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MiniBranRAP : A minimizing branch parallel algorithm of
the coarse matrix computation in AMG solver
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(1. Graduate School of China Academy of Engineering Physics, Beijing 100094 ;
2. Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)

Abstract: Algebraic multi-grid (AMG) is one of the most commonly used algorithms for solving
large-scale sparse linear algebra equations in the field of scientific engineering computing and industrial
simulation. For each grid layer in the Setup phase, AMG needs to calculate the coarse grid matrix A, =
RAP through the product of three sparse matrix based on the restriction operator R, the current fine
grid matrix A, and the interpolation operator P, which has become the main bottleneck in the parallel
performance of AMG. This paper first discovers that the performance bottleneck of the RAP parallel al-
gorithm in mainstream AMG solvers is caused by the quadratic complexity of branch judgments. Then,
utilize the row-based order characteristics of the sparse matrix format CSR, and propose a RAP parallel
algorithm called MiniBranRAP with linear complexity of branch judgment counts. The algorithm is inte-
grated into the JXPAMG solver, and the effectiveness of the algorithm is verified through practical
examples. The numerical test results show that, for 6 typical examples from practical applications,
compared with the latest version of Hypre’'s BoomerAMG solver, the JXPAMG solver based on Mini-
BranRAP can speed up the computation efficiency of the Setup phase by an average of 3. 3 times and a
maximum of 9. 3 times on 28 processors.
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Figure 9 Comparison of time costs
in Setup phase for six test cases
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Table 4 Calculation time of coarse grid

matrices for six test cases with 4 processors

x4 6ANEG 4 NMHBTIHERZEHEMIEERERE

JZE4
=XIEA
1 2 3 4 5

eALRT  5.43  0.381 0.0882 0.0184 3.1le—3
RHD-1T ffkf5 0.232 0.232 0.0806 0.0183 3.12¢e—3

s 23.40  1.64  1.09 1.01 1. 00

AERT  8.89  0.790 0.149 0.0315 5.6le—3
RHD-3T ffb5 0.564 0.439 0.141 0.0312 5.78e—3

JmEE e 15.80 1.80  1.06 1.01 0.97

ARG 0.067 50.033 9 0.012 8 2.67e—3 4.17¢—4

SM-LX]J ffb)i 0.040 20.031 6 0.012 4 2.64e—3 4. 1de—4
JmEEE  1.68  1.07  1.03 1.01 1.01
etk 19.3  1.04  0.131 0.0144 1.18e—3

SM-C  fifkJ5 3.80 0.692 0.105 0.0131 1.17¢—3
g 5.08  1.50  1.25 1.10 1.01
fAbwi  5.24  0.778 0.111  0.0154 2.83¢—3

HF-S fifbJg  1.04 0.393 0.0907 0.014 1 2.72¢—3
g 5.04  1.98  1.22 1.09 1.04
flotbwi 119 12.9 1. 39 0.202  0.029 1

HF-C ffkf5 2.68 2.16 0.810  0.179  0.028 4
JnEE L 44.40  5.97  1.72 1.13 1.02

6 HWRIE

A SCHE N T S BRI 2 R R R S
T L HIWBGE 2 S 30 AMG FL N & 46 B 9117
P B 29 7] 0, 368 3 R 90 62 5 4 s & B Y
i AMG FRIE AR 3 A6 b A0 B e BUR T R W
KV J5 S 2% B 0 43 S FI W48 . R CSR A% AT
TP AR SCR T T B A et A 4y S AT Y
JFATHE T MiniBranRAP, B T RAP #4E #1475
FEAT RIS IE 52, JF 38 2ok 552 B 1 T e 780 B8 441, 26 i
THEENA K. BT AMG 535 R r =2 24
ML HMERE S B B 28 45 A8 R E N L FH 4 A %
G, AMG MR R A EE R KAk 2 18], 4o
Al E— 252 48 T S AL AN B RRAE X AMG P RE 1Y
S TF AR IE IR 3 i AMG PERE AL B 2 oK K T
FLRFSLHEIE A IR

S k-

[1] Ruge] W, Stiiben K. Algebraic multigrid [ M ] // Multigrid

2]

(3]

[4]

(5]

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

Methods. Philadelphia: Society for Industrial and Applied
Mathematics, 1987 :73-130.

