT, T DM GPU SR 34T HAT AR BE

52 X GPU AT AT THE I E R BAT M A2, 7658 3 T 43/ 48 GPU 1E
Tk B R 378 £ A B b B A — AN AT I S R R A — AN R AR I . A SCE E T A
GPU H A7 ¥ b B 5 ARAE 5 B A 57 0 H 4 5 R0 = 4 45 A 50 R (R S, GPU A4 244 A
TAER R EE MIATEAR S EE BT E Z .

2 FH GPU #HATHATTHAE I ER

B GPU #HAT R, W20 FAE ST GPU 4w FE1E 5 . NVIDIA 4171 & 7 CUDA
(Compute Unified Device Architecture) ] T GPU HJiz & . CUDA ik T C fl C++ B 5,
AR CiE S MR AN, AL GPU (AT . BRI iET S
% CUDA Mi4wfe455 ” . T CUDA {&H T NVIDIA ) GPU, HESHEMERE AR 2. 7
— M E F ) GPU ZRAEH 85 /& OpenCL" (Open Computing Language), 4] HISER AT IFA, 2
Ji NVIDIA. AMD. IBM #l Intel %] F& 1A T OpenCL #3t. OpenCL & &5 — NI 1) 73 44
ARG, HA@EM AR, oL RIS b e, 2 — G — 14 FER5E . OpenCL
JEFEFE A AAEA R B4R 77 1 GPU Al CPU R4 %3z 1T, KK R VAV Al R s 1. 762
M gmFEE S b, A1 CUDA —#, OpenCL VA ERET CIEF.

R CUDA i& & OpenCL 4 fe, VR F#A &P " (1) fEFEHLET CPU _E3AT
PIARED, B EFET (host code); (2) 7E GPU & EHAT IS, FRANIIEST (kernel). 7E
CUDA 1, 4 CPU i GPU Itf, WIZFEFIGE L NEEFE (thread) HRI 0T, — &2 H 4k
FRAL A — AR FEER (block); OpenCL H 5 28 F2 A 28 FE B X B (A & 2 A5 55 (work item) A1
TAEH (work group). 7EWZFETH, WAIEELIRTFLEFEMLEFEFT R ZR 5] (ID) A BETF 4R
ik GPU $ATIE8 5. M GPU MHATHR AT I8 S, Hidhs 5 5504 2 1) M A7 FE A 745, fir A
FAT BE AP BRI IR ARG — NIRRT N A — B IR T Rk R 2, BT
AR IR PAT LR 2 SO, 2 KKK GPU [fia H AR

