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Abstract

The numerical simulation of material irradiation effect is an important means to understand the performance of nuclear
materials. The large-scale and high fidelity material numerical simulation based on supercomputer will produce a large
amount of numerical calculation data. Understanding the evolution law of the irradiation damage mechanism and

performance through mining and analysis based on high-efficiency storage is of great significance for the design and
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development of nuclear materials and nuclear safety according to the characteristics of numerical calculation big data. The
concept of big data of material simulation (MSBD) was proposed, and then the characteristics and significance of MSBD
were specifically introduced, and the related work was reviewed. Based on the practical examples of MISA-MD and
MISA-SCD on domestic supercomputers, a distributed numerical data storage arihitecture (NDSA) multi-scale correlation
and coupling was proposed. Frenkel defect pairs were accurately calculated with XGBoost algorithm based on MSBD of
MD, and the cascade collision clusters were artificially divided with Union-Find algorithm. The data of KMC numerical
calculation were mined based on density clustering method, and the cluster recognition and classification were realized.
The ring like clusters were found from MSBD of KMC based on density clustering algorithm, which was verified with the
literature. A DNN-based potential model - AIPM was proposed with MSBD of first principles-based potential data. The
further application of MSBD was discussed and prospected in physical modeling and knowledge discovery.
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M9 BT, MR A G R FRE R O], B
B2 #04 10 000/1~F1100 000/ Fh,

x4 REENFUESESKE

e i x » z BHL AL IRg I SRS X T ST SR
10 1 2 2 1 012 316 10 000 13 13

10 1 3 5 1 013 617 10 000 19 21

10 2 3 5 1023 618 10 000 19 20

50 1 2 2 5012 340 100 000 109 115

50 1 3 5 5013 633 100 000 101 121

50 2 3 5 5023 636 100 000 89 84
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R ECA41 0004MH1131 000/
o MISA-MDIZfTH, £EFE1 000~ [H]
R — G R, X B EUE S — A
B A i 45 5 o 45 A B R 25 110 45 SR 40 8 #11
F&. dumpBARECHR, HHEES1 024 0004
S AR

fE PR SIS IREE T, KR W 35 AN [F B
o ONFEIfAE, B RE S AR A T
TZUHE . ELHE 045 10 keV, 30 keV,
50 keV 3FARMGES, &S H122,
135, 235X 377 [A], FEF AT #EF T T 50 A%
W, A4S0 AL B,

AN AW AR B A — A PR
BTl T %, 98 D i g LAt Jor A B B, K 48
S FE B N I SR BEINNZ B 5%, HEAT BB 1Y
Gt XERKIFALE L., (HE L5 8=
KT, 5 R T ¥k R e, A R[]
SRR, BN EHRER S &K — 6k
VT AE I A 7%, S 2O RRAR 4 b g Ui (]
it IR X BRI AR R ok i o
T2 52 SR FH — PR I 00 45 1 >R Ak X
AMAZ LA B AL, I 75 4 A T
1E: &IF ERADAHEZES G I —
MREE) Bl (EEWA TR e S ER—
MRS  BTA TR G IT 2, ARbRrh
BV, SEA LR G BRI A AR 1
BAREE A RNTE, BT AR (e B b sy, A (]
2 Ze b R, X LR B AR A I A
LR,

WL TR, BRI E— NS
T B B R AR T s B A root, BIIS
Nk b B B 5 ) S s, AR I, B4
Tl B R AL R FROBR — AN AT, DR LG D BE 45
HAMERNE TGRS FIZE— MRSk
B R A %c 4 height, B E R LY AT
RO A R B R, R R G A
AR BAER R — A B, 2 — B, BT
IR G IR (R s FE N L 28 T R AR
A BBz B B S, fETh R R p

SELJAT WX PO A R B P 2R AR O SR R A R
R 0 e 1] B i e — S 2 AT L —
AR AL, HeATH I 2 L — % S 4
(28 548 M, Ji o eNE T E—"1HE
1 AR BRFEES R 207, HeNTAEERS
FE 2 fE S s 2L (BB =040 !N, Wil
BNTET— A% 3R, R EfE2F
BREEOFE B BY BE N, o5 — P EHHA
BREE AR, AR AR, R b
o T R B A AR AR S e BRI
e, R B e B R L, X B
PR A2 48, T LAS AR e 2, 85
J T b AR Y AN R TR o R IR Y
FUG, AR PR hei gh B Wy TR R A
FRY e O v P/ INIRO AR 8 v FEE R L,
AR R — e, WYUK — R 23 5 — R
B AR 8 AR T AR, AR
AR RT Y B D — R LA, IIPRAAR S A
MR SR FE R 43 B — A, AT 2Rk
BRI A 43 B T A B % o R RAS A i
A5 . (B R R B AL | AP T 2L
BREEEAY (AIBRECE 2300 ) 55) Fr i 31141 15
HAREES, BRI T4 483 MK

PHARASL A ARG I I A S R 53 BT A%

input: The coordinates of all defect
atoms: DEFECTS = [d,, d,, ---, d |

output: All clusters

step:

1 Set a root node array and tree
height array: root = [1,---,m], height =
[1]*m

2 fori<1,2, -, mdo

3 for j < i+1, ==, m do

4 if distance(d,, dj) within threshold
then

5 a < Find the root node of i

6 b < Find the root node of j

7 Modify the root array

according to the tree height
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©
O
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©

WEIH:

=

8 end if
9 end for
10 end for

11 Divide the defects with the
same root node into a cluster

12 return all cluters

5.3 ETFRAFZMKMCKIZELL
HPREFRRAE

TR BT SRR e P I MIS A—
KM CHC & T8 A P 1 £ 40 3R A7 40 A, R 3R
TR A AR TR R 2R EROIR B 7K . 26 Y
PR 487 ALE 1] B D Bk o3 A1 7 o % i s 55 L AR)
NG AT R R, DUSCAE RS SR B 5 LR ol
TR A . R E U IR & e # . T
KI4AE/NE, TERDS AR R, X B
bR5° TEp— 2 e, 364 R ; X Tk
B, BRUCRHITA I S B DL H A1 A ok
i, T H— A, &% 0.025T sk —
AeH R, HAOHEHIR, RIAFAE ) B 5
TEAEE I, AT EBHDBSCAN
(hierarchical density—based spatial
clustering of applications with noise) Z
KEEX AT IR B — AT
ERENTTBEMRER L, AFELE
FRICHIE R, tJo gt A iE 28 o iy 2k

3 HEEEHER

4 BBRBERERSE

BIEL W LA R R O R B T 528,
CIZN Y VR s v b
SERANESH R WESHTLAE 2, #
PR SR B 11 722 2 DR JU RS [R] O S 01,
AR MR, SRR A LATTE
PRARRIERHT . JE T2 05 %, EEEKMCK
PR E Th R T — SRR A T 7%,
WE6fT 7R, IX—ABE UL T Z AT s I+
o S o e 7 ) HE BT

5.4 ETHEMIEEEHHEREAIPM

PR ET B R 2 R S 1
— IR, MDFIKMCHUR FIH B | A7 B H

2021056-11




14

BIG DATA RESEARCH K&

AR

AT
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NN

NN

6 KMC KIEELEREIRREBHEIRBIER
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Hr, LA SCDHZ e H MBS 5T 5,
PR AT S pR ORI ik 28 O 95 e S
PR TR L A, — T S — e,
R T W R B A
7, HATZedmin s, S s eRE
HR S R AR A s R AR LA
b, (RS AN, TN ZeE a4y
PRS0 RS R T R U B PR M

X bk R, BT AR — 1 R B AL
EFBEREE, S T—ME TR 2
) T7 5 R SR A AU S RO S5 B 2 T
BEATHLA B35 R AT AL ATPM (artificial
intelligence based potential model) . iX
B Fe-Cuud SRR, T4
b BE AT AL A 22 > A ALY R AIE $2 B, 4
B 7T 718 o T 5 A% R e T A8 R i 48
AT R 43, FFLAZ o ol 57 R B
AERRER, S — I AR S a4 ik B
x. yAERR, ZE R BRIz AR, TR
PIAR B A4 7 A 28R, R 28 A8 FR P
T 22 DX 285 ) N o 3K HL 3200 B3 2 A 45 K 4%
HIZEHE, AN 7N, 132 Y RUEURIR
15,10, 6, UEH/EURZN—PIET
B, P85 B HA i SR AR [RTAG J7 58 1E
TG, I a B A s T H 2 5B SR A,
BRI 5 B A I IR R A B RE o B iX— 2
RS EERET S EN AT RE—EAM
FREHEAT IR, DASS TEASE T ARG L R
ATPMAEZL 1T 0004 k1K /N Fe—Cu
JRAIRZR SRR T TR, B0 L TATPMENTA]
et Fe—Culi PR R A M 445 1T S 25
W5,

6 &FiE

ASCH AR TR E T R
HIME &, BT MR B T R 4R
ROEWFER L, 42 T —FE TR
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BB B BUE T R B AR A7 R AR, JF 2
TAHHBRR, 7EFrenkel B FE X 15 QO
MDA e e A1 7 40 . S BR AR 14T 8 i B ‘ Fe
DR 54 bR RS R 3 55 2 /7 THT TR T i
J& o R BT R E IR AR Tt B AE T
g8 TAEH, B R GMERIBE T AL TR 4 B
Bro BB BUETTH B AT OR B LR 152
A LR SUBOR M 2, BB R R
WEFEAER I 2 RS AT S b 21 1l ok
RCEENER, HOMEA R — P2,
JeHAE U HE M B AR B AR AR 5 7 T, KL
(BT SR g 1l SR 22 RUBERSEADUME A B7 BEAGARNRIISE
AR R ) EEEE AR T B

RS5 Fe-Cu RFERARMEMBITEER

LAY JRT AR R BIARE/T TSI ) /min
S EAM Fe—Cu 1.449 0 20.332
AIPM Fe-Cu 1.459 2 18.769
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for new energy dispatch problem: a case
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(2] LIS G, ZHANG Y Q, XIANG C Y, et al. and Communications, 2015 IEEE 7th
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JRF A A

8 Fe-Cu RFARAMEMBIIRILIE
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