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Vectorization of Nuclear Codes 90-1
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Misako ISHIGURO and Hiroo HARADA
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The vectorization has been made for four codes : SONATINA-ZV HTTR
version, TRIDOSE, VIENUS, and SCRYU. SONATINA-2V HTTR version is a code for
analyzing the dynamic behavior of fuel blocks in the vertical slice of the
BETGR (High Temperature Gas-cooled Reactor) core under seismic perturbation,
TRIDOSE is a code for calculating environmental tritium concentration and
dose, VIENUS is a code for analyzing visco elastic stress of the fuel
block of HITR (High Temperature gas-cooled Test Reactor), and SCRYU is a
thermal-hydraulics code with boundary fitted coordinate system.

The total speedup ratio of the vectorized versions to the original
scalar ones is 5.2 for SONATINA-2V HITR version. 5.9~6.9 for TRIDOSE, 6.7
for VIENUS, 7.6 for SCRYU, respectively.

In this report, we describe outline of codes, techniques used for the
vectorization, verification of computed results, and speedup effect on the

vectorized codes.

Keywords: Vectorization, Nuclear Codes, SONATINA-2V, TRIDQSE, VIENUS,
. SCRYU, Supercomputing, Supercomputer, Computer Codes,
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2. SONATINA-2V=a— FHTTRM® ~ 7 b il

2.1 aO—FO#EE

SONATINA—2V 3 — F® i3, 7w, 7 BEEN 2FOHEL 2 Ron# BRI E 7 vic X 51
EEIT 0 5 ATH B, SONATINA-2V TEM L€ 703, Fig 2. 1@IKmRTLS
MG IR A B OEE A R F O 2 KT REK E% Fig, 2. 1000 X 2 IKE7 M ELTEDH 5. &
DIEEWE 1L, AR 2 RS L OB BERTAULTHEL TV S, FLEHRT 9 v
2R E LRI L, #FOEENIIRD L S EEOEFH RN

dXy e, _ (i=1.35) (21)
—at | Fktitl 1 s Vs ’
dxy, g, ‘
T_fk,ﬂ,i(xl,f,.l,xl,ﬂ,z, ...... Xy g5 e X n'.G) ( 2.2
(i =2 4,6)
(k= 1, ,om, £=1, - s n )

Tk > THilEND, CCCREOK, L REN T oy 7 OkEHR - BESFHOES ETRT,
XOEFEI =1, 3 5L X, X3, X5 DENFAES 7oy 7 DEOIBERUKE - REGM
DEMTHDLEET LTS, £, xDERF1 =24, 61 x5, x4, X BENTORHT
Oy o OEEERUKE - BEAEOEETHE EEFENTRLTOS, —F, AW (2.1)
OAEBREBE T oy 2B HORS AR KT LT, 71L LTHE, Fig 2.2 iRTXR378A
Ty =y vafy MEMICEDE T oy 7EOEEN, Tou siiffoTes sy e ¥
vEviry VEQERT, 7oy /0ESICLAENREEEEL TS, SONATINA-2V
<, R (21), (2.2)0ErERAAERE, v sy dEEiRAd 1 7 eV
THEAE RN T B,

2.2 N7 MIUEROHEASL

SONATINA—-2V 2 — FHTTRIKIZA ) YFRTH BT 7 7 MERRITHEZEMR( 77 ¥
bZEAER ) ISR A AT A D TH S,

75V N EARIEME R FEETE DN, £ CTHTTRIENZ bt DE—RE, <7 b
WALF 7 5 v b ELHEHTTRRICHIADIERTH S0

(1) ~2 b wibhfRifiA A 58t
HTTRMEE TS v bR h 5 —BA LKL Table 2.1 KiRT LI IE4 7w —F vEIN

5 b OVAEERELAS D 7o b DISST A SLE L, T hicit - TibAAEEiE LT

_3___



JAERT—M 90-138

(2) HLAAEZE
Table 2.1 DIedHicht » TEEAXEM L7z, HTTRRE 2375 v b HL~7 b AL %:Z
DEFEERTEY T - F YICOOTHBEERENDT, ZEDH LY TV —F YICD0T,
75V REREHTTRRICKEM S G270 OEF AR Ui, £ OEENEE2LINIORT .
() CRDINN
HTTRIROHOER ( 0.0, LOE2% ) ZFEER(0.0D0, 1L0D2% Y ickH
L 770
@ FRIC .
T N ERRTRY T A—F Y (HITRBTR 7 » ¥ 9 v a ¥ ) il -Tb, IO
DRFEHTTRRIZE DE T,
Y T—F v EREFRICZE Ui
kv FUN
77wy YaryFUNCHIRIZW 2O ENTRY #3544, TOBOBDERIV ©#4}y
CDNWTRAT 7 ¥ P EEMICHTTRIOEBIEE EL, MO ENTRYZ DWW TR 7 Y &
ERETDEEHO,
BDERIV Tid, HTTRERTHML TV 2 L3 ARLEFEL, ¥ 7 —F v KEY 204
EOWBEBLELL (2587 )
= A4
75 v MR RICES XDOW B4 2TE A B L 7o,
W ROC
75V N EAROEBESIOAMAH A AHTTRIROBICEL L, Fic, BER2OAHNE
BimLfe Fh, ¥ 7 u—F YDFEEFEEE ST LT,

