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Adaptability of Vector-Parallel Processing to Nuclear Codes

Kiyvoshi ASAI, Mitsuo YOKOKAWA, Masamichi Chino+1, Hirohiko ISHIKAWA+1
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(Received August 11, 1987)

In this report the adaptability of a vector-parallel computer
architecture to nuclear computations is reviewed. 1In the first
chapter, the necessity of high speed computations in the nuclear
fields is presented. In the second chapter, a methodology of vector-
parallel processing is proposed aé a natural extension of the vector
processing. In the third chapter, eight nuclear codes are surveyed
from the standpoint of the vector-parallel processing. They are WINDO4
for the wind field calculation in three dimensional complex terrains
by finite difference method, PRWDA for polutants dispersion and
concentration calculation in three dimensional complex terrains by
pafticle-in—cell method, BERMUDA-3DN for neutron transport calculation
by direct integration method, KENO-IV for neutron transport calculation
in three dimensional complex geometries by Monte Carlo method, CITATION
for neutron diffusion calculation by finite difference method, TRAC-PF1
for nuclear reactor accident calculation by finite difference method,
AFOLUS-RT for plasma instability calculation in a Tokamak type experi-

mental fusion device by Fourier expansion method, and SPIN for phase
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+2 Dept. of Reactor Eng.

+3 Dept. of Reactor Safety Eng.

+4 Dept. of Thermonuclear Fusion Research
+3 Dept. of Physics
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transition of ferromaghetic materials by transfer matrix method of
Ising models,

It is shown in the report that all codes, except KENO-IV TRAC-PF1,
are well suited to the vector-parallel processing, that is, they can
gain speedup ratios VPXPP of vector processing ratios VP multiplied by
parallel processing ratios PP. Although KENO-IV and TRAC-PF1l can only
get low speedup ratios by vectorization in our present applications,
our analysis show that it is better to use vector-parallel processing
than to use only parallel processing In multi-processors equipped with

vector processing facilities environments.

Keywords: Supercomputer, Vector, Parallel, Vector-Parallel, Vector
Processor, Parallel Processor, Nuclear Code, High Speed
Computation, WINDO4, PRWDA, BERMUDA-3DN, KENO-IV, CITATION,
TRAC-PF1l, AEOLUS-RT, SPIN.
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OBEAFLELCOEHS I 2L - b AL R D D0H 50, THEEFHIZEY TR
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1.2.1 #o5RoEH
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BREFEZFRATHLY, THEHERRE L TCYAERAORSE T, @k TOELEL
BLEFRATHE, PHTFCET)E (r=(x,y,2);Q2=0,0);E ) OTEOMELEH ¥ H>, =
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MoroElUALEEL2L, EFFAOPEFONZHE LR, SHLBESTREAEQILE
RonT, TOFEHARVTFRAL Y o FRAAHRLLPEFRHEFBRAAER S A TY
o ThHiZ 2T HUMEHERORLEER. HEEFEOHFIH» S AT ToRLTEL £ &
L, BHBCFEI IR AT TOFENTbRBX 3% o, Table 1145 HH 5 L1, &
EROHEEEOR LI DR T EREOS» 5P TG EREN LI BEOHAEE TR
mEhTWE, ChiZitLAEQ=0, +ECTHFOEFHE5TER, BERETETIRIXR
TEL, SRTTHECFALOEILIALNMPEHIA TS, ZRILOESTELARERE
AN REFNRAGCATVEY, LARAIALEITREE TR, ErFALoEl
I AEREHER., WA SRTEABIRER, HRL T R T2 SO0l MEANESEEN
(Table 1.2 4+ B L THEBLTHRADA -~ Ko —#ThHhNY FLFTEMC L SBEN
HHETE AV, ChOBRBPESHOBETHE, AL {Table L1OBRFRZ BT, &
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BHERBRABI100~300BBEE 2V TTbh T, oL EEAI LK ~OEBRFFRL HTHH
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Fig. 2.5 Concept of pipelined parallel processor system.
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3.2 MEHEER BERMUDA-3DN
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T(r’ar,E,Q)EJ dr 2 (r,E)e °
0

HRIIHT IO EETFC(r,E"~E, Q" > Q)%
Zy(r,E'—E,Q — Q)
Zp(r,E”)

Clr,BE'—E Q' —Q) = J J dE’ dQ’
T. ERT . QR

g (r,E,Q) = T(r'—r,E,Q) [S(r’,E)

+C(r',B'—E,Q—Q)p(r’, E’, Q)
ERBEN 5,
BTV TIH@OR 2 S
¥(r,E,Q)=8(r,E,Q)+C{r,E’>E,Q >QT(r'—r, @)y, E,Q) 5
ALE NO% (VI
x,(r,E, Q) = S(r,E,Q)

xn(r,E,Q)z C(r,E’“*E,Q’—'Q)T(r'—'r,E',Q’)xn_l(r’,E’,Q')
Tua P EETDE, M nBBOHEERTRET SN TORERELREL TWD, JOL Syl

x(r,E, Q)= > x (r,E,Q) (6)

n=0

CHORTHEBENTWLEIL N TV TAHNAFROERTH L. HFOAKNFIRIZKRN L I
TR bDTH S,
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»PHRIT 5,
HAWS

W = HJ dQ dE dr S(r,E, Q)

ET A,
AT w72 ¢ ROEREBEH A P)NORTF D%,
R %
It
J E,I,{r"+R’Q’,E’)dIE'
2 (r'+RQE) e o
M aRIL.
r=1r"+ RQ’
EBL. r PERNODHETHNTR TIIER LD, 2D
WTDBEHZPHRTY S,
AF T3« HLWFESA | TORTFOESDTFEE,
S (x,E)
W=w. = -
ET(r,E')

AT w74 ¢ FHlLowxAInX -t AEORIR.
FLOZALX - LAEE, Q%R

AT 975 @ BMTFBEOET. XIEFHT,
FLRCERLAZANX P RCBETCIHFMNEATH . XIHT
DEAWHECETHEAENTHLE ERRTOEMERT T 5.
FOMNEERr=r , B E&E L TAT v 72 R EEHT S,

LEFHEEMRT, 2o bETRTFWAO T T AL OHERER, —EZEL(OHNTD
BHEGFINZPARFEC Lo TANGEERNEERFBOLALILDEFILNNFLTHS
A, BERELZITR L, TREPEMAIZL>TRE 5,
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NODEAEIT L > THRRLYERT 2, EHBEROHRRIERNOTLETOERE -2 BHL .
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HEERLHBAREALT S E
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Kf=2;§1%ﬂM

KENO-IVTil. —E ORI R4 34 591513300, K030 MAE L (LN T
Wi, EFTANAI-FOE--ORSE. HENBS»»L L THL, Lz -T, RE
DA—N—=2Ea—F X7 NVHEBC Lo TYOREEE R EXEHrN S ITHESD SR
BTHL, BRrRich~<ind., AMAcEEm LTI HEn ., 2EREO NN dEE R L E
BMTELPEIPEVSREIATHE, ELPEFRRFIRANREDOES T AN D2~ VIR
HEOX7ZPAHBEBICE >STRRKTH T, N7 PVHEBPEFLT L0 5MErANE
LTwvd, UFTIEKENQIVZ—FOX7Z FALFEC OV TRN, ¥ TEFYTFANLT-2—F
O FPNVEFERROBESC > TWBCHmEL £ 39,

KENQ-IV2 — FOHEOHILIEFg 33105k »Twvwd, EBROEWRIZODWTI
Table 3.3.1D L BN TH L, Zid. FSTART» S HEOFHEFoBMIEE N . Z02EKAN
NS, BB FORTFICEZONLEANDELL L oTHBEIELNIFTILEETLE
BLEOEFERLTVS, PHTUHEBGTHET 225, AU YV FLDKENOIVI — F THE
ALTwapHEFEETAMNE. 2ANLY— AALENERBTNTANIRATH S,
KENOQIVa — FTEHENTWwAY » 7)) » 7EEAKEK)I203. 1IEOH 7Ty 7TONE
FHEFHIIZ00TH 5, PHETFMOMHBERIEZ L2 TL»5 . Fig 3310588310 D
7Ny IR BO TR EINFILBLICHETE 5, FSTARTT300fER P+ IC&FS & 21
TRIGICER*MET A L. RAFHICECTENTRTEFZFED., RT3 F7 G HHROPHETFH
FRBOHEMEOMNBE L >TWEETHL, Z2TEERUHETLIPHEFHH UKL
LESRVIERZERT. TRLD )L TRLESTHEFEGAT By 7EHIBTHES
ORI LI LT R, . JARRZFAMERMEE L L5,
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FSTART,
Path ®
]
(&)
o
< x
= o]
@ D
£ >
lnward 5 ch
H w
Crossing > 1 .
J Entering E
w0
~~—"Tore FINBOX L
Change in Gutward >
No change region Crossing < Cross out
in region of a hox
XSEC Array
Neutron
survives
. Neutron Neo albedo
Neutron dies Toaks Y
Refmoved
ram
System A|bed0
Neutron returns
to core

Fig. 3.3.1 Neutron tracking loop internal to subroutine BEGIN.

