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Several computer codes in the nuclear field have been vectorized, parallelized and trans-
ported on the FUJITSU VPP500 system, the AP3000 system and the Paragon system at
Center for Promotion of Computational Science and Engineering in Japan Atomic Energy
Research Institute. We dealt with 12 codes in fiscal 1998. These results are reported in 3
parts, i.e., the vectorization and parallelization on vector processors part, the parallelization
on scalar processors part and the porting part. In this report, we describe the parallelization
on scalar processors.

In this parallelization on scalar processors part, the parallelization of Monte Carlo N-
Particle Transport code MCNP4B2, Plasma Hydrodynamics code using Cubic Interpolated
Propagation Method PHCIP and Vectorized Monte Carlo code (continuous energy model
/ multi-group model) MVP/GMVP on the Paragon are described.

In the vectorization and parallelization on vector processors part, the vectorization of
General Tokamak Circuit Simulation Program code GTCSP, the vectorization and paral-
lelization of Molecular Dynamics Ntv Simulation code MSP2, Eddy Current Analysis code
EDDYCAL, Thermal Analysis Code for Test of Passive Cooling System by HENDEL T2
code THANPACST?2 and MHD Equilibrium code SELENEJ on the VPP500 are described.
In the porting part, the porting of Monte Carlo N-Particle Transport code MCNP4B2 and
Reactor Safety Analysis code RELAPS5 on the AP3000 are described.

Keywords : MCNP4B2, MVP/GMVP, PHCIP, Parallelization, Paragon, Nuclear
Codes
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1. [FL®IC

HERERHE Y o 7 — B 2T LEHB T, FRRATIEEORA——a v Ea
—F DR RERE 2L Ca— Y BROFPFIRERET 2720, HATREOLVEFHa—
Fara—HicfiboTA—N—ara—7 LIZEEL, FhEhoa— FICkER&EELE
FTHREZERBL TS, ZOELE, arCa—YONRORALHET LORLLT, 22—V
DFHEFHLHEOERZB L Ta—FOLEEOHRE~LARMIT DI LD L EOND.

FFHa— FOBEELE, ERI0EEIC 124 Thbhis. IRHDEERNER, S%F
BOEERTO L CosELRY 5555, EELEZKRILT, =7 MV WIHER) , AL
SAFUCER RO TBER ©3SMcE L. 2E, FlHESMRE LT T2 bt
L OTEENERR) ICoWTIE, 8, N7 MDA TFa—=r 7ERZDZa—FREL L, &
RAHEE DD, X7 MUEORZSTAIUCE LT F 2 —=v FREANLTERY, SHEE
MHEINGE2o028bETIaMET D LIc L. i, AEEMNSHIZ Paragon TO &
EACEERBEEZ M, WREREDOLSICRELTNS.

APEED [ZAHFWFULMR) TiE, EFT RV X —RITH#%E 7 Ve 2— F MCNP4B2,
T R X— R OSERETTFLEL T AT a— K MVP/GMVP RUYEEFIC K2 BRI
%332 L—3ig 2 a— K PHCIP % %82 %M L 7= Paragon A} O X I 7 WFHLIEFEIZ W
TR LTS, B (=7 by 5w Tk, WA M= ZEBES 2L —Yarra
75 1 GTCSP % st 12 EH L7 VPP500 [T <7 b AABEEIZSWT, A ARS8
F2EEE a— K MSP2, iBERMAT2— K EDDYCAL, Z#HGHET AT LARRMBET2—F
THANPACST?2 % X MHD 4 =— K SELENEJ % % %4 L 7= VPP500 mif~<27 b/
WHFUCAEZLIZ DWW TRB LTV, £, Bt TBHEH] T, ERT 3 LX—RF#xE
FH i a— K MCNP4B2 &k gk F% 2857 2 — K RELAP5(RELAP5/MOD2/C36-05,
RELAP5/MOD3.2.1.2) ® AP3000 ~OBEELICHOVWTRRLTWD, 28, T 10 FEI
FHE L S EEED D b, T2 TRY Lotz onoa— RZELTE, 2—FLD
#4142 L 0 A& JAERI-Data/Code &4 5 TETHDHNDT, ThbieBRINIZV.

9 BT, EET XX R FHETE T e a3— K MCNP4B2 % x4 6 L7z
Paragon (281} 5 EFHLAEEI AW TR~ S, BEETIEIMPIIZE S W B OB fi R Ot — W
NPEIZH A <A X LT A—F D MCNP4B2 22— F~D#AiAHZ £ L1z, ZORKR,
WHHEZh BT v 7 NV EFRC R L TR K 64 / — ROWSNEITT, #9325 F0EER EARF
oF (R

3ETIL, BEETRALF—ROSHETFTLELTHAra— K MVP/GMVP ZxRICERM L
7= Paragon (2354 2 EHEEZICHOWTHR~D. AEETH, BETFD MPLIC X B WHIROARES
Thd, VAF— 77 A NDAHAHOBELZERE L. ZOFREEFII A — 77 AV
HEC, 3/ — KU LEOFHETTFy Fuy 72 BLTLEI LV LOT, AEIOHFICLY
200 / — FETOHBEMNWREL 2o T2,

48T, REBEFICLDEERBEBMARS I 2L —ara— K PHCIP 2*%8ICEK L7z
Paragon {2517 2 WHULAELIC W TIERS. AVEETHE, EHAOWFHLIZ KA NY > 7 iF
Ex2 AV, MPLICLAEFHEERE L. LM LARSG, @BEEENAEL, HFULOZHRITL / —

_1_
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2. MCNP4B2 0— +FD it 54k

2.1 #=E

AETI, BT RAX R FELETLT AL a— FMCNP4B2IZH LT, MP I
(Message Passing Interface) (= & %1 > 7 VB B T W FIFHE K Paragon M & O LB F
#¥|CHOWTRS, MP I TOWFIkE, BEFO P VM (Parallel Virtual Machine) i & 242 %
WA, MENY 7 7 RBORBLEIT O, MP 1 RUBENY 77 OREIITICEHFEZME
AL, MPIMMCNP 4B 2®Paragon TOEHZER L7=. BiZ, =2—¥MRBRBICH RS
<A X LTIV —F v (source.f) DFAIAT  FhE LTz,

MCNP 22— RiE, kEO AT 7% AELHFRFT CHE S N E X —RR T O H
T KTRBEELTHVaEEHBEI—FTHY, LED]1 ~3KRTEMEHRD ZENTE
5. 199841 0HHE, MCNPa— KX, AMEXTUEIHLLAZMCNPAB2 £ TAMS
nTEY, FHF, 2RIV <R, HrvBREOEBETOHEHEEZITRD ZLNTED [1].

2.2 Ik

221 WIHLEHONSA

AVEE T, MP 1 2#HWVW=MCNP4B2a— RROWIHLEFHER 2 —FPMBICI RS <
A RLEBFENL—F o OMBIABEERL, EFV VAT Y T NEOETREZE .

2.22 MP IiZXk2 ¥k

MCNP4B2a—FOMP LIZ LD UWFULIEETIE, @EAy 77 BREORBLEZITI
»H, MP I RUNEEAR Y 77 OBRECCEELHEMAL, EFOPVMEEZMP I RIZEEE L.
PVMM”OMP [ ~OZEH#ICIE, MCNP 4 A=z— F#% Paragon (2B {F 3 2R fER L7z clib.c
77 A/ (PVM» 5 Paragon DT — ZBEEBENX ~DERT 7 4 V) &, PVMMDL
MP 1 (CEHRT DEEICEELCTHEM L. PVMMASLMP LICEBRT AHRITEE L clibe 7 7
A V%, Fig2 LR T.

223 FrINT—FILLDT A MR

MCNP4B 22— ROUEFHL Ay r— DI G TR TORY L TAF =4 20 TF A MHE
RER LS. TARNREBLEY L TAT S, UTICTRY 2 9BEEFHE/ — N5 TEE
Lie (—#, 5/ — FUSOr—26HY).

simple neutron problem to test some basic operations of mcnp.
three different tallies of the same physical quantity.

many features of the general source.

W=

photons.
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toroidal tokamak.

cutoffs, flagging, and variance reduction features.
generate surface source for test No.8 .

use surface source from test No.7

kcode in complicated cells and sdef.

general test problem.

intertwined super pretzels with s(a,b), mode n p.
porosity tool model.

check of the volume calculator, rotational symmetry case.

test general source in repeated structures.

Rk W~ O W NN OO,

test filled lattice and skewed lattice.
test general source in a lattice.

kcode in a rectangular finite lattice.
kcode in a hexagonal prism lattice.

multigroup boltzman-fokker-planck ver.of test No.20.

DN = = b ke ped e b s e

O O 0 N D>

continuous energy electron version of test No.19.

