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A Fast Finite Element Electromagnetic Analysis
on Multi-core Processer System

TakesHI MIFUNE, ! YU HiroTant, ! Takesnr IwasHiTA, !
TosHio MURAYAMAT? and HipEKI OHTANIT?

This paper presents a fast finite element (FE) electromagnetic analysis on
multicore processer systems. A geometric multigrid method is used to solve the
linear equations arising from the FE formulation. A special ordering technique,
based on the concept of block multicolor ordering, is proposed for paralleliza-
tion of the Arnold, Folk and Winther’s smoother. Numerical tests show a good
parallel performance of the presented multigrid solver with an appropriate ad-
justment of the number of colors and block size.
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000U0o0U00oUo0oU00obO0obOO0O0OU0OU0L00bO0b0U0D ()0 (p)OODUOOODODO
00000000000() 00 9,0 9,00, 0 Q,0(0)00 Q;, 0 Q,00] 0 QL0
Q;, 0 Qg;[l[l[l[l[l[l[l[lDDDDDDDDDDDDDDDDD

goooooooooboooooooooobooboooOoooOoooooboobooooooboo
ooooooooo 6,4,k)000000000O0ODOO0OOOO 0j0k=0,1,...0 zO
yOz000000000000O0C000O0000000O0

color(i,7,k) = mod (4,13) + 1 mod (j,ly) + lzly, mod (k,l.) (9)

000 1,0,L0,0000000000000000000000 «0y0-0000000
01,0,0,000000000000000000000O0O00O0O00O0O0O0O0O0000
00000000, 000003000, =I0,=1.=2000000000000000

00000010000 20000000AFWOD0O00O0O00O0O0O0OOO0O0OO (a)
oo i,0,01,>2000 ()OO 0,00, >30000000000000

00000 Ay, O CRSO Compressed Row Storage0 002 00000000000 (a)O
CCSO Compressed Column Storage0 00 00000000000 (b)0D0OO0OOOO
00000 cCRSOU0OOOOOOOOOOOUOOUOOODODOO (a)O(pyooooao
goooooooooobooobooboooooobobooOOobO0oOobOoOobOOobOOooOoDboOba
goboooobooooooooo

O00000OMGV(44,b1,v,) 000000000000 0OOOOOOO0 v 0000
OU0o00oUuoUoUoU (3)0 vmer « 0000O0ODOOOUOUDO (2)0000O0OO
0 Spe 10000000 v, =0000000000000000 Spee 000000 (b)
0000000000000 o0oUoO0OU (b)OUOOUDODDODOLDOOUODDODDOOO
ooo (3)0000 b, —Anv, 00 (b)JO000U00O0OO0O0OD0OOOOOOOOOO

(© 2010 Information Processing Society of Japan



193 OO0O00000O0O0O0COCOO0O0000O0O0O0O0O0000000

0000000000000 () 00000000000000000000000000
D000000000000000000000000000000 Spess D00 (a) 00
0000000000000 ()0 (b)00000000000D000000000 (9)0
,0L,01,>3000000000

3.2 00000

0000000000000000000000000000000000000000
000000000000000000000000000000000000000*¥0
000000000000000000 AFWOOO0O000000000000000
000000000000 00000000000000000000000000000
000000 AFWOOOOOODO00000000 AFWOOO0OO0D0000o000

0000000000000 «0y0-0000000000 mOm,0m, 00000
oooood (4,5,k) 00000000

color(i,7,k) = mod (|i/mg],lz) + 1z mod (|j/my],ly) + lzly mod (|k/m:],L.)

(10)

0000||00000000000000000000000 (10)0 me =my =m. =1
0000000000004 00l,=ly=L=ms,=m,=m.,=2000000000
oooo

0000000000000 00000D000D000000000000000000D
0000000000000 000D0000000000000000000D000000
0o0™»¥0000000002000000000000000000 (b)0000O0

04 00000000DD0DO00000000l =1y =10,=mz=my =m, =20
Fig.4 Example of the block multicolor ordering (I; =1y = 1. = my = my = m, = 2).