Table 3.3.1 Algorithms in each event box
1 & &, 3]

PATH A F oo b FEEEAE E

FINBOX hEFHEHEISATHBZRRTLEEOFEELR., PEHEFHEET S
Ky 7 AOxyziBNESORE

POSIT HEANHEEROBETHBOERAB > T2 E 5 2DHE

IN-CROS hET-AHOKRDEB~B > TwaFITHEL. 29 THLITxy2E
HEOEH, MBI WmARBEONRE

QOUT-CROS [INWARD CROSSING & [ &, 7=/2 L 7M1

ARRAY hHEFHRY ZAOBRP ALY 2HE, £9 THIUTXY,ZER
HEOEH. bEFERAg B Y ) OHE

ALBEDO |THARFRHECEESR T IRMNEmM> PIEFAEBL 2 L ZIXT AN
FEREEP LR T 2P FO ALY -8, EA. FAaRBEOHE

XSEC hETFAEREFPROLEEEOPEFORLOYMBULE, PETOEK-EREL

B OBRAAONE. ALY —HokE. HAREAT -5 Ok

F. OB —BILEROERICSRREELE
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EHELBIOY A LNT P NEMED FIETKENO-
IVa—FgE~xz7bnfbl. T2 AP F A A
FMERLBERFTAD JAFERLETEN I
T. ZOHERPEALBERI AV FNZH7
BRE2CE—~THBZ L EMHERELL, L LEIFER
Mico2>WTEZLEX. AV Y+ -2 7 RiEFig.
33 2NEADERITE Te 208, AHREEZ A S
FHT8ZIOMNE . PIMEEL>Twa, iR
BT M-380(VP-100L B L R 7 7HER)TH B, =D
TIEE S 7 DOFEREFRIT2~40TH - 72
(7272 L 20384%. 3000/ 7 ) v ), N7 b
fLREEiITable 3.3.20 8N TH 5, 1031,
600n/H 7)Y I THLRILMECEAFRLN
b

334 X7 b AF RO RS
LUToM@ES IR pEFEF WL RD
Tr7rAaNe.a—- FTHFCHALS,

1) A4 T7HE TRt
BELLOAAFTEETRALIN T TEE L
AEA L WROEDRERD, Mb, Yo L5 LELE
LEFERMoOBKIZEUE DL,

2) Ahvih iR TR
Ek‘i%:bfﬂi'{"cﬁNmW'ﬁ#EmiEﬁl:ltfﬁflT%’fh‘f-‘p‘
Niz R AE (100~200& L. #7740
OFEFREIBEL AL AT EHEFRAIN
Tvwd, Bih, ERREFEOHX7 P ARITZEV,

3) THFoORL

ERroMin, BANE (A >TIHELT
TETEDOL A G » L RBYES 7 ¥ 7T HIZ
P NREOHL, B, RZFAVEXFEASL THL
(Fig. 3.3.3).

4 YAPSZEN

f——n— 58 cm ——+

19 x 19 rods

- ~x-

—— T 70 cm
Critical
49 e¢m water level
e J ‘ e
hd
Fig. 3.3.2 Critical system of a tank-

Table 3.3.2 Computalion time for. the problem.

{ype critical assembly.

Vectorized Version

Vector Processor (VP-100)

|

Cutoff Noncutoff
Computation Computation
Time Time
Event (s) (s

PATH 32.4 34.8
Inward cross 313 6.1
POSIT 43.2 45.6
Outward cross 4.8 8.7
ARRAY 306 136
XSEC 98.0 107.9
Random number 1.9 2.0
Total ume (5) 274.4 293.7
Speedup ratio 1.4 1.3

RFNFLBREBOFETHOE 2D ZCEmH LN TR —RROMEE L DT, PETD
B, ZALY—HEEEOSBIMERR() AL R2 PWVERES S, MEBEZFR~DT 7 1
AP N7 FNERTOHERERSEL 2P

ZIABE P L, ZORHECIT PAVETHE,
FADAHFROEFNERRBEICL DI L E,
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5) PISRID A — 5y F
320 Path

[Fl—s32 70 Z A EDPEFIT DTN Average = 30.00
RBPUEETLBEAEMIEZEAEYTH L, L £ 240 Maximum = 300
T OOWREIEI BV xy 2 DHL 8 % Minimum = 1
WHEHNECER LRSS RAEL YT ngw
Bo BELIERBLEGEDDA YT o boF - ' &
ZOMTIR P FHRAL — 7 R R135777 [0l 0 8? *Mm
5 B850 FEEL T b, Oﬂfﬁﬂmjﬂﬂm#,ﬁ% —

EFANBIE D~ FO—BERITKD & e
AR Fig. 3.3.3 Vector length in one generation.

— R

HEArFES (s ol —~7 =203
— WA TEA - sy =7 =1630
BFEDEERDHOFBHED
BTE2EEROLHOFENIEDS
— DO 10 1Iv=1], NPATH =41
b o
¥VOCL IF()
IF(XIFV).EQ.XUV)) mww:xuw+m:}®

IFOEITUTOXRENELPEGFLAVHETH S, $27 P ALLBETRIFULY v
PTXEEELT. By PEAOREA., REK. TEFOWRR LS, IFXI2EL EOAN
LrhANZIAREIE. By MEAFEE, AR/ EREERSE(CLED, X2 bt k51
DiFREOEHELEHERLTLE I,

6) TELEMIE

ST P A L o TIRFENEREAD, 200D EAEL BRI L REI VLI LN E V.

REAEEORONL T BEWT@OEMIHICOIFNRTITLRANELNTH D,

N EVWitEHE Table 3.3.3 Computation time by categories
Fig. 331N &F B R Ky 7 ANDIFLT Category Time (s)
E e /ol 7 DFFERM DR EH S 1. Classification of geometries 57.0
Co RSN T S A WIBANE 2. Classification of ev‘ents 63.0
3. Recurrence expressions 48.0
Ve 4. Others (scalar) 20.0
8) DON—THWLEE 5. Vectorized expressions 86.0
N—TOMBIE R A FEET, h Total time (s) 274.0
LERNA T TEArENOF X~y F Speedup ratio 1.4
L% b,



JAERI—M 87136

9y NN FREOIR
R E ROBFE TR AT B2 i & » THIREBHOWENLIRT 5,

IR DWTidTable 333D RMBRFBMTHEMAL £ 5. Table 33313 £ 0l TKENO-
IVCERHAZLLLEDORZ FAHBEERTHE, AU VFLVDRAH FEHETFACOM M-
380T 3808k o » 23 EA2T4R L 4 ) L MEwm B{ERR 14 L S o, TOLAEE BT O
RELEFENS LY T 77ETENLAUFINEY. TREELEKRELHFWILBETH
ENTHREAE, 2SO I LRI PAFETE L - BEARKSH. S5, DEXTmE
W TEBCEET B,

MK HEELE. F5Joth GO TG (10, ... ), 1GL)

HET-50 8 DK ORI, 0412 10 I=1+1
B A6k, P, SR eteln L < BANK{) = J
Dk BET B BRIET

Fig. 3.3.4(a) Fortran statements for region
FortranX Ti1Fig. 3.3.4(a)?" L 9 determination

ARBEL DL, BESHELEG,
BE5IJDPET . R, Hbw
FHHEEAL Y. KICED LS
&'$%0)H§2 LhoxEmesy Fig. 3.3.4(b) Fortran statement of recurrence

BT rL0T., F070s7 A expression for statistical summation
FBIIBIRs B BIZEL

Thd.

EERIIFig. 33400 L I EBIJOPHFIZ o THEHBNG). ZALX -MOTH. H2 it
HFHENETLLECRR S, COLEJEIR L > T T LMD NINRR L HS B RET
LIEFBHLIH,. RZMNVABOHRETE Y, ChLIEORFL2EELTELVEHDI
N7 bIcE ARy TF AR — FOERBITED A,

ZLTHRMBR AT 740w I2KERN A7 74 2T PV GROEGELESHEETH
T LENE LY, HERIX L ETRRENT VB R T AN EEERE O FIE B 405
BROLOTHL, EHLMWNIZ FALLLKENQIVZ 0 S 7 A S BEIRPFHEM A BACHE
BTA5E) - FOREFFTIFHIIIENREN LB SNEY, UL, 2N TIRAAER
RILL., 2oL FEFAEHT 200 BBERIAEEVI1~20E 2 TT. 3~48HUE®
BEZRTIE, ROPFDESFEL L > TRZ PMEPLTLOHER R 2005, MELHT
FTELCOLALERLFATLIEAPR(THLI LV IO RBHREDHETHLPY. I
BGre ev, 0B, BEFMHIRI7 AL ENLLVWR) . SnRiniFErTAHN D,
RATZA4Y EDBON—F 7 2 THBEXZGWERY, dEFHFWEDE T AL D2 = F
BEL A A, £, ABEL ALY - ErTFAND- 2~ FTREEHRDOIINE —(E-RD
EVE#RET HLHI2RENERIA T T, L VOHEREZ2HEBL TS, S E2NEN
ERZMNMET AR ERMERT WA v,

ReL 4 MICHFEH S <7 b vfb L 2 EHR 2 — FKENO-IV, MCNP, MORSE, VIMT® £ £ ]
Bagm. #EEm L#EITable 3340 L BN THHIMHY, T hbhbhbE—EQANNY F)

FOM(®), NO) ) = (M), NUJY) + -
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400~8000D T EF 2 M A2 E3WENTE 4 v, HIOMBO XY # L O~ 7 b IVEFHH
BHET LD, REWATRNEET I a7 »THEREAFAR (TS, T LD 105K
DADTIFETT OBl 20 ABTHS,

Table 3.3.4 Memory and speed increase of Monte Carlo codes

SR X@QQ&T AEYMM | MERER | THROAR)
KENO-IV 7.6 0.84MB—3.1MB 1.5% 30
MORSE-DD 14.3 1.2MB—5.8MB 1.7 20
VIM 24 1.0MB—86.3MB 1.4 12
MCNP 34 1.4MB—7.0MB 1.3 16

o roBEoWRTLMENLSEE Lo 2,

NI PARETHA A S L eDT, BT Oy B LA RELEL LN T b, LEDD
B S AT BRI R EOPAXI BIETH 59, L 5 —20 @i New York k¥ 7 — 7 » %7t
YU AT AONYU Ultra-Supercomputer T& %, 27:. |#HLUEEX T AN T ANLT T A4 0D
AT ULy POGFEIREL T 2 —varygiToTwdY,

LR~ NOE S R AN A ETHARITE Y FALD.— FT 6~ F LRI D
WEMKL, FRLAEICAYT v P F— I OWENERCEI LIV AT 0TI AEH
FTicEmL. oyl To—-F- 202 EENBRLILY 77 oTHANLIEF, N7
PR E ORI R T A EER A A S DA L (Lo THEREN M LA h RERFTE D,
COKBTORS L RERREIAT L 12,