2.3 NRIPIUEF 2 —=T

(1}~ ARHRARIA B % o CP U R E

T —F VR CPUBRIAZANE L 723 % Table 2.2 10R%, ZOHTAA T~ CPU
Bl &, <7 b ALREAARBRC T 0 S 6E 2 A 7 —HEBE (§XTOH 7—F %2 FORT
TITa v 4 (QPT=3)) L#BA&DOCPUMKTEY, ~7 FvCPUKRME R, ~7 b
NALRREABO T o 75 6% 7 b VEHRE (FXTOF Fv—F Y% FORTTIVP a3 1)
L#BEDOCPURITH b, BEIIAN T — CPURKRE N v CPUKRMTE - DT
H%bo

COFERERA L AU TOEER FERLLE TS 7 w—F »5355 2 (BLOCK, F
‘UN, SINCOS, MOMNT, MXCL) & %,

OB TRLHBEMBZ S D -TWDET7 » 7 a2 FUNO T /M) —BDERIVICD
W=7 EBICCPUBRARAIEL /-, BlE#ERE%E Table 2.3 kKR d, Jhick b &EEr—
FEMNIO N — 7 i+ o EE D O T 588, 8~11D—7iEEE{kI N Tha,
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BAERRF 2 —= v THBELLTICERT,
“) 2®EL—7O1EL

RV =7 DR PWVEEE I SEOOTHMUD Ay — 7 (<7 FvEREE 9 ) E&bhE
Ti20n~-7iKlL, ~7 brvEEE{ L7 ( Fig. 2.38K8),
() w—71 5y 7 ZDEGHL
2EN—TETELZEE, 847y 2 2R3 1EELv— 7O TREFTEL TH
72 ( Fig. 2428 ). L L, THEMRUNPEDL ST ORIFESEDTEPEDL LD,
FLT, DA YT w7 AEMBUNEZERT 5D TS LTERL, &Y 7Tv—F v
TEHT %,

1 v Fy 7 ZETable 2.6 DX ABEH LN, ABHE1HFHOM » 7w 2 2 TRA
TX50T3ERE T 5.

INOEDAYF Yy I AR LTOAEDMRY 7v—F SETARY Th b, BIEHS % Fig.
2.5 1Emd,

A vy s ADEFLOBE Fig, 2.6 10int .
W T YT Y a DR

75 vsvaYFUNOBOTY b Y) —DERIVIZ, 77 ¥ FMELRD~7 F A LDBIT—
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BETRARSEF Y T—F o Abd s bickvEE{L L ( Fig. 2.8 888 ),

SRR O

7 bbb Lz = FOREEROZWEFMT S0t 1 r —2ADHAREexR kL. HT

TREA Y SF VR E ST P ALERORITIE, 245 - EICL 25 EERA B Lz & AT
PICEES—B Ui, BlCA ) YF URR A 5 —sTE & <7 F b~ FvitEIC L 2518
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A~y b AR bovETEICE LT OFEMIEFEE RS 7 —FEELE Uk L, #A 5B

(SIN, COS)DEtEAE2A 7 —FTHESE L LRI TERICHELS L 7,
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(2)

(3)
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7+ AL g PRI L TROFEOIEFEE A 7 5 —tEEE Ui L, HALBEO
275 - EEEORKROERICE b

AAH G -HERFORTRAN 7 »o54 5 — &~ b VEFER FORTRAN 3 v ¥4 59—l
AEADFMEF RS, COERDIIDICHEERVRLESHES.

247 —itEROSIN, COSHEME~I PAHBROZNTE 1 ~2y FMEEDEVDS
&b,

SONATINA—2V 2 — FTIEEEL, Q0ECEERSELZ 0 Yy 7 RE T b,
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Table2.1 Policy for the transfer of SONATINA-2V HTTR vectorized version
F T —F £ % 5 &%
BLOCK VIRE ZOF M
CRDINN SERAERI, VIKOELA it
DEBUG ViREE DT E
DOWEL VIRE 02 2 [HH
DTAPR SlExtozxEH

- FIT VIREE DT % ER
FMPR SHEZDZ ZHEH
FRIC VIRE R, SHOEFALRY
FUN ViREEIC, SROEFEATES
FUNBO VHiE £ D% E R

© PUNUO VIR E DT E

~ FUNWO | VIRE £ D% EH

[ JuLya ViRE DT % {EH

R VIRERIC, SEROEBEL T
MOMNT VHEE2Z D3 A

[ MxcL ViR 2D 2 2R
MXPR SHEEZDE 2 |
ROC N VIRERIC, SROIEEA T
SETARY VHERIC, SHOEE KT
SINCOS VIREZOEEEE
TITLE VHE ORI
VSPRNG VEREE D% 3 A
XPR | smrzozzmA
ZERO VA ZOF £ {HEH

| DFE SHiEE D E 2 (B
KEY SKEAE D% 3 HH

GE) SER:CHTTR-z2# 37— VIR: 75 v M2 - <7+ bR
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Table 2.2 Effect of NOEVL option on each subroutine