000000000 00oDOoooOoooooog Vol 3 No.3  189-198 (Sep. 2010)

oooo0ooooo0o0L0L0lL, >20000
0 (loDoo0ooo0ooooooooooo

p:{nz—i—le ny + 1 X{nz—i—lJ (11)
ly X My ly X my I xm,
ocoobOO0o0ooooooooOooOOOOO000oOO0O0O0b00000 ne0nyOn. 0 z0y0%
do0bOd0obOooDooo0oo0oOOobOobDOo0obOoobOOooDbOoooOOooDbOoooooo

goooobooooooooooboboooooooobooOoooooOoboOoobooboOoboOoDboo
oboodoobooooooooboooobobooooOoooboooooDooo

4. ODOOOOO

00000000000 0000000000 PCOOOOOOOO0 100000000
00 Fortran 95/2003 0 00000000000000 Intel Visual Fortran 11.00 0 O
000000 “/0220000000 “/Qopenmp/Qparallel” 0000000000000
0000000000 (0oOO000OnD)<107°0000

3000000000000000 AFWOODOOOO0OO000o0ooo0oooooooon
ooooooooooOooOooOoooooooOoDOooDOooooO0ooO0ooO0oD0oooOOo
00000000 =ly=L=I0ms=my=m,=m 0000

4.1 0OO0O0OOOO

os50000e600020000000000O0O00O0DODO0OODOOODODOOOO

gooooboo11oooodooobooo0oooooooboooooboooOoDo
1/800000001200 PMLO Perfectly Mached LayerDl)[I[I[IDDDDEI z0y0O 2
O0000000000000020y0-,00000048000000000000000

01 00oooooo
Table 1 Computers.

PC1 PC2
oS Windows XP Windows XP
professional x64 professional x64
CPU Intel Core 2 Extreme Intel Core i7
QX9770 3.2 GHz 950 3.06 GHz
ooo 4 4
0oooo L2: 6MB x 2 L2: 256 KB > 4
L3: 8MB
ooo 8 GB 12GB

(© 2010 Information Processing Society of Japan



194 OO0O0O0OO0O0O0OCOOOO0OOOOOOOOOOOOOOOOO

ERV—X
Jyexp(jor) [A]

05 0000001
Fig.5 Test model 1.

150, g, =2-4i

p=10-5i
kB *
(RFR) 2
BiRY—R A
o150 5 aHE / BERE
y vis
) 24 e=10
x 4188T> u=10

06 000000 2 [mm)]
Fig.6 Test model 2 [mm)].

gooooooboog 457440000000 46 000000000000D000DO
gobooooooobooooooooa
goboboooboilibobooooooooooooooboooooooobooooooooa
goboodooobooooooooooooocOooobooooooOooobooooooor0oD0OO
000 00000 |E,JO0070000PMLO0ODOOCOOODOOOOODOOOOOOO
goboodoooooboboooboooooooboooobooobooooobOoOobooOoOooDooo
ooooob200etb0bb0O0O00oooooooooooooboobOOoboboo
goboooooooooooboooooboOoboooooobooD 200000020y0200
ooooo12800000000000000000O0O0O0O0O0O0O0O 6,390,1440000
4.2 OJO00OO0OOO0OOOOOOOO
gooooooooooboooooboooooobooooooobOoooOoooooboooOobo
0ooooooooIcooooooooooooooooooooo0O 102000000

000000000 00oDOoooOoooooog Vol 3 No.3  189-198 (Sep. 2010)

Analytical solution
1000 ~ FEM

6001

IEzl [V/m]

4007

2001

0 L L
0 0.5 1 1.5

r[m]
07 0DO00OOoO0oOoOoOoOoooooOoOoOoOooO
Fig.7 Comparizon between the FEM and analytical solution.

02 00000000

Table 2 Performance comparison of the preconditioners.

ooo FEEEEEE Icoo
24 2855
oooooo 1
(13.5) (574.4)
QOo0D00 2 15 18728
(187.4) (45732.0)

000000 102000000000PC1O0PC20000
000000000000000000 (s)0

0000000000 ICoo0oooooono cocRopopooooooooooon 2
000000000000000000 102000000000PC1IODPC2000000
0000000 AFWOOOO0O0OO0ooooooooooooooouooooooooo
ocooooooooomO1100l0000OO0OOOOODOOOOOOOOOOOOOOOO
oooood