3 N GPU FAT4AEE Hi-GAL (¥

SR AP AR THT R P PR S 2 B o = RS TR Sy 75 AR B ) e AR AN 8 70 3
P A BERRE B B AT AT, BAMEM T GPU BEATIHATIZ H LU T S R . 3% T 1
FC I AR R 2 1, R SRR FE IR A T /2 CUDA C i &, 8 = 4ER R T+ 53 N4
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H1'Y PyOpenCL i & (OpenCL ] Python fitAC) . Firfr, SR gl B2 P /e ] B0 22 gt 1A R A7 Ak 22 451
T MRBRA Y B = 4ERR b GPU BN 12 O B A ROFT A PRI 0 1 ASCHIIE T 454
HARR FHA 41 GPU £ &R £ /it s AL B ORI H, DRIEAE R S B s R
KA, LBR T A A E R B0 .
31 GPUMHTEERAERERRZEEMEFHEA
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242 BRURE W ATz 56 A0 i B 56 Ja R SR 2L AN R A, A T AT IR 3 R RS AR 1R kL
(2 0.01 pum) KA 2 50 wm LTRSS " o 30 A0 A AR 03 41 AN S AT A B2 32 11
PP« X Hi-GAL BRI — MR ER I 20 /MR S 3047 40045 DI AT 45 29 B30 1 vk 2 &
FEAE ] CPU AT A IS, 7 ZX T AR R MKIREAT IS, FEIS A7 Z AL B R R 2 H
FRIEEG o 3T 70 B R R RS 2L R E R T =, T RERE AR, e IR A
WEFER R L HI-GAL [ = 30° X3N], 1 4 4 Bcidds, 4% PACS 160 um, SPIRE
250 wm, 350 pm A 500 wm, A K EE AT 1 BIAT SPIRE 500 wm A A 12 9% 5, %
YIRS HOIE 313917 A AR B R, BRAGR A S, JF A& —4
R AL A LR AH R, DR 2 P SR A B a8 W B AT A7 . B SRAEH] GPU X T & &
BEAT FFAT A B AT R IR R A 2R
3.1.2  GPU 47+ AL 7 69 3t A= 5% 3L
i J5E PETAEA 45 BT A B A0 5 A ol — > 4R A% S RS DR/ g AR it B2 i B9 A
T TAME A BB CLOUDY", 8 7 — RV HTIR T 48 5 3 5 ) —
AR IR LT AR, e AN [R] RGHR BE0S BEA[R] H RE 1 70 AT AR, EE B PR3 D0 Y - A A4
YR — AR RERE 0 AT AH3RE, M5 212 21 /M B A B 2 RHEAE s .« & 5%
RIS 38 [, RV — AR 3R A0 2L A MR S UL D SR P A P 1D R N2 R RIS 40 A EE
B, USRI R R R G E. B BT, B MEREE AR, K] B
GPU [ RRERAE B R ANE R I E, P IR AT AR IR 1 AR o
BAMAEFFEH CUDA C 5, WRAEREFFEAT 8 LA ies, R IaARs 24 3
KB (1) BRI AT, {8 & CPU; (2) CPU 44 B (1) HHfa % U1 31 8 A7 I 1 A
GPU #ATI2%5, CPU K GPU AbEL 52 (1Kt M A7 4% DL BIA I th CPU MU S4LEE; (3) £
GPU L#HTHIFHATIZS
TR, BAERGA M GPU #EAT IRTIs RN T %, RIEFA KEM
T, AN T AE R CPU AbBHE AN R 2 b, xof B2 R BE AL B AR 2 LA 1
[* 1£ GPU LisiT N */
__global__static void pixels(float *gpudata,float *res)
{
long which;
const int tid=threadldx.x;/* FRELZLFE ID*/
const int bid=blockIdx.x;/* FRELHL ID*/
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[FAELRRE BRI, — AR R MR ¥
for(which=bid*THREADS_NUM+tid;which<LINE; which+=THREADS_NUM*BLOCK_NUM){
[ BARIATIEBE IR 5y, R CPU XG4 5 (AL B IS FEAR ) +/

3
3
[*CPU 14T #9) #/
main()
{
[ R */

[ BRI E L& GPU /] #/

[ ¥ Bt 5 ILE] GPU A7/

cudaMalloc((void**) &gpudata, sizeof(float)* WIDTH*LINE);

cudaMemcpy2D(gpudata, sizeof(float)*WIDTH, sed30, sizeof(float)* WIDTH,sizeof(float)*WIDTH, LINE,
cudaMemcpyHostToDevice);

/P GPU, <<<...>>> Hifi Hh 240 O 2R Dl H AN A 2R e b O 2R B, DL H A s B2 £
WIZIZT S 4. 55 NI HEEL GPU %R +/

pixels<<<BLOCK_NUM, THREADS_NUM, parameters>>>(gpudata, res);

/% M\ GPU S A7 Hole A FILS 5 #5 71 3 CPU AAF %/

cudaMemcpy2D(result, sizeof(float)*WIDTH, res, sizeof(float)*WIDTH, sizeof(float)*WIDTH, LINE,
cudaMemcpyDeviceToHost);