Do
—

electron-photon -generates surface source for test No.22.
electron-photon ssr from test No.21

forward 80 group electron-photon detector chip problem

N NN
W

reflecting lattice. 15x15 at 3.75 w/o u-235 enrichment.
test No.24(restart)

test No.25(restart)

fission surface source from test No.09

Coupled Neutron-Photon Adjoint Problem

NN N
O 00 N O W,

ssr from test No.07; copy of inp08 to test auger production

No.l1 ~No.29 % FAHEDA, No.l, 2, “AFELRIBOF— 2 2 ETBET S
LKV ETREE I oTe, EFo, No.8, 291 -oWTIXY » Z ¥ A 7 X ETARE CHRE &
RIZNTWD, oL, SAFHRZIIETARETHLN, FrIAEREDBETIRE D (B
HENTH L TVEITO AR, SAFFZR7ZY U TIAFERLEOBEETREL, REFED
aAMAY) L No23, 27Th, VU AFRLEOBRERETFREV. FOMOV L FILEHE
%, ETARETH Y, ZNLOHERERIEL, MCNP4B2a—FOWHIRv r—JiItEENT
W IS ERBR IZE-B LTS,

2.2.4 BBEL—F > OISAL
2.2.4.1 BFEN—F L O

Z=FPMBIH R Y <A XL THA L TW N XROBIR/L—F > (source.f) % Fig.2.21C
RY. ZON—=FUiE, NXBOMCNPABa— RCHEAINATHZHDTHY, Lr—F R
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THAXNAUHT — 4 b, L —FUrAORALTREINTNS. £, RIEV—F RO
BOpELEND2EYT—% 1, MCNPA4BEMCNPA4B2 & TEHERNRNED,
MCNP 4 B 2 2— FOBRFAL—F » (source.f) 12, 2—FRMEIZH R Y~ A X LIERS &4
BiAIr, EEXR{TFoT=. EE LBEL—F » (source.f) % Fig.2.3I127 9. Fig23ixY—2 L
Fig.2.2LF—ThY, a—PhRZ <A e a A X (CYS-CYE) THATHS.

29242 a—¥F—FIZLDTANHE

MCNPA4B (2—¥RMBAICHZAZ v A X LTBRFN—F v BHABAAT) THERENT
WEHEBEF— 2 ERAWTTANELERLE. TA M =41, 2—FLVREINC45EE
DF—HEFEHALE. MCNPABROTF—#i3, MCNP4B2IKEDEE/ATLHIENT
% MCNP4B2OHEETVIIEAHIIMCNPAB2EF—THd7H, MCNPAB®D
HEFRLEIMCNPAB20HERRLZHE L. HEERE BRI LEHER, @FOHR
FERE, IBE—HKL, AERER L, '

2.3 PR

BN —F o ZETELZMCNP 4 B 2 %W T, HREAF Paragon TD 1 /— Kb
128 /—FETORAMMAZRIELE. BIERREE Table2. 11279, Table2. 1LV &Em L
Y, 64/ —FT32.5{FEkoT.

BB g |
(1) #HEF—4% . a—FEREFALF—FNo. 1 |
(2) EXRU%  :100000 |

(3) E@E{kL~v: — 04 |

24 FLOH

AT, ERTRAVX—RFEXET I a—FMCNP4B2IZxt LT, MP I
W& BA T AR S T HIFE Paragon 1A & W F{LEmEE L EE L. MP 1 D5k
1T, BEFOPVMIRAEID, EE Lk clibe 77 A AZFALTER L. B, 2—¥AME
{ZH RAH 7 A X LTI —F > DD AS % EfE L. IREEF Paragon T OB M E5RIT,
64/ —KT32. 5fEkolz. $U7AVHE NS, 29 TOTNLTFT YA DIEEROEE
ORI, S%OMCNP 2— FEFHBEZEE 2T, FoBFREAFLEVRNTS.
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Table 2.1 Speed up ratio.

AE S — | IR (sec) | EEM EE
1 39838 1.0
2 20186 2.0
4 10408 3.8
8 5398 7.4
16 3076 13.0
32 1719 23.2
64 1226 32.5
128 1386 28.7

W ERME BREHF Paragon) #%H{ka— K :MCNP 4B 2 (MP])
BT R0 (1) ST — 5 - 2a—FRFF A FF—#No. 1 (E2 kY% =100000)
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/%

* allPid[0] H~A¥—7n¥&XID,

* allPid[1] »*5 allPid[numSlaves] IEA L —7 71t X ID
*/

static pid_t allPid[MAXCPU]; /* £ mtEAX1ID */

static int numSlaves; /* £AL—7 7w ADEEK */
/x FERFY X b~y & %/
static MsgBuffer uHead
/x FEERY A ~v & x/
static MsgBuffer fHead = { NULL, O, O, O, InvalidBufID, NULL };
static CtlBuffer ctlBuffer = { /* /Ny 7 7 HEHEEL */

NULL, 0, O, InvalidBufID, InvalidBufID, &uHead, &fHead

};

/¥ FT—H %A XK */

static size_t dataSize[] = {

sizeof (char),

sizeof (unsigned char),

sizeof (short),

sizeof (int),

sizeof (float),

2 * sizeof (float),

sizeof (double),

2 * sizeof (double)

};

/* Talr— hEE */
static void *alloc(void *ptr, size_t size)
{
if (ptr == NULL)
return malloc(size);
else
return realloc(ptr, size);

{ NULL, 0, 0, O, InvalidBufID, NULL };

Fig. 2.1 Modified file clib.c (1/14).




JAERI—Data/Code 2000—016

/%

x IRA U HDESIEKELT B,
*x BEV{E: Bk=h 0

* 5RY 1

*/

static int enlarge_array(void)
{
/* ys */
int mynode;
/* ye */
int rv = 0;
const size_t initsize = 512;
size_t size = ctlBuffer.size == 0 7 initsize : ctlBuffer.size * 2;
void *p;

if ((p = alloc(ctlBuffer.array, sizeof (MsgBuffer *) * size)) != NULL) {
ctlBuffer.array = p;
ctlBuffer.size = size;
} else {
/* ys */
MPI_Comm_rank (MPI_COMM_WORLD,&mynode) ;
fprintf (stderr, "(%1ld): not enough memory.\n", mynode);

/* ye */
rv = 0;
}
return rv;
}
/*

* RA LV HADEINERF v 7T 5,
* RUME: I 1

* SRR 0

*/

static int check_array(void)
{

int rv = 1;
if (ctlBuffer.indx >= ctlBuffer.size && enlarge_array()) rv = 0;

return rv;

s

Fig. 2.1 Modified file clib.c (2/14).
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/*
* Ay—UNy T 7 BEREERT 5.
*/
static MsgBuffer *create_msgbuffer(void)
{
MsgBuffer *mb = NULL;
/* ys */
int mynode;
/* ye x/

if (check_array()) {

if ((mb = alloc(NULL, sizeof (MsgBuffer))) != NULL) {
mb->buffer NULL;
mb->size
mb->indx
mb->leng
mb->bufid = ctlBuffer.indx++;
mb->next = NULL;

} else {

/* ys *x/

/* fprintf(stderr, "(%1d): not enough memory.\n", mynode()); */
MPI_Comm_rank(MPI_COMM_WORLD,&mynode) ;
fprintf (stderr, "(%ld): not enough memory.\n", mynode);

/* ye */

}

}

0;
0;
0;

i

return mb;

b

/: YA ik p->next ZHIBRT 3.

szétic void del_msgbuffer (MsgBuffer *p)

¢ if (p->next->next != NULL) *(ctlBuffer.array + p->next->next->bufid)
p->next = p->next->next; P

b

Fig. 2.1 Modified file clib.c (3/14).
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/*
* YR RO p OERIC q 2FHAT5,
*/
static void add_msgbuffer (MsgBuffer *p, MsgBuffer *q)
{
if (p—>next != NULL) *(ctlBuffer.array + p->next->bufid) = q;
g->next = p->next;
*(ctlBuffer.array + g->bufid) = p;
p->next = q;

}

/*
* p BT AYE—V Ny Ty LT B,

*/

static void clear_msgbuffer (MsgBuffer *p)

{
p~>indx
p->leng

0;
0;

/*
¥ FLWAyE—U Ry 7752185,
*/
static MsgBuffer *get_msgbuffer(void)
{
MsgBuffer *mb;

if ((mb = ctlBuffer.freep->next) != NULL) {
del_msgbuffer(ctlBuffer.freep);
add_msgbuffer (ct1Buffer.usedp, mb);
clear_msgbuffer (mb);

} else if ((mb = create_msgbuffer()) != NULL) {
add_msgbuffer(ctlBuffer.usedp, mb);

return mb;

Fig. 2.1 Modified file clib.c (4/14).
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/

*
*
*
*
*
*

Ny 77 HRERESETFT=v I L,
WE e DA EK Y D,
ROME: R 1

KR 0
/

static int enlarge_buffer (MsgBuffer *mb, size_t request)

{

}

/* ys */

int mynode;

/* ye */

int rv = 1;

size_t size = mb->indx + request;
void *p;

if (mb->size < size) {
if ((p = alloc(mb->buffer, size)) !'= NULL) {
mb->buffer = p;
mb->size = size;
} else {
/* ys x/
/* fprintf(stderr, "(%1d): not enough memory.\n", mynode()); */
MPI_Comm_rank (MPI_COMM_WORLD,&mynode) ;
fprintf(stderr, "(%1d): not enough memory.\n", mynode);
/* ye x/
rv = 0;
}
}

return rv,

Fig. 2.1 Modified file clib.c (5/14).
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/*
* Ny 7 FEEETar— M5,
* ROME: K1
* R0
*/
static int alloc_buffer(MsgBuffer *mb, size_t size)
{
/* ys */
int mymnode;
/* ye */
int rv = 1;
void *p;

if (mb->size < size) {
if ((p = alloc(mb->buffer, size)) != NULL) {
mb->buffer = p;
mb->size = size;
} else {
/* ys */

