Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

FEEBMEOBENTHEERHTRIEMENERGHTES &

LRI S KRR BER FR

Efficient method of calculating Shannon entropy of non-static transport problem in message passing
parallel programming environment

Shangguan Dan-Hua Deng Li Zhang Bao-Yin Ji Zhi-Cheng Li Gang

5| {5 & Citation: Acta Physica Sinica, 65, 142801 (2016) DOI: 10.7498/aps.65.142801
TE 25 73 View online:  http://dx.doi.org/10.7498/aps.65.142801
HAP %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/114

TR RE R B E 3 E

Articles you may be interested in

BT B IF% 1 Jacobian-Free Newton Krylov BT SR i) B -4 T 48 & a] 5t

Jacobian-Free Newton-Krylov based on nodal expansion method for neutronic-thermal hydraulic coupling
problem

Yy 24,2016, 65(9): 092801  http://dx.doi.org/10.7498/aps.65.092801

SERFR I S S R T RO B AT A
Algorithm researches for efficient global tallying in criticality calculation of Monte Carlo method
PP 224%.2016, 65(6): 062801  http://dx.doi.org/10.7498/aps.65.062801

SN HE SR B i FASEADL o 2 50 SRR S ) ek
Modified uniform-fission-site algorithm in Monte Carlo simulation of reactor criticality problem
YE = 4.2015, 64(5): 052801  http://dx.doi.org/10.7498/aps.64.052801

SRR B AN A DG AR B AL B A T
Generation of correlated pseudorandom variables in Monte Carlo simulation
PP 2EH%.2012, 61(22): 220204  http://dx.doi.org/10.7498/aps.61.220204


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.142801
http://dx.doi.org/10.7498/aps.65.142801
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I14
http://wulixb.iphy.ac.cn/CN/abstract/abstract67107.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67107.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67107.shtml
http://dx.doi.org/10.7498/aps.65.092801
http://wulixb.iphy.ac.cn/CN/abstract/abstract66871.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66871.shtml
http://dx.doi.org/10.7498/aps.65.062801
http://wulixb.iphy.ac.cn/CN/abstract/abstract63192.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract63192.shtml
http://dx.doi.org/10.7498/aps.64.052801
http://wulixb.iphy.ac.cn/CN/abstract/abstract50459.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract50459.shtml
http://dx.doi.org/10.7498/aps.61.220204

3 % R Acta Phys. Sin. Vol. 65, No. 14 (2016) 142801

FFEFWEREN THEZSEF I TRIZFER
BRBHERE

LESE B OKEH EIK

T d

Hql

(Abmt R S THEECE SO, dET 100094)
(2016 4F 1 A 27 AUk F); 2016 4£ 5 A 8 UL FIME IR )

£ 2 V5D IR AR 8 e AR 505 R PR, O E Sl B8 — 0 IR A S USRS B (R T S0
R LA ZREN. — ATk i 7 R A R — B AR TR AR ML DN — R e P R BE TR 1 Ja M 20 Af o 2 ) 7 ¢
H SR 0 LA E (TIN5 L SB IR AR, AT 10 7R SR AR DI S A RS A, R T2 MPTYH B A& JF
AT HRFEPR B T A AR I 22 M 505 AU RO R I HR, 3B 2D BT SR [] B A AR T SR 1 5
e T PRI K, X AR AN RE I 2 SR AR SR 0. A SCIR Y 1 — P& N TV B A% IR AT S R A 0 A A T B
BTk, ZITE EAR BN A AR E A SE O T2 53, (2 3 Z 50 = B R R 8 i 1%

