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ABSTRACT

Essentially all information about astronomical objects outside the solar system
comes through the study of electromagnetic radiation (light) as it reaches us. The
observed spectrum contains a multitude of important information about star
temperature, age, metal abundance and stellar composition etc.

Currently, quite a few tools had been developed to model, calculate and analysis
the electromagnetic spectrum in astrophysics, and the widely used ones include the
Interactive Spectral Interpretation System (ISIS), the XSPEC, the XSTAR, and the
Astrophysical Plasma Emission Code (APEC) and so on. These Kits are good ways to
solve spectrum calculation, but structure of the program is still in the traditional serial
mode. Until now, there is no any spectrum calculation tools which are based on parallel
architecture. The core of the spectrum calculation is numerical integration. Meanwhile
GPU-based high performance computers have gained popularity in scientific
computing as a low cost and powerful parallel architecture in the last decades, and the
use of GPUs has proven to significantly increase the performance in numerous
applications, including solving large differential equations and high-dimensional
numerical integrations. However, the spectral calculation has two distinct
characteristics that common GPU-based numerical integration schemes seldom address.
One is each single one-dimensional integral computing is very small and fast, but there
are huge amounts of small integrations. The other is classical load balancing approaches
for CPU-GPU hybrid architecture may be not efficient to schedule so many small tasks
due to the extra overhead proportional to the frequency of scheduling

In this paper, we proposed a hybrid CPU-GPU parallel approach to accelerate
spectral calculation. First, we offloaded the compute-intensive integral parts of the
application to GPUs, and reduced the frequency of memory copy between device and
host by combining many single integral operations within one ion into a coarse-grained
task. Second, for a large number of small tasks in the spectral calculation, we developed
a task scheduling scheme among multiple CPUs and GPUs via share memory that can
avoid extra communication overhead in the traditional client-server architecture. Last,
comprehensive theoretical analysis and experiments were conducted to verify the
efficiency and accuracy of the approach, and the experiments showed that 24 CPU cores
with 3 GPU devices can speed up the computation by a factor of 300 relative to the



original serial implementation, and a factor of 22 relative to the 24 CPU cores parallel
version. Additionally, the approach was also adapted to NEI related application

involving numerous ODEs and achieved a 15-fold speedup relative to the pure MPI
implementation.

KEY WORDS: numerical integration, load balancing, GPU, hybrid architecture,
spectral calculation
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THREARSS R0 B2 CPU B GPU K& L4715 . Yu HBASR XA R
D5 AT LAY FE B H A AU i), i HLiZ T VA RE S RIS A St o R AT
HEF AR, AR RN B R,

i B i A5 H (Fast Fourier Transform f&iFR FET) 2 Rl TR 4538 37 FH B
T —MEUE R W TR R R TR SRR B AR (55 A0
Bl R 455 FRTs tHEL G T REMTHESATE R, B FFT BISEIl s 2R & m)
THRBIRAM N A 56 . AL T 28 CPU, GPU L&t 2& — M AEM Tk
fi%e o H AR 2 TR E)2E CPU 5 GPU 2[RI 45 H 18 B i) . Shuolt¥1% A JE TR
AR ARG LI T PR B AR e B BN A OGP AT OV E
GPU #1 CPU E S THE AT (8] 0 FI B LA A 7258, i &4 2R
H & BB A i REPAT I, SEERERGE 7 AR TAEfRE T GPU B
PATIS TR VP R 2, S PR AC S, RHEBRER R R ECE Figfr, — 1
5& CPU, —ANE GPU, RIEARF KNI LR KM e B S E. 25X
S SR E, ] DL E S T A AN ) 4 T LR A BT IS T, Al B LE B
ITREANTIRE R AL Hes 180 F S 245 R0 214 P D5 o5 ) S ) A [0 1) R P e P10 S B0
FIT LA FH A 77325 0] DA B — AN /N X TR (1) B AJeade 6, 6 X 1) PN 30 ok 2 e 03X 4K 2
A

Giuliano [ A1 BAFR H T — R 5 T 5 M 2 4% R G IR AT 1 B & B R SR
fif 2 JER 5, FET CPU RIZE T GPU K AR [ g — 241 T Giuliano
Bk D W28 CPU R HAT AT ATREE: 2) GPU X Hig T a2
BAERY S (FRZEEE, ML TR ZZ CPU KITSHEREIRTT 3 5% .
EA R, BB 1 57 kP 1 P AR 56 T 2 CPU IR .