/* fprintf(stderr, "(%1ld): not enough memory.\n", mynode()); */

MPI_Comm_rank (MPI_COMM_WORLD,é&mynode) ;
fprintf (stderr, "(%1ld): not enough memory.\n", mynode);
/* ye */
rv = 0;
}
}

return rv;

¥

/*
¥ {EMRE Y 7 7 2B 5,
*/
static void free_rcvbuffer(void)

{
MsgBuffer *mb;

if (ctlBuffer.rcvid != InvalidBufID) {
mb = (*(ctlBuffer.array + ctlBuffer.rcvid))->next;
del_msgbuffer (¥ (ctlBuffer.array + mb->bufid));
add_msgbuffer (ctlBuffer.freep, mb);
ctlBuffer.rcvid = InvalidBufID;

Fig. 2.1 Modified file clib.c (6/14).
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/*

x {EENY Ty RbhiEEhE 2 YT L,

* FLSEENY 77 ZAET D,

*/
static int ready_msgbuffer(int *active)
{

MsgBuffer *mb;

if (*active == InvalidBufID) {

if ((mb = get_msgbuffer()) != NULL) *active = mb->bufid;
} else {

clear_msgbuffer ((*(ctlBuffer.array + *active))->next);

¥

return *active + 1;

1

/*
* EHREAy 7y i3buithiz s U7 L,
* FILSEWRENAy 772 AET S,

*/
static void pvmfinitrecv(int *bufid)
{
*bufid = ready_msgbuffer (&ctlBuffer.rcvid);
}
/*

* EHEEEASY 7y BbhuIthzs U7 L,
* FLSESEEAY 77 ZRET D,

* ¥ encoding SIEMEMINTWVWDZ LIZHEER L,
*/

void pvmfinitsend_(int *bufid)

*bufid = ready_msgbuffer(&ctlBuffer.sndid);

}

/*

* {EHEE NNy Ty ~T—E2 2NNV IT 5,

*

* ¥ stride FIEMBERINTVWAZ LIZEER X,
*/

void pvmfpack_(int *what, void *xp, int *nitem, int *info)

size_t bytes = dataSize[*what] * *nitem;
MsgBuffer *mb = (*(ctlBuffer.array + ctlBuffer.sndid))->next;

if (enlarge_buffer(mb, bytes)) {
memcpy (mb->buffer + mb->indx, xp, bytes);
mb->indx += bytes;
} else {
*info = InfoError;
}
}

Fig. 2.1 Modified file clib.c (7/14).
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/*
* EHEENRNY 77 DT —F EEET B,
*/

void pvmfsend_(int *tid, int *msgtag, int *info)

MsgBuffer *mb = (*(ctlBuffer.array + ctlBuffer.sndid))->next;

/* ys  x/

/* csend(*msgtag, mb->buffer, mb->indx, *tid, myptype()); */

MPI_Send (mb->buffer, mb->indx, MPI_BYTE, *tid, *msgtag,
MPI_COMM_WORLD) ;

/* ye x/
}
/*
¥ EHEENY 77 OF -4 22X L—TEET S,
*

* 3¢ ntask FlE. task id SIESERINTWE Z LICHEBY L,
* AL —7DFEFIX 1 »5 numSlaves L{REL TV 3,
*/

void pvmfmcast_(int *msgtag, int *info)

static int first = 1;

static long allnode[MAXCPU];

long idx;

MsgBuffer *mb = (*(ctlBuffer.array + ctlBuffer.sndid))->next;

if (first) {
for (idx = 0; idx <= numSlaves; ++idx) allnode[idx] = idx;
first = 0;
}
/* ys x/
/* gsendx(xmsgtag, mb->buffer, mb->indx, allnode + 1, numSlaves); */
for (idx=1;idx<=numSlaves; ++idx) {
MPI_Send (mb->buffer, mb->indx, MPI_BYTE, idx, *msgtag,
MPI_COMM_WORLD) ;
}

/* ye *x/

Fig. 2.1 Modified file clib.c (8/14).
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/*

* smsgtag DA v E—TVERETD,

*

* ¥ task id BIENERINLTVAHZ LIZHEER X,
*/
/* ys */
void pvmfrecv_(int *msgtag, int *bufid, int *tid )
/* void pvmfrecv_(int *msgtag, int *bufid) */
/* ye x/
{

MsgBuffer *mb;

long count;

/* ys */

MPI_Status stat;

int countl;

/* ye */

/* ys */
/* cprobe (xmsgtag); */
MPI_Probe (MPI_ANY_SOURCE, *msgtag, MPI_COMM_WORLD, &stat) ;
/* ye */
pvmfinitrecv(bufid); /* EHZENNY 77 ZRAET . */
if (*bufid > 0) { :
= (*(ctlBuffer.array + *bufid - 1))->next;
/* ys */
/* count = (size_t)infocount(); */
MPI_Get_count(&stat, MPI_BYTE, &countl );
count = (size_t)countl;
/* ye */
if (alloc_buffer(mb, (size_t)count)) { /* ZET 5, */
/* ys */
/* crecv(*msgtag, mb->buffer, count); */
MPI_Recv(mb->buffer, count, MPI_BYTE, MPI_ANY_SOURCE,
*msgtag, MPI_COMM_WORLD, &stat );
*tid = stat.MPI_SOURCE;
/* printf("tid=/d\n", *tid ); */
/* ye */
mb->leng = (size_t)count;
#ifdef SLIM_MEMORY
if (count == 0) free_rcvbuffer();
#endif
} else { /*x EHZENNY 772 EITT D, */
free_rcvbuffer();
}
}
}

Fig. 2.1 Modified file clib.c (9/14).
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/*
* ENZENy 77T —F 2T X735,
*
¥ % stride SIEDBERINTVWAZ LIZEREE L.
*/

void pvmfunpack_(int *what, void *xp, int *nitem, int *info)

size_t bytes = dataSize[*what] * *nitem;
MsgBuffer *mb = (*(ctlBuffer.array + ctlBuffer.rcvid))->next;

memcpy (xp, mb->buffer + mb->indx, bytes);
mb->indx += bytes;
#ifdef SLIM_MEMORY
if (mb->indx >= mb->leng) free_rcvbuffer();
#endif /* SLIM_MEMORY */
}

/*
AoE—UNREFLTHDENE I DNFH~D,

¥ task id SIEBAERINTVWAZ L ICEEY L,
¥ bufid FALZLIF=IF—, PubkBRE, EROBFEZTTAN,
EOBETHLREANBEIZ NNy 77 ID TidnwWZ tizEER L,

* H ¥ ¥ *

*/
void pvmfprobe_(int *msgtag, int *bufid)

/* ys */

int flag;

MPI_Status stat;

/* *bufid = (int)iprobe(*msgtag); */

MPI_Iprobe(MPI_ANY_SOURCE, *msgtag, MPI_COMM_WORLD,
&flag, &stat );

*pufid = flag;

/* ye */

/*
* A ob—UREIhERENPAD,

*

¥*

¥ bufid 514k, bytes 5|¥. msgtag SIEPEESN VDI LITEEE L,
* ¥ pvmfrecv OFFH LERICHFMHENDSZLEZREL TV,
*/

void pvmfbufinfo_(int *tid)

{

/* ys */

MPI_Status stat;

/*

*tid = infonode();

*/

*tid = stat.MPI_SOURCE;

/* yds */

/* printf("(tid=%d\n)", *tid ); */

/* yde */

/* ye */

Fig. 2.1 Modified file clib.c (10/14).
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/*
* EHRENY T 7 E2OVERS,
*/
void pvmfsetrbuf_(int *bufid, int *oldbuf)
{
*0ldbuf = ctlBuffer.rcvid + 1;
if (*¥bufid > 0) {

ctlBuffer.rcvid = *bufid - 1;
} else {
ctlBuffer.rcvid = InvalidBufID;
1
}
/%
¥ AL —TRETAE—-NEZETH,
*/
void recvansub_(void)
{
/* ys */
int myid;
MPI_Status stat;
/* crecv(NsubTag, &numSlaves, sizeof numSlaves); */
MPI_Bcast (&numSlaves, 1, MPI_INT, MasterID, MPI_COMM_WORLD);
/* if (mynode() > numSlaves) exit(0); */
MPI_Comm_rank (MPI_COMM_WORLD, &myid );
if ( myid > numSlaves) exit(0);
/* ye */
}
/*

* AL—TEELAL—TIEET S,
* numnodes() - 1 fHX3,

* % numnodes() 2% MAXCPU 2BV EIMRBRELTHWAR2WVWI LIZEER L,

*/
void sendnsub_(int *nsub)
{
/* ys */
/* long allnode [MAXCPU];
long num = numnodes();
int idx;

for (idx = 1; idx < num; ++idx) allnodelidx] = idx;
gsendx(NsubTag, nsub, sizeof *nsub, allnode + 1, num - 1);
*/

