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Large-scale Analysis of Electromagnetic Wave Propagation
using Parallel Computation of CIP Method
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1. [FU®IC

ML4E, UWB(Ultra Wide Band) % FlV 7237 UV AR
WBEYAT LOFAMREENTWED, BREE
RVAT LERERHIBWTRRZHEIIZ . £
T, EHNUWB/YVARRD & 5 A RBIEE R REE
AT E 5 EREEN DRI MR RREE DM
RARDOENTWS. BRHOBERFTFEOERE
LT, FDTD(Finite-Difference Time-Domain) {% [1] &
HBM, FE, BUETA AT, CIP(Constrained
Interpolation Profile) i [2] MMER & h, CIP RV
BN Z OBERBREZOREHTOh T3 [3, 4].
UL LS, KREERCRETIC BN TRELZS
CIP EDMHEIRICE T 200, BiERELFEIA
BT AREHRBME TN TR, 2T TARTE,
BRI 5 CIP EOUFIEH R & KB
fRMTIC B 2RERZ LR aA N 2HETT 5.
2. CIPEICK BRI LW TG HAS S

CIP R BHAERE 3 XELHAI X 56 ZH M
LTEREI B AETH Y, O, BT EORE#A
I ThEL, ZOZEMBDEERT S L TREZED
Z200FETHS [2). CIP BEHAWI-BR{GIRENT T
&, FIAE TM I (E = (0,0,E,),H = (H,,H,,0)) %
ZZ3% L, Maxwell DFRERAE ¢z AL y AAEC AR
SEET A Lic kv B NAELBRARER 1),02) &
CIP ¥ TEHET 3 (M A CIP ¥ [3]). X (1),(2) KB\
T, v JEREE v =1/,/e0, Z BREAVE—F VX
Z = \/ule TH5.
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HIBBK THBSHPIER FOH BT VX7 LITHFER
HIBEE T RESHM2E |87 T¥H

109

EE M

Jun Sonoda

send Ez-ZHy, d(Ez-ZHy)/dx, d(Ez-ZHy)/dy
to next processor
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B 1: RO E L WHIFEIC B 57— X ERME

L, FLOBHEEEBONERICHETEILREX
%. HESEOBERICBWNT, Q) Dz AED CIP &t
HTR, BET2 PCHRETLIBREZLEL TS
B, K1OX3ICEREEEIC 1 X7y THizb 12N,
DTF—2REZEETON, X (2) Dy AEODCIPEFHET
&, T XEREETI BT,

CIP EDUFIFHEIC X D TM HOEBRIERE MBS
ZEOBER EICDWTIRRS, BITETIVELTKE
& (N, N,) A (600, 600) 38T (1200,1200) D HHZE
BMEZZ, BEAT7Yy 8% 1000 L. BRE, B
FU DM 28 2B pylEe LTR (8)(a =

dx ' Oy
1.0 x 1073, 29 = N, Az/2,T = N,Az/20) Z5Z Tz.

E:(a,y) = aop{~(z—2)"/T°} ()

CEL1DPC IS AABRWTIENEERT- 2
BB o hisdEEm Lt ArRd. 12 BRI K D EER
FH 116 BB 5N N =600 TI3EER LS TR
TLTW3H, 2EOFERBEIIC D% BERBOEIE
X p/N(p:FtEBER N BROKE L) DA —F—TH
D, SHHEMEEEEDTIEY, EEE/NELTRIEEEH
BHORRIIETT 5.

3. CIPEICKZARBERGRBITLHEIR

CIP DM FFHHRIC & b KBIRERERENT 217755
Beic, SHEREREOIDICHERINT A—EZ ()L}
AR As, AT v 7 At) BXUFHEIZ McDW TR
N3, #22TRT AT BT 7 V& ER 10 Bl
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£ 1. PC 75 A XDtk
number of PCs | 12 (Pentium 4 3.0 GHz, 1 GB)
oS Linux (kernel 2.4.20)
network 1000 Base-T
parallelize MPI (mpich-1.2.6)
12 T .
N=600 —&—
N=1200 -—=—
10t ideal

speed-up ratio

6 8 10

4
number of processors

B 2: FHEMERIC X BT EEE N LI

12

KB AMFEIHEIC K DT Ui, $RREWIRJ, & LTAHY
VT VIVA%E (10m, 12.5m) OAEICREL, —10dB
DRBFERTEREINIBREBE fraz & frmee=1 GHz
LTz, CTORBRE, HEEN=03m &b, iLyAa
A As BHE N D 1/20 23T, 3340 x 1680 EORET
REFERL, AETVUHN400 MBZET BN, 10 B5051E
BICHECT ST L THEM 1 BH2D AE VN 40 MB
WKETHRLTE, WHEIEIC X DFTERELERE N
%. K37 —F V8 CN =cAt/As% CN =05, ¥
WA X% As = M10BEU As = A/20 & Liz& &0,
{EIREERE 1000, RHEA 0° OBRARICBITZERE, D
RRISEERT. BIVT A X As = A/10 TRIRBOETF
DRLNBZD, As=1/20 TRXOBITHRE BT 5.
LiL, SHEBEEZMEIRZICIEIIRTLIICE
DELDFHEIAANEHET S, £iz, FDTD T CIP
& (As = 2/20) LRIBEOEERZBL2OIIE, IV
YA X% As = A60 REICTZHENH D, CIP ED
AL DEIRX N TRIFTE5.
4. £¢8

AT, KREWEERERBERZEaX N TiTh5
EZERNEL, FULOBUEGRETSHS CIP EONFE
B & O BN 21705 Fikenliz. stEE12
BICEBUMFERICK EER L 11.6 BB 5N, FHE
B1EHIZOVOFEIA MNEKBICHIBETES T L AR
Lz, Fiz, CIP &E2HWIcRIERE 100\ OKEEE

& 2 KRB ET IV ENRTA—%

free space (TM)

50m x 25m (167 x 84X)
Gaussian Pulse (A = 0.3m)
R = 30m (100))

analysis model
analysis region
current source J,

propagation distance
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cell size As(=Az=Ay) | A/20 = 0.015m
time step width At 0.25 x 1071% (CN = 0.5)
totall cells 3340 x 1680
number of time steps 6000
number of PCs 10
001 }
~— 0 s
E
>
= 001}
L
002 Exact
\f Spis-ni ——
, . (As = AJ20) e
0.03 Y EDTD(as-N60) -
102 103 104 105 106 107
time [ns]

3: {=HREEEE 1000, 1GHRA 0° IC BT B BRORMEE
B NTGA—ZLHEHR 1 8HZODEEIA T

parameter | computational cost / proc.
As | CN | time [s] | memory [MB]
CIP A/10 | 0.5 736.5 10.0
A/20 | 0.5 | 54134 40.0
FDTD | A/60 | 0.5 | 8961.7 120.2
BRI BV T, SIEREZRDIDICRELNT

A—R L ZDFNICET BRI FDEBRZIHL HIC
Lz, 5%, BIEBRZ0VY A ABIUCI—5
EN 2 EBINCHMEYT 5 C L0, BELROEELER
UEIEDZEAN UWB 2 UV BB A\ DOBEH 21772 5.
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