Wang?% A\ $2 7 —Fl JE T3 3 4 1 (CO-Scheduling Asymptotic Profiling,
fEIFR CAP)II P [F) 1 £ SR, CAP 1] LLsh SR T 55, Bk T4 4> & %) CPU #1
GPU I, iizid &t R B EIATIRD W JUP RIPEAE, X3RRI 2 R 7
PTEAR R TRIEGE,  FARYEERERI /> TAE 2, TRk itk T GPU [k
. 5 H ATHUT R E R B SRS A EL, CAP AT LUK R R M AL F2 1R 42.7%.

Alejandro2%5E \HfE R T —Fhsh 25 BB, % FE T LA AT 3R 47 ARG 78
RIUBL A FRAT R BT UM . (HEATRSE S GPU Z [l I B g
HECE L ENAFATIE R, U BTSSR AR BRI UR T
DURFE B B fE

Bof BIBAHR HY T — Rl 0 T GPU M1 CPU SRR &K RAERE T K3
I R A AT 55 o BO BB, A R A% O AR T B T R RE i &k
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5 E TR A R TR

SR ELHAZENE, RARRNE R AFTERAR, FIFAEH CPU F1 GPU A LA
KA SRR3R 1, B LMB ¥ GPU H % i BLRE /2 —kERT, CPU %
TR 1R — R, AL AR 5 E B = ANP R 1 15 CPU LAEKT
%, SEBR EAEAS CPU AMHE S} FR A CPU I LAERT AR ZhIR N 2) S
ANAE T Py 3) tHE P I ig . A0 g AT GPU-CPU ik 15
[ 38T T SRS 5 Bo HOAR LR AHALL .

545 H 2 NVIDIA #2645 Multi-Process Service (MPS) PAb gt ] T
CPU 1 GPU Z AT, MPS & —A> il e 25 1% 7 ity - AR 2% 25 5 44 1)
IZ1THT CUDAAPI 528, MPS &1t H bRt 2 A inter-MP1 200 I FEATAL, 12
1 GPU AR 2 . )RE MPS BRI SCREZ GPU, {HZ WA MESS ERIR /D,
A FE ARSI (G X P -1 25 2 Ze A 2 72 AR AR Z A MO TH8S . Bl an e ih 5
FANE A MPS APL K5
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$E£=F % GPU-CPU E&FMFATHAIETERZITSSE
m

3.1 EE{RZEMIEIT

e —EARSC AR T T HR Y, DG T RO SR SRR AERUE AR 1
AR, AR AT S A G EE AR SR T S ] ) 900 LA E, H ATEIAT 1
W H T HRARERET CPU IS T TR EE T ey AT 40 MR T I 5. =it
SRR Km, BUA RDEIETHE TR A TR e i A fe ik 2 BAR 1 o SRR
I, 2T GPU M RETHENL AR A e AP I SR A R s AE R T
SIS ARG 2 IR, 8 GPU SRIEAT B TH LI Sl Bk %2,
IR A i 7 AR e BUE Ay PRSI IAS R E MR RESR T, BT DAAE
FI GPU AN T 5 — DA LR, R 6 I BHER 7 THE A B
TAEGRIRI A GPU KSR R BE R 70 THSEAT LR AN A 1) e i 8E
Mo —4EMRR U5, B TR AR N, BRI X AR ER, W
RGiNEET GPU IMBUEAR D T R B HR R SRR 4L, R XTRIR M, KM
HAER . 2) RGHIEET CPU-GPU A4 44 1 07 2 1 1 i FE 5 i 96 AN
T H AT G T, BROSEERAR 3 X e 8ok BT, A7 XTI S AR 73 1
SR, AP AR GE R B Rk 2l R BRIV R B4

