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Multilevel parallel tetrahedral mesh generation for
complex geometric models
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Abstract; The rapid development of high-performance computer provides the hardware environment for high performance numerical
simulations. Many numerical simulations have the ability of handling meshes from billions of elements to tens of billions. However, the development
of parallel mesh generation, which is a critical step in numerical simulation, is relatively lagging behind. Thus, a multilevel parallel unstructured
tetrahedral mesh generation algorithm for complex geometric models was presented. Firstly, a sizing-function of the mesh was established on the
basis of the geometric features of the model, and the geometric entities were grouped on the basis of the sizing-function and the adjacency
relationship between the geometric entities. The grouped geometric entities were distributed to different computing nodes. Then the triangular
meshes were generated by the advancing front method among the nodes. And the triangular meshes were decomposed into sub-meshes which were
distributed to each process. Finally, a multi-threaded parallel algorithm was used to generate tetrahedral meshes in the process. The proposed
parallel mesh generation algorithm was validated on the Three Gorges Dam model, and the results show that the presented algorithm has good
parallel efficiency and scalability, and can generate billions of high quality tetrahedral meshes for modern supercomputers with thousands of
Processor cores.
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Fig.1 Architecture of current major supercomputers
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Fig.5 Flow chart of parallel triangular mesh generation
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generation for Three Gorges Dam model

PR 224 448 896 1792
ftE]/s 386.27 192.32 100. 41 64.74
i b 224.00 449. 89 861.73 1 336.50
2000 SRR
1800 o BT
1600
1400
521200
1 000
£ g0
i
600
400
200
0
0 500 1000 1500 2000

U

P 7 IR I T A% PO A -4 7 A Bk He
Fig.7 Speed-up ratio of parallel tetrahedral mesh

generation for Three Gorges Dam model

1A T /TRLE AR B E B X =k
UREHY | AT AR R AF ik b, B fE T4k 2
% I AT AR BB A S DY T X A% BT Y
HEJT o

ECHRI10 - 11 ]S85 H (9 3547 P 1o 44 ) A
A LR L, AR SO B A 448 AEFRGRAZ T,
9. 36 A DU TH 44 4% B TCAE B (] E 5 min DL,
HEAA L XA A G [) AR A5/ [m] Bp AR S B 1
AP RE T LA L AHX SCERL 10 — 11 188 Hy i 5
B EA TG A R
2.2 MEEMIERESHT

P A% o et A A P ) — S L 2 SR A
2R, e T Y AR R AR i BB A AUA R A B 2D
PEACUCE, e R A B o DRAIE = Joi 22 g A%
(A G, 15 X6 AT A B D IO 1 A P A o e R A 7
TR A BT e b ok R Lok

i A ¢ = 22 sty
(3
PRSI L, LR R K, 0
(0,115 ¢ =11, AR IED A, &8 25
T DT R B K M5 45
NS4 o1 T L 4, 74 A 0 i
WG K LRI fE 0. 5 ~0.9 Fyfiii 4t



$38.- [ By B B K R

5543 &

0.30 1

0.25

5 020
i
#0151
&
E 10

0.05
0 0 o0.01 0009

001 01~02 02~03 0.3~04 04~05 05~06 0.6~0.7 0.7-08 08~0.9 0.9~10

PR BT AR K

B8 =l KU R U T A XA o e e 14
Fig. 8 Statistical results of tetrahedral mesh quality of

Three Gorges Dam model

ARAAFAE R V10 (< 0.2) , AR J Y RS Jo 4t
2.3 EBRE AR

=R TARRTHI AU JE K, 7 2 H T A AL
HAEIRFIRGL , %5 B IEAR 2015 RA i (1 755 70 H A5
L, BRI B BT RE ) A Y F
EATAFAEFI R LA TR R . i
ARSCER A7 PR A Bk, 4 SOk [ 18 ] 4
RTINS A K 5T b SR 149 152
ALBRAS %, FFAT AR 101, 1 AZ DU a4 RA% HT, I
R 454 i 01 45 R 3 R BUBE I 4T o0 B B
PANDA-StaVib B CSEBL T = b K 3OS 40485 2 )
FRITHR, O e R T AR PR S IPAG 4R 44 T RE
S O AT S SI RAR 2R

IO =ik SIS IRY O i ¢ P Ak A= it
Fig.9 Tetrahedral mesh of Three Gorges Dam model

3 #ig

TE [6] 2 14 RE S ELASE LA Xoh R R 54 o A%
BT R P T — il I A 2% LA AR Y 114 22 2
FEAT DU TR A% AR RHE 2R, 51X 2 e AR 8 fi2
HY T T LA S A DX A B8 A A T T O A%
PR REE A BT BT U S iRy 52 2%
JUfRPAERY o 5 DU AT AR RS 47 A B, IR HE SR AT
VA S P TAT A DX 358 ik A0 22 2 A DU T A P s A

Sk A E R Al o A AOFAT Bk s S A7
HATI M B A AT AR A i R, S hy
HOIE N T S BT R  PERE T LR R A5 R, T LAAE
BT b PR AT A AU DY i < R A%
T,

RS AT AR S AL A 2R pAE SR, ] L
25 A LA SRR 1 A 2 R R A%
A B AN TR WA TR WA 5, AL AE
SRR ) = A I A A RS U T P A% £ B BT
SR O AR L B R RS A AR BOA BT i 4
R E

2 % 3k ( References)

[1] MO ZY, ZHANG A Q, CAOX L, et al. JASMIN; a parallel
software infrastructure for scientific computing[ J]. Frontiers
of Computer Science in China, 2010, 4(4) . 480 —488.