FIN=FVE XCE?JU?%F';% (#) | EE?UE%% w | *
DOWEL 374,933 56.499 6.64
VSPRNG 332,211 40.505 8.20
| BLOCK 434.054 130.819 332
JULY3! 269.579 27.356 9.85
| FUN(BDERIV) 284,520 158.473 180 |
SINCOS 63.977 65.540 0.98
MOMNT 110.070 52.912 | 2.08
ZERO 44.455 9.856 451 |
- MXCL 47.036 17.168 2.74
[ FrICZ 38.057 6.708 5.67
FUN ( DERIV) 42.597 | 44.311 0.96 |
& 3t 204497 |  516.47 3.42
Table2.3 CPU time for each subroutine
No | -7 BB C s crumme | B y e
B 56 0.876 0.585 150 T
2 . 5000 0.317 0.237 1.34 9
3| 6010 5.243 0.687 7.63 81
4 5100 0.388 0.639 0.61 9
5| 6100 4576 0530 | 863 81
6 | 6110 1.369 0.775 1.77 9
71 8000 2.702 3.055 0.88 10
8 | 2600 0.149 0.112 1.33 8
lo | 8500 2.318 2517 | 0.92 10
0 5789 2.030 1911 1.06 9 |
11 3793 0.350 0.188 1.86 9
12| 3794 0.593 0.265 2.24 10
EXX s — - -
e oz 20.620 11.397 1.81 -
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Table2.4 CPU time for each loop in entry BDERIV

Foo—= v IEHE BEM oy 7o — F v

2E N~ M 1 EAL MOMNT, ROQC, MXCL

=T V57 ZOEFIE BLOCK, DOWEL, FRICZ,
FUN, JULY31, MOMNT,
MXCL, ROC, VSPRNG

77y va YOER | JuLY3l

F o ADT T —F 4k MOMNT, JULY31, BLOCK

Table 2.5 Vectorization technigues

] Bl i S T
] 1 M x N
2 1 C(M=1)x N

R : MDMY 2 % N
4 Mo+ 1 M X N

MDMY Z2=M+ 2

Table2.6 Starting and ending indices of DO loops

T —F S —F or A—E
BLOCK ) g
DOWEL A—F
DTAPR -
~ FRICZ R
FUN T
JULY3I F—E
 MOMNT —3
MXCL —%
[ roC ="
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Table 2.7 Vectorization effect on SONATINA—2V HTTR version

T - .
vy | pha ™ S0 | TLUE
i N Y bEE | 27 —FHE | Y bETE
C P UEH 135 20048 | 104 16471 3052084 8HI86IH
[ v UBRS .- 4 1628 — | 35278%
I | 1.0 423 1.43 523 |
[ ~7 b 3 — 85.87 | 88.66
/0B 35 37 | 35 37
4 ) (EAE (KB) | 2356 2592 | 2484 2592

Table2.8 Speedup effect on each subroutine

4

AU TR | N0 R AR | N7 b AT e

S IN—F & | 2B T B | BERS b | =Y 7R b W0 | B
B B (A | FE  ®e | vER B
DOWEL 374933 56.499 52.114: | T.19 | 108
VSPRNG 332211 40.505  36.708 | 9.05 ' L10
BLOCK 434,054 130.819 126.485 © 3.35 1.0l
JULY3I 269.579 27.356 | 25.672 | 10.50 107 |
| FUN(BDERIV) | 284,520 158.473 | 152331 | 187 104
| SINCOS . 63.977 | 65.540 46.676  1.37 . 140
MOMNT 110.070  52.912 25.507 | 432 | 2.07
ZERO 14.455 | 9.856 PEiF s L
| MxCT, 47.036 17.168 5953 | 7.90 | 2.88 |
FRICZ . 38057 6.708 1568 | 833 | 147
FUN(DERIV) |  42.597 44311 3.466 | 12.29 1278

& it 2044.97 616,47 498,63 | 523 124
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|

r—.‘:Hit'HHiFHIHII-E
\ —"IE!H.‘:H!II:'!!HH!IIt‘;’
\N s S HEHI BRI S
\\ e I EHEN éi!~~-l
N eSO TR
W g EEARERNRATR S
W k- -
W | iy
S H
NN
S\