MPI_Bcast(nsub, 1, MPI_INT, MasterID, MPI_COMM_WORLD);

/* ye */

numSlaves = *nsub;

Fig. 2.1 Modified file clib.c (11/14).
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/*
x TokyBEZ 5,
*/

void mnump_(int *np, int *in)

/* ys x/

int size;

/* *np = numnodes(); */
MPI_Comm_size (MPI_COMM_WORLD, &size);
*np = size;

/* yo */
*in = 0;
}
[HAT T TT LD
/**
o RARIEE
*x*x /— R Q0 oD ) — RKR~F—F 25815,
*k [

struct Partition {
long rows; /% 178 */
long cols; /* g */
long mynd; /¥ ) —FES */
long myrw; /*x TS x/
long mycl; /* FIES x/

¥

static struct Partition Partition;

void mydistinit_(void)
{
long ndnm, rows, cols, qut, rem;
/* ys */
int myid, size;
/*Partition.mynd = mynode();
ndnm = numnodes();
*/
MPI_Comm_rank (MPI_COMM_WORLD, &myid );
Partition.mynd = myid;
MPI_Comm_size (MPI_COMM_WORLD, &size);
ndnm = size;
nx_app_rect (&rows, &cols);

Fig. 2.1 Modified file clib.c (12/14).
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Partition.myrw = Partition.mynd / cols;
Partition.mycl = Partition.mynd % cols;
qut = ndnm / cols;

rem = ndnm % cols;

if ('qut) {

Partition.rows = 1;
Partition.cols = rem;
} else if (!rem) {
Partition.rows = qut;
Partition.cols = cols;

} else if (Partition.mycl < rem &% Partition.myrw < qut) {
Partition.rows = qut + 1;
Partition.cols = cols;

} else if (Partition.mycl < rem &% Partition.myrw == qut) {

Partition.rows = qut + 1;
Partition.cols = rem;
} else {
Partition.rows = qut;
Partition.cols = cols;
}
}

void mydist_(int *msgtag, int *bufid)

int tid;

int count;

MsgBuffer *mb;

/* ys */

int *idy;

/* ye */

if (Partition.myrw || Partition.mycl) {
/* ys *x/
/* pvmfrecv_(msgtag, bufid); */
pvmfrecv_(msgtag, bufid, idy);
/* ye */

mb = (x(ctlBuffer.array + ctlBuffer.rcvid))->next;

Fig. 2.1 Modified file clib.c (13/14).
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if ('Partition.myrw && Partition.mycl < Partition.cols - 1) {

/* ys */

/*

csend(*msgtag, mb->buffer, (long)mb->leng, Partition.mynd + 1,
myptype()) ;

*/

MPI_Send (mb->buffer, (long)mb->leng, MPI_BYTE, Partition.mynd + 1,
*msgtag, MPI_COMM_WORLD);

/* ye *x/

X

if (Partition.myrw < Partition.rows - 1) {
/* ys */
/*
csend (*msgtag, mb->buffer, (long)mb->leng,

Partition.mynd + Partition.cols, myptype());
*/
MPI_Send (mb->buffer, (long)mb->leng, MPI_BYTE,
Partition.mynd + Partition.cols, #*msgtag, MPI_COMM_WORLD);

/* ye x/

} else {
if (!Partition.myrw && Partition.mycl < Partition.cols - 1) {
tid = Partition.mynd + 1;
pvmfsend_(&tid, msgtag, bufid);

if (Partition.myrw < Partition.rows - 1) {

tid = Partition.mynd + Partition.cols;
pvmfsend_(&tid, msgtag, bufid);

Fig. 2.1 Modified file clib.c (14/14).
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SUBROUTINE SOURCE
(CETPHME)
c..by crc

COMMON/PFDE/ PDP(100,100)

1010 IF (J11-00104) 201,200,201

201 J11=00104

crc

RO=SRC(1)

R =SRC(2)

A =SRC(3)

Z0=SRC(4)

MO=SRC(5)

ENS=SRC(8)

TA=SRC(7)

TB=SRC(8)

RO=rdum(1)

R =rdum(2)

A =rdum(3)

Z0=rdum(4)

MO=rdum(5)

ENS=rdum(6)

TA=rdum(7)

TB=rdum(8)

..by crc
THETA1=-3.1415926
THETA2= 3.1415926
THETA1=-0.3141592
THETA2= 0.3141592

C THETA1=-0.1570796

Cc THETA2= 0.1570796

C THETA1=-0.0785398

C

C

o
>}

O0OO0000ano0

Qo

THETA2= 0.0785398
** SOURCE PARAMETER**

(BHEH)

100 R = RANG (X)

ERG = ENRG(1)
IF(R.LE.PROB(1)) GO TO 125

DO 110 1I=1,IMAX
IF(R.GE.PROB(I).AND.R.LE.PROB(I+1)) GO TO 120
110 CONTINUE

I = IMAX
120 P1 = PROB(I)
P2 = PROB(I+1)
E1l = ENRG(I)
E2 = ENRG(I+1)
ERG = E1+(R-P1)*(E2-E1)/(P2-P1)

125 CONTINUE
CRC WRITE(6,620) I,R,P1,P2,E1,E2,ERG
620 FORMAT(1X,I5,1P6E12.3)
RETURN
END

Fig. 2.2 source.f (used in MCNP4B).
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subroutine source

(& P HE)
COMMON/PFDE/ PDP(100,100)

CYs

C
1010 IF (J11-00104) 201,200,201
201 J11=00104
..by crc
RO=SRC(1)
R =SRC(2)
A =SRC(3)
Z0=SRC(4)
MO=SRC(5)
ENS=SRC(6)
TA=SRC(7)
TB=SRC(8)
RO=rdum(1)
R =rdum(2)
A =rdum(3)
Z0=rdum(4)
MO=rdum(5)
ENS=rdum(6)
TA=rdum(7)
TB=rdum(8)
..by crc
THETA1=-3.1415926
THETA2= 3.1415926
THETA1=-0.3141592
THETA2= 0.3141592
C THETA1=-0.1570796
C THETA2= 0.1570796
C THETA1=-0.0785398
C
C

OO0 00000a0

aaon

THETA2= 0.0785398
** SOQURCE PARAMETER**

G&PEg)
100 R = RANG(X)
ERG = ENRG(1)
IF(R.LE.PROB(1)) GO TO 125

DO 110 I=1,IMAX
IF(R.GE.PROB(I) .AND.R.LE.PROB(I+1)) GO TO 120
110 CONTINUE

I = IMAX
120 P1 = PROB(I)
P2 = PROB(I+1)
El = ENRG(I)
E2 = ENRG(I+1)
ERG = E1+(R-P1)*(E2-E1)/(P2-P1)

125 CONTINUE
CRC  WRITE(6,620) I,R,P1,P2,E1,E2,ERG
620 FORMAT(1X,I5,1P6E12.3)
CYE
RETURN
END

Fig. 2.3 source.f (modified for MCNP4B2).
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2 E XK

(1] Version 4B Manual MCNP-A General Monte Carlo N-Particle Transport Code Ver-
sion 4B | ,LA-12625-M, March 1997.
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3. MVP/GMVP a— FO%{#

3.1 W=E

AETE, ERT= ANV —ROEHEETAVEST I aa— K MVP/GMVP (23t LT,
MP 1oL B A TNV 0 Z W FEH B Paragon 181 & OWFILERIEEICHOWTIR~RS.

MP i L 5F0kix, BAEDF Paragon ECEEFO P VMRZ EICER SN TWS. Ko T,
AEE T, WIHLBOREETHD Y AZ— N7 7 A VOHIBEORBELRTT L.

MVP/GMVP i%, #HFRUOKFE2RRE LIZ@EHREETR2 O a— NThHDH. BIEIE,
R MMEEYTHANARIETH Y, RBRFE2E Ny F () TRETS. 5y FORER
FORBEIIEHE ) — FIIaFI L TER SN, RROLFEHBEROSEHRERRIL, 0 LoDk
AR —RB, RRARNUADE ) — FpbHET -4 2EDTRET D, &/ — FHERT 24
AL, AA R — RTHERLEE, SX N/ — RUADE /) — RiZEkInb.

3.2 YRA—FT7AILDBLE

3.21 BITO7 7 A NVREDMBER

BITOMVP/GMVP 22— KDY AZ— 77 A VOHIE, RAFUSD /) — FTEHEAEIR
foT—B%&FRAN/ —RNIZEEL, RAM/—FBREEDHT, VR T77A1E2HATS
Fikxk & o> Twb. Paragon iZid, EH 77 A VAN ZEEIITR D ps DEHEINL TS
7, MVP/GMVP =— Rig, WHIABIEESER I TORWLOWFIF B L OB #MEE
ZEL, pls DBRAZRE-STVD.