B, IR LOEYFANLTHETIRAKERKO RS AMEE % 5,

3.35 ~7 i‘ Nr¥ T V)l/ﬁ&fﬂ!_
OBMTHEY T ANIREDNZ P AR T VMR & bR E R R ERE
HESE L Tk S oaas

(1) 72ty B L T34 b EFREADEY T ANVOHE

EvFALOEC L ThHTOENMEELRHLITEEZ. N7 b7 LMo d
FBICE>TRITESLOOVEDTH L, BISER~A L S, FHEIIRH L » TIREL 22409
Kigp otz ., v 2OERABOY > 7Y )b oBHEIC L3P EFRO RO T
T e LS, FFEEANE S S, Fig. 25D54 774 » 7wy T, 7oty T EK
Nix16& L. iFHOBAIEFig 250MARZ LT o ey v BEENPLENT A7) v 7128
45T 5,

Ta ke FEU BB N T EFO—EORTM 5L TRFEEEH L, Lad-> T
I~ 7R ARIZ0OTH D, PHTFORES T v FACHEEL., ZAVPBIBREDHICERT
BE. 20O E0RFORKIMNESA. B, 2AALY - BTAHEEESIGRFSNL. KOW
fEomhrmEe LTHAIND, BEKRAHHERL T A2KENO-VH R - FTR—H{E>
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XREA300BE CHAMEAFCERL., BVET T2, Lad-> T, I ORTFIREDHERNR
BkD7at ot~ EFOHENMMBIAL RAE5, Ut PEFLHEO R R & (T
Oy HREESMET L. MEOPHEFRMELERT 20 TR VMIE~NTRE GBI
DR EANFETENCA>pTSH D, wE 7oLy Yé#nTIELALFHETFIREL 7 0Ly
#ntD~. - - - L TUHEvHENDERE T Ry FHEINEFA 7Yy 7 ANL TR (S
raE3 b, COTAHEN=16DE B, Fl2idF 7oy 2T, 2. 18, 34, -
ZHOWEO PR TFHEREL TRBENS, —IROATRZEENBANTOMNRE L 20 1E
FHBOBAFig. 3.33) bbb & I2. 2L N2 REIRICLEL Zird, EHEOE N
7 PARIBHFTE & v,
(2) EEEOER

MBIKBIZ BT 37Ty F#20PHETFHRLIT.

L=(2—pu)Xt

CHBT S, CORIFERHKIE p=Vp>1 TO MM/ OFLITHOEMELZERLE TS
LW, T CTIEOT Oty TI00EO R T2 5 F 2 EH10K L RESEL L DML
BNy 7 DEHRT P VRIZTITS - 2(Fig. 3.3.5).

PATH
AVE .=77 .1

MAX .=300

!w MIN.=1

240.00

16?-00

VECTOR LENGTH

o —— —

0.00

ke
I i

T I
g00.00 960 .00

i T

T [ T T
.00 160.00 320.00 480 .00 640.00

ITERATIONS x10!
Fig. 3.3.5 Number of neutrons vs. MCS in ten generations (PATH bank).

Ltrtims T 7oty i Firoh b MFEL, 300EICHEL TMILNSE T DA EF
oy 2P H<7 A E%388 T 5 L. FACOM VP-100mtEREILFNL. 7ot + 43004E
OB F AN TVwa 531,08 LT =08 THAH(Fig 3.3.6,. 77y #2230 F
VT2l % 5 2 TOFM tid

tp = t+ 1/ = 300/(X — p)+1/p .
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SRR TOE s S L TR trn/p EBBA np 3T DT =t L TEw, T, &
A% TEHEEE R, VETH O PV /2 T HE, MRz ov ISy LT D
Ty SRBELBEREBE(TSVIEL ¢ =ax(TyV)TRY, SHEF DY RS E, &7
Ot > HOPEFHENF0GEL AL ETR DT B IRIZEL F TOBER 6 3 65 = Bx(
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Ay, GHEHESIMOLE, 15070y HOFHEFEOHMAHEEM/NE L, ZOFRHERE Ty
i,

Ty =(M/N —a - BIX(TV}+(a+ fIX(Ts/ (X V)).
FAOMBY 2 FL- 70Xy H(VP-100EEOME)THET 2 &, M=203. a,f=1. T, =
1800ms., A =18 /ms. p = 05218 /msH %
Ty = (M/N - 2)X(1.8/V)+ 2X(1.8/(0.8xV))

L, VE30LT 270y H1ES DO A A THEELPEIP=(MXTyN)/ Ty = 2.71F
HIHETE & N B (3.2. 287 Tk A HZIR 0 B &),
(3) 7ot HHoF - ¥EE

Tk oy BHEAER LR EOREFEICBMTIEEXME, Yoy HEHO ST -0 A
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NEICRN, —REVWHREFATCVWALI IR A,
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tEA AR T, FiAlE, KENOIVORB TuaiE, #hiddUFo@HEZRUSEANIE

-

WA Thd, SOBFN <y FA{LELKENOIVOETH L LTable 3360 £ 80N Thbd, I



JAERI-M 87— 136
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Table 3.3.5 ~X%Z b W{EHEKENO-IV® {5

kLR 255 A ER
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B 262 75 584 FF
‘' = 2.9 1.0#
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341 P ECHBRRX
CITATION@Z KE A — 7 ) v PESTMERTHMES BT —-F T, EH~<7 b prix
INE—RIZ2nTHBUE L, ARZESECL > T3RCDEMBBHTBEREHET LY,
FFPOBRRFHRLEYTEFML P ETORB-2MS I EFEETL (. Lt > THE
REDPETERZAIFETLILLBEFRELEL IR, BELDEGLE Q,t) 2 AEIZD W
T LM EF R G, E L) TH D,

32, QIROPEFHEAFTERLAE QL YVWIRAL THLL AT FEEFER
1 8¢
;t— + V-d(r, E, ) + E,],(r,E Yo, E,t)

v
= [ dE’ES(E’—* B)dir I, ¢)+ 8 (r, E, t)
0

oo T, ¢(nEJ)=J dQ ¢(r, E, Q t)
4n

J ng-v¢::vJ dQ-Q¢ =V -d(r K1)
4
25 v T Fick @R
J(r,E,t)= —-D(r,E )V (r K )
PAAL R

- i?—V-D(r,E]Vq)(r,E,t)+ET(r,E)r})(r,E,t)
v dt

:[ dE’ES(E’—’E)¢(r,E',t)+S(r,E,t) 1)
]

e fEFHRHFRERRAD—-BERNTH L,

3.4.2 CITATION2 — F O B iE

ZEREoOBMEBCTE. BUREFELAVEFREOPTETFHRERDEI LN EF W, DL
SRS IEEER L A (A R OMEICY s, T BHITWERED(r,E)E
MBI REL L WELIERCBV TN ELRE PR > T L) LTHET S, SHE A
Riz

—D(r,E)V?(r,E}+ 32 (r,E)¢{(r, E)
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:] di’'S (B~ E)¢ (r, E') + S(r,E) (2)
{

Lk b,

fESZ P = (L,m)RUFZANE~FE= (g2 THRLL, @Rz Z5TES#
5. BREERTHFG 34105 2 ¢ jm Pl ThEME 670G,
Prvrymge P WL TEESINS, ERKBOFTHCE TRAETFES(r,E) 37 &
LTRETHIEFTHN . FIL CRBERILL LREHTU

1

Sr,g = }g—xg-v. Z:f.l‘,n (br,n
Thbd, JoTE, RERNESRTHEE. v3A—FOBTRALYDREPETR. x 83
BARTRETLARTOSNEET B2 AN ¥R BI04, iz ANV X B2

Fby., R@QEMMmLL Lol

G
2 < s
=D, . b T B0, T L org-on) b g
=1
G
1 (3)
= Z (E.s;,r,uw-»,g+ Exg v zf r,n q)r,n
n=1

&’:;‘&o
EIZQRIBEFDLICEAINL ST A THEIFIFrBRRBOL E =105, IR

DHBELBWTRQ% ERCHATRAEELSFZLIERTELZVOT, HEATA-FELTE

HNEAINTD,
A s Tr=0,],mEsLEELA g2 TALZEFLT R LTEEIREL B, N
DEBVEST PG =(,, &y * b)) TERT B E
£l = Mo
SOTMIBROERE L ABEAITHE 5 (Fig. 34002

Fig. 3.4.1 17 5IMO BER

PHEFHRFRRAOMENIE TR, mBEORVEL OELHEP™ &R 5 Lo BRBRM
(SOR) ik, $F KB (SLOR) . WL, KEF W (ADDHEL EFEAENTEL, &
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KA HEREIN TV LD SORETH S, RENLPIETFIM 2 — F CITATION O 1) ¥ FIVik
I SLOREBEZHRML TS, LU, SLORERZEMAGAFEEFREL T L6000k
HIZ, X7 PAEREICEBTEETHS, £2TOLORESE Odd-EvenSOREKIZRE L 2§ B
TZ7 FALL 22 b D Table 21027 + VI CITATION T& %Y, 2RI DB A Odd-Even
BILEd Ay V2 DA EFig 34208 5iC% %, CREMERTH>T. RROIUHT
. CHEPHBMEACEHATIICE. FIZIF3KkTx -y —2FBROBIXE6X 24D Ay ¥ a4
XD x — y¥BETIiIFig 3430 &) sy S —OEMIBE L% 5,

J (%)
7 VY 7 ! 107 2863
/457 //ﬁgy y//ﬁy/ /%7 55 —tmul |7 //A

U, U, i, oy
i 4%7 //%7 /// 7 /47 e ws| 2011 V/A
. / Ay’ %7 %7 % (z) 103 2859 2965%
. 1 U s] T =N/

0 stjmotd, B2 it j=eve B s i,

Fig. 3.4.2 Qdd-even mesh ordering. Fig. 343 xy plane and dummy area.