(a) Core : (b} Model
Top block Tie plate

| }
Column {m+i) 1 2 3\4 (k-t} % [k+!) \ m (m+2)
AL ] s

! I :\ NN HR?F Restraint
ol | O | s PR g PO g O 3_- structura
= s P a1 o s S 2 O o B
Dowal B n ’ el
i | P | O o HLJT%—HH-i—H_i-I _
—-:l—\%- HHH|, . [HAHH P PO g POY L}
Fusl [ H-H H—H H-H L= e
block .
= M= + + = e mnismal PP H—.—.—.—q'—'}
i tH alOC)Q—* 1 .
Reflactor SN N P | L ¥
: Hi-H M fEHEHL | g
block TS T e ]
— }
i 2am e H—c—HHHHu—}
b1 'wa_ufle ”H%}%:'ﬁ—HH g Suppgrg
v [_'- frame
= H-H-'U }JHHHH%HHH “H
—N&-1 At
wa i e W o o | O :_H_I-H- 4 }=H
v e
=7 M| Lans =+ -—H -+ | 14+ el 3 H2M
Core support block | M = - o R | S
i_HHHMHHHHM%H%ME
Roller . h1l(Gop |
bearing el I | =
=T ®) o) ! ]
Excitation

(c) Calculation mode! of two-dimensional vertical slice core.

Fig. 2.1 Calculation model of two-dimensional vertical slice core for the
SONATINA—2V code @



JAERI—M 90138

F
51 K -)e(i
m C m -
X1—X]—-8|j
81
(a) Mass impacting mode! (b) Hysteresis loop for impact -

Fig 2.2 Viscoelastic model with two impacting bodies®

i

DO 3000 L
DO 3000 K

U

xVOCL LOOP,NOVREC
DO 3000 I = M+1 , M=xN
K MODCI-1,M) + 1
L (I-1)/M + 1

LY

o
-
=Z

Fig 2.3 Change of doubly nested DO loops into a single loop

*V0OCL LOOP,NOVREC

DO 4000 I = 4 ., MxN
K = MOD(I-1 » M) + 1
L = ¢(I-1)/M +1

Fig 2.4 Index generation({old vector version of SONATINA—2V code)
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COMMON /KKKLLL/
1

CNN

CNN

M

N

RUNGE

DOWH

IFC DOWH .
MDMY1 = M
MoMyz = M

o
O

CNN
J =0
DO 4100 L
DO 4100 K
J =J + 1
KKK1¢J) =
LLL1ICYY) =
4100 CONTINUE
J =0
DO 4200
DO 4200
J = J +
KKK2<J?
LLL2¢dD
CONTINUE

RN
LYY

H e =
o

4200

J = 0

DO 4300

DO 4300

J = J +

KKK3¢J4)

LLL3CJD
4300 CONTINUE

CNN

1
LY

e X
1l
>

1l

Fig

V0L

Fig. 2.6

JAERI—M 30138

KKK1(200) ,KKK2(200) ,KKK3(200),
LLL1C20CY ,LLL2C2C0) ,LLL3C200)

IDINTC DMY(1) + 0.1D0 )
IDINTC DMY(2) + 0.1D0 )

DMY (3>

DMY (&)
L0DO 2 POWH = 1.0D+50
N
M

B0

N
M-1
N
MDMY 2
2.5  Reference of index list

L LOOP,NOVREC

DO 4000 I = 1 » MxN
K = KKK1(I)
L = LLL1CI?

Visco elastic model with two impacting bodies

} B



JAERI—M 90—138

DD 205 KIDX = MDMY1l ., MDMYZ2
DO 205 LIDX = 1 + N
DO 205 IIDX = 3 s 4

205 TIiC(KIDX-LIDX,IIDX) = TIMSP =«

x DERIV(TIM,X,KIDX,LIDX,-IIDX)

U

DD 205 KIDX
DO 205 "LIDX
IIDX=3

1

FUN =
AC(KIDX,LIDX,3)
T1(KIDX,LIDX,3)

MobmMY1 .

IIDX=4
FUN = ¢
* + FIACKIDX
* + BKA(KIDX
% + SRF(KIDX

* 3

AC(KIDX,LIDX,4)
TLCKIDX,LIDX,4)
205 CONTINUE

Fig. 2.7

MDMY2
s N

XK(KIDX,LIDX,4)

FUN
TIMSP % FUN

SLIDX,1D
HLIDX,1D
-M,LIDXD
Y / AMS(KIDK,LIDX)
FUN
TIMSP %= FUN

Inline expansion of funtion

DO 50 L=%i,N
DG 50 K=1,-M
IAG(K,L) = 0

IMG®980(K,L?
IVSGC(1-K,L2
IVSG(2,K,L3
IFSG(l,K,LD
IFSG(2,K,L3
IFSG(3,K,L)
IFSGC4,K, LD
CONTINUE

50

[w)
@]

moaow e nouon
[eReNeNoReNelel

U

NM=N*M
CALL
CALL
CALL
CALL

Fig 2.8

NZERQCIAG,NM)
ZEROCIMGY8O,NM)
NZEROCIVSG,2xNM)
NZERCCIFSG,4xNM)