Fig.3.1iZ, VAZ— 77 A NVDAHAHBROE S TNV HEBEHO LAV —F o ThD,
actmpp D—# (VA& — r 77 A VHAE) ZaF. FigdlRDa) 0if 7oy 7 Tix, KA
h/— RFMETEN, 1OHHTHE, FAN/ —FEHTHRINEET =207 7 A NVHH%T
o TWS, £, 20EH T, 3DOEITHEANMD ) — FhOREBEEINTT—F2%E
LTTZ7 A VA %EITRS TS, T—HDEZEICE, 7oy 7 MESEFEEZEEHRHLTY
L. BITDYRAZ— 7 ANMBHBOY Y 7 THE, RAN—FEER, BRABHOT—X
DEERAL, RO/ — KO LORET —FOZEES AL ZERICESE L2 ThiER o7,
KA R /= FOAHERKE., 2—WFRRRLIELRNRY IV TF -2 2EALT, UAF—
N7 ANHAEEM LA, HE/— FE2 /7 — RETHEFRKT L, £hllbto
J—FRETCYRZ— T 7 ANHNEETTDE, VAZ—b 77 A VBAETT vy FrY 2 %
FBZLTLED ZEMERINT.
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322 T7r7ANREHEDERE

Fig.3.2i2, 7y Fay 7 2i<ADHREZME L actmpp D—# (VR Z—hZ7 7 A VH A
) 277, Fig3.20 1 DEH T, ®A N/ — R, BRBEHDT—FD7 7 A VH %X
MBLTWD. KA RUAD ) — K, &2 87— K MPI_ BARRIER #% call ¥5 % T,
MPI_ BARRIER THE{T2ry 7 &N TW5. Fig.3.20 2 DA T, AA M/ —R&Eh
UHND ) —FED 131 OF—ZBERRT 7 A VHAN, /— FESOIREF®BY ICERE N,
YAZ— b T 7ANVHEAETOT Y Fay 7 2@ LTS,

323 YN F—HIZLBT A MHE

WREZM L7 actmpp V—F Y ZERLT, ¥ A7 —FICL 5T A MR EZER LIZ.
Y INT = ONRE TRILTT.

PWR FULL CORE pin power cal.

{RAERL T4 128000

Ax v TNy FH 10

RN FH 200

77 ANV pwr05pe004 . inp

HE)—F& 128

FTA ML, FRO22yr—RAEETL, HEGRELZERLE.

FARS—A A D HEANYTFEH 100 TIRE— T 7 ANVEHAL
HENYTFEH 101 b YR — MEHE.

FZ2 K Nr—2 B D URZ—bEHREEEPIE, HESYFE200 FT
FHE.

FANr—2AA, BOHERKRE, £h¥hFigd.3, Figld.4iow7. Figd.3, Figd4dk
D, TARr—2A, BOFHEKRII KL, VAZ—b 77 A VOAHANRERICITRONT
WABZENRIES N, L LRns, #E/ —FE 225610728, Ty Ray 2 B84EL,
VRZ— R 7 ANDHOBTERLRD. HR ) —FEEARTA-F L LT A Mt EZ ER
L& ZA, #tE/ —FH200F T, VAZ— 774 VvOAHANN, ERECITORLTWD
TEERBEBLTVD.

3.3 F&EH

AREL T, BT AL —RUOSHEFALELTH/aa— K MVP/GMVP (2% LT,
MP 1iC kB4 T AR 5 7 W H|FH B Paragon M) & O W HI LB ER 2 FHE L7z,

MP 1z & 230(ki, BIEHF Paragon EC, BEFOP VMBREZREIZE M N TS, Lo
T, AEETIE, WIHLROAREEGTHH Y AT — 77 A VDHARSORFELREBEL, HE
J—F#128FTnYAZ— tBEZFHEIC L.
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C . output data body ...
C
C .. task 1 outputs data for himself and get data from other task.
C
C
if ( IDTASK.eq.1 ) then ——+
call RESTOT( IOW, H, 1, IDTASK, TITLE ) —-——= 1
do 110 ITSK = 2, NTASK
call RESTOT( IOW, H, 1, ITSK, TITLE) ——— 2 a)
110 continue
call RWIND( IROT )
else ——+
call RESTOT( IOW, H, 1, IDTASK, TITLE ) -——= 3
end if
Fig. 3.1 Output part for restart file in subroutine ACTMPP.
C . output data body ...
C
C . task 1 outputs data for himself and get data from other task.
C
C
CYDS
if ( IDTASK.eq.1 ) then ——+
call RESTOT( IOW, H, 1, IDTASK, TITLE ) 1
end if
call MPI _ BARRIER(MPI __ COMM__ WORLD,ierr) ——+
C
do 110 ITSK = 2, NTASK ——+
if ( IDTASK.eq.1 ) then
call RESTOT( IOW, H, 1, ITSK, TITLE )
end if
if ( IDTASK.eq.ITSK ) then 2
call RESTOT( IOW, H, 1, IDTASK, TITLE )
end if
call MPI __ BARRIER(MPI _ COMM _ WORLD,ierr)
110 continue ——
call RWIND( IROT )
CYDE

Fig. 3.2 Modified output part in subroutine ACTMPP.
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3k 2k ok ok k¢ ok X oK ok o ok o 3 oK ok 3 ok ok ok ok 3K ok ok ok o ok o ok %k o %k K

* EVENTS OF NEUTRONS *
ook koK ok Rk ok ok ok ook ok ok kK ok sk ok ok ok

SOURCE PARTICLES

FISSION NEUTRONS (WHEN JEIGN=0)
NEUTRONS INCREASED BY (N,MN) REACTION
FISSION REACTION PREVENTED (JEIGN=0)
(N,GAMMA+X) REACTION

COLLISION

SPLITTING (IMPORTANCE OR WEIGHT WINDOW)
SPLITTING PREVENTED

LEAKAGE

ENERGY CUTOFF

KILLED (IMPORTANCE OR WEIGHT WINDOW)
SURVIVED (IMPORTANCE OR WEIGHT WINDOW)
KILLED (WEIGHT CUTOFF)

SURVIVED (WEIGHT CUTOFF)

KILLED AT FISGEN AND PHTGEN

ANALOG ABSORPTION

NUMBER OF FREE FLIGHT
NUMBER OF BOUNDARY CROSSING
NUMBER OF REFLECTION

COUNT WEIGHT SUM

25600000. 0.256000D+08

0. 0.000000D+00

28291. 0.216487D+05

0. 0.000000D+00

0. 0.000000D+00

937990883. 0.795684D+09

0. 0.000000D+00

0. 0.000000D+00

4320. 0.368210D+04

0. 0.000000D+00

0. 0.000000D+00

0. 0.000000D+00

12850398. 0.695244D+06

778206. 0.778206D+06

0. 0.000000D+00

12773573. 0.984942D+07
4448415047 .
3510552164.
0.

Fig. 3.3 Output of test case A(include restart calculation).

K ok 3K ok o ok ok 3 ok 3 ok oK ok e o 3 e e e ok 3k o ok e ok 3 ok ke ok ok ok ok

* EVENTS OF NEUTRONS *
ok ok ok o ok o o K o ok o kK sk ok Kok ok ok Kok ok ok ok skok ok

SOURCE PARTICLES

FISSION NEUTRONS (WHEN JEIGN=0)
NEUTRONS INCREASED BY (N,MN) REACTION
FISSION REACTION PREVENTED (JEIGN=0)
(N,GAMMA+X) REACTION

COLLISION

SPLITTING (IMPORTANCE OR WEIGHT WINDOW)
SPLITTING PREVENTED

LEAKAGE

ENERGY CUTOFF

KILLED (IMPORTANCE OR WEIGHT WINDQOW)
SURVIVED (IMPORTANCE OR WEIGHT WINDOW)
KILLED (WEIGHT CUTOFF)

SURVIVED (WEIGHT CUTOFF)

KILLED AT FISGEN AND PHTGEN

ANALQOG ABSORPTION

NUMBER OF FREE FLIGHT
NUMBER OF BOUNDARY CROSSING
NUMBER OF REFLECTION

COUNT

25600000.
0.
28291.

0

0.
937990883.
0.

0.

4320.

0.

0.

0.
12850398.
778206.
0.
12773573.

4448415047 .
3510552164.
0.

[eNoNoNoNoNoNoNoNoNoNoReoloNoNoNe

WEIGHT SUM

.256000D+08
.000000D+00
.216487D+05
.000000D+00
.000000D+00
.795684D+09
.000000D+00
.000000D+00
.368210D+04
.000000D+00
.000000D+00
.000000D+00
.695244D+06
. 778206D+06
.000000D+00
.984942D+07

Fig. 3.4 Output of test case B(no restart calculation).
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2 E X M|

[1] & &I, $J)II Es: MVP-GMVP = R ¥ —ik R CEHIEICE S PR RS -
JeFEEEHEE 7 va a— K JAERI-Data/Code 94-007,1994 4= 8 A.

[2] & &, #)Il EFE ExK B AMAESTHvea— N MVP-GMVP 0% K, #.{5,1996
F£5H.
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4. PHCIP a2— r®Dii5l{E

4.1 21— F#E

BEEOBNIE, KBEFCLIERBMAR Y I2L—vara—RFPHCIPDRAIT—iF
Flic L BmdfbTtdhsd. PHCIPa— NI, #@EfnEESFrRXzAVTHRZIT-o-TWS. B
FIHOHEMECIEC I P (Cubic Interpolated Propagation) iIERO*C—CU PiE%:, EANR
7 IHREAXOMEIZIT 1 CCG (Incomplete CHOLESKY decomposition Conjugated
Gradient) 2 AVTW S, £72, Ka— FOBTEREI2KTLR>TND.