WEHHOER LD (r)=DEBEL TR ZPIAXD A v v 2fix, DERTEFEMT
BE (x)=d; HULES; EMREL

i =20, vy,

- D Y + 2, =8,
E% b, PREBEHECL-THBTEZI L. AQKBV TEADGZO ™V Al D%
¢meEL. ¢ VIRETIR O™ EFRALTHEYSZ, HoTLEDPEFRICEWT, ¢; DA
PHEZ RO DI EPIIHEDLS,FERTH S, d1,0,, 0 PEREZFNFhra,b,ctdbb

L.

ap;.1+bd;+edp;y1=8;, i=1,2,- - N
(72720 ¢oo=9¢N+1=0)
EThE,. T FRERIIFg 344D % H 2% B,

COFFEAERTEAESEMATH). CHOELEIEI X T7TADORMENEE, RERADHET
PiFRDLIENTES, LT, IKEOERFBANDAMBEIABEETRH L LT
2%, 2,3kROEFEAFT. NOXTHEEZRFNET LI L. A2 OFR. HREM. RED
BELY2ELLE/ETHEL Y, FLOTHFRREECL > T2 HE T 54, CITATIONT
f# f & 1T v 5 SLOR(Successive Line Over - Relaxation, ZiKEABHRKEETRLED T Y
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/b c N /’(lJl /51\
a b c bg S,
a b C . =
\ - ) N/ N/

Fig. 344 ESXOTHIER

AHEESHRET S, HEFIAZ PALOBRICLBEL2AREEIE2WTALHBEL TS
z37, |

HBEOEE EG=1L LTIRTEFK* x,y,z, TREFROFHIZA 2 L af Ax Ay Az T[X
Ulh, #0Z5%(i,j, k). %@*&?‘T@t@@{@%dﬁ,i,k,sm‘fﬁ% Si,j,kf'ﬁb@"t‘ =i
L BRSO

2o (x,y,2) - L FINTI S L PR L P
ax? (4x)2
E B, yaDREFE2CTHORAMUAEEBI 2, ¢=(di ), S=(S, ) 2FIR2Z
LERZTE, QRiFAZOOBRETFIE L
Ap =8 | (4)

LEFIT S,
SITARELRTFRIELRS, E,D,FEEFNEFRETIBTY. HATH. ALI/TIHE L
T,
A=D-E-F

LT 5H, INETUFIZARD L

b=D " "(E+F)p+D" 'S
LT
ThestET 5 FiELJacobiiE L v, TOFFETHRH"OINRERFERE G, ThidBLAZLON
Causs-Seideli®. F 7213 FRKEH £ (Sueccessive Relaxation method )T,

¢(n+1) =D_1(E¢(n+1) + Fq)(n) +8)
FLTRENEEBIR Y, CORMEICIENRT A - Yot BALTIRELES £ b OIGEXR
BEBFNE. B A v 12 SORE(Successive Over-Relaxation method ) TH 5., i i3

—{n+1)

=D—1(E¢(n+l)+F¢fTI)+S)

—tn+1)
L N T ST
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THMPUT S, CoTwillso<20fi2Ed, o=1D% 23 MEL 4 v Gauss-Seideli®: T
b5, BKBBRAESLORE) T, ¢y, p @ §FHIZ 20 Tl Gaussii HHEEHMT 5, A5
FHMOSH BITFHC O W TH Y ARk 2 @AY 5. A7 75 B TUESORER <. SLORIL
SEmSICII0BENRSEL L L L ubiLTWS,

343 ~N7 bLEELH
CITATIOND Z D3 DAt Hi Fig. 34508 B TH 5,

[m:iteration)
—for k=1,kmuzx

for ij=1,1jmar.2 Hodd index?
l M= Axpls Bx Bzl o+ Cxolt
+A X9911+l)k+3 X¢8+121 k+c XQ‘ ﬂ')l"'s

for 1J=I 1Jmax 2
el =0l Diwx (& Mgl

for 17=2,1jmax,2 {even inder)
l @i ol={ Axﬁc(")l k+ Bxolmig s Cxoltin
+A" x e 4B el ig (40 x5 D
for 13-2 1
eith= so?, L)+w>< i -0070)

Fig, 3.4.5 Odd-even SOR vectorized version.

SEFEEL TPV # RO AFBERABREHARE LI, ZORNKHEETTHAD SN HEM
e AL T
¢(m+1) _ (b(m)

<81

¢)(m+l)

RARMERENDL, ABRKETHERL 22 ERL. RQOELEMe, AR EHP & LA L

DI L > TP RO LARIABRE LIRS
CITATIOND 3B & 13 N &R B lnl #c i3 2~3Mt | ﬂﬂmfilﬁlﬁcisweolélﬁfﬂw&énfwao ol
DA FTHEIAEFO xy2 KRN S IMBAERNDHF LB U~ EDLAHFEFMLEYT

o F v OB L E L Table 3.41 D L Y4 »72%
COMBETIE. <7 Fafbi L A ER EERIVP-I00TE.41E. VP-200T 3735 TH 5

(Table 2.1 Z8).
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Table 3.4.1 Computing time distribution for 3-D JRR-4 problem.

Subroutine name Contents Entry times Time ratio
MAIN 1 (%)

INPT Variable initialization and [PTM and CALR calls 1
PTM Input control 1
CALR Control of the calculation for entire problem 1
EIGN Eigenvalue calculation control 1

KNST 3-D finite-difference equation constants calculations 1 1.5

KNFX 3-D initial Auxes setting up 1 0.1

KLUX 3-D eigenvalue-fux calculation 1 0.1
KEGN  3-D eigenvalue caleulation initialization 1

KOCP  3-D fission source and convergences calculation 69 4.3

KNSD  3-D eigenvalue problem control and boundary leakage caleulatior: 67 20,3

KWRD 3-D line relaxation along rows for flux caleulations 402 65.0

KBPR  3-D absorptions and producticns calculations 67 3.5
EXTR  3-D flux extrapslation control 67

KDUE  3-D flux residues and eigenvalue calculations 1 1.1
RQED  Determine if printed edit is required 1

ITED Iterative eigenvalue printing 67 0.1
NMBL Zone neuatron balance calculation 1
OUTC Problem edit control and neutron balance print i

344 N7 Pt BEOMR

CITATION2 — F @37 L L3RRI, 3KICSLORIE. & LI SORED /2T VAT E R A
DEBE L L, BRI TR LI, LU wERRNF LT oty 4 TRM G EEmLE
HEREIOVETHLER. RAMON -T2 X7 FPAIET. O -7 % F L AFTETR
BYDLHEVFRETHLE, COFBETIE (x,y,2)=(51,56,24) D= R EHK#EBOx -y F
BTNZPVUBEINTIDT, 2 MA—T 7V NVHERBORGEEL D, MESONY
b —F2buenwFELTNZ PN TLAHELRETLIHECIE. 2L ED2OKEK
THE, Ll 704y HERVECPRACE. LAy —2FHEXZ2IAEL. xF@T
NIV IET HALEND L. W TLOLFEMT/ STV NETEICLTL. oy DPHEICO 1 24
BeFTH50T, COHFMIZP2WTH0dd-Even DFHEFEL2HFALLTNRE Lo w, ZHEE
DIEFERIEILITERXLEBNITH S,

2RE2IM T~/ L), FrEERMOA» 5 RBHICE. PHEFHEBIBEIRED N7
FPLATEMICBW TR ZOMHEBANTHI LWL, LALETHZF CEELERANLEE
DPEDTHLIEEDLYNE WV,
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BEXH

D Fowler, T. B. etal. : Nuclear Reactor Core Analysis Code : CITATION, ORNL-TM-

2496, Rev.2 (1971)
2) Duderstadt, J. 4., Hmilton, L. J. (FH, B R) : FEFFEORH & BT (E,T), WA LF

# (1982)
3 R, ABREET  IRTHEFHA D — FCITATION® X 7 Fvik, H+ el

Vol.27, No. 11, pp.1047~1055 (1985)
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351 TRAC-PF12 — F DR
JE T 4P W BE M7 3k € 2 — F (Transient Reactor Analysis Code; F&SFTRAC)IE. Wi 2k

RO REIZIC L D BENFIC BT AEKRF Y 2T AROBUK W REFRI ARGEFG 2 - ¥ TH

2., XEBWEELSNROMALE Y —E4 0, 02T 7 AELMAMTHEFEDHNLTW

5, ZOHEURTRAC-PLII9T6EIZAICREKL . 197TTE12AC RBA O EL N, Z iz

JE 7K BT o) o B W i 206 9% % B8 (Large Break Loss of Coolant Accident; #& M AU LOCA)Z

WM REL L Twd, CHNKRETRAC-PIAIR197TEIHKC. TA T XELHAMICEES

WTwvdkHEZANF ./ 7+ =T -4 F —(National Energy Software Center; i

NESCH- B E N T b, TRAC-PIADILER & L CTRAC-PD2H. 7 ZADHERMELT

TRAC-PFI#FER S NBEIC E > T 5, TRAC-PFLIZ. AU LOCAH R Z &5 = £, LKA

FEAHL R EEARAL L0 ERRE L TETLNEY.

TRAC-PF12 — FOLEL#Hde L Tid.

(1) EEFERLLT. ANEEATOIRAERTAV2EE L. LATARAVLIEGN2E S
DA/ HIE, SOOI, LREREMOREREDO 2 - FERRIFNEZITLLb LD
KL RED - FTRRA A o L3RCHBMIT 2T ) e HFTEDL L.

@ “HEO-HEEFALCLAEABIRRAEACTWEI E, M T. FE G TR & A
ADETFWEOERELERMLEALTWEZE, 2O L) BV, TRACPFL2 —~FT

KRB R A T (R OEE R v )RR A PR A IR AT ES D
L.

(3) SECHEORBBACKELCHKFERIEASAT LI L, BADBRTEND
R OWTELKKRTILENS L0, JOKREIURWA I &Y RIEHE W E) R
rroFEghesticir LB L.

@) B0 R R RS ORI L BEE R 2D E ST B £ PR 2 K
FLT. REBERCEELLBTORGEENMZIT I L.

5y By —rv R —BLTERIFTELZL., T4bbiy Y EEABERNTT. 7u—-5F"
CHEL N7 40N, BEAMONEZ. Bxba-FEBWAIELLTENTELIL.

