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Machines

Abstract

Abstract: The traditional parallel solving methods for the ordinary differential equations mainly include the
task-oriented parallelism and the method-oriented parallelism. However, these two solving algorithms
have serious shortcomings, which can only use CPU resource or just design for the homogeneous form of
ODE(ordinary differential equations) clusters. By using RIDC(revisionist integral deferred correction)
algorithm, a hybrid solver based on CPU and GPU multi-target machine is designed, which solves the
differential equation system based on the pipeline form. Meanwhile, the parallel calculation within a
single equation group and between the different equation groups is realized, which can give full play to
the multi-core advantage of GPU, and also help to balance the load inside the computing node. The
simulation experiments verify the efficiency, accuracy and precision of the framework.
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algorithm, a hybrid solver based on CPU and GPU multi-target machine is designed, which solves the
differential equation system based on the pipeline form. Meanwhile, the parallel calculation within a
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CPU AT R RARFLIEUN T -

Bk 1 CPUIHATRME
TP

KA A (2 X fEs0), ODE J7 72 41 ok H 4
Bt OHERT EUHE R R BR AT (R UOR R R 2, SKRARHS
FZ(Hr #)ORDER, JHATLIENENT, RELEHY]
fE X0, #HZIEmT ] AP K step

Bt -
2RIl step X B APIRAEAL HBAH X
HIg6AL -

1: initialize static thread pool with NT threads

2: for thread 1 do

3: fori=1to ORDER do

4: if i ==1 then

5: predict state variables X from step

1 to step (ORDER -1) * (ORDER -1)

6: else

7: correct state variables X from step 1 to
step (i-1) * (ORDER -1)

8: end if

9: end for

10: end

CPU £ 47K %

11: assign thread 1 with prediction task(order 1)

12: assign each thread in the pool with some
specific correction task(order >1) in a interleaved
fashion

13: for each thread in the pool

14: if order == 1 then

15: predict state variables X from
current step to step current + ORDER -1

16: else

17: correct state variables X from
current step to step current + ORDER -1

18: end if

19: end for

20: barrier.wait()
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21: for each thread in the pool

22: left shift state variables X in the
memory with ORDER -1 position

23: end for

24: barrier.wait()

25: output state variables X of current time step
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1: dispatch one CPU thread in the dynamic
thread pool as a worker

2: initialize host and device memory needed
(include global and local device memory)

3: copy state variables X0 to device memory

4: create GPU streams(one stream for explicit
solver, or ORDER streams for implicit solver)

FFAT KA -

5: for each GPU thread in the wrap(wrap
number = ORDER)

6: if thread id == 1 then

7: predict initial value of state variables
X by explicit solver

&: if implicit solver then

9: call Newton-Raphson method to

ok, &5 [ CPUL GPU 2 HbsHLIITR & R AR &S Bt 5520

Vol. 34 No. 4
Apr. 2022
get a refined value in an iterative manner
10: end if
11: loop from current step to current +
ORDER -1 step
12: else
13: predict initial value of state

variables X by explicit solver and quadrature marix
14: if implicit solver then
15: call Newton-Raphson method

to get a refined value in an iterative manner

16: end if

17: loop from current step to current +
ORDER -1 step

18: end if

19: end for

20: _ syncthreads()

21: for each thread in the wrap

22: left shift state variables X in the
memory with ORDER -1 position

23: end for

24:  syncthreads()

25: output state variables X of current time step
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1: initialize static thread pool with NT threads

2: for each thread in the thread pool

3: assign each thread a GPU ODE solver

4: initialize GPU ODE solver

5: end for

6: parallel executing GPU solver

7: callback on each global step

8: readpool.wait()

3 SR
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Table 1 CPU and GPU algorithm error comparison %

AP ATEMivEns RS TS (SEMLYEna
CPU 0.03 0 0.02
GPU 0 0 0.01

ESEIG 2, B ERE N2, 50w
100~ 1 000, 10 000. 100 000 > FAHE 5, 7£ CPU
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F2  WiJ7FE CPU I GPU & 2 SHVEAR A] LA
Table 2 2 equations on CPU and GPU explicit

algorithmtime comparison S
KFER  CPUMZFE  CPUMZFE GPU R
(O7fE#2) BRI 4H  RK4K EOA AT
100 0.018 8 0.006 4 0.026 6
1 000 0.1514 0.0520 0.2218
10 000 1.8542 0.628 4 2.0639
100 000 18.3956 6.258 4 20.1610

L3, B ERERE N0, EEE
962 R SELS, ATAREE R UNER 3 R

%3 7 CPU M GPU & R B E] ek

Table 3 10 equations on CPU and GPU explicit
algorithmtime comparison s
KFERH CPUMZF  CPUHZLR  GPURAK
OrfE%10) SR 4B RK4K fr Sk
100 0.0310 0.012 8 0.049 8
1 000 0.304 4 0.1304 0.451 6
10 000 3.038 3 1.298 8 43121
100 000 30.305 6 12.986 4 43.526 8

TESEEG 4 FISEEG S, [RIRE 3 ks T RE s X
HR2H104, M CPU FI GPU 78 % F Fa =Wk b
HIEN ERE 2 7. BARSE R 4~5 TR .

X4 WITFECPU M GPU Fa &) [a] H 5%

Table 4 2 equations on CPU and GPU implicit algorithm
time comparison s

KRS EL CPUBLAME GPUREI CPU B4 GPU R
(FFE%2) BR QWK HE 4 B WK 4B BR QL 8 B WL 8 By

100 0.814 6
1 000 5.588 4

0.286 2
2.644 8

43346
31.7250

0.9336
8.9308

#5175 CPUMI GPU R 2B ] Eh %
Table 5 10 equations on CPU and GPU implicit algorithm
time comparison s

KREAH CPUZTE GPUREI CPU LY GPURAR
T FEH10) BT 4 B BRRL 4 B BEZRRREL 8 [ RRF 8 [

100 13.498 4
1 000 85.591 6

0.6718
6.3316

69.640 8
483.671 8

2.1322
20.578 2
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