Stiiben K. A review of algebraic multigrid[J]. Journal of
Computational and Applied Mathematics, 2001, 128 (1-2):
281-309.

TR/ANSC L BENSE L B2 . SRR KHLAE R i 2k M AR B T R LT
GG EE Y AMG TR L], E R R
2016,46(10) :1411-1420.

Xu Xiao-wen, Mo Ze-yao, An Heng-bin. An adaptive AMG
preconditioning strategy for solving large-scale sparse linear
systems[ J]. Scientia Sinica Informations,2016,46(10) ;1411-
1420.

Saad Y. Iterative methods for sparse linear systems[ M ].
Philadelphia: Society for Industrial and Applied Mathematics,
2003.

Tian R,Zhou M Z,Wang J T,et al. A challenging dam struc-
tural analysis: Large-scale implicit thermo-mechanical cou-
pled contact simulation on Tianhe-1I[J]. Computational Me-
chanics,2019,63(1):99-119.

Griebel M, Schiiller A, Schweitzer M A. Scientific computing
and algorithms in industrial simulations: Projects and prod-
ucts of fraunhofer SCAI[ M. Berlin: Springer,2017.
Brannick J,Kahl K. Bootstrap algebraic multigrid for the 2D
Wilson Dirac system[ ] ]. SIAM Journal on Scientific Compu-
ting,2014,36(3) :B321-B347.

RN IFATAC R 22 R A% B - R A T B8 N T IR 5
L] BUE IS S5 FHLN . 2019.40(4) : 243-260.

Xu Xiao-wen. Parallel algebraic multigrid methods: state-of-
the art and challenges for extreme-scale applications [ ] ].
Journal on Numerical Methods and Computer Applications,
2019,40(4) :243-260.

Baker A H,Gamblin T,Schulz M, et al. Challenges of scaling
algebraic multigrid across modern multicore architectures[ C]
//Proc of 2011 IEEE International Parallel & Distributed
Processing Symposium,2011:275-286.

Yang U M. Parallel algebraic multigrid methods—high per-
formance preconditioners[ M]//Numerical Solution of Par-
tial Differential Equations on Parallel Computers. Berlin,
Heidelberg: Springer, 2006 :209-236.

Falgout R D, Schroder J B. Non-Galerkin coarse grids for al-
gebraic multigrid[ J]. SIAM Journal on Scientific Compu-
ting,2014,36(3) : C309-C334.

T, kAL, G2, 45, JL2E SR F AR B2 E A O
WIAT ALY RIS A T [J/OL]. 35 3, 1-16 [ 2023-11-
247]. http: // kns. cnki. net/kems/detail/11. 2011. O4.
20230506. 1706. 002. html.

Mao Run-zhang,Du Hao, Tian Hong-yun,et al. Analysis of
parallel scalability bottleneck for algebraic multigrid in typ-
ical real applications[ J/OL]. Chinese Journal of Computa-
tional Physics, 1-16[2023-11-24]. http: /kns. cnki. net/kc-
ms/detail/11. 2011/04. 20230506. 1706. 002. html.

Park J,Smelyanskiy M, Yang U M, et al. High-performance

algebraic multigrid solver optimized for multi-core based



1166

Computer Engineering &. Science

IHENL T RS2 2024,46(7)

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

distributed parallel systems[ C]//Proc of the International
Conference for High Performance Computing, Networking,
Storage and Analysis,2015:1-12.

Liu W F, Vinter B. An efficient GPU general sparse matrix-
matrix multiplication for irregular data[ C]//Proc of 2014
IEEE the 28th International Parallel and Distributed Pro-
cessing Symposium,2014:370-381.