AETHE, A4 7 VRALFWHIEHEE Paragon (2%19°%, LI PHC I P=a— FoiEsk
EEILHOWTHET 2. PHC I Pa— Foislkid, REMEICCI P (1, C—CUPHE
BROZEOMOENETHEZET L TOEHMMIONWTIE, BE — M0 o07 —F 2 Z%ET
HRANY VTEEREM L. RBBETS A 7T VITIEMP I 2R LTV 5.

4.2 Paragon ~O#HE

WHHLEEORIEEX L LT, PHC I P=2— Ko Paragon (JREIAF) 1/ — R~OBHEEE
AEML, FTRFMICTTAMHEEZERK L. PHCI Pa— KiE, VPP500 T~X7 kil
ENTWAR, Y—AT a7 7 MMIERRI—T 4 73S TW2w.

(a) BHESGFIHEM - Paragon 52

)

(b) &1L 1200 (z oy 3o LREEEk L)
(c) FHEGKER : 50x50%1(X-Y-Z)
(d) FE &M : time step iteration 5 [H]

B IZ 364 L7~ Warning & Qerror % Figd. 1R, £, BHEKROY —RA T2 75 L0
ERERT (EEN—F VL IFORM, CIP3D) % Fig 42179, KiZ, Y—ATr 77 0%
Fig4.2lR L@V ICEE LT, Paragon ETOBEMREZEM L. TORERLEZANT —
FONBEHER-REO—H GIEEROZAMEZTIM T 57-DIBRLLEHS) 2, ThETh
Fig.d.3, Figdd, Figd5iomt. Figdd, Figd5k0, MAMICREOME (+) 55) db
A5, ik, WRITEXOEXBEEFICZYV— 74—y bRV TWARRTHY, KE
FDHLOOHERERIZOVWTIE—HLTWS., Zhi¥v, PHCIP=— KD Paragon 1 ./ —
R~DOBREEREORZ L 2B L.

4.3 ik

4.3.1 WHHeGE

Fig4.6ic, PHCIPa— RO Y—2AY ) - &Ry, £, WIHLMO Y —RA TR T T A
EROEY T N —F o ORI K OPEOUM LE4k % Tabled. 11273, Tabled. 1AM A A >
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7a7'Z s (MAIN) OB, PI8EROCAHAL—F > (INITLZ, RFORM, IFORM)
DORBEFEITE A TUigvy. Tabled. 1k, Aa— Rk, HEESEEICE SRy bAKRy
E32e <, HEIAZX MY, EA—F BB L TV DIL—F R TH HT0, UTOHHIE
SOTWINIEE L ERTHZ & & L.

(1) F— 2R A /14— F > (INITLZ,RFORM, IFORM) O FI{Lid L2z v>.

(2) ZPALRT o TON—TDHRIHDINV—TIIEANC2TWIHL 2 ERT 5.

(3) PALART v TON—7BREETHEIT, &/ —FIERBHEYTEIFT—FDH
bbb, BESLERBE OLERNROBEOAEZERTD (R4 TBE) .

(4) B OHBE /) —FEERALEBEDHER T+ —< L 2 2MELIE 2%, 2KT
24m (1, jAm) (CHEEAE L CHIHbEERTS. £/ — FHETIE, 1
HEWHET DL, 2HMREOFNE /) — R4 O@ET— %8I3 1<
% (2L, BEROML EFRET 2L D) .

4.3.2 WIULFIE
4.3.2.1 WHHEHEAERMER

WIHLHDEREREZMA I NV—F 2 THER L, include file T 2 mpi.para.inc’ iZ 2%
X THRE L. 'mpi.para.ine’ DHNEF, Figd8%BRDZ L. LT, FigdT2BR L2
b, NEZHNAT D, UTOEFL, Figd TR LEEFEIHELTWA

YRV REEAY TS ) - FICH#ET S ETEA MO ) — FE

idown : -i FMD ./ — FESEZRE

iup  : +i FAID) — REEERE

jdown : -jHE®D /) — FESERE

jup  : +jEMO ) — FEFERE

2. &) — FAMBST B i HA v = OHHHE (ISTA) 2R E.

&/ — KLY 1 FMA v aOffE (IEND) %%

% — RN T 5§ FAA v ¥ 2 OFEIE (JSTA) 2RE

£ — F2REYT 2 | FMA v 2 OKE (JEND) 2#E.
[(IM+1)*(IM+1)*(KM+1) 5% (BRAVBERA v ¥ 2 &2 3T0)]

% — FAENST B | HEA v 2 OYEE (ISTAL) 2R E.

%) — FosET 5 | FHA v ¥ 2 OR(E (IEND1) &8E

% — KBS 5 | FFA v = OFEHE (JSTAL) 2RE.
F/— FHAHEYT D FRA Y v 2 OE (JENDL) 2R E
[INX*NY*NZ k% ( BAEBERA v & 2 3B E720))
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3. itypel() TR NHERA—F L DEDIRET —F DRE.
[AMA1)*(IM+1)*(KM+1) 5% ( BARER A v &2 k&)
itype2() : TR NEHERAA—F L DBDORET —F ORE.

INX*NY*NZ % ( BAEFRA v 2B E20)]

4. cart _stridei : RA ) L RIERD I FEOIRET — F DIRIE.
cart __ stridej @ RANY U TMERD j HEDIRET — ¥ DERGE.

4322 HINTVT v ERaP—ORE

MP 1IZHE, AT T bR Y= WO R Tt A EAEERIZH Y Y TOHERD
5.:@ﬁw?vTVbﬁmy—f%iéhtfutxmaﬁa9@@%@%%?@@%&%0

b, BETZ o A0 R, FERARORELZBE LB S THR L CERIZT — ¥ DOiF
{n%:%éﬁﬁﬁ“é ENTED., RBEOREHER, Figd.7 (1/2) AD 11TRT. Figd. TRICRS
T3 idown,iup,jdown jup (X FRICTR TR ELHY T /) — NICB#ETH L TEAR
HED ) — RESNRESND.

idown : -iFA®D/— FESZHRE
iup 41 FMAO /) — FEFERE
jdown : -jAM®O ./ — NEZEZRE
jup  +jEMO— FESERE

Fig A QBB ZRT. HROFEFTIL/ — FEFEZRT. BRERAREARESATH 2N
ETdE, /- FEF1ICKHT L TROERIT

idown= MPI PROC NULL

ivp = 5
jdown= O
jup = 2

&72%. /— FHFSICMPT PROC NULL BERESND &, MP LIL@EZ1TRDT, ERE Sy
T77RADT—FFEREND Z L BEPRT 5.

4323 FA Y T@fE

SENFLLIZPHC I Pa— K, EZ5#HEL2B0KRKADZ2 50 TWARD, YD /) —
Rid, B L7/ — FEOVBEA v Y2 DF— 4 2Z 0 o dEe 6722w, MP 1 OR4
F—HIckVAFUL LY —RY 2 b %, Figd10iZRd. LLF, Figd.100AFIZDWTHEA
T 5.

1. —j HAo /7 — Kb, + j JICEELTWS / —FO— jRAIDERO L 4RI A v
. ~DEE.

2.+ j FEM®D ,— Fhs, — jACEELTWAS / — FO+ j lIOEROES>HRUD X >
o ~DFEE.
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3. — i AEMRO, —F2hs, + i CEELTHWS / —Fo— i IOBEROEHSHAMD A
2a~DiEE.

4. + i FED 2 — Fih, — i AICBEELTWD /—Fo+ i IOBERO &S0 £
a~MEE.

4.4 HIEDOIR

Ka— RO 9 5%DMBEUFUL L1z, WIUL LIEITT 7 4 LBV TEIT) — M L&
TR, HE R R OGE LR OMI% S Tabled. 2107,

(FHHE&MH)

(1) EFIFHEE : [E7EHF Paragon
(2) SHEEXR © 50%50%1 (X*Y*Z)
(3) iteration time @ 1[H

(4) E#EfEr~v : —04

MP I ZEHALT, 1/—FH)OFEBKEZ, 1 jHMIC2KITHE LTI A
LA, EAMIGEBEEENZEE THFULOREN TRVEERLE 20, HER R, G
Paragon @4 / — RTHI3. AfFL o7

2HMIRETDE, HE/ — FRZEWEE, 1 FROABETIHELV 1/ —FHi-v o
BET —Z BT 50, BEEEONS ETEES2/€E2>TLE . Table 4.20”
IBIEHEMH (sec) *1” WARTEY, 2KRIEHEIOEFUIZ LY FHE /) — FEOBINI T % @56
MOWMTI 2 S DRPITR SN, BERKOILSH EITEHOHMC & 2 BERM~DE
BOHFPRENS, WIHLBHRITENERE o7,

4.5 FLH

AE¥ETHE, £9, PHC I P=2— KA Paragon L CEFICEET 2RICIEELZTV, HE
FERAM, VPP500 &M% THodZ L 2R L. WiZ, Paragon X WH{LIEE 4 FMm L7
WHHEAEETIE, ZHROWIUCITIE TRAND 7BE) 2AV, 1) FE2Reng LT
WHHL % FEhE L7z, 2RESFFOEFNIZL Y, FHE/ — ORI T 585/ omix
MZ LN BEMTRENTA, BEBEOIS EFREOBEMIC L D EEHROZEBO L AKX
W, WL RIEVERE 2o
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Table 4.1 Execution time of original PHCIP code.