BT B KA 352 e T S5 A B R S TR AN KO PRAIR, D e 28 SR T B AR M A SSCHI T R B0 A AR B

B B SE 1 E AR

KEA: AFE Wi R L, SR P 5, BN

PACS: 28.41.Ak, 02.50.Ng

1 5 7

1 T T H SEAUAE A A BE AR R 52 i AR AT 4L
TSR H 5 L2, A S8R 2 7% (Monte Carlo
Tk, TERR N MC 5 i) BEAT o B HE S % A DR 1 %
R g 1 =21 TEAE R — b b 30 A P ot 7 B,
FAZ U KL T Az 1) e 42 SRS F i) AR 15 5
I 1) A% B, Tl R UK s 1) 20 D s 5 s AR
SEHHIE PIREE. A 5 H LA s I HE Il F A
25 [5) g 2 I STV R AT BT — 4 ol it
e 24 SRR AR 5 (O] e 8 SE A2 1 S5 B N ) R A=
BRI RGE, XL R GBI H B F R X
R A

X YRR G B TP R O, T
PAE BRAEME % T IX— MR ZI N 5 £ A
R TS B (AR AR B EARL X T
RLF 32 i) SRR AR OR A, 4 A T

DOTI: 10.7498/aps.65.142801

TC, B AR S LA il O E e ia e A
H A 0 g R ) T SR AR U 3 A 1 WS i B K
3 781 H AR B e — AN IS AT AR 78 43 2 AF

H Al s R RUAS B R L, HRE TR
B i NI RP D i L R VAB AT i e A A
17, BB AR KRG RS TR T RAE AT
— T ROD R YR I Ak S HEAT BRER. B E )
W, FERE— PSSR BRI — D RGP R
TR R PR A, AR HIR KN, 7 ZRFEA
TR FRSE TR T KR S HUR PR TR
TR TSP MR R IR (R E R =
A R P AU ), e i SR 0 A R R R e K
VD IREARRORY — A E 78 2 K AL,
B R T2, A7 R Rk
WA TR], RO SRS B o S0P 1T 35 mT R
RARTEIR 2 ZHREAR, WS T I Erh
AR YR AT WS SSCH BB (1) 7 AR A9 AL A 3 AR e

* BEIRR T I (L5 2015Z2X06002008) Al [E TRV LT 7L e R F 4 R K e 34 (HEHES: 2014B0202029) % BhHI IR

T EE/E#H. BE-mail: li_ gang@iapcm.ac.cn

© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

142801-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.142801
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 14 (2016) 142801

iz 1) AR — o SOD R AL TRL T R OR e % 23 A
b, B — D RR IR — T RO R A R
FOAEI, R — R O 58 BRAE A AL B R SE TR T
FA R PR 5 L B AR R A W8, T DA B
INREABEAT SR RIBE RT3, AR, IR e 2
REPE i TH AR EEERUE s, (H TS Bl_bak ik
WU FR) o ok S AF 22— R I AHE A — T S D B R A T
FEARTH S — IR AE, IR S S5 A
AT TR AN K, AR R R A B 5 2 e
JS SR, H T MPT Y JE A% 38 47 2 72 20 58
RIE 2 A%, AR BRI T REAT vk S (AR 52
iz e K AT U SR R I B, R, BT
& T MPLH B A% 38 947 2 R A 58 1) e A A< 065
THE IR A SL R b ZE . T F AR 2 X
W AESR GETE AR IE TR T 1 28 Ja 1% 07 T4 R R
FURH 23 8] R A T KIS, /2 MPTAEE T, Xl 25K
4 JR AR VAL BT A HERR L T P A5 A 25 18] 19X A% 1) R
HETRLT 4, T p TR 22 ) A A% ) 58 0 A AT i
B PR P LR AS 2 A /N B, R PR Al A VA 20 oK
B B AR MU A, 7R T BT

ARIAR LA 52475 7 E R T MPI
T ARSI AT AR BE M A AR T 5O L, R
S AT 1B M 55 31 L — >4k
SE WS R BIZE 5 T TR RCE; BUa A

NI T E R

2 i N TMPIXR B W& KE It &

M T ARIETRL T B PR 2 F (A2 B gE AN
RAT T 5%, XL PR A — 1L S A B & 2
AT HAT XS L PR AR AR AEL, D TRl L L, AR S0 RE A
(] — 2 52 s 1) R HL 5% 0 L - 1 A
frEMAEE, Bl (r, B), i rAURAE, BARRE
B, SR, RS AR B 2 18 D 4k (r, E)
A3 [A].