Subroutine for zero setting
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3. TRIDOSEa—FoD~27 kafk

3.1 JI—FoEE

b AOBENEESHRUFIREETE 5 - FTRIDOSE® I3, RSk s SBE
B ENF Y F AN RZ (Te, HT 74 E) RUEBL b F 2 4 (HTO) QHEEIEICL -
TR, REMCEAFEREELZITEL, “eULHET 520D HDTH 5B,

B F o A K ZRUE Y N F U L OBERFE, EERBEIRT R v -7, B
BHERELTA7EFARERENTY 5,

HETE, EEADMCO0mOEE AR, COEREL LA Y PEVIERE (FR=
i CEUY, 2oz ri v VERRBOBEENIGAONE, T2 M, BH7 1L
AV MITAEIER, 7oA v P BIETELSTHNS (Fig. 3. 1L.28) .

T, MEEHE L NI FOLBR, BV F o AR, Hich)Foake LTHETSE
WE, BEL TS, MpEC ADHITIOKICET S, MBS nEOa voi— X Y FIIAEIS T,
Z OROBHENFT NS, MBITHE LI bV F v aFR, B FYL0EULFY
LIKERE L TR ICEEY 5858 (Bl &/bh b,

TRIDOS 2 = Ficix, &5 CBEE R L CETE S A BHE e — F AR - BuEEHET
MLEE L, BB - EEAROTHET AHKAHEE - K5 5, SR~y b b L - DEEREE
E-FOESTH B,

1) Fn—sn =570

Wk O OERAI T, B - BEOZEBLS WSS (A0t BIPEEERLE

&) IWERT 5,

Qk 1 y? H?
C- i, k (Xs ): ex Ty * )
AR AR Oy (XD * Og5 (%) ~ux p{ 2 ( Oy (X2 G (%)% }

j LA v S

k AT v T

X RS OB LA v JETO T — 8 EORE MERE (m)
y - s E T A EEEE (m)

Qi DR (Bq/sec)

Uk CE & (0.5 (m/sec)

H CHBEOES (EHEEDEE0) (m)

Oyk, 9zk D IRFUR L
2y N7 - E=F
T HASER & L CRHUTE 2158 1KEHRT %,
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: _ Qi _
Caj k x.y)= N2 T¥2og (%) ra (x) * 0 (%)
1 7 {x—uxt)® y2 H2
—— + +
BXD{ 2 ( Ixk (X)* Oyk (x)? ik (X)z) } e
i N | P G N

k REHAFT
xR DEELLA Y b ETOT v — LM OB TER ()
y L AEERICE AT PERE
Qx  HhE (Bag)
ux B B (m/sec)
H HbEEoEE (n)
ox (%), gk (x) . Oz (X 1 HREAREL

T, MEBOHEER, Yv—n - FLEELROET D,

(3) HEERE (Bt ) F o LDH) .
EEEc LS, | FEH LA Y L OHRALOKRKDOBC N ) F o LBEE, LITOX

T Bo

B, 1 )
Cagot G5 y) = ) o 7 a§k§<x>}

exp
S eogi (x) ogi (%) - uk
(=)

Qj. k
e (Bq/ nf)
NAj cuak s Hi

i DhEln v A v NES

kK CERAT 0T

x T ULAVIFELHOIE LAY ETOTA— LXIHETIERE (m)
y o Fu—sFdicEBAROERE (m)

He @ HMHFRESEBOES (KKRE&GEEERTLE) (m)

EL © S#iTLAY MEs

Qn k. AElx LAYk HORBER (£ O0HEER

Ap

14.5

agi (x) = oy? (x) +

A AEz LAY ERE (ab)
4) hBICL HBERERIE
Fa— s =T, %7 - 2, (1), QTOBERCRECLAREELZERT L4E
b, REECHL TOMERKRDE SIS,
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x Vd - dx N etk
Q=Q- [expfo o Dexp (H?/ 273 (X)j “/: U - exp (_KTA. %)
Vd iEEEE (misec)
Kra @ MU F 9 AHFZOERPICET 28N F U LOEHGRE (1/sec)
(Bl 0 F 9 AaDEBEE0)
(B5)  FYF U AHROHITLE
FY FoaAROLERETMEOERER, ROLHKKE S,

cos h (Ecj : (L—z))

TD

Cp()=Cr

cosh (;2; -I,) (Bg/ )

Cr @ R&Ed (hEXRE) b Fyah2EE
z . byeEm FEEEE (m)
Kei @ TERESBRBIE NI F oo F7oEHBE(i%2)
L TSR
Kop: b 59 4 7f R O 45 dhi S
i EXzZOETE2 - AV NES
DusN— b A Y NADEEEERD,
1 Zi+l
CTi:_——WZiJrI_ZiJ;i Cr(z)dz (Bg/ i)
EiLB,
Kei, Krpid, BEBELT 5, £130L7U5,