B TorIad. arH-ArFIEEY2T7LEINTWLIL. EavrH—-2rh
3. Ah7T —FiEAANE, sk REAT. AFERBM SRAEECOWT, FREL TRALN
TWwaNT. HavK—3 2 - EFLORRBRIELEE OWTL BWiciTL b2k,

MHFEENL TV,

TRAC-PFILSTRAC) D — FDEtEM B E 4 b EFIF L 27 20—l £Fig. 3512”7 (21
tiLOFTt"%’-ﬂifLé%E%?é?‘éf%dfﬁl‘%‘-ﬁ)li{%vyzrz\?(i&b)o TRACIH. 2D L% %
1= B TIE ) A 86 4 (vessel. DR~ v L)% 3K TT(Fig. 3.5.2)THbo 85 # LR T2
L. RoBEKELEHET S, Fig 351TANTHREALERHESEZ I v K-—2 b,
ﬁWT@iﬂt&%%%yfy7yaykW$
gy H—A v, ELIEFEOHLE LTSN G,
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Fig. 3.5.2 Cell noding diagram for a typical PWR vessel.

.6
5
’1 k]
= ]
! ‘P H
'
Radial subdivision Axial subdivision
Fig. 3.5.3 Vessel geometry, three-dimensional mesh construction with

3 rings, 6 angular segments, and 7 axial intervals.
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LA EHI LA T Fig. 3510 & 912, 3K £ TidFig 3.530 L Hlan
5. Figs. 354, 355ICRLN B L 312, TRACTIEA S v 77— F- A v ¥ 2 (staggered mesh)if
ERALTEY., EWRBRESFODHMBI LN PAT, REOACLVERTERT S, Fig.
354 BVWTHEV, Dalifikig). XREEOODWFRMLERLTvwE, i E5EFF—-
t/(Donner Cell. il LG L O)EFETHD, CHIZLVPRTEREALHHER &
Citlizta., eNVBRTOWHEREC %

Ci, Vigp >0 & &
Ci+y =

Cit1,  Vig<0D L &

ELT. BBV DB EIC L >TCL, 2 ERT S,

V,.(r8z+1/2)

Vielr,8+1/2,2) ~_

Fig. 3.5.4 Three-dimensional mesh-cell velocities.

(ri-l'ej“l'zk)
(r,.9 z,) I
Tt _1 4
FEAFIS LN . (ry 12802
:
{
,—-—"‘_*'_(r !e-vz )
— i k
, . » T —
(rl_lvBJ__l zk"’l) /f_k (1) J
.—” h\\_
(ri,ej‘—l'zk_l) (3) (ri_lgejyzk__l)

}

(Ii'aj )

Fig. 3.5.5 Boundaries of a three-dimensioanl mesh cell. The face
numbering convention also is shown. Face (1), (2) and (3)

are in the 6, z and r directions, respectively.
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TRACT®FT B HENIEFig. 356N L Y4 b, &2 THEE(Heat-Transler). FizE(Heat-
Conduction)D AT FIBHE. N 2B H L LT TAMT sk D - F T HEIKELLE
oo T Al ZIFRELAPYMODIO B & A L Tld1298ETH 5. L L. TRACTIdFigs.
354, 355 RLILALICHFLEFETIRCTIHETLILOIC, 3K CVOEIZHML TR
E.OMEEIBEM oMM TEING, BB Fig 35625 5 §iH(PRE-PASS). #BLi
(POST-PASS)# s Dl BIFM O L ESRKE (A b,

MEEIBR T L TERPLEF PN AHNBERC LTI, FRERAZM LW
Bk CORMIH R LORMESEE,

ShZHII T TROIIEFSMEBLTHREMEN T IL. 2R, DHBREEAOMEETREAL
ERMMTIT Jo cHMEAE LW AEHC ST 20O ICBNES . ZHEICEBNES 2]
AL Twd, BROZEFRIZHEMPEET S L. IAOBMFC OV TIAMATHEL S,

PRE PAZS

A
SOLVE THE FLU!ID -
DYNAMICS SOUATIONS

n+1 LDl one+l
T )

| I

¥

SOLVE THE CONDUCTION

Y pOST P
EQUATIONS (T;“ )

I
[ 44 ]
[¥a]

NO

Fig. 3.5.6 Semi-implicit coupling between hydrodynamics and structural heal transfer.
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3.5.2 TRAC-PF12 — ¥ @&l 1%
“HEMBC S TRAOKNELOBN & 4 285MEFEH)iITable 3510 L J 4 55,

Table 3.5.1 ZHIEMBEIC BT 5152 ¥

" B ¥ 8 ] -

ML 10-58F  EE#E . PRl K
ENER | 10-38 | ABWIC L3RR
b3 S 10-1%8 | LR U—#%
HEM I WEH DL 5,

BEST-ESTIMATE MODEL TRANSIENT

ZOFIF L TRACT — K OR BB & 2 AL S b D ::
HFig. 3.5.7TH & (BE LW /2770 . Ha, b, cIWE 14 @
HiztE 3) BEFFEOPLICALGENMO A 7T {Fig é 12*‘/’/ bﬂ
3.5.1D77). i b il B EiRAkD A 7 (Fig. 3.5.1078) é ‘Z:'i,\ /
DWW F AR L 228 A IR OnEAR R L & R0 & DR “%J N \/
ZIBORENENENEL b, CHOEEDIENREEE §
11500~1000mB TH 0 . At=1ms(X UBIDF 4 a2 E o)\
Fo7MyrEEl vl iicn b, JOMMERF)O—#I 0 S——————

5ETH 5 (Fig. 35708 WD) L2dt> THBla~bd i 20 0 20 a0 40 so 80 70
BHIZE0007 4 -2 F v 7HEE L v, —HTRACH TIME tsi
AT ERIE. 174 LRT 97T HD1Ay v ol Fig. 3.6.7 System pressure.
) DEFEMMIICDCTE003 R T2~3msTH 5,

Figs. 3.5.1, 3520 R&Fle T HIFA L L L2500 LD A v v 2 LN THENS . SHHRDY
Iab—Ya g EELBIFEHEEFNIL

5000% 3 X 10-3 X 250 = 1¥ BFHCDC7600)

b, 2. B#b~en ¥4 2 AF v 7INZAt=100msBREE L5, Ll JHIEBVED
OAKRTHN . EFHICLIBREORMIFIZIS Y TIE 7 —F ¥ (Courant)F (- & » THIK)
AL, BBV, Ay va-tlMEAXETEE VAL < Ax BEOATLITRE LR 6L v,

£ H A A0RUE I BE & 4L7: 0% S (Fig. 3.5.7TOMER Tcnpy )T, EARE D L KEDKRIPL
CHEASK., B L > TERARP L BEHE~NOHERFRE, CHOL 2iA=10ps(T (7 T )
BENDIAL-AFy7MHFEE LI LA, 85EHBAET AL I, JDE &IHEED
ZHBD Ay v 22 80k T2 e EE L vwEEN TS, CDb~c® HlII10us? 7
£ &2 F 7T 20000 M (CDCTE00 Lk LA B E 4%, L L. ERICIITRACTIE. B
BRTEBTEZT > T 385 ClRAOHIFE SR Eb~cO MM 1~01msN ¥ £ & A
Fo 7TMTHEIN TV EITHSL, D& BT, 20~20005E(CDCTE00) DA FIRME & 74 5
THbHI,
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353 REELHERX KRN

AEICBEWTH. TRACPFUMODI 7 = 2 TSR WENA T 5 HEN ORBE LIRS & HIK

FEAOD-H2HIT 5,

353.1 MEFMOERLFREL

TRACTZ. M#MTORERHIERL LT, ZHEOZEEFET T VAT (KPR LT
5, SHIZ 20T}, REANDAL L THERTROFELTEIATED . HMHCREH L

TESECRELIBS, AERFEEHBIARET. RTEHREBETHLLIERET S,
TRACTHWLN I EWHFBRALZLUTICRT,

(FHICKH T 5EHEOR)
Mlﬂmp{%V{(LﬂﬂpV]:—F
py Vi
(RAEAECHTIAKON)
6@p£+ V-(ap V)=T
ot g g
GEESEARCHT 2 EHEDOR)
dlap )
o + V- (apan)=O
(BHFCHT EEHNN)
a(l_a)mp% V(l—a)mpV,)=8
at 1T e
(RE&AMIZHIT 5 HEF=EN)
BVg 1 .
—E LV VV = — Vp_——(V =V) IV -V, |
at g 4 ’, ap, 4 i g {
I‘+ ng
—G—p;(vgw\fl)—c—l-g;-vg IVgI +g
(I T 2 EEHER)
a—‘E_H/-vv:_l-vw W VIV -V
! Eop, (I1-a)p, £ U &8 !
- Cwi
(V —V)— VIV, 1 +g

_(lma)pi g U (l-alp,
(REAECHT LI ALY -

d da
- . =——p——=p V @V )+ +q. +Th
p» (apgeg) + v (apgegvg) P Py D (a g) 9,19, o

(CHBREHRICHT S X —K)

(1-1)

(1-2)

(1-3)

(1-4)
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al{1 —-a)pleﬁapgeg}

p + V -[(l—a)ptelvi+apgegvg] =

-p v -[(l—a)V£+an]+qwl+qwg (1-8)

LRI BECT, FMHOFEL ALY (I, AHBDLFEEAEOHERT, T 4bb

p=pte, (1-9)

pe=petpe (1-10)
ThHb, TRLAREALFEBEAKRKCOVWTER, FA MY DEMCED

p=p +2, a1y
DEHFEEIRET 5,

RA-DE M RU-1D%. THa, p, Pp Po Do M, Vg, Viep e, pOBUTFTEAEALLT
BrRkood, FRAE 70 -XE34oanicld. B FEMLEERZME T, o g T Se
C a1 C,p qwg.&U" q T EREATAOLHRIBALEATLIILALETH S, TR
Ba,pg,- - -DEHIITable 3520 BN,

