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B AR B S (GPU) 7 G T HFERE ) IR =y, GPU Sl 37 2 AL B GIS 45Uk A S AT I T i o D SIS
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It HAEREE BRI EEIR R Z E UL T 12500 rT Ik 21 40 A5 L RGN b o FE 0 e 1% 05 TR R IE A P
SRSEIR) MR ARG AT AR ; RO AL RS s ST e i 424

Realization of GPU parallel spatial interpolation method

Zhao Yanwei'"”, Cheng Zhenlin', Dong Hui""*, Fang Jinyun'
1. Institute of Computing Technology, Chinese Academy of Sciences, Beijing 100190, China;
2. Graduate University of Chinese Academy of Sciences, Beijing 100049 , China

Abstract ; Interpolation is one computational complex and time-consuming operation in the fields of spatial analysis that can
not meet the real time demand. With the rapid increase of GPU {floating-point computing power, general-purpose
computation on graphics processors (GPGPU) has became an evolving research field in spatial information processing, and
it provides an opportunity to accelerate some traditional inefficient algorithms. In this paper, we map the inverse distance
weighted (IDW) interpolation method to the compute unified device architecture ( CUDA) parallel programming model.
Taking the advantage of graphics processing unit ( GPU) parallel computing, we build two-level indexes on GPU, then
blocking schemes are used to assign computing task among different threads. After illustrating the parallel interpolation
process, we conduct several experiments, The experiment result shows that the error of this new method can control under
10 "% compared with CPU-based method. With larger influence radius and massive data, the performance can obtain above
40 times speedups over a very similar single-threaded CPU implementation. It is demonstrated the correctness and high
efficiency of our optimized implementation.

Key words: geographic information system; parallel interpolation; graphics processing unit; compute unified device

architecture
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float suml, sum2;

GridDim. x = (7)

GridDim. y =
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bound(W) «—( x=R,x+R,y—-R,y+R);
&«—load_shared_TBI(bound( W) ) ;
foreach & in §
D+«—idx_position( g) ;
foreach @ in D
float3 smp«—tex1D(tex, ¢);
de—sqrt(smp. x* +smp. y*) ;
if d<R then
suml + = smp. z/(d = d);
sum2 + =1/(d *d) ;
end if
end for
end for
output[ y ][ x]. z+— suml/sum?2;

FOrp (A R A 2 — 55 TBI AH X N Y 26 PE 2
¥, %68 TBI HpA (B 0 5, AL R A IE S 1, 5 W
0, # FLA S =4, WA FT A R ALAE 5 16 fif
H1 O 1 ZH iy — gkl B, AR 7 20 i A W i
AV TUR A9 R ECKR HAZ BL R ER 1 AL
BEG, XFMIFE RZE RS R T s
14, PR H R 50 i %) 5 T PR s o7 A T A
MILE . DA AT

B2 __device__ idx_position( )
b—o
temp<—value
do
temp«—value & (value —1) ;
k<value - temp;
b + =k
value<—temp ;
while (temp)
return D H

5 1 5i%gt CPU SN LRl i i GPU 5k
R TEA TR (B AR B A T kI 1 IR ARUCHR, Ik
TP bt B> H AR ST E 3R, 2250 CUDA
IHAT, A B n] AR P 725 A (e, T HEAS
AR ONIUE =Ny & VTPV 2 IS ppur it
BB 4R RAF A N AR R | BARIR DR T —
SE B PEIR O FLAE N 2R5 [ B 9% — & I R],
(BT I 5 SRR 0 S e s 5, PERB AR T
WRUEE FT AR AN, 5 [ B TS , PR AEAH Y

3 SREESHT

SEHHR o RS I A TR AR S B P T4

Bio BB—J7 TRAR B ACR X5 TR AN [6] 1 i PR 58
GPU SEBLRI RS i, 1 S e 3 (EACR b B/ A
CPU SR 7 e —3. 85 =7 MR E I RCR,
XG> X Y CPU Jr ke Ry T 22 57
3.1 IR

CPU #34% :Intel®  Core™ 2 Duo CPU,3. 18 GHz,
2 GB&4: WAL, Microsoft Windows XP Pro SP2 #:4E &
4t ,Microsoft Visual Studio 2005 JT % #3%., GPU #47:
GeForce 9800 GTX + i <,512MB g 17, 128 /i b
#%,NVIDIA driver 2.2,CUDA sdk 2.2,CUDA toolkit 2.2,
3.2 ALt

TR S AR A S 1h Matlab AE0UAE BEAY
¥ DEM e R R 2 B, A1 4 J s, Horp iR
DEM H x .y AAFRS I RAE 25 [ AL EE, 2 (EAE AR
FES R, 2 10 x 10 4HF% 3 32 Matlab ;74