BT T GPU AYBUE AR 73 S0 T 5K m 4E R BUEAR T AR A R, %
TEM B RALSE GPU _ERIAR TSR T S S A, AR EE T BN GPU %
#ZIAAEN, GPU _ERTHEIS 18] 5 H 1 48 3R 73, i SENLANBE % 2 8] (138 TR
T R SHRARH N8R0 M FOURE R BUE AR THE I e AN E], i
BUERR D U AN — 4B o5, i BRI TH R AR 2 X TR AR H /D,
PR A — O TSR EHUMN GPU B8 2 [a] 7 AL s O T A R AR H /N, H
e KB HGIE T 2 AR AN AT A B R T . SEIAR ], ARGk S
AL H 62—k RRC 5, 48 AR SEI 3 T GPU HIEUE R 7 S idkobn i
TR TR I A IR mPERE, AT B2 PR TR RE, POV AL AL GPU
B 2 R HEAT B 0 75 DUAME S, 27 A2 63 SR IO, 2l o v 1
AU A B T A, SR B TH SRV BE AR & T R I LRI TS
HIBE R TH R FR R B G HHE T GPU HIEUME R 7 R BT A A AT AT Y
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 cru )

HFEN

KX 1-IX 18] N P BCE] M AN fe o

I I
GPU 4iE1 < = > AEM | [T 5 ePu
|Simpson| |Simpson| |Simpson| |Simpson| FrE GPU|#{ £ 3
QAGS | X[ 1
A
QAGS
HRHT
QAGS
v
QAGS | [X[E] N

. /

3-1 #T GPU-CPU 61 15 A AR T

R LA ZE Y 73T GPU-CPU LIS THE AR Bt il 3-1 o, 1%
T EEB AN AN D 5T MPIRIFTE R 2) & T CPU KIEUEM >
RffdE: 3) FT GPU BBUE 7> KAfds: 4) GPU-CPU Z[AI ) S 8- i 3 24T
SRS . B EmIPRRAINAE, LI RS A R — D =4ERIMR AL
B ARG R N B 5 B A L, BIAE AT 280 BRI DA MPL 22 3ERE K
ek, HEREZ EBCH T BARE K> Tl . BRI CPU i T RERE 3R AT
BANKIZHUG, 2yl N-1AS MPLERE, B A S8Rk 7 BN 1,
RSN TR RS N D3R YT RN H DS RS
&, AATTZ AP TE MPLEEREZ M AR M. 2 MPIERE ™ A — it
BAESS A, M FEES AOE BRI REE, EREE GPU B& K LMK
B0, T GPU B AR R Ik, 70 45k + CPU DG THEROK AR 25,
CPU Kfg# 2> FIH CPU LI ¥ QAGS HEX R TH AT HR AT B SR A 2R
A GPU &l ik, AbA i EEas el — A TAR S /MY GPU ¥4, RiEUE AR
DUFEARS > K4 T GPU DG T SR MAS . GPU _EREUE AR 7 SR g 4% 1 H]
2 Simpson FEBEAT AT RO 0T (3.3 & H R SR 41D, tHE e
ZJa AR A R AL RN, BEAT T IRAES 5
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3.2 % GPU-CPU Bz & EE %