No | Vv—F 4 | FEFER (sec) *1 | FEOMH LIEI¥K
1 INITLZ 8.42E+00 1
2 | ARTVIS 1.91E-01 1
3 POISN 2.95E+00 1
4 | VELVIS 3.14E-01 1
5 | ADVVEL 1.77E-01 1
6 | GRDNAV 1.60E+00 6
7 CIP3D 9.08E+00 6
8 FTAN 2.05E-01 1
9 BOUND 5.35E-01 2
10 | FARTAN 3.11E-01 1
11 SHIFT 2.14E-01 11
12 | RFORM 2.20E+01 10
13 | BOUNDR 3.18E-01 5
14 | BOUNDU 9.41E-02 5
15 | BOUNDV 7.22E-02 5
16 | BOUNDW 4.10E-02 5
17 | MICCG 5.84E-01 1
18 | BOUNDT 1.67E-01 2
19 | BOUNDF 3.34E-01 4
20 | BOUNDG 1.02E+00 12
21 IFORM 7 .49E+00 4
22 ICCG 4.24E-01

23 MAIN 1.60E+01 1

¥ BRI, FOAL—F U nBLIEUH LTS FA—F L OEABE L EA TS,

(R RAF)

(a) BAEEFHEM  Paragon SSMP (Bd#HF 2CPU/1node)
(b) St . .04

(c) FHHIER . 150*150%1(X-Y-Z)

(d) FtEZMH : time step iteration 1
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Table 4.2 Speed up ratio.

HE L —F | BB (sec) | BIERM (sec) *1 | MG (sec) *2 | MM L

1 11.70 1.0

4 3.40 0.93 0.014 3.4

16 3.80 2.20 0.028 3.1

36 4.80 3.58 0.093 2.4
64 4.80 3.60 0.120 2.4
121 5.10 3.57 0.390 2.3
256 6.60 4.01 1.590 1.8
484 9.80 4.17 4.510 1.2

* 1 ENH KA Y 2T EER
%2 1CCGHE. /e[0T — e

EEM ERAE (BB Paragon) WHHk=—FK: PHCIP (i j Hrm#k)

FRAR et

(1) 518 % :©  50*50%1

(2)iteration time : 1]

(3) HEBBICIIARS, M1{bLv—F 2 ORBEERIZE DR

(4) kL~ —0 4

(5) /=K1 THERALEETZ 7 A M, WIHLT 0 7T IV TRIO LD
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(warning)
PGFTN-W~0093-Type conversion of expression performed
PGFTN-W-0093-Type conversion of expression performed
PGFTN-W-0093-Type conversion of expression performed

0 inform, 3 warnings, 0 severes, 0 fatal for cip3d
(error)
PGFTN-S-0210-Exponent width not used in the Ew.dEe or Gw.dEe
(CCUP3D.50%50.f: 2763)
PGFTN-S-0210-Exponent width not used in the Ew.dEe or Gw.dEe
(CCUP3D.50%50.f: 2772)

0 inform, 0 warnings, 2 severes, 0 fatal for iform

Fig. 4.1 Warning and error messege.

(1) warning (CIP3D)

Crhkkkkkkkk S

C X1 = -SIGN(1.0,CX)

C Y1 = -SIGN(1.0,CY)

C Z1 = -SIGN(1.0,CZ)
X1 = -DSIGN(1.0D0,CX)
Y1 = -DSIGN(1.0D0,CY)
Z1 = -DSIGN(1.0D0,CZ)

Cokeokk ek ke ko

(2) error (IFORM)
Cooxokdokkkkkx S
6210 FORMAT(1H ,2X,I3,11E12)
6210 FORMAT(1H ,2X,I3,11E12.4)
Coorskokokokokkk E

Crdkkkkkkx S
6230 FORMAT(1H ,2X,I3,10E12)

6230 FORMAT(1H ,2X,I3,10E12.4)
CHxkkkkkkk E

Fig. 4.2 Modification of original code source (1-node).
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REYNLS=1000.D0,
UWALL=1.0DO,
IDIGIT=1,
GASCON=1.0DO,
GAMMA=1.4DO0,
NXIN=50,
NYIN=50,
NZIN=1,
DT=0.005D0,
MXSTEP=5,
NSTEP=100,
IPLANE=1,
NOPRT=1,
ITMAXP=500,
EPSP=1.0D-6,
P0=1.0DO,
DENO=1.4D0,
U0=3.0D00,
V0=0.0D0,
W0=0.0DO0,
XLAM=0.0DO

Fig. 4.3 Input data for test calculation.

TANGENT TRANFORMATION (IDIGIT=1...0N / 0...0FF) = 1

GAS CONSTANT (287.1J/KG/K FOR AIR AT 1ATM.) =
RATIO OF SPECIFIC HEAT (1.402 FOR AIR) =
NUMBER OF MESH IN X-DIRECTION (REAL CELL ONLY)
NUMBER OF MESH IN Y-DIRECTION (REAL CELL ONLY)
NUMBER OF MESH IN Z-DIRECTION (REAL CELL ONLY)

1.000000000000000

1.400000000000000

50
50
1

MESH WIDTH : DX (AUTOMATICALY DETERMINED)= 2.0000000000000000E-02 (*)
MESH WIDTH : DY (AUTOMATICALY DETERMINED)= 2.0000000000000000E-02 (*)
MESH WIDTH : DZ (AUTOMATICALY DETERMINED)= 2.0000000000000000E-02 (*)
R HEE)
ISTEP= 1 PRESSURE ITERATION COUNT= 4
ISTEP= 2 PRESSURE ITERATION COUNT= 4
ISTEP= 3 PRESSURE ITERATION COUNT= 4
ISTEP= 4 PRESSURE ITERATION COUNT= 4
ISTEP= 5 PRESSURE ITERATION COUNT= 4
*xkkk  YUN : U-VELOCITY
J= I= 0 1 2 3 4
6 7 8 9 10
51 0.000E+00 2.124E-01 5.880E-01 9.735E-01  1.372E+00
2.487E+00  2.746E+00 2.769E+00 2.768E+00 2.768E+00
50 0.000E+00 2.124E-01 5.880E-01 9.735E-01 1.372E+00
2.487E+00  2.746E+00 2.769E+00 2.768E+00 2.768E+00
45  0.000E+00 1.690E-01 5.517E-01  9.554E-01  1.374E+00
2.652E+00  2.966E+00  2.994E+00 2.994E+00  2.994E+00
48 0.000E+00 1.699E-01 5.526E-01 9.558E-01  1.374E+00
2.656E+00  2.971E+00 3.000E+00  3.000E+00  3.000E+00
47  0.000E+00 1.700E-01 5.528E-01 9.559E-01 1.374E+00
2.656E+00  2.971E+00 3.000E+00  3.000E+00  3.000E+00
(LAT4RE)

Fig. 4.4 Result of test calculation on VPP500.
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TANGENT TRANFORMATION (IDIGIT=1...0N / O...0FF)
GAS CONSTANT (287.1J/KG/K FOR AIR AT 1ATM.) =

1
1.000000000000000

RATIO OF SPECIFIC HEAT (1.402 FOR AIR) = 1.400000000000000
NUMBER OF MESH IN X-DIRECTION (REAL CELL ONLY) 50
NUMBER OF MESH IN Y-DIRECTION (REAL CELL ONLY) 50
NUMBER OF MESH IN Z-DIRECTION (REAL CELL ONLY) 1

MESH WIDTH : DX (AUTOMATICALY DETERMINED)= 2.0000000000000000E-002 (*)
MESH WIDTH : DY (AUTOMATICALY DETERMINED)= 2.0000000000000000E-002 (%)
MESH WIDTH : DZ (AUTOMATICALY DETERMINED)= 2.0000000000000000E-002 (*)
(BTERE)
ISTEP= 1 PRESSURE ITERATION COUNT= 4
ISTEP= 2 PRESSURE ITERATION COUNT= 4
ISTEP= 3 PRESSURE ITERATION COUNT= 4
ISTEP= 4 PRESSURE ITERATION COUNT= 4
ISTEP= 5 PRESSURE ITERATION COUNT= 4
===ss==== (C~CUP : ICYC= 5 s=s=s=s===
**%xx YUN : U-VELOCITY K= 1 skskkokk
= I= 0 1 2 3 4
6 7 8 9 10
51 0.000E+00 2.124E-01 5.880E-01 9.735E-01 1.372E+00
2.487E+00 2.746E+00 2.769E+00 2.768E+00 2.768E+00
50 0.000E+00 2.124E-01 5.880E-01 9.735E-01  1.372E+00
2.487E+00 2.T746E+00 2.769E+00 2.768E+00 2.768E+00
49 0.000E+00 1.690E-01 5.517E-01 9.554E-01 1.374E+00
2.652E+00 2.966E+00  2.994E+00  2.994E+00  2.994E+00
48 0.000E+00 1.699E-01 5.526E-01  9.558E-01 1.374E+00
2.656E+00 2.971E+00 3.000E+00  3.000E+00 3.000E+00
47 0.000E+00 1.700E-01 5.528E-01 9.559E-01 1.374E+00
2.656E+00 2.971E+00 3.000E+00 3.000E+00  3.000E+00
(L F&m)
Fig. 4.5 Result of test calculation on Paragon.
MAIN — | — INITLZ — IFORM
| — ARTVIS
| —POISN — BOUNDR BOUNDU BOUNDV BOUNDW MICCG ICCG
| — VELVIS
| — ADVVEL
| — GRDNAV — BOUNDG
| — CIP3D — BOUNDG
| — FTAN
| —BOUND — BOUNDR BOUNDU BOUNDV BOUNDW BOUNDT BOUNDF
| — FARTAN
| — SHIFT
| — RFORM