0200000000000000000000 ICO0O0O0O00O0OO0O0O0OO EO
00000000000000 ¢ 000000000 E-¢0Y 000000000000
O00oooOoOoICo00ooo0oOo0ooOo00ooOoEOOOOD EeOOOOOODO
00000o0o0oo0ooOoUOoUOUOU0OU00O0 UM oOooDoLoOUOoDUOoOooo
gooboooooboboooboooooboobooobooooobobooobooooooboboOo2.20
gooobooooooooooooooooooooooboooooocoooooDoooOoo

(© 2010 Information Processing Society of Japan



195 OO0O000000O0O0COO0O0000O0O0O0O00000000

Oo0o0oooooooooooooooooboooooooooooooooooooan
goOoooOooon

4.3 OD0O0OO0O0O0OOO0OO

0000000000000 AFwWoOoooooooooooooooooooooao
godoooooboooodoooboooooooooooooooooboooobooooon
0000000 AFWOOOOoOoooOoOoOooooooOobOoooooooooooooo
ogoooo

0300400000000 10200000000 PCclOPC2O0000000000
goddo0oo0oooooobobOob 30 40000000000000000O0000
O0000000000o0o0oo0oooo0o0ooooooo0o0oobooooooOooooo
O000000000O0o000o0o0oo000o0ooo0o0ooooo0ooooooooooo
0000000000000 0o0oOob000ob00ooo0oooooooooooooooo
0000000000 0000000b000obo00oo00o0oo0o0oo0o0ooooobooonoa

OO0oo0oodoo0»O 1000000m>100000000000000000O00O00O
O000000000000o0ooO0b0000ob00o0o0ooo00ooo0oo00oooooooooobooa
O0oo00d00Om=100000000000000000000O00O0000O00O00O00O0OOO
0000000000000 0O0000 200000000000000000Q00O00
godoo0oooooooooooooooooootboooooooooooboooooa
gooooooooooooooooooootboooooooooooooobooboooa
go0ooo0ooooooooooooobooooono

4.4 O0O0OO00O0OOO0OOOOOOOO

DOo0dooooboooooooodooooboooooooooooooooong 102
00000000 pclOopPC2000000DL0O0O0DOOO 0060000000000
000 10000000000 40000000 200000000000 8dCorei7 OO
Jooooooooooooooooooos1ooooooooooooooono i=20
m=100000000000000000000

OOoo00O0o0o0o0oo0o0ooooooooooooooooooooooboooooooon

Jd0O0o0b00obO0o00o0b0o0boOOobOOo0oboob0O0O AFWOODOoooooooooo
oo pO0O (11)DDDDDDDDDDDDDDDDDD G 000000000 Nihreaa O

p > 10Nihread (12)
000000000000 000000000000000 00 e 00O0OOO0OO0OOO

000000000 00oDOoooOoooooog Vol 3 No.3  189-198 (Sep. 2010)

03 ODO00O0bO0o0oOobooOooOooOoooooa
Table 3 Number of iterations and solution time in sequential computing (Test model 1).
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Table 4 Number of iterations and solution time in sequential computing (Test model 2).
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Table 5 Number of iterations and solution time in parallel computing (Four threads, test model 1).

0000000000 m 1 2 3 5 10 15

5 - 22 21 22 23 23
) (81) (7.5 (7.1) | (72)  (7.8)

R 30 22 23 23 23 23
3 (14.7)  (8.5) (83) | (7.4) (8.1) (10.2)

4 27 22 20 22 23 23
(13.5)  (8.0) (7.4) | (7.2) (8.8)  (11.4)

- 24 22 23 22 24 23
(10.1)  (7.9) | (7.3) (7.1) (11.5) (11.3)

5 25 21 22 23 24 23
6 (9.2)  (6.9) | (6.9) (85 (11.6) (12.8)

PC1000D0D0DDOO0000OO0O0OO0OODODODO (s)O
000000000000000DD0O00O0002400000000013.5 (s)
0000000000000oo (12)0000ooo

06 U0O0O00OODOODOODOODO8UOUOLOOOOODO 20
Table 6 Number of iterations and solution time in parallel computing (Eight threads, test model

2).
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Table 7 Effect of hyper-threading technology (Test model 2).
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Fig.8 Speed-up ratio (Test model 1).
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