3.2 BRI

TRIDOSE = — FOFEH 7 v —F v ORFEES Fig. 3. 2 TR,

FORTUNE v — &AW T CPUBMAMOBNEER NI 2 EM LI, FRLILANT -5,
Fig. 3.31CRTEAR I LAV EEL, ¥ 7T LAY MRIBDEFLTH S, al B, FIiK
Hig7v—b - 27 0&EEHL, #4144 - ZF 5 7% 0.03333 (h) ROF0.00555 (h) & L, 5HHE
A4 24.0 (h) & LB EHETH 5, Table3. 1 KahEReTT. chick 32 EFIND, HO-
SEI., SIGMAZ, CHANGE, PATHS, CGN, SIGNAY®RTH 7 iv—F v (ki3 777
g V) TEEDINIF~BABELEDL TS,

FLTIHRODH TN —F YO CPURMAZS 4 4 A5 5 77 0.03333 (Wi 2L TAE L1z, #ll
ERERA Table 3. 2105, CHICEAEHOSEI L SIGMAZDEIICET R H 2 DD,
FORTUNE v — ABITEHBE HRE L TH S, I TINGDTH T —F VIZD20WTAZ b
AL ER L,
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3.3 ~U bIEHE

TRIDOSE = — FO~4 kbR 7 —F vid§~TH 7w —F v CHANGE @O Fliv
CFUTBD, LD I —F VIR THEEDE0, KEAH - TEHNT P MRERPEC,
cDE T THEELENE L, T TCHANGER S S~ R 138 (W7 y B0 @
=7 m TR L —F VICEIAAT

LITT&Y T v—F Oy b FEIZ DO TRERICEET .

(1) +7n—FvFIND

Ez o AAS LAY NERET S, 205 A oNAEBEDT LA Y FOTIA
D TOBEDPRNB Y T—F Y THS,

W T —F iR 2EOA—THED, RO —TRV-TES3ELRL (ANT
— S THEB) THOH, Ao v— T FHAV—-TREIHETE S,

PV~ 7o RO LAH Y, coFETR~Z bk, SlEPRPOT0DT, W
Ww—THEEEL, - F v oo -7 D5lARE LI,

Fig.3.3® DO | ®FFEIE, ~7 bR TR IEERS 2B O CTERAAAA TR 585
L DI L AHERFTIEHD 2 o>ODOL—TAF B (Fig.3. 4 BR) . TOHER,
N TELES CEH138) M, v—ThoOROH LS ED NS PbEN D,

Tl v Nt dATEESNTOLES (T X v M AEEROBE) BE0ie, 480
ATHESHTOAESOHELIA (2L Y FHAZAROES) CaELE3RL 45N
BT HEAOHE AR L IO, EHRNELMSWICL > THEOGE 5 X510 L, L DHE
7 u—F v INPUTETZIL A Y b F—FDAHNFHICEy bFTEL I L7z, Fig.3. 4T
5 W AbBED T o 7S AERT,

9 75 vy varySIGMAY, SIGMAZ

SIGMAY, SIGMAZ L, ZhnFhitBEH o, kU o, 2HETE7 7 v/ 2 a Y TH %o

Fig.3.5 @4 U V7 MROL — T D TE B, V—THTT 7 v ¥ a v ESIALTO 55
BEFON—TEFENT PafbERED, :

EDR. <O MR THE 7 7 v 7 v a v EREHLTORHAICERAL, TOFZTN
2 rofl Ltze Fig.3.61~7 LD 7077 £%RT,

9 > wr sy SIGMAY 2+ 7 v—F v PATHSHIC, SIGMAZ 2 HOSET, PATH,
PATHS MIZ E N FNER L7,

3 4 7u—FHOSEI

MY F U ARUEIL N ) F Y AOBCLARIETAREAIT OV IV —F Y TH Do

HOSELIitA— T 15&65 (Fig.3. 7188 BEEL— 7ESINE[FNOTIDEET
BERNTEL G, £ TLEV—F v THBCHANGE LS » R ZER A v ¥ a v =T %504
At EBIC, M-TATBRULCVAE 77 v7 ¥ a Y SIGMAZZA—7THICEETFL, ~
7t L7z,

~a AL T o 7 5 8% Fig 3. 8 IR T,

@) 7 -5 CHANGE
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RERETE (WIERCHETE, BREHE, BITHE) oRfEET Iy T —F v Thb,

Fié.3.9 A Y F RO — TES AR T, &S 1000, 2000, 3500 @ v — FETFEN S
PR IR EEVWDS, COFEETR, v—7hik47r—F v (CGN, PATHS, PUFF)
DEEH LA H AT <7 b AL E L0,

FLTRADN—TAIDE (4T —F O LIS EEDRK) L, 7 —F O
I LA LA E~T bl L, 2oy T —F O LESRE, €0 70— F Vic
W T EB AR, U b ALEIT 5. Fig.3.1010 <7 b LD — TERERT
5 #+7—FPATHS '