Fig. 4.6 Tree structure of PHCIP code.
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dims(1) = iprocs
dims(2) = jprocs
periods(1l) = .false.
periods(2) = .false.
ndim = 2

reorder = .false.

call MPI_CART_CREATE( comm_calc, ndim, dims, periods,

& reorder, cart_comm, ierr )
call MPI_CART_GET( cart_comm, ndim, cart_dims,
& cart_periods, cart_coords, ierr )
call MPI_CART_RANK(cart_comm, cart_coords, cart_rank,
& ierr )
call MPI_COMM_SIZE( cart_comm, cart_size, ierr )
+=====4
call MPI_CART_SHIFT( cart_comm, O, 1, +
& idown, iup, ierr ) 1
call MPI_CART_SHIFT( cart_comm, 1, 1,
& jdown, jup, ierr ) +
—————— set type vector of arrays -——-——- +=====+

call PARA_RANGE(O, im, iprocs, cart_coords(l), ista, iend )
call PARA_RANGE(O, jm, jprocs, cart_coords(2), jsta, jend )

istal = ista t=====+
iendl = iend +
jstal = jsta
jendl = jend
if (cart_coords(2) .eq. 0 ) then

jstal =1
end if _ 2
if (cart_coords(l) .eq. 0 ) then

istal = 1
end if

if (cart_coords(2) .eq. jprocs-1 ) then
jendl = JM - 1
end if

Fig. 4.7 Initialization process for parallel execution (1/2).
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if (cart_coords(l) .eq. iprocs-1 ) then
iendl = IM - 1

end if +
4=====4+
do irank = 0,isize-1
icoords(1) = irank/jprocs
icoords(2) = JMOD(irank, jprocs)

call PARA_RANGE(0, im, iprocs, icoords(1),

& istax, iendx )
call PARA_RANGE(O, jm, jprocs, icoords(2),
& jstax, jendx )
istay = istax
iendy = iendx
jstay = jstax
jendy = jendx
if (icoords(2) .eq. 0 ) then
jstax =1
end if
if (icoords(l) .eq. 0 ) then
istax = 1
end if

if (icoords(2) .eq. jprocs-1 ) then
jendx = JM - 1
end if
if (icoords(l) .eq. iprocs-1 ) then
iendx = IM - 1
end if
call PARA_TYPE BLOCK2(0, im, 0, istay, iendy, jstay, jendy,
& MPI_DOUBLE_PRECISION, itypel(irank))
call PARA_TYPE_BLOCK2(1, im-1, 1, istax, iendx, jstax, jendx,
& MPI_DQUBLE_PRECISION, itype2(irank))
end do

call PARA_TYPE_BLOCK2A(0, im, 1, jlen, MPI_DOUBLE_PRECISION,
& cart_stridej )

call PARA_TYPE_BLOCK2A(0, jm, ilen, 1, MPI_DOUBLE_PRECISION,
& cart_stridei )

Fig. 4.7 Initialization process for parallel execution (2/2).
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____________________________________ +
parameter (iprocs=11,jprocs=11)
parameter (isize=iprocs*jprocs)
common /para/ group_world,comm_world,group_calc, comm_calc,
& group_write,comm_write,
& comm_ctow,comm_wtoc,cart_comm,
& cart_dims(2),cart_rank,cart_size,
& cart_coords(2),cart_periods(2),
& idown, iup, jdown, jup,
& ista,iend, jsta,jend,
& istal,iendl, jstal, jendl,
& cart_stridei,cart_stridej,
& nprocs,myrank,
& itypel1(0:isize-1),itype2(0:isize-1)
____________________________________ +
iprocs i MEHE/—F¥
jprocs :  jHAHE/— FH
isize OHE - FRE
group_world ~ cart_periods(2)
TIJa=mkh—HF, ALFUT Y RuO—RAEK
idomm : HRPHEYTH/)—Fo— i FWOEE) — NES
(RA N v TBEEER)
iup COHEABYTL - N0+ i FAOBE — FES
jdown  EHEEZHEYTL/) —FO-j FRAOKE)—FES
jup COHEARYTE ) - N0+ FEOME) — FEE
istal ¢ FHJ—FNEYTSH i FAA YT 2 0@HE
(NX+#NY#NZ (5% ( BAVAER A v 2 ZEE20) )
iendl : £/ —FNEYETH i FAA YT 2OK(E
(NX+NY*NZ &% ( RABER A v V=2 ZEFER2V) )
jstal  : FH/—FREYTS jHAA v aOFHE
(NX+NY#NZ (5% ( BABRER A v V2 3ZEE2) )
jendl : FH/—FHPELETD jHRA YL 2 OKIE
(NX#NY+NZ 5% ( BAEARERA v V2 ZFERV) )
ista D&/ —FRRY%Y R i FRA v Y2 OPHE
( (IM+D)*(IM+1) *(KM+1) R ( BARER A v =22 8T) )
iend DA/ —FPHRYTS I FRA Y2 OKE
[ (IM+1) *(IM+1) « (KM+1) &K% ( BAVEBERA v =22 8T) )
jsta R/ FREYTE  FMA Y Va2 OPHIE
( (IM+ )+ (IM+1) * (KM+1) (KR ( BAVAER A v v 2 28T) )
jend DR/ FAAYTE I FRA Y v aOKE

( (IM+D)*(IM+1) * (KM+1) 5% ( RABERA v V22 8T) )

cart_stridei : i FMDRANY I BERARET —¥
cart_stridej @ j HFAIDXANY P @EERARET —#
nprocs : Paragon TEMTX 3/ — Fi¥
myrank < HEEZ#E%TS/—-FID
itype1(0:isize-1) @ 7 r— LBERRET —#
(NX*NY*NZ (5% ( BARERA v Va2 ZEERD) )

itype2(0:isize-1) @ Fr—LBERRET—4

( (IM+ 1) * M+ * (KM+1) &R ( BRABERA v > 2280) )

Fig. 4.8 Include file 'mpi.para.inc’.
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Fig. 4.9 Cartesian Topology.

call

call

call

call

call

call

call

call

call
call
call
call
call
call
call
call

MPI_IRECV(A(ista,jsta-1),1,cart_stridei, jdown,1,
cart_comm,irecvi,ierr)

MPI_ISEND(A(ista,jend),1,cart_stridei, jup,1,
cart_comm,isendl,ierr)

MPI_IRECV(A(ista,jend+1),1,cart_stridei, jup,1,
cart_comm,irecv2,ierr)

MPI_ISEND(A(ista,jsta),l,cart_stridei, jdown,1,
cart_comm, isend2,ierr)

MPI_IRECV(A(ista-1,jsta),l,cart_stridej,idown,1,
cart_comm, jrecvl,ierr)

MPI_ISEND(A(iend, jsta),1,cart_stridej,iup,1,
cart_comm, jsendl,ierr)

MPI_IRECV(A(iend+1,jsta),l,cart_stridej,iup,1,
cart_comm, jrecv2,ierr)

MPI_ISEND(A(ista,jsta),1,cart_stridej,idown,1,
cart_comm, jsend2,ierr)

MPI_WAIT(irecvl,istatus,ierr)
MPI_WAIT(isendl,istatus,ierr)
MPI_WAIT(irecv2,istatus,ierr)
MPI_WAIT(isend?2,istatus,ierr)
MPI_WAIT(jrecvl,istatus,ierr)
MPI_WAIT(jsendl,istatus,ierr)
MPI_WAIT(jrecv2,istatus,ierr)
MPI_WAIT(jsend2,istatus,ierr)

Fig. 4.10 Communication part of subroutine COMDIM.
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& EF XH|

[1] T.Yabe et al:A universal solver for hyperbolic equations by cubic-polynomial interpo-
lation,Computer Physics Communications ,66(1991)219-242.
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5 HnHYIC

ATER RN L S — RO AT AEEBRCER L TV ART I a— FOS#E{LIEET,
fHAE 10 B ZIEFIC 20 U, FRR 10 HFEIC 12 F0EE(%5ET, B 11 EEICSH 14 HofEE
NHESNTWSD, INHEZR, 2—FL60KRBICISL, EFHa— FEEMBERETS
FERA—R—arEa—FMITICRBERNT ML, WIHEER T F2a—=7%1T5HDT
Ho, a3— RETEMOKBREMRICEFS LTS, Ebig, B—ovvd ETRAEYRE
MHEITTERVWE I ARV a7E2WIHEHRICLVAIREIZT 222 L, HEBOZAL—T v DR
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3.7 x 101 1 0.01 i 258 %10 1 0.01 1
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