. . S CPUKs ¥ 5 UL 2|
L R ]_, CPUBIACH [—of CPURH IR ftsE [y PO LB EEL

CPU¥GPU ! ~
FRFELE T SR BAHE I GPUH:ATIE GPUBRHU&FE R 5
B 77 TR ey GRURHARR

1 RIS
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3.1.3 GPU ik 89 2 % % £

FEWT T3, LB (1 R K /N 87 x 500 , Al {1 4% 4 & 2510 A H 4 19 NVIDIA
GeForce 9400M. ff IDL7.1 FF R34, M CPU (Xeon ES620, fiifH 1 /M%) 58 B 5K E )
A FEIT 2] 34 h, GPU (NVIDIA GeForce 9400M) 58 3 5K K40 & #E1) 0.5 h, fniE bbhy 68 (W
# 1). NVIDIA GeForce 9400M GPU R feidEAT HRG FEIS 5, T WA BOoM, RIEHE A la) B
K, GPU #LA& 45 1A CPU & 45 H—50. 1EWF 7 a1, Bl o RS G 1 P55 R ASE 8L 504 v [ A
oo, ARt AH R . £ IDL7.1 JFRMEE R, A CPU (Xeon E5620, i/ 1 M%), £
WA S — AN S HE e FE DL T, S8R 1000 MER LG FERT 20 45 s, SERC 1 = 30° X —1@
B4 FEIT 20 827 he £E CUDA JFRIFEL N, {8 FH =M AERY) NVIDIA Tesla C2075 GPU X it
BB AT RIEEHATIZE, 9 min #hv] LLFER—AS 4 P07 BEX S A&, i bk 5513 (0L
#2).

1 CPU FMEBAXMEAE GPU U E M RELL R

BEYE FER (¢/min)  INiEEL
CPU(Xeon E5620, %1 1 M%) 2040 6
GPU(NVIDIA GeForce 9400M) 30

2 CPUMEEMARE GPU B E HRELLE

BETE KN (¢/min) L
CPU(Xeon E5620, ffiHH 1 M%) 49620 5513
GPU(NVIDIA Tesla C2075) 9

MR 1 F13K 2 7] W GPU 75 AbH i 43 HE 2 0 KREE EG b 5 A 4 X6 i T e 25 . RIS AE
T B BARAI M, 1 GPU R KR A EUE A FE AR . I 2 3L T F NVIDIA
Tesla C2075 GPU #L&13 21 1 = 30° X IR MIE R &

2 =30 XIRE
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32 GPUHTEERAEERNR=ERE A
32.1 A% R A fo & s 69 I A
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SEFA R = 2E RS B, BEAS = L WA AR 22 () SR TS A . DA = 4 A AR AR RO, AR
(53 #5234 10 pex10 pex10 pe B, FE—ANFFITH R DL 10 pe iK1 SL 714

B0 ERTE TR, S Br v 5 R FH BRAL B (spherical coordinates), ABFRIF) (1, 6, ¢) XTI
T, m/2-b, ), Hhd B KR, [ b HEEAEMRSE. 454 GRS 0 F =il K
el " Ll H bR X b A X AL T, 2 SR ER AR ) = 4E A% 23 3R 100 pe
X 0.2° % 0.2° B, 1= 30° XIRF7R37 F SRR ok 8 H A 4493 A, =4 EE—4
TR 3 TSR ) B TT A R AR 5 S A B P 2 4 X = 4 X L DX R A e S R
WA o X ot = 24 23 1) 18 W SR 45 52 B AR [ 2 Js— MR ASEADL 1) — 4R U PR, i It 2 s A Jo )
R P AT T R T SO o R ASEADL P R AT PR S o Y R AT PR (G L LA
HIRTF) L SRR bR T = 4% R A B A A B . ERLS I AR A8 D R B R B 5
R R 7 VE RN B TR S B AR, s 8 2 IR IR AR R B IL B S DL 1
BRI AE

