http://www.chinaaet.com %% —I=J % %

( , 100084 )
Voronoi (SCVT) , o ,
Message Passing Interface SCVT(MPI-SCVT) SCVT - , MPI-SCVT
, , MPI-SCVT ,
. MPI N 170 o , 0 )
1 9 km > > o
; Voronoi ; ;
: TP311 : A DOI:10.16157/}.issn.0258 —7998.222602
, . [J]. ,2022,48(6):103-106, 111.

: Liu Zhuang, Huang Xiaomeng. Generating high—resolution global unstructured meshes[J]. Application of Electronic

Technique , 2022 ,48(6):103-106, 111.

Generating high—resolution global unstructured meshes

Liu Zhuang , Huang Xiaomeng
(Department of Earth System Science , Tsinghua University , Beijing 100084 , China)

Abstract: The Spherical Centroid Voronoi tessellations (SCVT) are a kind of high—quality unstructured meshes, which are adopted
by well -known earth system models at home and abroad. Internationally, the open source project Message Passing Interface SCVT
(MPI-SCVT) has realized the parallel SCVT generation. However, although MPI-SCVT works well for the generation of general —
resolution meshes, the use of MPI-SCVT presents several problems when the required mesh is of very high resolution, including the
poor quality of initial mesh points, large data MPI communication problems, external library calling problems and 1/0 problems. For
these problems, a set of solutions are proposed. Practice shows that the application of these solutions can successfully complete the
generation of the global 1.9 km resolution grid, and the number of iterations is significantly reduced when reaching the same accu-
racy, which saves the calculation time.
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0 glasjacobsen/MPI-SCVT) , MPI-SCVT
, MPI-SCVT
1-21, , SCVT , ( 2 km
; , ) ,MPI-SCVT o ,
\ . MPI-SCVT
, Voronoi Bl(Sphe- ; ,
rical Centroid Voronoi Tessellations , SCVT) , ° )
o SCVT Lloyd 131 ,MPI-SCVT boost MPI(http ://
, www . boost. org) ( 2GB)
o SCVT , Jacobsen o , MPI-SCVT Triangle B3l
(41 , Delaunay (4] ,
GitHub (MPI-SCVT : https : //github.com/dou- 42 600 000 , Triangle o ,
, NetCDF - CXX
* : (2017YFC1502203) NetCDF R

) 2022 48 6 —103

http://www.chinaaet.com



HES5RS

http://www.chinaaet.com

, Triangle
, Delaunay 0 )
Paralell NetCDF  ( PnetCDF) ,
4 GB °
1 SCVT
SCVT ,
[3-6].
1.1
Voronoi o d(x,y) 0 x
y ) {&}Lly
Vi={x e 2:d(x,z:)<d(x,z) for j=1,- k,j#i} z;
Voronoti o
Delaunay o , {z,}f:l k=3
(1) (21 ;
(2) ;
(3) ;
(4) (= (
e :
)o
Delaunay
Voronoi Delaunay ,
[6]. Voronoi Delaunay
: Voronol Delaunay
, Voronoi Delaunay .
, Delaunay , Voronoi
. 1 Delaunay Voronoi

Voronoi

1 Delaunay

104—www.ChinaAET.com

, SCVT . 0
p(x), Voronoi Vi
* | (e
z, =Projo|
[, plx)dx
Proj,
iQ o !2 ’
Projo(x: ,xz,x3)=%(x1 s %2, %3)
1 2 2
r=x,+%,+%,
.op=1 g Vi :
zi:z; s V. zZ;
z] , SCVT,
1.2 Lloyd
SCVT Lloyd , 15 o
1 SCVT  Lloyd
p(x) ’ k ©
K
{zi}i:1 °
K
(1) {ai}icr s
k . K
(2) {2}, Voronoi (Vitio1 s
(3)  Voromoi (V) p(x)
[’ K
{zidicr s {zi},o1 s
k
(4) (3) {zi}ic ;
) ) (2)
Jacobsen ¥
, MPI-SCVT, 2 o
2 MPI-SCVT
p(x), k , MPI N,
k
{zi}i:1 o
(1) N , N .
( Delaunay
) 9 N 9
N o
;
(2) {zdicr s
3) )
b (
2 )o )
o Triangle Delaunay
(4) Delaunay
Delaunay , Delaunay Voronoi

http://www.chinaaet.com



http://www.chinaaet.com %% —I=J % %

I R TR R P

S 25

’ ’

Voronoi s 3 o

Voronoi ,
4
1
ll >
Ix107* . 1x107°  1x107'7, ,
, (Icosahedron)
( )s
3 Voronoi ¢
. * k
(5) Voronoi {z, }.i., 1 I,
b
{zi}ic s
° Con\./ergence Grid N{onte Gerier'ahzed Fibbonaci  Icosahedron
- r Criterion Carlo Spiral
(6) : ) fz: Jor el G4 11672 7580 10 496 228
i i . 3) . os G5 sseso 224m fail 780
X
2 G6 42091 45753 48 933 2 581
2 9 G7 fail 59 833 35 104 8 166
G4 14 546 10 571 23 244 284
1 2 , Lloyd .
N G5 67239 34 150 fail 1 004
- MPI- 1x107 .
’ G6 84 798 99 914 fail 3479
SCVT :Monte Carlo 67 fail fail fail 11757
Generalized Spiral Fibbonaci . , G4 17485 13 588 26 497 340
s o 1x10-1 G5 78 888 45910 fail 1229
, , 4 G6 fail fail fail 4377
Delaunay G7 fail fail fail 15 349
(GO ) : “fail ” 100 000 o
, (G1 )o 2.2
) 2.2.1 MPI
(G2 ) , MPI -SCVT MPI