Hemker P W. A note on defect correction processes with an
approximate inverse of deficient rank[J]. Journal of Compu-
tational and Applied Mathematics,1982,8(2):137-139.
Pichahi S M R. Improving the performance and scalability of
algebraic multigrid [ D]. Utah: The University of Utah,
2021.

Falgout R D, Yang U M. Hypre: A library of high perfor-
mance preconditioners[ C]//Proc of International Conference
on Computational Science,2002:632-641.

Xu X W,Yue X Q.Mao R Z,et al. JXPAMG: A parallel al-
gebraic multigrid solver for extreme-scale numerical simula-
tions[ J]. CCF Transactions on High Performance Compu-
ting,2023,5(1) : 72-83.

Gustavson F G. Two fast algorithms for sparse matrices:
Multiplication and permuted transposition[ ]J]. ACM Tran-
sactions on Mathematical Software,1978,4(3) :250-269.
Patwary M M A,Satish N R,Sundaram N,et al. Parallel ef-
ficient sparse matrix-matrix multiplication on multicore
platforms[ C7] //Proc of International Conference on High
Performance Computing,2015:48-57.

Yang U M, Henson V E. BoomerAMG : A parallel algebraic
multigrid solver and preconditioner[ ]J]. Applied Numerical
Mathematics,2002,41(1) :155-177.

Adhianto L., Banerjee S, Fagan M, et al. HPCTOOLKIT:
Tools for performance analysis of optimized parallel pro-
grams[ ] ]. Concurrency and Computation: Practice and Ex-
perience,2010,22(6) :685-701.

De Sterck H, Falgout R D, Nolting ] W,et al. Distance-two
interpolation for parallel algebraic multigrid[ ]]. Numerical
Linear Algebra with Applications,2008,15(2-3):115-139.
De Sterck H, Yang U M, Heys J J. Reducing complexity in
parallel algebraic multigrid preconditioners[ ] ]. SIAM Jour-
nal on Matrix Analysis and Applications,2006,27(4):1019-
1039.

SOLVER 2l & 22, 5 —Jm 4k AR v # 50 k S L e L 4k
3% %8 [EB/OLJ. [2023-11-24 ]. https: / www. solver-

conference. cn/solverchallenge22/.

EEE T

HAE (2001 -, FH IR EH AL B+
Az IS J7 T O OF AT B R A M R T

" E-mail: duhao23@gscaep. ac. cn
DU Hao, born in 2001, MS candidate,
( his research interests include parallel algo-

rithm and high performance computing.

EHE (1998 ), 5 W H A 1L

SRS T Dk M RE I AT I A M AR
B8 . E-mail: mrz@nudt. edu. cn

=¥ 4 MAO Run-zhang. born in 1998. PhD

e,
o

/
| i candidate, his research interests include
high performance parallel computing and linear algebra sol-

Vver.

IBEEHE (1999 ), L, T AREER A LB 1
AL WF 5 T I Dy OF AT RO 8 . E-mail
dengyuntong21@gscaep. ac. cn

DENG Yun-tong. born in 1999, MS

candidate, her research interest includes

parallel numerical algorithm.

HE R (1992 -, 2o, EH A IR AL 1
& B EAE 5T 51, BF 5T 05 1 O s M R
E-mail: huang_silu@iapcm. ac. cn

HUANG Si-lu. born in 1992, PhD, as-
sistant research fellow, her research in-

terest includes high performance computing.

N3 (1978 <), T, W EEHE MO 1
T WRSE 5L WEAE O I O s R RE RN S TR
TR R B IE AT 3 5 R T AT Bl B
E-mail : xwxu@iapcm. ac. cn

XU Xiao-wen, born in 1978, PhD, re-

\ \‘\ g\‘ -
search fellow. his research interests include high perform-
ance scientific and engineering computing,large-scale paral-

lel computing,and parallel numerical algorithm.



