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Abstract: To study the properties of metal under extreme conditions, a parallel program for 3-dimensional
dislocation dynamics (PDD3D) is developed based on JASMIN. By integrating effective distributed data structures,
a scalable fast multi-pole method solver and a novel communication scheme based on ghost, PDD3D achieves good
parallel scalability. In a simulation of a model containing 30 million dislocation segments, the parallel efficiency of
PDD3D of 1024 CPUs relative to 128 CPUs is 81%.
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Fig.1 Discretizing dislocation lines into dislocation segments
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Fig.2 Dislocation patchs: inner cells (left), ghosts (middle), communication of topological changes (right)

B2 O g DA () s A X (PR ) # 0 A1 T 4 ()

TSRS AR D, 25 0 A% P mT LA 5, B bt 205 3T RS SCRFFFAT V8. £EFRAT 355 o 2 o
BV S0 RE WA R 1A 23 T 31 2% A B AR LA SR SR ST S 18 DX, B 4% RS R B e R AT O
SE KR SEIL T IFAT LA )y 244,

KT HE T R OB R S S 3 mi(L) R 7 Ml v B AR 45 L S LHDE S B (2) T RRIX
FR9 38 55 ML TR LAA 4 4 A A0 A5 6 () 25 T RIS i (1) FMM JRAT VA 25
21 BRTHER

N TR RS IR 4 M TR ol

SR A T A SO A G 4, S SO A Bk P DI A 4 (B O A B AL ), — A LA
it 5% A5 DX IR (L8 5 e (R 58 A5 5L ) A P70 PR G2, 5 0 A AL R U A7, B [ — 5T P9 1R 45 1 AR A8 A7
FE— TSI BUES AU AT 45 nOERS « SR RARIX AR T A I e S (9 L B AU 1) BB ST A AR L % R
R TT AT LA 2.

o3 D5 T, T RIS N 2 B AERE A i s R Al O R B B B ) I s RS IR R B

© PEBEBSAITT  hip:/ www. jos. org. cn



266 Journal of Software k2 4% Vol.21, Supplement, December 2010

I

BATHA M s PR TS AR EE R 51T =3 A BT 45 s IR 5 |0 3 — R i — %o B
—ANGE 5B RO R ST AR AT e A R G — 4 nT RS ON [ T RS R H R B R 5 Y
) R 53 A1 I R A ARSI 2 LA

CROTIX LT By AR T AL LR B i S A LR S BT P B SR T WS A A R G =
A E IR HE 5 0SR 5 sk

TENEA . G 5 A S R T R A ORI I R B A A A A RGN T R
UESLVE RO BATME T HE P A0 o A R 5 30, B AL IREE 579 2 R ik

Bk 2. WS SEERY]

(1) 3@ p3MkE P R ILRAR I s 5 sl AL

2 BLA [ JRZR 5 IR A ST B RS I A BRI M s e 5 R

}

(3) HFF T IE R R

(4) Pk P R AR X T A A 45 B {

(5) i BEEMAHL B BC {

(6) ik C IR G| C*
@) B BC %454 BC*

}
}

22 HIMNEZILERE

AN I N IR T AV A 2 BEAH BE /N T B A AR I A B AR R AR S . X A% T ParaDiS R H AT
UF9 JE PR R A B RN B0, LR ol T A S 0 5 | PR 4 40 AR A ] BB 52 Wi 22 A A BR8] 467 5 45 A0 B QR
] LH A 201 it e 1 7258 A P T A )