) 2022 48 6 —105

http://www.chinaaet.com



HES5RS

http://www.chinaaet.com

broadcast , ( 2GB)
. . broadcast s
, MPI-SCVT broadcast
points , vector<pnt>, pnt class ,
48 B, )
num_pts_limit_bcast 40 000 000 .
s num_pts °
s num_pts<=num_pts_limit_
bcast, ; , ,
. , , boost MPI
broadcast vector ,
vector
; vecotor , vector
s points s
points ° )
points ,
2.2.2 Triangle
Triangle Delaunay s
42 600 000 o
, ( )5
2.2.3 NetCDF
NetCDF o
MPI-SCVT NetCDF-CXX ,
, 4GB,
, NetCDF-CXX PnetCDF |
o s PnetCDF
2 GB , 2 GB
. (
) .
, buffer
- , PnetCDF
; 5
s num_pts_limit_bcast=10,
2x10, 10 ,
, 2x5 o
PnetCDF start  count o
C , ,

106—www.ChinaAET.com

output[0] output[1]
.................... S tan:[o 0] P
count = [2, 5] count = [2, 5]
5 PnetCDF
Fortran s s
PnetCDF o
3
SCVT s
; s MPI
. Triangle NetCDF .
) 1.9 km
plx)=1 o (p(x)#1),
’ o p(x) EN |

[1] SKAMAROCK W C,KLEMP J B,DUDA M G,et al.A mul-
tiscale nonhydrostatic atmospheric model using centroidal
Voronoi tessellations and C—Grid staggering[J].Monthly Weather
Review, 2012, 140(9) : 3090-3105.

[2] ZHANG Y ,LI J,YU R C,et al.A layer—averaged nonhy-
drostatic dynamical framework on an unstructured mesh for
global and regional atmospheric modeling : Model description,
baseline evaluation and sensitivity exploration[J].Journal of
Advances in Modeling Earth Systems,2019,11:1685-1714.

[3] DU Q,GUNZBURGER M D, JU L L.Constrained centroidal
voronoi tessellations for surfaces|[J].SIAM Journal on Scien—
tific Computing , 2003 ,24(5) : 1488-1506.

[4] JACOBSEN D W, GUNZBURGER M, RINGLER T,et al.
Parallel algorithms for planar and spherical Delaunay con-
struction with an application to centroidal Voronoi tessella—
tions[J ]. Geoscientific Model Development , 2013 ,6 : 1353 -
1365.

[5] SHEWCHUK J R.Triangle : Engineering a 2D quality mesh
generator and delaunay triangulator[ M ]//Applied Computa—

( 1 )

http://www.chinaaet.com



http://www.chinaaet.com

BES5RS

[9] , , ,
1. ,2019,38(8): 84-88.
[10] . PIC18F45 1.
,2018,47(10): 76-77 , 69.
( :2021-09-18)
(1990-), : ,

daiwei@cetc —iot.com ,

(1990-), - ,

s H ,E—mail;

(1994-), , ,

( 102 )
[J]. ,2018,2(12):29-34.
[2] . 2K1000  COM-E
[J]. ,2018,47(4) :46-47.
[3] . —
“ i [J]. ,2017,43(9):24-25.
[4] . [J].
,2015(19):95-96.
[5] , , . AI/AO HART
[J]. ,2020,39(11):106-112.
[6] s , Cortex—M
[J]. ,2021,21(6):
69-73.
[7] , , , . POWERLINK
[J]. ,2014,39(5) :
164-167.
[8] , , . Linux [J].
,2018,36(2):93-97.
[9] , , .Linux [J].
,2009,28(Z1) : 65-67.
[10] , . 1E Linux
[J]. ,2019,36(11)
17-21.
[11] , , , .Linux
[J]. ,2018,8(6):20-23,27.

[12] , , . ARM9 Linux
[J]. ,2007(1):61-63.
[13] s s , . Linux
[J]. ,2018,36(3):57-62,78.
[14] , , , .Linux
[J]. ,2014,40(10) : 304-307.
[15] , , , . ARM  Linux
[J]. ,
2015(9):1-4.
[16] , , . Linux
[J]. ,2011,33(3):87-89.
( :2021-12-11)
(1989-), , s
(1989-), , , ,
(1972-), y ,

N )

E-mail : shixuming@snpas.com.cn

( 106 )

tional Geometry : Towards Geometric Engineering . Berlin :
Springer , 1996 : 741-778.

[6] RENKA R.Algorithm 772 :STRIPACK : Delaunay triangulation
and Voronoi diagram on the surface of a sphere[]J].ACM
Transactions on Mathematical Software , 1997 ,23.416-434.

( :2022-01-28)

(1988-), , ,

(1980-), . ,

, E—mail ; hxm@tsinghua.edu.cn

) 2022 48 6

http://www.chinaaet.com



http://www.chinaaet.com

hRAX 7= BR

ZAEH A, KRBT FE & W EAEER BT (o THA LAY
&, LAZKRT|H @R BETIM. LARFNDATFIZE L. ILh.
FFRATIE S ML, RERTPFERZ, FE—WEFENLE TR
TG AEE A KFERB L,

AEHA, AL LEZRBE T B2 HEE (CNKL). 773K
FHifRS-F 6. F AP SR E (45 ). DOAT. £E (&5 A4&
T8N IST B AFEFARIR M SR B 52038 A LK.

st F ik BB B AT A SRR R LA . AR FAA, KT
PRI —4) ok Bk AT R IE B ARz

R

CRETFRORNHD) Jn
F E TR R REH R A R NPT

http://www.chinaaet.com