3532 HWRIERX

Bk FRI{XOVLE>ORE L T, BEYKIShOEZLELRT.
Efmgﬁwﬁ‘}ﬁ%ﬁcwt cwli"?kﬂﬁ: TDEET L,

e (1-12a)
c =ap —
we” UED,

C

i i3 (1-12h)
Cwl_ 1—a) pIDh

EREBVT. crgropy A E RO BREREHR R T. TRAC-PF17 — Fizid. BERMERIMAA G
BOIER L LT, HWE E T (Homogeneous model) & B iK€ 7 /v (Annular{low mode) 2 #iA

FNTW5E,
BT TR, TAMCLINEHEMENS,
— ; {1-13a)
cﬁ-—Z_(]f
e =(10.0a-9.0% (21.0-20.0a)¢ (1-13b)
- - g fl
S oT.
[=0.046 (Re)™ 2 | if Re > 5000
f=0.032 , if Re < 500 (1-14}

f=0.032—5.25%10"5(Re—500),  if 500 < Re < 5000
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Re=GD,/p (1-15)
G:pmvm (1_16)
1 = (-9 (117
7 S ¥
BikEesL Tz, ket s, _
f=f. 0> (1-18)
SP

2
s PV (1-19)

- 2

pnl m
fSP=a+bRe_c (1-20)

K] 025 K
a:0.026[-] +0.133[—] (1-21)
D D

z;:zz.o[E - (1-22)

D
c:1.62[ I—] 013 (1-23)

D

B, KDEEORXREGHE 2RL, K=5X10  mAfAlvwsit b,
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Table 3.5.2 L &%

=
ol MEEERRESDEE

t i M

6 : MEEERNELEEE

X 1Rk 2EE

Z . HAEEEREGEEE
BEEH

A E M

c . EWEAOER

e . EERS

o [ SERLE

D:E #&

e | (BEHBHHOD) AT RALF -
FA ! RBEHK

g - E/NEE

G ! HEHE (= saVa)

h (BiyEBH7-hD) v~ (] kg)

TRRBEER (W (f-K))

hig @ ERER

H : #»7Kk8E (=4P ./ pog)

k 1 BEER (J/(m-s X)), BREXEH (D) 2HEE
m . B B

Nu ! &L +E

p - E 75

q - BREEE

q” . BFE

q” . (HEAE#Eszh0) BREEE

Q  FUYITEHRRER

R ! ¥ &

Re L4/ AXE

T : 8 E

Voo &#

vol e

We I wx—r"¥

(m)
{s)
(rad)
(m)
(m)

(r?)

(kg m¢)

(] kg + KD
(J/&g+KD
(m)
(J/Kg)
(?)
{m,/s?)
(kg./(m?+s))

(] kg
{m)

ZEHEX (m)

(kg)
(=)
(Pa)
(W,/r?)
(W,/m?)
(W, m?)
(m%s )
(m)

(=)
(KD
(m,s)
{(m?)

(—)
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X 74 F 4 (-)
¢ . FA FREEICERRSE (-
r oo MRS o oS EREE (kg/(m? +s))
§ T FHOEMETEX (m)
e . KREZFE : (-
a1 WHGRE (kg (me+s)
p I E K (kg./m?)
o @ EEEN (N/m) $RRRAFT > Y« KA YT VEH (WAm? - K
Tl WmEGH (Pa)
@ 1 EEHENELBEEREK (-)
w | BEECEXTER (=2./09:) (=)
2 Hr7A 5~ DEEYE (rad.s)
¥
a [ FEERESIK
b I K &
¢ T EBETE
d @ #& 1§
f : BEEIER
g - KEELERS
h © KARE

C BEmEd (1 RTBARERCETSE) v yF ey IR

i L {1RTHRBEBRNCBFDE) L4 rFu s X

1 - % %

lg | EE»SKE~ND

m : ZfERE&&K

mw I &8 - KRG

of : JxzvFTarb

M 1= PGS 1A ¢

r.0.z : (MEEEZRZSRDTELADLERT L) EHEDAL v 7o 7 2
r =%

ﬁil/z} D (HEEEREARPTEARBETE) E5RO4 v 7y 2 X
z

s o BRI
sp | HEHIKE
ss . ERKE

t o BERE

tp 1 fEREE

—



-

508 X bog

JAERI—M B7—1386

T KES

uk R

7
IterationBIEETRTEXF

D BEIETRTREXTFE

C FEXETTEXTF



JAERI—M 87--136

354 EH{EEtEIE

BTENIZAR L A B AR & R jiv’rf—m;;az STk ;0 GRS A, BIEICIRG
AR PAFTHEZLATVEA, TRACTRIRT L3AT OB DB EATHmbR, Fh &
NR % S HIERET L DR SN T B, LA THE TIEANSSEISHI XY, £ 7, 35
T i3 58 % O semi-implicitiE A AV S T Wv 5,

TRACT 1. J. Mahaffyiz £ 1 "8 & 1 72 SETS#E(Stability Enhancing Two-Step method) #*
VAT RBBITO 201 AV R T WA, SETSER ~BOTFMTISETHETH N, 25HM0
HERMEROLDIS A LAT 7 FHEHT B2 =7 RHOFIREECL, X0 Kan s !
LAFy 7TTLEFELFBEEhECHESRZLNTHD

FOHiER, ETESFEA»LSMROTAE kS, chrE-TEEFEALHES. &
HEEEOFHHESTIGERBANT o2~ FrERLHZELHETHE), 2OLIIZL
THHTHESALFELE D AHOK, TALF-KpoHE, MBI AL ¥ - 2 A
L. RO RS RA A LM TED LiRE % K %, TRAC-PFI/MODIO <= 2. 7 b
17 kg, fully implicit T HREA LB RUE BT 2B &5 L -4 C, ZOSETSHEIZE 240
DIFI B LEERE R A~k L Twh, COFEBREOEGN LEVEETFHE
TRACHO Y = 2 7RhIZAL NELCHEBEATYLY, FRETHENZIZEE(A0T 54
AL 7o 7 e L THEMMITE T ASETSEAFHEN T 20T, ThEMBIT L,

BRECLA0R, EASFRAOBLES T 20 THI, TRACTHV 5TV BTEL
HFREFUEHTAOREENEE THD (Lo TR RERESA TV AN ERRIEETSH
%)o

3541 WEIFRENORLIE
nFE@EH_/K%iZ_LuE.“’i‘U)Eﬁ’& Tb\o

() TFOER
ESAFRAOEHICIHLY, AEEELHERER LAV TOME. FolohiytiEsia
EARLTOBTCHEFEESETVE, LLHERIIBTL 7T v 2 2EE, ROBXTENMEERN
D
(Y Viisz = YVinin if Vierp >0
(2-1)
= Y41 V42 if Vigip<?0
FRT. YRELPLTERESATOREBEERSY, VEARMEEEE 22 nEEL RS, 20
FER EREDE (donor-cel D2 IFiE L T 5, 1 RRICH 1 5 R4 (divergence)V; (YV) £ V-
VWOESHEIFhFHRDESTHEA TSI LN,

( YV)J'+U2_AJ'~;J'2( YV)J‘_UE)

vol.
J

(A

Jj+12 {2-2)

V. (YV)=
J
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v v Ve Vj+1/2(vj+112‘“vj_u2) i v 0
FEIPAREE ST M ’ j+ 172
’ 4Xj+1/2 d
Vj+U2(Vj+3/Z_Vj+112) . s
= A% , if Vj +112<0 {2-3)
j+12

ﬁwmfAut»#m@mME%%\wnyﬁﬁmt»Wﬁé%n%nﬁfoitawﬂmi
AX;EAX;  DEBTEY. T4bb

= (BX X ) (2-4)
BRT.
(2) FwEHREK
WATHDIRTCEEREZPEZELD, COETFLOEBFIBRIIEROMBIZS I LN 5!
EB._*, V-pV=0 (C-1)
at
Ipe c-2
=+ VopeV=—p V-V4h(T ~T) (C-2)
RF
WV ev.ovv=—t v pokvivi (C-3)
at P

SIT. KHBEEERTH) . MELREORBRIINT 5L T3, hiZ BEERS LY
DERERE P LMEEETH ). TIRETH S,
EREFEMEL TROESRN BN S,

KEART v 70 EEh ) 72X (Stabilizer equation of motion)

n+1 n —=n+l =n+l n —=n
(Vj+1/2“ 1/2)/ At+Vj+112 vj+1/2 v B(V_)+1f2 J+1f2) Vj+1/2 v
1 n n n —n+l n n
- . —-V. . | =0 (C4)
+ <ph Ax (pj+1 pj) + Kj+l/2(2 V]+1/2 VJ+I!2) 'VJ+1/2
—— P ®%ivn
gy | 3
=10, Vj+1/2V <0
-—n
1, Vj-l- V >0
#igEHFBEAD AT v 7 (Basic equations)
n+1 n o+l
(VJW2 ! AV Vj+qu
= 1 —n+1 ——n+1
n+1 n " n
BV Vi) VeV T <o Az Py —p; )
P O ¥+
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n n+l n n _ (C-5)
+Kj+1f2(2Vj+1!2_Vj+1f2) 'Vj+1fz =0
G ooy At v, vith=o (C-6)
R J i i
~n+1 -n+l n n non n+1
(pj e, =P, ej) { At+ Vj p eV )
—n+1 —n+1
i v n+1 _ n ¢t _m — (0”7)
PV T SR @ T ) =0
BEAT v 7 O FH R (Stabilizer mass and enegy equations)
™ i-pmyrar+ v, "IV =0 (C-8)
B j j J
n+l a4l non n+l n+1l nt+1
(pj ¢ —p; ¢ Y/ AL + VJ. (p e v )
My wrtyoer . 7 =0 (C-9)
J J J o wy J