BN BT R AR R A SN L AR 7y, A SR [ S BT SR 2 A
fal AT R A B GPU ATt 58 (s IR . ASCHR T RE 2 2 or
£ MPI JFT SR B, N T RIAE, IFAEE DG A ST 8T
WL O RE R, BUMARZ 7, BB Rl B — BT B
&%, TR A f Z0E R B SRR AT R o, 2 BB R P BT 5 BRI
it CLREAN DB S  E RR EE As R B s AR Y s A AR 55 TR, %R P s 2 T8
(ERENDMEPSY L0 R

GPUO GPU 1 GPU 3
1%
THERT I

LI
T opU~JH
Fi#T GPU[i £ %k -«

WEE s

GPU

GPU 2 GPU 2

CPU

—

3-2 3T GPU-CPU [F)% i+ 5 ) 6 38 1 17 i 2

IR NET B S AR LS, A GPU B& A — A1
BAF o A 55 BABI ) 32 ZERTEU T -
o WBIMES: 181T{E GPU LRSS
o SRS HIRHZEATLE GPU LIRSS .
o BE: HANESE S MEREST A,
o RKBIIKEE: AESSHEK LA, AT 3 GPU KA RIS
o ARG E ARSSIASIR] A T Yk SRR A S5 H A
k] 3-2 Pow, RS ST AEY T AE ST BB, KR 550 KB CPU Al GPU L.
B, MPIBERES RS K —1> GPU Btiligs 0 O, HRIZITHMTHA.
SRE, RSN GPU BAAI e — A TAR i N GPU ¥, WIERETA
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1E—A GPU % # TAE gk kb T i/ ME, A8 2304 ST AT 45 501 GPU 1%
PR E ARk, R R T GPU 4, A4 MPIHEREH 45T AT 5%
WG AEZAE 1) GPU % FaHATA 115, I Btk GPU & 7EAT 55 BA B i A
W—BEAT SRS, —BHBAT S TR S BON b Qi B 28 A % ¥ GPU
WA, UL EH BT A (1) GPU 154 (1) TAE Sk 2] 1 s KB FE, 84 1% MPI
B IEBRAE CPU W% LHEATiH 5L, AR JRUAI QAGS FAor Sk 05 i i 4T 1Y
Uit LB 3-2 A1, 1% MPLIEREF A4 T —ANHEAT S, e aiE kA
FERAT—/MIERESA A D, MiAERSLUiN GPU %4, B&FHTA GPU
Wi TAR S # i/ NGB —AS, I GPU 0 ATk, GPU 1 TAEfEA
2, GPU2 TEf# N 1, GPU3 TEfM#ECN 3, AR <k [E GPU2; Fff5
MP1 BEFEH AT 55l 7 L 4h T GPU 2 KT 1H5, GPU 2 1) TAE Sl K —#%,
HENFH SRR, TAERERA S —# CRRURAE T Sl R 3CA B %%
SAICEs GPU 2, TR AR TAE Sk dk 2L THi%, —Th— IR X B,

% LU BH (2 X BLRT UL IR B K A AR T GPU 4 1T SRR Rl 5
155 A B s A, B K BA B FE S-SR RE ) o 3R 2 78 58 DU 3 h EA T VESTI U 1
SR b FE 2R e B S I T AR 2 R BA B BE o i 46 1A 2 2 i i G
e R PAFK B A T 4R B B & I e KBA B, — IR B AR T H R R R 2 S bl
e R BAFK B B I b i, B S K BA B FE B AN T3 m, 2 A RE— AU

A, THEVERETT AR N B%, B4 BEPEREELHT R B A2 S KA K B ) e AL
Ab, AR HEELL R GPU A B H R AR =R R GPU 15 4% AN [F) T A BT AN [R1 T, 43
an, NI R SCUIRAE Fermi Bk H & 020, TR BA B Hh 4T 25 76 1t 22
Fay R A BR AR AT T A B AT G B AT AT 1, 3t A2 Ud Fermi 2R FR IR A & — A
BT8R, 1 H AT % AF AT 55 LA S FF s {2 Kepler 2244
() GPU & & 15 LA K ASAH ], Hyper-Q B FT AR ¥R % 32 MR EH 24 MPI i
FEITHRAT S5 1E Kepler GPU L [FIINIZ4T, 1X—RFPERT LS GPU (1R FH 2 &2 35 42
Hio BILXTT Kepler ZE#9f) GPU ¥ 4%, ST EHALE—DT .