B AN H 1A g SCinF 17

N
H ==Y Plogy(P). (1)
=1

Hrp, N = M= M KEH, P = M;/M, M =
P RFETRL TN, M, = B RFETRL T,
H (v, B) JEAEAL T 4 A2 18] A% 1S5

AT MPLY B AR 4T g R PR BE R, 2 18
5E L, N IE W ST A, LA ik
FEM N ARG M, (0 = 1,2,---, N) BT IHZR A,
6 N BRI U, sl s X — g L R AR 2
€I o= i)

BT DL RS BNE AR T O B
SRR L K B RO, TR R
ST TR T AR BRI B A, SRR KA
HEFR T H B0 7 AR IR B VA 2SR AT (R e R R
P L0 —ANBR), FEH ALK AN 1 4 SR DA
¥, LS B RO BUE AR A IR A B ARG, SRy
VEA BRSO R 40 B, ERD T AR L
FRIOBUR A, B I T] b 3548

AR S WL, AT ASBERR O 81 AL 15 T 47
BOTEVH L B AR R AR . AN BEFE LA
ez, 240Fk, BEFE 1R BIRRIET R T30 A &
FELTRL TP 5 (v, ) JRYEAL T i AR 2 18] ks 1A 50
S MO F M | BEFR 2 BB AR TET R T A T
RICT RT3 (r, B) JRIERLT 4 153 18] RS A
Bk M@ 1 MP | JEA V7 A B AR 0
fH Hoa N
ARG VIO Vi) < MO 4 Mi@))

Hoa = = ; MO @ 282\ 0 - @
(2)

WNE HARRIRE Hyew

1 N M(l) M(l)
5[ e (3

N (2) (2)
M; M;
+ Z e log, <M(2)>]' (3)

=1

AR, TEREARBONAT BRI, Hog A Hpey 4 H.

AARFERBAE. BRSPS N BT, W

MW, M T ET

) MY ) M®

MO oo MDD 3@ oo MO
)+ m?

= lim B e S
(MO 4 M) 400 M) + M(2)

UES)

Hnew =

P, (4)

lim Hpew
Ny —+o00

N
= — ZPZ lng(Pi). (5)

HIFERE AR T I5 KIRTIR T, PIR T 45 2R
(1W< It OO (1= e S he i S AT /R 4 Bt i/ S

lim Hyqg =
Nh*>+00 old

142801-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 14 (2016) 142801

AT 7 92 SRR B TR KR/, S0
0 v T 5 R AR AR . R, B TR
(0T B DD B b AN AR T A 2 [ I A ) A (R
A I VEA BN — ), PRA TG 2 A i A (1)
%, BT IR AR HEREES R IR 24— N0 SR AT T
V% e L VA 24 P B RS A 1 ] ) s B R 47
RT3 hm.

3 HEER

FEFEHENRG T Godiva 1AL AN I — AN 238U J 4
JZ L2 235U A1 238U [ Bl AT R A R GEik
I Im . VIR Z, R BRAN AL 23R 5E & 55 R 5
N8 AI12 Z RN ER, LS R, RG4S
B N 1) A A2 8 Ak, T Rl— A 72 ] — 4 | i s A5
AL 43 3000 MFED AT SRR P, BT
e[ N W = 3 721 K B N A W VA 1 3 2 R )|
R, BT DAE N —iH BB IR )G, RIE k2
TRUEWI SR B0 F e € IR AR L.