16 =Y\ 5 R GPU JE47 18 B AR I B & AN il 8B (13845, CPU 7 Z AR IRt
ST B O R S R UL, S RE R RN B O AR A H RROE B, M = 4ER R 4 B % Y 100 pe
x 0.2° x 0.2° i, CPU (Xeon E5620, fiiff] 1 M%) 7£ Python 2.7 ZFE3AEE N5 — L — 4
M VA P B B R AR AR T £ 6.8 mine >4 WA 1) AR 70 2 A Hi-GAL 2 500 um 153 #2 (£)
0.01°) AHIFINY, Hoois i H B2 miA T &S, 1 CPU tHE B IGE AR 2L AN/ .
HTHBHZSHHE S TR EE) A2, BRRRERFNSIFEE AREET /R
FIEAR, UEH CPU 51+ B0K Ty AE & H ] P SE el & o B T3 — AN SR e X
SRR AL ()3 SRR s BE AL, I LA B e BT SRAR EL ST, T DATE B = 48 XA v s e et
ST PR e R LA B AT AT . A0 SRS GPU JRAT US4 — N B TS o it 2R A I 1)
WSE, B ROR R i = 4R () TSR3, AT 7E & IR B[] N S8 B AU, & o
322 AFIEH

TERF—UOEARH, GPU 1 57 HAT T LA — N B e kg X iz SR AN ST Wi, CPU i 5 X
HHSEE AT ER G IR R — 2 B ERER)S, CPU 75 A W & /R B4 2 5 I
SR A 58 2 T gk kAR . TEAGIH, ARG TR E CPU M GPU WL FRS 5, ik K
A, AR GPU LyEm. =B MR TS 1T AR E N 3. WFERT E,
F NVIDIA Tesla C2075 GPU, Hfh R iz H— IRIERALT 0.043 s (20000 IEARH FIRT- 355
i), £ HTE GPU LIIAERT 5 5 R AR AR (8] /) 95% LA b, RN CPU iz H L s
ELIE 9535 (W3R 3). BT GPU HUKS FEia Bl T v T XK FEia Bl L, AR OR v B34 SRR i
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E =R E R F, £/ 7 PyOpenCL ki H GPU # 4T i1 % . PyOpenCL & —
Python i, fifi F§ /7 BE7E Python  f# Fi} OpenCL i FT A ThRE. Bk T EAKRI R . {BEAH
&b, {# ] OpenCL i F§ GPU #1 L3k {8 ] CUDA C il Fl R R AR [, Bk 4 F5 05 v ] 2 %
PyOpenCL {45 FH SCAS ™o Al b — AN b 4 F 2R R AN 2R FE B O R BI AR R A2, FE A o
fEH T =460 TR RS, B — A TAET M B — D=4 R 515 @, j, k),
0<i<MAX(i), 0<j<MAX(j), 0<k<MAX(k). MAX(i)» MAX(j) 1 MAX(k) F& TAET s AERE—
PR R R IIME, H GPU MM RE S e o[RS g = 4RI (1 BT G B g 4 b
O ARBRBEAT S S, Wt AR BR A (500 pe, 0.4°, 0.6°) [ B TCHE I =4EZR 510N (5, 2, 3). B H Tk
ATAETT st =4 R 515 —— XN, (R — AT SAE - MR EE, rar L
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VENT BRI AT AH R ) AR o
3.2.3 CPU 4 4B 69 T4 32

76 2| GPU 58 K[ FFAT I RE 1M RIS, AT 240 CPU X 2 AL 1445 GPU (%4 1)
TRALHE . £F = 4ERE R R g A b, R T CPU X GPU i35 T 5 M i B ik 3ok 12 o
GPU W2 AR . X PP AL BEAL & AN 7 T -

(1) MEFRLEM A KA GPU AR AT N ER TRt R FE— 3, 5 & A2AE
X LRI 73 S ZE R, W2 KR PR HATIZ H AR . (R =i b, RSB ek AR
ML, AR H A S TOR X S R TR 2 B B TR AR SR 2 (R R 6 4R B A% b T B Ts RS 1 R
Wi s T DA, ZRARTE TSN [R) S 0% (1 IR ISR 3 380 1) 43 SR AN R R 1) o B9800 S AN — 3K
PE, AU CPU X B i A B, A 450ds 1) 25 M R AH i R B 3 s &N R R AT i — Bk o

(2) #2HL GPU iz H A B B SR iz 5355y, M CPU Wb E %/ s &, Bk
Wt H 4 RALiE % GPU, A UIEIERE H GPU EREITH.