VEANR R B SBVEE L 1 AT T 3R . LR IX A R AL, U~ X 18]
1 E5 NEREGRAR XN fr R RPN, device R IH0E
AT E R GPU B4 . S ANEERE 2 0045 FH ()02 36 =2 AT I 5 ZORIRAFAT:
5 NFI N B, BRRHT 55 BAF R (AR AT A5 S5 Ao 0 20 FH T 48 o BRIK
¥ GPU V#5347 5 FH BT 75 2218 ] SCHE-ALLOC() BRI, 1% R A 32 B4 FH 2 M
GPU ##& ik th s /NI — A, SR 2 AN &ML T i, B4 D7 24T
80 H B/ R, RIS 7 R BA B HR A LA B B A A, A
BT ST S5 B TR E O —$R A, BJ5 SCHE-ALLOC() 22k A1 iZ ¥ 45 1
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Wi 'T o (H R UR 2 FT AT B AL T EOR S, R4 R BOR [A]-1. T 52 5
HEFE 4 ] SCHE-FREE( K%L, Rl GPU ¥ 4%, 2% sk A A st N B )
R s L (e

&% 1 Scheduling

1: forall process;do

2: device = SCHE — ALLOC();

3 if device = 0 then

4 GPU — Integration(L,U,N, f,,., device);

5 SCHE — FREE (device);

6: else

7 CPU — Integration(L,U,N, f .rc, €TTqps, €T 1e1);
8 endif

9: end for

#%: Subroutines in Scheduling

1: l;is the load of device i;

2. h; is the history tasks count of device i;

3: Bothl; and h; are global variable;

4:
5
6:
7
8
9

10:
11:
12:
13:
14:
15:
16:
17:
18:

function SCHE — ALLOC()

l;, h;j <« shmat();
Lnin < lo;
hmin < ho;
forall i < device,,,,, do
lnin < min(l;, Lyin);
if l; == Ly, then
deivce « min( h;, hpy);
endif
end for
if Lpin < ljax then
atomic operation{
laevice + +;
haevice + +;

16
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19: return device;
20: else

21: return — 1;

22: endif

23: end function

24: function SCHE — FREE(device)

25: lievice — shmat();
26: atomic operation{
27: laevice — =
28: }

29: end function

3.3 £F MPI BEERSRBEH0E

XU THR, AW E BT 1T CPU [ MPIL R AT AL 7 %
2.1.3 R E| VO A AL R (B 4 A, B R A =4EN SRS R
A TR) o 25802 a]— B8 H R SCRA LR 45 R kAT, B UG — A Tl fil
AR C B ST 6 SRR ) T R RR RS R B RN TR AR L AN [,
225 [ A% ) 28 A R 2 TR O 15 S AZ s SR AT THSR O A EE R T A M)
B REAT I . DA A] URIE G T S — = RS AL K2l CPU B AT 15
RALEIE T MPI 4T3

N 3-3 4R A MPLSEBLRIFFATIU T . B Ye MPI ISR LIRSS, 2R
JE NECE LA eI B 28, OB RS B S, RYE MPIL 2t
RERCA L 2 R A% s RO BEAT AR 55 R0 7 s A MPLEEREERAS T T 5AES5 )5
AR AT AR T RRC M5, LA IH A 12 B AT RAS T ) QAGSIOIEL
XEF RN THERERE, 23— R S TS AR R T S AS RAORAT B S
B TR — IR R BTSRRI R BRI R BRI TR RER T 58
B HPTATFEARSEE RS, MPIERREE SR, ot as R .