BEETERO AR EHET Ay TV —F v Th b,

PATHS icidv— 7BV D THOSEL & ki L/ —F TS CHANGE Bv—7%
BLAAT~Y bt Lic, £ ) P F RO 7T 0 79 4% Fig.3.11ic, <7 P ERO 7 0 75
&% Fig 31210 d
B #7w—F v CGN

T LAY DBELEHBET ST —F VTH B,

Fig.3.13ic4 ) ¥+ MED T v 75 akirid, CHERLEL-THID2HE, LHALTD
=7 FINDOBRAA -7 ERILTTE~N M3 37034 THS, O£ E THEEL
éhﬁm@ﬁ.C@wiféééF?&%K.cmqu®w—7%CGNWKﬂﬂ&f&7b
Wb Uiz, =7 b aAiBO 7 0 7 5 44 Fig 3 14ITRT,

+7—F v CGIRGEBROBEEEL .

7 #oftho -~y +ft

FHEENBALITICRT

) BB LHEET («VOCL) 2FHL, ~7 bfbER -7,

i) TEEAESEL T EORAL - TRAEVES (RI10LT)  MEMRIEG,

LY, BAL—TEEB LAY, MUDONL —TEOHBERS WIESEF - TDANE

A HEIT-T20 Ui,

i —EHEL T THTEZORENE L CTLERT L0 THOGERIE, v

—IATHELTES, v—T7RTRERERYT HEANCE L,

EE Ly 7 —F v E&LTICRT,

BUCKET, CHANGE, DIVIS, EBCD, EXDOSE, GCONTR, GDRAW,
HOSEI. INPUT, INPUTC, INPUTE, INPUTS, MAIN. OFIG11,
OFIG12, OFIG21, OFIG22, OFIG23, OFIG3l, OFIG41, OFI1G4z2,
OF1G43, OFIG51, OFIG6L, OFIGT71, OFIGT72, OFIGT73, OUTLST,
PATH, PATHS, PRPLOT, PUFF, SEARCH, SETIN1, STATIS,
TMAX

3.4 EHEEROFME
~g AL L3 — FOTEEEAFF T 50 1 7 - X DHEBEEEB LI, SHEICHE
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ALEANT =513, BOEBAFICERALLT -y D550 15 —2TH% (FALAT 7
£50.03333 ()

AERERG, AU UFURE, N7 FARTR, BTRESEANS DREECR-FHLTY
i, ChE, N7 RET BRI —F Y D — TR FELIE | S IAA IS D QRES, 77 V7
v avABHIL, 2CON—TTRY ALERT > SOMEIL XD, FRIBFHE-> T 5T
ECERL TS,

Fig.3. 15153 O, ERHEIL L) F 0 ABEEEHOUIERO—HTEH S, IHMELUT
AHTEICES OS50, MOBAERICEOTE, ChUERE{EDLSDORE(, X2
i ERTEZEEDOLDTH S, |

3.5 NI BMUEHR

5 A EA Table 3.3 IR T, CHICEB E~NT F bR~ 7 FoLEtEE, AN Y
ﬁxﬂﬁ—ﬁ%KﬁNT94Az?ny%%3®)@#—XT&%%K,&%%5&)@#—
2T 6.91 fEicE b s i,

3.6 AEVUDEM

ORI D A B Y A RIL, AN T FURD A ® ) A X 368KBICEN, T320KB LK
AT h, L, 7 M ALFET, Thov—F vic By —F v O — 7 %51 EA%
Fob T A LRI LS 6 DPETH LS,

HEEFIORS I3, 4 SHFURTIRAS T L x ¥ P OFRKRE100, 28] L X v FDERA
B 2000 K B hE T D, 2Dk, TLA Y FORAM, A8V DREREE, Ha—F
TRALEDI ORI LT BLHIREFLITSHE, LOEERIEZLIORES ELBEDPD D,

3.7 SikOEHE

%@@W%Tm,%ﬁﬂﬁ%—ﬁﬁ@#iw—%v®&dﬁbW&%iﬁbho%ﬁ%%ﬁﬁ
ﬁ%—Fﬁ@#fw—%ymowT%Nﬁhwﬁ%%ﬁ?é?ﬁfﬁﬁtﬁ,%UV%»@TD
55 nOEMSEN TS Y, SEIRIFEERZX -1

stz e — FEOY 70 —F Vid Fig.3. 2 OABIETSTATIS U F o #8RTHE, Vv
5 A OHSEREEE — FEDY 70— F v EEECRCHTSED, ROy 7 v-F v 4%
(A

A EE — FEOY TA—F v AESS VLT 2881, BEEE- FRAOY T v—
5t~y b b L FE (R —F v Ou-T508 L, Fiv—F vicBiTas s FE)
PEATE S,



