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Abstract

We proposed a GPU (Grapic Processing Unit) accelerated kinematic wave model for rainfall runoff simulation and tested the accuracy and
speed up performance of the proposed model. The governing equations are the kinematic wave equation for surface flow and the
Green-Ampt model for infiltration. The kinematic wave equations were discretized using a finite volume method and CUDA fortran was
used to implement the rainfall runoff model. Several numerical tests were conducted. The computed results of the GPU accelerated
kinematic wave model were compared with several measured and other numerical results and reasonable agreements were observed from
the comparisons. The speed up performance of the GPU accelerated model increased as the number of grids increased, achieving a maximum
speed up of approximately 450 times compared to a CPU (Central Processing Unit) version, at least for the tested computing resources.
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Eq. (1) fetAdR o2 o] 4ta}elH Eq. (5)<F ZTHLiu

et al., 2004).
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Fig. 2. CUDA data processing flow (Kim, 2019)

E5-2620 v2 @ 2.10GHz)°l= ALUE ZE&5t Q= T o7}
671°]™, GPU (NVIDIA GeForce GTX TITAN Z)°fl+= 5760
7Re] 52017t A

Fig. 2i= CUDA®] Hl°o]¥] 2] 555 Lehditt. CPU2t
GPU= Aol Alofd 4= = = AR vl 25 713 QLo
™, o] w e el Alofet 4 glok. whehA] WA CPU M=
2lol A GPU H|EL2] 2 Hlo]EE A1E5tal, CPUZFGPU E]
ole] A& FHIt. HlolH A7 T2 GPUE 2T 2
ofollA HlolElE BE = Aejska, 23S GPU H|= 2|5 A
CPU H|2 2|2 HEAXItE GPUE AFEEHH|o|H A7 582
CPUSFGPU 2| StEgo] F-20] 2fo] 2 ¢1al| CPURES o=t
dlo|e] #2] 553} H| W A] CPUFGPUZH] Hlolg ZEolat
= 571291 458 I o] EAYSHA| Hk whebA] 0|2} 22 CPU
e} GPUZHe] Hlo]H &0 =2 QIgh 57} A g A to] EhAgRlty.

32GPU IS T2y

Fig. 32 CPU 7|¥He] &=2bd 4713 GPU 79he] H &
A7 ggote] 27 BB 9] S ot I =9 &7t
oflo]TH(Kim, 2019). & Aol 4 GPU 7FE2 3 o] 7S
3] AF8-2F CUDA & Alktd G o] A} 7i4=of] thgt 1]
(Grid)2} E-Z(Block)Z A3ttt Bl EE 20 Qo
1, B22 A8 E(thread) Q] B o], 28 == GPU Yjo]
A g == she] o o]u|gitt. CUDA 2] i 4k
Fo] sho]| 7t 7] o7t d ], §HEE o] A=
5ol Bl HE R AtE]= HHA otk GPU Z2 T ol A
EFig. 3(b)et 2ol ieHjE AMRtHHE-Ro 2 mdor] ¢ko
o, A TS B & 4 Q)tt Fig. 37 2ol 2H =
9] B F-& blockDim H=of] A= 1, threadidx H4== index
7} Fol et et 259 i E-2 gridDim H4=of] A= 11,
blockidx F15= index& FO]ZITHNVIDIA, 2011).

ok

i

M 4o XN rg

—_

doi=1, nx
doj=1,ny
A(i,j) = B(Li)+C(i,5)
enddo
Enddo

Gl W N =

(a) CPU

i = threadidx%x + (blockidx%x-1) * blockDim%x
j = threadidx%y + (blockldx%y-1) * blockDim%y

A(,j) = BL.j+C(.5)

TR W N e

(b) GPU

Fig. 3. Example of GPU programming

ey do while
Memory |« = — = = = = — — oo .

l 1 1
1 l | 1
¥ 1
GPU GPU GPU Gpy ) end do
Memory [ | Memory [~ "] Memory [~~~ Memory [~ ~
Memory
kernel14_1 kernel15_1 B kernel17_5

Fig. 4. Structure of gpu-accelerated kinematic wave model. Solid line:
data transfer. Dashed line: flow sequence
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Fig. 5. GPU-accelerated code for kinematic wave model
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