34 £F GPU MHERHRIBMIRI

H GPU B2 A4 ml &0, GPU FHAREMNL B CPU M5 i T4E, GPU R

17



A5y

H=% % GPU-CPUIRG T & TR TR 550

M, W2 CPU —i2, CPU Mt AR HEEH], 1 GPU 71377
TR, XA AT SE O FAT 5P J21T7E GPU L[ CUDA FHAT TR R R A
WAZ R (kerneD), WIZERBOEAREIO SEGHE, & H2%A CUDA 2R
FHATPAT TR 5. CPU S Ia & PR & DL SRR 7 T S R 25 2 1) R AT
TAE, Horp s A k% B U B2 BT FT s B AR, DL GPU & W41k TAE .
CPU JEZ T Wi HUG, WIZREA I HATHPAT I AT 55 2T 3.3 ik
MPI FRAFIFEATHRAL, [ 3-4 #53R T 5T GPU (BB AR 43 3K A7 85 1 45 74 LA KL 34
ITIAE, BT RSB R BUE AR - (018 48 5 A 5T 55 KL IR oy 2 D) OG, B
LSRR AT SR, CPU M1 GPU L TR R 24 FE R, oA st 7 B AE 32
AR EAZ TR — E TN A 0], DIAEBOR At B AR v ) R R 254

Bk MPI FEAT
MPI1 #]#54k
z SRENEE B S
wl
ﬁ VIR
IPI MP1 X)) 4325 [8) P A& 5.
AT
MPI RS
e Threadl Thread2 Thread N-1
R
B i
QAGS
MPI
47 RS

3-3 MPI SR EEAR > (K L1245 14 1]
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CUDA FAT LI Z A AR SEAY () Py A7 2 8] (280, 22 R 1 il 3 P HE 41
I
1. FFfra% (register) & GPU Jr EWIEIRZEAE, AT H AT DL AARAG # 4E
BT [0 27 AE A o P AT-7r I BE AR BTG B A7 A8 SUAE, BN 2R A2 38 ST R/ N A
32bite X TR, KA EA R FAA 1. iR A A A e . 2L
P AR R A 28 T o WER AR 1T 2 A AFAS, 5UE B
T ORBLGE MR B, B3 o PR 2% JC2umi e B 1 K, RFR M FAA £t
A FTREM 2 BC 2 local memory H,  —ANZR AR AR Far AT R TE) AR Bl 4 IR
(AL DT AT A8 B 2 SR BB AT 2 o SR BB A7 s Hh 0 5008 B DR AT AE A7,
M A B ZF A7 28 58 247, KL XT local memory B 7] 35 FE AR 12