FRT-HAFWEREPHOAF » 7 TOMETHD, BRPHEOE T WE LR T, Mahaffy, J.
Hoetal L. COM~BPEFETHETNLEIRIFBCEETHEELTwDHY,

(3) REMAT v 7ORINHBRADH
BEIAT v TOENHBRC—VEEHTIE. Vel By 2B AHER

- _ - (C-10)
o Vicve ¥ 0 View t Gave Viear = Gvin

#ﬁanéo:mﬁﬁi%ﬂ(tmnuﬁ#%#ﬂﬁﬁfb5u;:?uﬁ47mﬁﬁ?®m
BAPEETOEEREPZELTALI., b Vg & Ve PEZEET S,
C 102 EREL T
7j+1r2, T Pivyr T Tisam -‘7112 = it VN+U2 (C11)
OBREHERBEOATHEORENERTE S, TRACPFITIR C OIS, AHORZMFED
ATHEET L 2L %R FE(forward elimination) WA T 5,

BEZTWHERENTDOL L TR VB L VNripB 5L 6B THEP L. (CIDAE
v T Vi (j=1, - N=D)#TXTR &5, CORCHRENEFI>LBRBTHEORY
TR S HE# TRACTII B A (back substitution) & P-4

SO, aY KA P RBELTAY b7 -2 kEo b EDA Yy F T T DR
EOREFLL L,

(4) EREHBRIADOHEL



JAERI—M 87—136

R RRCE)~CDERCRMDAT v 7, EHHFBRCHER THRE V0 2 ES
DIRATRLTETH D, (CHOADSL Viypdkdd L

) ;nfi-l ;n-&-l
pi — n —'.’1 n J+1 - J
Vj+1/2 a1 Vj+1/2 Vj+1/2( "ﬂv H-K} +y2VJ+1/2 lVJ+U2l+ <yt A
A+l _ P2 isir Fian
j+1/2hw n n -
L+ AL2KT L IVE V4B Y s V) 12
L% b, BMEDEHCHET LS
n+1 .
av, Jruz At (C-13)
~n+l n n —n
. dp, $ ﬁ+1/2 pLHE o ALIVE 1 ARV V)
[ .
jvw T (C-14)
—n+1 d —n+1
P v Py

THILILA,

CADRRFFEDKIE SRR p=p(p,T), e=e(pT) XBFBEROERRF = AN ¥~}
FR(CB) RV (CTERAT S L. pr RT M T 3B IHRBFRAI B ON S, =
O BT IFFRNE R I BHEN 7 Newton 1212 £ D 2N B,

Newton 12 & 2 REBRIZKDOEN TH D, 52 oA THEESBRR L

F. (x) =0 (i= 1, N) (C-15)
E1 A, RFOREBABTEREI N xOMENB L LT E5E . ROHIE xiT

X=X+ 6x (C-16)
THZBND, oo T, 8xIHC16KF (C1HRCAAL 72

' F (X+ 8% =0 (=1, e ,N) (C-17)
PHREBELELOPECTHRET S, L CINRA 20T HNITEHLT
aF .
F(x)+ Z—2 §x.=0 (i=1, ~—,N) (C-18)
: Jdx. J

£ SxEHET b 1750 (9F; /ax; 2 FO Jacobi T 5 & WA R 5.
2 D Newtonik # (C-HXRU(CDRIEMT 5. KEBRTORMOMME & p R T
L. RO p BT AR

n+1 — yn+1 (C-19)
j Pyt o,
T;Hrl — T,n+1 + 6T (C-ZO)
LHZ6NRLET D, bp; RUF 8T 3(C-HHXBU(C- 7)i§’2%ﬁﬁ’ftbf =
n+1
ap’ n+1 s 4 0_!__1 n+1 5 Aj+1/2 Pivip At deH/z " 5n )
aT j J ap pj— Volj d‘;n+1 Pj+1 PJ

¥
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n n+1
A Pioipdt 4V, 5 5 )
Vol d_"“ P, Pj1
J Pj
— pj: p.;1+1 At - VJ,- {pn V’n+1} (C~-21)
Y304
. o n+1 a[J’ n+1 )
( n+i — ,_n+1 o + Athr.r%l)ST
J aT i J ol ki J
ae, n+1 apv n+1 s
+ (pr it AR + At V.V "Thsp
A, At dy"tl
(p, n+1 + o " J+12 J+ 12 ( -5 )
j v e’ Ty —ar1 P TR
J Jr
J
A At dyitl
_ (p’ n+1 + g o ) -1/2 j+12 (5 5 )
j j-12 512 Vol — n+l B; Pj1
J D
J
— nen _ s n+1 ¢ n+1
Pje =Py ¢

— At ]V.(Pnen V’n+1}+p’.n+1V.V,n+l--hn(Tn _Tfn+1)} (C-22)
J J J J w,j J

ENK2E, AMOREEPELD2L IR RERTEDL L TIE AV p/dp=0R U dVN4+1/2/dp=0
¥ kv,
(C2DRARV(C22REF DD E
o [ 70] =
LT, by
EFFLY, IITRBB2THOTHTH L., ZOMLC BT 2L L

€ d, .

+ ﬂ(a —8p ) — ”hs —p. )
o 1Pt TP d 1P i1
2 %

—d' 8p,  + (L4 d e’ )8p, — ) 8p = b
Rtx

5 TJ. = b,zj‘ + C’ZJ.(fipJ.+1 - 5pj) - d,Q_j (Bp'j - Bpj_l)
FRLNDL, STy va e BRB T b;FEE LT, (C2ORBspj BT LR
MAFBRTHE, L MBECHR CBINRD. (C2ORDIE 8p; 2(C2H)RNIMAT L LET,
R E D CANRG(C20)R» RO EMp; R Ty v ks, nLDNHEZCIRICHK
AT BERME Vigyp "EHEN S, LEORKBENRT S ETRIETEC LIV ERLTER
DAT v THRTT 5,
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(B HEMAT v 7TOHER

REDEZMAT v 7OHBRAC-RVC-NRIEHEE V17 RE > T 2D T pr iR
Wop e, M EMT A ZRAMATHTHE, TNLOTENATHEHCER L Dp T R e
IR E D, pRU e RE L RBIBRC LD pt BT k& B,

(6) TRAC-PF1a— FORBIHERHOT 2y 7 B(K

TRACO BB D 709 v Z7HEIIFig 3580 LYK% b, RUNEHRID I b =Ex
AABRRLIETHH M. Fig. 3682 BW TR Y R—A >y FRBEOA~DIIHS TS,
TNUADESE, Ay P77 0H FILBRECRLMESICE NS, > TFig 3.5.8%
PREP, POSTIX. Fig. 3.5.60>PRE-PASS, POST-PASSY IFFEICHIGL Tw b biT Tid 4 v
JIRITARy LW DA~BIE DWW THFRIL 2 ENER S, KTy L VREOEFRIIED
KOWTEMNRELZRA T 5 semi-implicit ik ThH 4. LRA~EDRHE <) v 7 A3
RARBANBREROLEHCHEAL, ) v 7 ANDBEEFERT I EOAB TG,
ORI EIN D, o TR 2y KA ¥ FUHMDA~D, 3RTNy LA RIBDHA~EIC
BIHERRELZ. ThREEE2( 4. BBRONICEZTL2ERGENO20%RETH 5,

3542 EHZELFERXOLMEE
iz FRAZ KTy F—Fr b, 3Ky e LVOBEM. BEBEICIODWIKROFTER
2ESLL TUALITET 5@ 522w TiiTable 3.5.2% M),

(1) FIiEBEo fhinm
1mﬁﬂyﬁ—$7bm%mﬁﬁ%ﬁuﬁfﬁ

%%%%L\wﬁﬁﬁkﬁofﬁb6°::?‘Eimm%%Te

(2) PAROB(RH
KL~y LLHBEEHOBRENNIL. KOLRCHEEFBERZzXZHLL. ROKRL LT

Kb b,

(3) BEEOMILE _
JKRTEy VKRB OBE S TIE. ko(rZ)yimek otz E gl s 2oL L. FHEHE
FRZE-TERD S,
’ - T
SOEEREAMATECLIKENTEEP BTS20, rFmizBOMBELL. ZhE
BBHFELZRAL TS, $XTOBBBCOWTHELZETT5bITTE L. HARY

EREFECAMENLPEPOL Ty i 2ERENIAEHET L. Fig. 3.5.20RADIAL
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INPUT AN T~ 5 DiRird
INIT JvE—F 2 F— ORI
FPRERPID
-1 PREP
D
SALTE PREP3Z
— OUTID
w2 v
H—doy b
DANE
TRANS OUTER
(STEAD
o BEEFER
BEREL Py
ISSEEIRE _  oUT3D
D E
=Ty
& L ALTE
—4 NETWEK
POSTID
— POGST
% POST3D

— A FEFZIICH T A EEOREE

- B HEAwrY 2 20IER

C =tUv 7 20FERE

— D =iy 7 ADEEBRA

A FEINITHT LEEORY

—— B EA T MUy 2 RO{ER

o
I
3
i
Lo
¥

ESa R

7 ZOER

Fw PT—7 7MYy T RAOAE

Fig. 3.5.8 TRAC-PF12—Fo7 o v 7 RK
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SUBDIVISIONT W 2 iF1~120 ¢ 7 2 a Y HED B HE R T H(13~18IF 77 > = — LW
NABRBTHS), >T., COBANEONRE L HBERIII2ATH S,

R L < Fig. 3.5.3TH 51 7 $I(AXIAL SUBDIVISION) I FER PO AR E{EL TFLD
Bakd GBI, PMiboTHMRENLRCHTHENL, MEAMKRBIZE W TH L RO E
ERFENBRIIETESCTH L, FEEFEL LS. TOMTOEEMIITE <
foTwbh,

3.5.5 7 hAilHrE

TRACZ — FO X7 Fvfbid. BEiC~N 7 b AL 3L T v b WM 2 — FRELAPS/ MODY/
CYCLE36D B HEHIZ % 5%, 7L/SLRELAPSIE T XTIAATH S, X7 P Afid. a—F4&
WichbliBEm L b, Bant7r—FrDa—F 4727 HEREIZEET S
TRy oD THICKNEINE, RO FAMERRTIE., WFRLHFLODHHIERT
b, LPL. CCTRMENLTLDEZMAEED . TRACORZ P LD EEMEE ~ 2 F ik
L BHBEREREEFOTRERNL I,