Bl 1 (a) FIER 1R AERRD 500 JIFEARE LT, &
B 2000 FEATHE — B ARG I 1) ik AP
W) b, BRI R A g =N S — 4
NGy Ay BE R — 40 o0 A RN S TR e R 4R TG
B o A0 LI A A, FrR R DG vk A AR 6 AR 1
5[] X R HCH 100, A= AR 60, 23 (A BE R —
2 A 2 18] IS 250N 6000 (A ST THEER R 7 50
A~ CPU). o] LUE AR T A 7%, Biorisih &
7 ARS8 BRI TARAN KA dak >, 387 5 1 (R I ] K 238
7 27%—60%, 1M 5 A 7732 1 v S5 8] I HS n 1
271000%. B T7ESbr N A — K — Rk R E—
AN G35 F B RVREAEL, BT DA T DTSR 75 3 () v SR B
[B) 4 BE S B A T AS TF AT AT 2 AR 008 B B 1) v B
H]. El1(b) ME 282 Rt HE S W& e
3 AT X N P A AR 09 4D A T) &5 TR o A 2 1 D A 4
1575 6000, W LA H, 87 773 I 1) R 3G 7R
3%—T7%, JE 51T SR AT SR 3G TN T 29 1000%.
X TR HA Z 50 e S O, 7R R
IR 1) AR T U1 B 68 4 ) A B (R A 38 hn— AN
PITHE, AR 2 04— AN, TR 7
b o] M P e e R TG R i/ I A = Al ]|
R YRR A 20 AT 0T LR 5 AR J6 B (1) 6000 DX A% AR
BEFITHE B IR BT A = AN E 1) 6160 19 A% RIS AR
ZT)L.

P 232 B — F S0 PR 5 3 B vk S M B
AEARAC LR R PR T 4R — 2, fEREAR
g D, RN T TS RS (A B 1 22 A, (5
B FEARCGZ UG R, A ERBHE K. ik
R YT INEANOT FRCR &, AR K

A7 LA T S AR R S a7 Th e

200 . T . . T
—0— A EFRM (a)
160} —O— MK HERM
—— TR AN
T 120F & £ S A A
=
iy
=
EN 80 |
@
40 F
—f—f—3F—3F—=0
0 1 1 1 1 1 1
1 2 3 4 5 6
5
200 . . . T
—o— SRR (b)
160 | —O— R EA RN N
—A— SR A A
E 120f & £ £ £ £ A
Hiiy
=
E S
ey
40 F
O 1 1 ? ? ? l‘?
1 2 3 4 5 6
T

1 AR SR E
H1AMEE

Fig. 1. The results for computational time: (a) Cal-

(a) I THEE 3 AN ME; (b) Rt

culating three entropies synchronously; (b) only cal-

culating one entropy.
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Table 1.

methods (calculate three entropies synchronously).

comparison of computational time for all

RN I ) JE 7535 T ]

i A% FArt /%
1 32.9 1066
2 44.6 1145
3 53.1 1200
4 53.9 1163
5 59.1 1175
6 27.2 917
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Fig. 2. (color online) Comparison of shannon entropy calculated by different methods ((b) is the enlarged one).
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Abstract

For the Monte Carlo simulation of the non-static transport problem, there must be many calculation steps. Because
some particles cannot finish their transport in the last step, they are naturally used as the source particles of the present
step. These particles are called undied particles. It is difficult to adjust the history number of each step to obtain higher
efficiency because the adjusting rule is hard to find. The most direct method is to set a large enough history number
for all steps. But evidently, it is unnecessary for some steps. Among all possible rules, one candidate of adjusting the
history number is to check the convergence situation of Shannon entropy (corresponding to the distribution of some
undied particle attributes) every some samples in each step to determine whether or not to simulate more particles. So,
this method needs to calculate the Shannon entropy frequently. Because the classical method of calculating Shannon
entropy in message passing parallel programming environment must reduce massive data, it is unpractical to be used in
this situation for the great increasing of computation time with the high frequency of entropy calculation. In this paper,
we propose an efficient method of calculating the entropy in the message passing parallel programming environment
by letting each process calculate its entropy value based on the local data in each processer and calculating the final
entropy by averaging all the entropy values gotten by all processes. The entropy value calculated by this method is not
the same as that by the classical method when using finite history number, but the difference goes to zero when the
history number goes to infinity. The most remarkable advantage of this method is the small increasing of computation
time when calculating the entropy frequently. It is a suitable method of calculating Shannon entropy when adjusting

the history number automatically based on the judgment of the convergence situation of Shannon entropy.

Keywords: non-static transport problem, Monte Carlo method, Shannon entropy
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