B4R MPI 34T

0 e

wl

ﬁ WA E

IPI MPI 14325 8] IR ¥ 5=

AT

MPI #EHERES
Block 0 Block 1 Block N-1

GPU s
s S 1S8 '
Kernel

e iSRS

K] 3-4 GPU KA M BEEE 1

2. HZNLE (share memory), &if, HTIZERNIEER ENAE, FIAHI
TARMANEMERNAE, SLENAEEA W, (RERRRE. R~ T3R5
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e, AR R A S G, FRZON banks, IXLEAF A
BT LLRIN U5 6], AR NAFERE 5 NAF, WUERTRE n DMk, 41X n
ANHHER 2 A A TEIX n ARG o PN bk ) [ — A7 R R
PRI, s BELAE DT PR, XA S e 8 AT H AT A7 10
1o RPN AT LR — block AT ZRRE DT i) B TR A A
{8 FH OB share WS N A2 & () A v, AT AR BT E AL Z N AF
H1, CUDA C i Xy 3 =2 P A7 Hh (1) 28 5 R 5748 A% 505 4l SR AN [ 7
A7 XTAE GPU _ERBIEA LR, CUDAC 2 Rdn iRt 6 e
AR AR, LR Peh 5 — DML XN, (XA
HITCVEE BIWA RS L A 2 FE R AR B I RIA, XS 7 — MRS
T IT 2 AR — NS I A G RE R AT B BT IS M E
mH, NENFEENXEEEYH GPU £, MARLEEAE GPU Z 4N
RENIEH . 1£ Fermi Zigh, JLENIFRAE R 64k, CUDA3S ZJG
HENFREERNTET 64ko
. HWEWNAF (constantmemory), {KIH, IEARE R FREIN Rk, fEH%
TIXMIRGIZ S5, H5am AN AT EREERAH L, ME AN AE T SO R 2L
PRI LA A N AR BE . B P SR A
o NP R N AR I B SR AR AT DA R B At AR AR, XK T4 15
R .
o CHENAIIEIREZAEEK, B R Huhk % SR R A 27
ARSI N A EAE &
“CERIE” RS warp IR UM B B NAERT . NVIDIA TR
R IR WA IGRAE BB AL . B PERER T aE T 16 1
AR, BRI P A 1 — 2 o WURAE LR AR T 1A — N AR Vg TR AH R
BN EHE . B4 GPU R 2k A — IR A S At I A B Ja R i T
BN LA IR MHE B N A UK 2 M EEE, xR 7 27 4 1)
WA E R R WA 116, SR, 2448 H & N A7 B r] g =2k
TR o QISR LRFE R FTE 16 ANRFE T E U5 )8 & W A7 R A A 15
W, WAEA 16 POLBHRES B R AT, TR 2 16 £5 I Rk &
TR o AHWTER AR A7 2L, B A L SR A I R H o AEIX P 1L
T, HEEN A BURE T A2 R N A L
. AHuNAF (local memory) TEREAER SN, FrUUARKNAER U5 ) A
R EIR | AT BE R o ACHE N AR FEAS S — SRPMST B B N AE AR, T 2
AR WARH— N0 AR, 7T DL 9 PR TG R A 07 I () 4 Ry W AF (EAT
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AR m R . HAF A E G, BB A A A7
s REANFE RIS 2 A AR, B B T ORI 5 A AR Bl H A D
F TR 8 RN EE, R A B s 9 o B B A A A7 b s 2 A
(% N H ) 1R 78 2 S BB AR AT AE AR HB N A7

5. 4 AN (global memory), fii#, &K, A LA AFFAT Hdm 25 #e.
MFEAE CHHE T KESMEA), GPU, CPU, #SAr AT 1.
BAPIRE PT R AR R S 2 R g S T R B . 72 H T 2e
H, AR AR A

HF GPU By E A E AL T B 3-5 H () (b) B :

a)

ABRL R RS RLRLIE RAE S

cu (- C

C
Q
7] [
Q
CPU (C C (

(a) E AR (b) FEARFE AR
3-5 ittt BAE GPU b R s g i

HEBE: TR RE GPU fEAUER M THE TS, UK LU FERT
BB AR T R B GPU Lo i Sk b (1) = B 598 B CPU 5E i
HAl GPU A T AL ATHHER M EUER 4> T HFE, QUADPACKIY,

MKLIM, CUBAMZ, GSLIMIZE, X sl vk R ASE T SL oM B, RO I
BRI AR T E A B R 5 A4S GPU RITT, 1A T ## GPU AR 4>
THE R SRFRGE Y, X2 T B FEE G TSRS 4E R B X R R AR 5
M FaE A A E A . /£ @)F, £ CPU 2 AT [FIY M) GPU $2
LAESs, RIZ A gL —A GPU, {HARSS7E GPU AL 7 U] By GPU
MOREf 4R g, FERF A B IGiEIEH] . NVIDIA (1) Kepler 2244914 Bh Hyper-Q
PR B K AT S HE 32 ANHEFE RIS B2 8 GPU, M BERE SRAS- 8¢ R FH 2