B4 UG RAEA
Fig. 4 Original samples

CPU i A 2 2R MEX 47 AR 528 Matlab
5 C+ +0RA R, AT A mex32 U, 4 {H
HHEHAT C + + IR IDW J5 {8 pR 5, 118 25 5
50 x 50 46 [, FH Matlab 7%, 0 5(a) i, H
HiE 5(a) & DEM i {HZ5 R0 3 4k R E L K 5(b)
SRR M N F R AL,

GPU #ffi fA o 2 1Y AN [6] Z &b & Matlab %23 52
nvmex % AR A fEH ] CUDA 45 B9 78 4 - A THY
IDW pR%K, 58 LA (B )5 i 2 1 Matlab (7R H Ok,
w6 fis .

M5 HE 6 Xt b ] AL ROk A, GPU 1Y
MEZ R R T CPURES R, B’ 7 K L
SIS ZE R AT R 22, 7T DL G 45 R iR 2
PEfiAE 10 " HOBORGL, P AR R 22 I R R AET GPU
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Fig. 5 CPU interpolation result
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Fig. 6 GPU interpolation result

H O T B AU SR A T A A R R, B AT DR JEE
B (B R B TR, Xof T AL B S PR R Y
ISEFHR L, A5 /0 14 T A8 B oy ) S8R 4R T 2
—IU\TE)L,B-JF%%BTT“FFMMEE’JO

AR 2107
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Fig. 7 Relative error

3.3 mEITLE
T GPU JFA T E A A PERE, B A T i

TS b — R bR AT 430, I bl e SO
r, —t/t
A, HERATEIE] ﬁafFﬁﬂﬂEﬂ

JE A RAE 5 K 2 000 ZH BENLA BLE (2, y,2) JE
BSOS, B bR 22 (8 Bl o £ 41 BE LA )
(x,y) A4, BERTE 10 000 ~ 25 000 2 [A],

T T B SR AT A R P P R (ERCR Y
SR, PR FRAT R A (24220 4, B34 block AT
256 MG SRR, 0 BIRT w =2 F w =3 PEATXF AL
58, P AR PR A T A A A (T ) ek
B 2 R 1 S SR AT LR B S AL A
TR, BRI AR 4 2 LA — 2 $R R, AR
v P S A R AR A e, {HL 0 R S U I B T N R
FOABGE N R R
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A, 45 - PR Ab PR 25 M (R4 7 30k g 52 L 581

FEOHEAT 14 52 56 S A [ A (i ~F AR R (A%
REYFZIR , ANIE 8 Fron

F1 NERFHREMRENZIG
Table 1 The interpolation effect of different weight factor

BeisE GPU Hi}[A]/ms CPU Bf[a]l/ms  GPU/CPU i3k [t
/10* u=2 u=3 uw=2 u=3 uw=2 uw=3
1 12 12 177 181 15.4 15.7
4 18 20 671 786 37.3 39.3
9 32 33 1585 1671 49.5 50.6
16 57 58 2 883 2 946 50.2 50.7
25 86 89 4 549 4 807 52.8 54.0
—8—R=2 —%— R4 —¥— R=6—®—R=§

100

2 80—

Q 4
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= 40~

=l i

3

7 207 W
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\\ » \\ \N
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Dataset
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Fig. 8 Speed up trends

HARAEEAR 8 2 B, GPU FFAT R {E Y RO BB
| CPU Bk BRI 3 ~ 18 A5 2G4 {H ~F 4273 51 0
4,6,8 I, i He oy A E] 10 ~ 55 4%, 15 ~ 105 1,
40 ~ 18017 , tumit J& Ut , 4 {E ~F A2 8K, GPU I 47 1Y
RCRRG , DR~ AR R B B AR A e
NS B R [ A A B 22 R b T A T R BB . CPU
SEHE M BB BT A FAR s 3 B (4 354X
YR, T T GPU I AT 583% , B A i 1%
RO A B bR 8 ) A

XA R EE AR, H AR s 2 S5
R, FET AN Ay o HR, IR AT AL B AP RESE T
FBOFAR AR R B f AT R A3, it
FEBRA T2 I DR R 2 SO A W e, £
55 077 308 15 1 TEH A 1 REAR T B3

4 % it

N T e RA% G A A BTk B AR A ], AR SC
A GPU T8 AT 28, i i i A7 ARG A

5| % CUDA {22175, SEBL T —Fh P st i
EIFATRR  SC00 2 W AR ik ] LA RICR 547, TR
BFREIR B L A5 5 2 A A5 i b, 4 (A P RE 42
TR AT R A 5 S B AR A — A
() 2R R B R 56 o X — S i PR R IR
N R, AN WebGIS il [ 5 A P 2547 5, , 124
AR EA —E 1038 AT AT
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