[2] LIUQ K, MO Z Y, ZHANG A Q, et al. JAUMIN: a
programming framework for large-scale numerical simulation
on unstructured meshes [ J ]. CCF Transactions on High
Performance Computing, 2019, 1(12) . 35 -48.

[3] ZHANG L B, ZHENG W Y, LU B Z, et al. The toolbox
PHG and its applications[ J]. Scientia Sinica Informations,
2016, 46(10) ; 1442 — 1464

[4]  SI H. TetGen: a Delaunay-based quality tetrahedral mesh
generator[ J |. ACM Transactions on Mathematical Software,
2015, 41(2) . 1 -36.

[5] GEUZAINE C, REMACLE J F. Gmsh: a three-dimensional
finite element mesh generator with built-in pre- and post-
processing facilities[ J ]. International Journal for Numerical
Methods in Engineering, 2009, 79(11) . 1309 - 1331.

[6] SCHOOBERL J. Netgen: an advancing front 2D/3D — mesh
generator based on abstract rules [ J ]. Computing and
Visualization in Science, 1997, 1(1) : 41 -52.

[7] LOHNER R. A 2nd generation parallel advancing front grid
generator[ ] |. International Journal for Numerical Methods in
Engineering, 2013, 51(6) : 663 —678.

[8] LOHNER R. Recent advances in parallel advancing front grid
generation [ J ]. Archives of Computational Methods in
Engineering, 2014, 21(2) . 127 - 140.

[9] CHRISOCHOIDES N, CHERNIKOV A, FEDOROV A, et al.
Towards exascale parallel Delaunay mesh generation [ C]//
Proceedings of the 18th International Meshing Roundtable,
2009.

[10] ANDRA H, GLUCHSHENKO O N, IVANOV E G, et al.
Automatic parallel generation of tetrahedral grids by using a
domain  decomposition approach [ J ].  Computational
Mathematics and Mathematical Physics, 2008, 48 (8 ).
1367 - 1375.

[11] CHENJ]J, XIAO Z F, ZHENG Y, et al. Scalable generation
of large-scale unstructured meshes by a novel domain
decomposition approach [ J ]. Advances in Engineering
Software, 2018, 121 131 - 146.

[12] PEBAY P P, THOMPSON D C. Parallel mesh refinement
without communication [ C ]// Proceedings of the 13th
International Meshing Roundtable , 2004.

[13] WANG X Q, JINX L, KOU D Z, et al. A parallel approach



42 1

TRAN, 36 < 1h o) 52 2% T LRI RS Y F) 22 54 Il T P At A S R v

<30 .

[14]

[15]

[16]

for the generation of unstructured meshes with billions of
elements on distributed-memory  supercomputers [ J ].
International Journal of Parallel Programming, 2017, 45(3) .
680 -710.

MAROT C, PELLERIN J, LAMBREHTS ], et al. Toward
one billion tetrahedra per minute[ C]// Proceedings of 26th
International Meshing Roundtable, Barcelona, Spain, 2017.

KRR S, RhEAE, k% BT OpenMP ¥ = 4t Jf 17
Delaunay W46 A5 BB 76 K 2B (1], S ML WF 5%
2016, 33(12) : 3658 —3662.

ZHANG Xiaomeng, LU Zhonghua, ZHANG Jian. 3D parallel
Delaunay mesh generation algorithm and its implementation
based on OpenMP[ J]. Application Research of Computers,
2016, 33(12) : 3658 —-3662. (in Chinese)

ERW, R, BREE, & ETRBURE TRIENSL
FF47 Delaunay =ML E[J]. WAL TR SR,
2018, 281(5): 13 -19.

WANG Junji, ZHU Chaoyan, CHEN Jianjun, et al. A

[17]

[18]

multithreaded parallel Delaunay triangulation algorithm based
on lock-free atomic operations[ J]. Computer Engineering and
Science, 2018, 281(5): 13 -=19. (in Chinese)

H Py e e P RE R #0L 414 P 0. SuperMesh [ EB/OL].
[2019 - 08 — 30 ].
SuperMesh. php.

http://www. caep-scns. ac. cn/

CAEP Software Center for High Performance Numerical
Simulation. SuperMesh [ EB/OL ]. [ 2019 - 08 - 30 ].
http://www. caep-scns. ac.
Chinese)

W, Jrde, AL, . R JAUMIN (447 AFT DU i &
PR AR R LI ]. T EALR R SR, 2018, 12 (4):
567 -574.

ZHENG Peng, FANG Wei, XU Quan, et al. Parallel AFT
tetrahedral mesh generation for JAUMIN [ J]. Journal of
2018,

cn/SuperMesh. php.  ( in

Frontiers of Computer Science and Technology,

12(4): 567 —574. (in Chinese)