TR —LE ) Fermi ZEA L EL R A AUHAT B SCHIAcHe, Bl ANEREERAS (1)
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fEZ51E GPU H KA B AT AT .

b) BAUEFHE: AT AR KIE GPU EEIFRITHIMMNS, v LLEEN ¢ B 8UE
N HISRARSLE RS GPU b, I GPU AT LA e — AN AL RS, Al
PAIFI B 6 22 N BUE AR i AT SR AR . X PIFI T :H, AT 55 BB AN
I R@H, —MESAUN R — KRG E, s H R GPU 242
SERUR s MAETT (), —AMESEE Z ML IIFS KA, GPU MIREAN2E
FRER AR — AN ST I EE AR 2 2R A2, IB AT IR A TR EME. A 7577 (b)
W, Z4 CPU W r] LI —4 GPU.,

3.5 &T GPU WHERSEIERSLI

N T AEEERE /NS X TE B RRC #3115, F Hig/b EHLA GPU &2
[ B R At , AR SO e ST — PRI AT 55, R M HDRLEE (AT 45 A &
KREJLT IR RRC Bt . IEWZE— &R A48, M AP 7 496
MET, HTEANETFEARBERRY, FIL— N aegasiE — s 1EN—
MES BB AR ATATH) (R T T LS HE NS . WRAT S K 2 e
RFHN, 2@ HE—ANRERPES 5 JIARIXE, MXFE2 MR H AR
GPU LHFATATIOR G & — PRk () 984T, BUOAAMHEE T GPU 5 CPU Z[A] ()£ 4
10, GPU L 5 JJRHIEEIR - 1H AR R AR — 3B s AT I 8] o 2R AT 55
KR — N, AR T—AE MRS ROR L, 2 496 NMXFERES, S5
H 5 1R WX RE AT 55 WL B2 AE S A AT R G0 WA v CASRAS B8 AT WL I 14 A 2
Tto (EAFIRIE I RAES KL KRN GPU W& HIYEREA ¢, [R5 R
KR REYIMSS, XTI, AR SRLE RS T4, By
PR RLEY R, Bl =gl (BN TREEE TME 1), B4 GPU #
H R EUE IR 7y VLB AR 45 M AR B0k, BRI R A A AN IE B I8 1T 1
GPU N, FrIAMXA g m BRI TERE, S ml e {1t e B F % .

Hi% 2 GPU-Integration(L, U, N, f,,., device)

: n« N/Thread_num;
. size < (L—U)/N;
. j « threadldx.x + blockldx. x * blockDim. x;

1

2

3

4: whilei<n+1do
5 ri—L+mx*j+i)*size;
6

. end while
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7: foralli<ndo

8: left < r;;

9: right < r;,q;

10: emiy,;,; « Simpson(f,,., left,right);
11: end for

> emi . a N size array containing emission power of all energy bins;

5% 2 72 RRC R A, L R XA R 5, U Ros iRy XN B 57

N ZorBn XA frr RN R R L, device FoRIIREPATHHHAESS
1 GPU ¥4, 15t GPU B S RAE LA LR A 0 XA LN N, FRAGEEA
2fE B EH R AR TR RRIER D ERUMBS T AL SRS 5
MR XA R I size; FEARYE GPU SRR ZR I FIER A AR R 5 %5,

RAF AT EAE S 55 265 00D Al SRS R 3 X 8] (0 BAR (R 223 AL A T
MR AT FHE RI AT BE AR 0 SR AT R tH R T b TR B TRk
MREHAL BRI R I R R A R SAEAFAE GPU 1, HENZE TP R
PR R AR e ONIE, B4R A Rt GPU Btk CPU LHL
Eo BATE S RLBUERR > Sk R il B A I A (3-1 FoR,

zf (X) dx z(b—a)*w (31)
zf(x)dXsz;{f(aﬁM(a—?jJrf(b)} (32)

BRI EE R S, ARSI, EEEES T RYINERRUE TR, N1 IRIE
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