T AT, A TR A0 AR A 43 A el

(1) M. g,

(2) M. W2k B, AR IE B 0 2R AR &5 ki s e SRR 1 e

Rl AR DL 45 RS R AR G —, AT A8 A BY 1A T =K

SRR AN AR AR T 45 TR A I T B 1A AR W R 4 DT

(1) KRR RS D JUR AR O B LT T A5 BRI R — I T AN —— B 2R B L W R WAL &5 R
BES %

(2) W PAATIX BE 5 1 T 75 A JE AT Al BB AG B0 s AR S AR PSR 1A 4 PR A 50 4

(3) B ABIX AT R A IE 25, 5y — s s S BIME BV 3 mT ASRAT # M B4

(4) 4 5T FEAR B 1 45 iR T | B B &5 ml 2 MR R

0, 75 B 245 ) - B RS e e 6 n T — AN A 4 A CL VR 8 IR R A i 4 A A D6 ZURE I, SR i O
RO AR A A AR LA MR V(S B8R TR 6 b A i i 10 X 3 (0 A 1 e, Tk
R A G5B T I MRS B AB—AC, 45 i A IR E RS CAN R C %R 510 A A4 2 B0
ERR G| IXFER AR T A7 45 26 BE 2 M I IEAfE B R
2.3 FMMAgEeE

FMM $H 553845 G55 £ #5452 (multipole to multipole). £ 4% £1) J5 #8 %4 %% (multipole to local) 1 )= #4 # (loca
to local). H: 47 509 ¥ v 1 L Bl A 70 T e O i 3 FMM (R 22 J2 45 0. — D7 T, B T FMIM ks (1 . 454
FOECP AL (FMM 50350 4 £ 283959 T oA 3 2 5 A B &5 s /0 A AH D), 53— D7 T FMIML 5 0 Ath 368 5 1 T A5

© PEBEBSAITT  hip:/ www. jos. org. cn



X N8 5 = e AnAb B ) F AT ik B AR R AR 267

K B T T FMM AR, 1 OV B 43 (R B S A 2 5

5 ParaDiS (1% Ml FMM 2% A [, AT T FMM J7 VL 3L FAS 20 3, W v SEBL T 301 FMM f#i52%
MR A AN AT DL S IR B 48 3l o 24t 8,18 v DU S (0 FMM S5 DRk T 2 U 2 43 A 47
fifh, J2 (R HCHI T8 A5 RN 0 B P A A5 AT v 400 Tz B AR A i S e 1, N R e R R 4% B AT U7 SN
¥ Fr b B oG T ) i B A

FMM fif 75 4 15 55 1 W0 i S22 R0 I A R R0 AT V1 08 20, 2 545 X S0 T4 AR P P sk T LR = 1)
ARFR T 43 B2 AT HE 78 i 6 1) 0 8P Al g ik

FMM 788 (0P 40 A 28 0] L2 DL SCRR[ 7).
3 HiTEREIT

PRI — AN e T AR L PE 5 AN T 10 0 85 K 07 48 3l 7 22 Al vp 5 LAt R 22 TF B ) B AT L 1
Ir PRI SR G Ak, DL T A2 BB JASMIN HEZE A R B0 T 4040 1« B T {5 BEER FMM v 2% 4K
Ja BE T O I 28 W I YR A= 14 5 ¥ INNAV & 3l g 25 i v B AN PR R 4 A B T A B A 1 N 28 A R A
B RS PLAEEPURS By CTAS IS . PPRME TS . HaAMRAERFT FMM B 72855 0K B JASMIN HESE (1) Kk
Ji&,PDD3D F& /7] LL F Bl MR 15 255t . ] i, A7) B 2% SR A 00 75 DGR HRAT U S5 T P 2%, LT TR ) o A A
TP 4

T3 U5 T AR T AT Pk e O BUE THE SRR S AR g i L R R T CIBE S S XA &
M ParaDiS ¥ {4 14CTS

IXFF,PDD3D FEF#Efif 9 3 N ERJASMIN HEALZE . A7t 2R T B )2, aE 3 fiow.

Utility
. Numerical Method (ParaDiS) Indexing Function
Functions
Dislocation Dislocation Node Dislocation Patch (Cell) Dislocation Network
Classes
Main Function Material Property Topology Operation FMM Operator
Big Particle Data Class Big Particle Communication Class FMM Solver
JASMIN

Fig.3 Program structure chart of PDD3D
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Fig.4 The evolution of dislocation lines in Frank-Read model
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