DAL B AL BN Bk AR 4y, BRI TE R 708 AT 3 R H AN AT — ko R TiAL B AR &
GPU iz 5 AR T B AR HAr B 50255 AR ) U AT BRI BT, AR RR B R R
A I T S o
33 REKEAR

16 GPU TAERER 7T, 456 = 4ERi R BUE T IS 2, B0 AT 2 P il — Ak Ak
BRI RE R A T e (1) B A i, B ESE % CPU M GPU 22 8] A 14 B 1
BAEfL S, ) WAEDT R Petk, A—AS TR A AR AR & 4 0 3L =47 4% (Local
Memory), ¥/ V5 7] 47 BUGHE A X818 1) 4 R A7l 4% (Global Memory) HVK %]

7t GPU MR RE /7 10T, GPU A B ()i B B8 ) 2 BRI SRR 1 R . 78 = 4R A 1)
HEd, A1 FEA{EH 7 NVIDIA Tesla C2075 GPU, JF%HE 5 At /15 &) K20m GPU H#HT T
AR BT —RKIFERERAE] 0.1s, N GHHRZ, KA 2 UGERR T E A ORI T 1)
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B T4 40%. B4 GPU LAESS MR H 22 BIR84F M AE IR 1, C2075 GPU ] $2{f i Kk L
VEFS e = AN YE R EARIRCH 1024, 1024 F1 64, FIT DL 24 = ZERE Y (1 ks 23 9 R 1 — b 3
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oy, —H GPU AbBE—He 7 Xk, 7 X3k Py i 5 e as £ H AN I B GPU 1 TR fidiH
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K, EFEPEREE 21 GPU LR iz AR
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Applying GPU Parallel Computing Technologies to Process Herschel

Far Infrared Galactic Plane Survey Data

ZHU Jia-li'?, HUANG Mao-hai'

( 1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2. University of
Chinese Academy of Sciences, Beijing 100049, China )

Abstract: The Hi-GAL (Herschel infrared Galactic Plane Survey) images provide data with extraor-
dinary spatial coverage and resolution for studying the FIR emission in the Galactic Plane. Graphics
processing unit (GPU) parallel computing technologies are well suitable for accelerating processing
and mining of this massive data. We illustrate the application of GPU parallel computing technolo-
gies in two examples of Hi-GAL data processing. We spare the unnecessary physical details and
focus on the method of using GPU in Herschel infrared data processing.

In the first example, we demonstrate a simple and straightforward application of GPU parallel
computing technologies by fitting the far-infrared spectral energy distribution of the dust continuum
emission in the Hi-GAL [ = 30° field. There are over 3 X 10° pixels in image of the [ = 30° field.
The fitting procedure for every pixel is performed in parallel by a GPU. Comparing the time-cost for
fitting the entire image, the acceleration factor of the build-in GPU on a low performance laptop is
68, and a specialized GPU is 5513 times faster than a Xeon E5620 with one core.

In the second example, we demonstrate a more sophisticated application of GPU parallel com-
puting technologies. Based on the Hi-GAL / = 30° field data, the distribution of molecular clouds
derived from GRS (Galactic Ring Survey) data, and the properties of H II regions, we construct a 3D
model of the interstellar medium to calculate the absorption of dust grains associated with molecular
clouds. The resolution of the 3D model is 100 pc x 0.2° x 0.2° for a spherical grid. For this reso-
lution, there are 4493 cells in total responsible for absorbing FUV photons. The absorption of these
cells is calculated in parallel by a GPU. The resulted absorption is then compared with observations
using Monte Carlo fitting method. In every iteration, CPU samples the free parameters and computes
the goodness of fitting. The GPU part of the calculation is 95% of the total time. Comparing the
time-cost for one iteration, NVIDIA C2075 GPU is 9535 times as fast as a Xeon E5620.

Key words: GPU; parallel computing; Hi-GAL; data analysis
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