3551 ~7F{LFEE
(DRI -3~ FDIEULRE
Fig. 359THMT 5 E., K2y K—A» F DERDAH FORIT

— 1K 2 ¥ K—4 v b ORODON—T

NSO —T
[_%EH?MU&B%@;%HJ'
[—twmﬁ
~ NPy 7 AD{ER

R DY e
I:V Py 7 ADEGEHE

2D
[“? F Yo7 A DERIA

gy b Ty 7 ADUR
Fig. 3.5.9 LRjta2 K —4 > b O

&gqu"‘;&o .
EOANEAOHIE. LR YE—RA B TRRBE IS KBTI LM SBRANL-T
DT P NAEFITEW, COhsic -T2 T
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r@x@
RS E O B
I_"@X@
TV Ry 7 ADEIK

L. BoNRZIMVESBLLENFEL, COLERRBTLIZEAMATI Iy I ADNT PV
WA i evelic reductionZe ¥ O FHESH LA, v H—A X PAO L ESFRELSGTEE
AW, BE L ARERBTHE AL AN TETREDIE S R,

(203K IC~y LR E LA

Fig. 3.5.8N3K T~ w L VRO {ER D A 7 7. Fig 3.5.30 gz R LR AL
_ZEmO A D

R mA R A G

S WAL A S - 45!

oy M EEDIH

EoTwd, CRBOXAXGERCRIZFPAVRELTFHET 2N TEL, ELHCET
LTEMAFRRAIL. — 213 Causs-SeideliBiC L A REHETH L. ZOMod. WHKLIS
BT EOHMELNECRLLTEHELZTWLIOT, 320 TR ~7:0dd-Evenik £ 8@
AT 52 TELED.

(kRO BUR S F A
SR IT ORI O B E A B I Fig. 3.5.8DPOSTIDTH »Twd, AHZit BT, ZDIR

it
— RO REG
— 2k S - PR
[:RE@@/ﬁFﬁ®
ZSEHMT Ry P ADER

by P ADEE

(“%%’G
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ZONT P NALREKROFENEL LIS,

— ®

]:@x@
by 7 ADER

— &

<Yy 7 ADER

BAKEOIFLBITIC B TZHBMO Ay 2 &M (BEL 235 A Fig. 353027 %)
EFRBED Ay 28RN, X7 P VERREC. B Ay V2 BEBELLEAE. kW
R7ZFNAVENBHETE S, TRACPFIO = = 2 TLIZ L iUE . Bl /R Z# 75 m o R IE & 3R
EOELDPBRTH L0 Z8 A v 2 AZTAZ=1mmfRE L T XETH L L EHL S
B, COEZIZHIT. EI38mOBHEF L (LB FHL TRLE L LVWOTAN
7ML EIRELSLD, '

3552 N7 PafbIgE~<7 i e E b
1K 2 — FRELAPS/MOD2? < 7 b A {Lic B L 72 L. RELAPS/MODIZ2 6 D ER T
GHIAATH-1:, BATFT P AV FERSFHO ) BIEEFIRITHTH L, LT NZ
FAALIEEO S BEIEIZHB00AT —F A MARTH 5., BREGEINEBRETH S,
TRAC-PFLIZ10TT AT~k A FTHEH L, Bl o, EEAT ~F AT
BixohiT. MEARIIGOARE A S, £/, EERE EEREE, SRy L ALZMH @D A
Vo, MRESROFHEFEBI L VRY, RELAPS/MOD2ER L RS TL2ERETS S

9.

356 ~7FAoF L ERA

EI2MWINDO4? — FOBE TR NRZ P A7V VRIS L SEFERBOIE, GBS
L, BEBEEF S LOESKTHHBEAHESTOATH L, BISSEHNNIHFAIE~7 T
WETEE DR AFUAEDR S FEER LB LS. QOFEEI RIEWINDMOFED L 9
5. 7. Ry MORBOOWTER I E NI LALRETAELTORBEE ATy M ERE D
(. 2. B AmMONZFPLELEY, YOy TEERPEVEER. QOHRIZENT

— kD ) F R M
WEHED AB XREED / — F & L suana
7RI
=z oy 7 RO{ERK
| _/
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ELAE AN N AR T U A REOMEHES D CRER EXHFTCE L, Taey
FEEFL A (ahmD /- FPRAKEWEED, mE RTZ P, R oT L VIR AR
Thbd,

HEZHE L TLKIC 2 — FRELAPS/MOD124H O 7' 2 € » # # %5 2CRAY X-MP/48T ¥ 5L
FLAHEXH DY Tor a0 EEmEERIEABEICIE-> T15~-3.0E 3 Twd, F12.
TRACZ — I % Denelcordt DHEPE B2 - T AT 7T AMEMTERLLERLLBRER
HTWEY, 220 BREFAMLKCOBHKTHA2EIMI ATy 5 RIDFig 3.5.1013 3k 5T
DRMAFEIC L > T sy, ABEREHERLHBETAEE 5 TE L V). FFEIR 2V EAT
ICETRETH D, eAMICBHEERYS L. TG -FATRIMLTETH Y. {E-
T93%F TOEHRMMOEMI TR ETHLEL TS, HEPICZ Y S ab—¥ a ¥
HERIIFig 35110 BN THE, UL, COBRPGHHL T—MAOTRAC2 — F D EFIE
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Fig. 3.5.10 TRAC, which simulates the hydrodynamics in a nuclear reactor, models the
flow of water and steam through the many components of pressurized system.
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N
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P19 11 e O LN
EHAERDBIZROT LI TE S,
ZDp YoEp TR L HEEAKRZIE
+
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ml Un12 m,N
EWN . miTicBg A HOEERIE
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*o o
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El b, O rEABEESTHHZ ALY —, HBALHEST L LT A2,

373 ~7 b AAELE

SPINZ — FOX7 FAGFFTREOVD E2OHERE I,

FORTUNE2 R FIC L BH#ETIE. FEBEERH LIy 7T —F b BB KLY
T —F TCHENMOI00%E{ #ERLT WS,

1) ZEMEIHEN~Z7

p. L kp OIEEAMPEVI XL ERLTED . FAFNKFEHFmMOM. TEE DM
2D IZ N L IL A (Fig. 3.7.2).
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Ve, FIT, AEVYOMAAEDLY(IZ)2ELEDOLV—T7T2XFL. 600, HlAGhE%
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1024~1048576& %4 0, eV REM EFRATN L, R, HHHRELTWL AL D
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Fig. 3.7.2
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FABODEL2»E Ve L v T, @BOEBHDLHIE., &L ILIZOEIIRAFPEDZHITE
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LEE. miTHOAE Y OENTH Y 2BHODON 7 E3HBODOV -T2 4 b2 T,
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2ia 2N-—l 21\1—2 2N-—3 ..... 1
3&H 1 2 3 e gN-t
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F-gnBe), LarL, 2EAL3EHADOL -T2 T, JOFFOWFEANELL
N-—-TNLOFREN . BB LECI-TRIBIDZEICTES, SN LENTNTHN -
TEOWT, RZFAVENFRL G DRERMENRAENS,

2) HEREHEHEo~7 ik
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b, CHIFAATRIO=4 7070y % 2HESL 2Hypercube/ ¥ 7 L V-7 a2y
Ay T BTN EFERRALELDTH D, FFEFEIEATIETE L (. >
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EMElrk~<3F 2. KLy HEOEBECOWTHBT S, FHOREDRCHER
FTLEONDAEYOHBEBEEK. ROLZALF—EEko bz, £ K5 EH R
partition function)# HI hF O FETEAT 5% 2K LML MEO B BRI 7L L
2 i BHOBS (ALY ERICE TN AR T(RAE DB E ;T4 L
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@ﬂ%&&%ﬁwu
N @)
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nl.nz. nM'
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1
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EHL T
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> 6n =0 (4)
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i

BT F ¥ — E‘sltTét

E = Zne (6)

T R TR LB iR TR L A

SE:ZEiﬁni:(’ 0
Iﬁ?wﬂm*ﬁaméﬁkaﬂmhmxm@g
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! b ade
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-0 -Be. a3 log Z (11)
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ODEDBREILHERBOGETEENEINTWE 77 7AKE2HNATAILDTH 2.,
Simulated annealing @ FiEld. S BHONT TR OI2FMICBHE L LT, B (A

—104—



JAERI—M 87-136

BOFZET Ly TDAT Y 2 ) v FCRELGBEYREITEZEZLLGNRLLOTHE
Boltzmann DT HF T, BHEnOFARBOREDEECHEET LI EE, ROK L
EmﬁﬁﬁX:(n,xg,---,x,l)mlif‘li/ﬂ?“’i‘E(X)&'*5‘.%)c‘:. T DR B LREFEPXIZ

expl —LE(X)/0}

D exp[~EX)/0]
XeC

TRDbLENL, ZITHIO=RTTH . RAXNV =0k, TEHHEBEETH ., Hilh
FTRERANK B REE RS R THES L EWBMICRE B R22»H4EF 5, (Annealing
LEDRBEDOVPELEDT., CORDLZANVFEF 252 BETPHEE I 20 —v 5 v THRD
LUKV EOLEAIITODIL TS, )

WFE., N LML TEZ Neube 5 2 6NV s 72 0BT A0 ETALFFEENE L
T, COFREFFAELDBLIFA 8 /7 —FiBTTE20H. 22 TS Jsimulated
annealing ThH b, F A7 jOMBIAFISMMEN O HE T AR ER VWL S 2 Z7iFM) %
KiT&bL, CR2FEHIANT-KjWRETE, BIZRTF -2 X-58 0 T,
FAZINEEAy - PNEIRMEL., SREV; ETD L

| zi L, W Hin iin /b :ij U,
TROLENE, SoTR P A2 i2EzTLTWE/—F. Himll il /—¥Fn & nyddn 3
¥ Z{(Hamming) i, bidF v ANDiEA LY — b, W37y P TEASNLLZBEDFLIT
FIFM & TEB LA~~~y FL LB A7 inLjlBEENLBENREITHS. &
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