JAERI—M 90—138

Table3.1 Running time for each subroutine in TRIDOSE code

3 A b oA (%) 3R b G (%B)
YT F R (FALRT 5 T =0035333y | (FALAT 7" =0.00555

CPURR 1 %16 73 CPUK : #5116 53

FIND 63.0 63.3

HOSEIL 18.2 16.3

SIGMAZ 10.9 11.0

CHANGE 5.0 5.0

PATHOS 2.6 2.6

CGN 1.1 1.1

SIGMAY 0.5 0.5

BUCKET 0.2 0.2

FINDN 0.2 0.0

FIN 0.1 0.0

(FORTUNE w— iz £ 3)

Table3.2° CPU time for each subroutine of TRIDOSE code
#+7w—-F % | CPUEME #) | 1 £ (%)
FIND 214.8 £2.8
SIGMAZ 2.7 21.2
HOSEI 32.0 9.4
CHANGE 15.4 4.5
PATHS 3.4 1.0
CGN 2.9 0.9
SIGMAY 0.8 0.2
= it 342.0 100.0

(CPUBM @A L 5)
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Table 3.3 Vectorization effect on TRIDOSE code
A AT 7 1 0.03333(h) A4 AT w7 1 0.00555(h)
AN DF R N7 ERR | N7 R LR | A Y Y F R <7 b bR |~ R v EhR
ARG HE|\AHT—HE |~y FEHERA T -FHE| R AT -HE| NS FAGTE
CPU B f FP) |- 342.01 378,00 58.45 6952.06 7703.33 1006.56
VU B o ) 0.0 0.0 45.86 0.0 0.0 962.58
£ 4 1.0 0.90 5.85 1.0 0.60 6.91
~g bl (%) — e 98.7 — — 99.4
1/0 v # 1400 1401 1403 1422 1423 1425
AEVHHAREAKB) 3568 7268 7320 3568 7268 7320
/”'
«——— IL AV}
R0
(‘j-l/ auN—F AV
(hE¥n)
%
awN—FA UV
(%)
A S 4
Fig. 3.1 Maodel of TRIDOSE code
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MAIN —— INPUT INPUTC — FIN
INPUTE — FIN
INPUTS —- FIN
DIVIS
ELMMAP — CGN

- SETIN! SETINZ -~ SEARCH
INPUTE — FIN
SEARCH
STADCL
RAFUNC
— TMAX  — CG
L CHANGE —— CGN
— PATHS HOSEI FIND
SIGMAZ
SIGMAZ
SIGMAY
- FIND
— SIGPX
— PUFF FIND
SIGPZ
SIGPX
SIGPY
L. BUCKET
|- EXDOSE
— INTEG
. FILE - PRPLOT CGN
. —E GCONTR
EBCD
DBBUCK

OUTLST — QUTLN!

I SETINZ SEARCEH
T:INPUTBM—FIN

— STATIS CGN
FPATH FIND
f TrEme

BUCKET

l- ouTPUT — BE
Fig. 3.2 Tree structure of TRIDOSE code

SUBROUTINE FINDC(X3,Y3,-N)

c
INCLUDE ¢ ELMENT O
[o
c NN=NUMBER OF ELEMENTS IN ORIGINAL DATA
c NC=NUMBER OF CDORDINATES IN ORIGINAL DATA
C

PO 1 I=1,NN
IT=4
IFCNELMCL,4) . EQR.DY IT=3
DO 2 J=1,1IT7
J1=J
J2=J1+1
IF(J2.6GT.ITY J2=1
Ki=NELM(I,J12
K2=NELM{I,J2)
Xi=¥(K1)
Y=Y (K1)
X2=X (K2}
Y2=Y (K2}
ARAA=XZEY3Z-X3*¥Y2-X1xY3+X1xY2+X3Y1-X2x¥1
IFCAAAA.GT.0.) GO 7O 1
2 CONTINUE
6o TC 4
1 CONTINUE
N=0D
RETURN
4 N=]
RETURN
END

Fig. 3.3 Subroutine FIND of the original version
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*VOLL TOTAL,VECTOR
SUBROUTINE FIND( XLW, YLW, KW, Ns AAAA )
DO 100 I = 1, N
KW(lY = 0
100 CONTINUE
c
IF¢ NELMSW > THEN
DO 1 I=1,NN
po 1 L = 1, N
NNEL1 = XC(NELMC(I,13)
XNEL2 = X(NELMCI,2))
KNELZ = X(NELMC(I,3))
KNEL4 = XCNELMCI, 433
YNEL1 = Y(NELMCI,13)
YNEL2 = Y(NELM(I,2))
YNEL3 = Y(NELM(I,3))
YNELL = Y(NELMCL,43)
XLWL = XLW(L)
YLWL = YLW(L)
AAAACL,I-1) = XNELZ2*xYLWL ~ XLWL xYNELZ2
* - XNEL1xYLWL + XNEL1xYNELZ
* + XLWL *YNEL1 ~ XNELZ2=xYNEL1
AMAACL-I,2) = KNEL3=YLWL - XLWL xYNEL3
* - XNELZ=YLWL + XNEL2sYNEL3
* + XLWL *YNELZ - XNEL3I=xYNELZ
AAAALL,I,3) = XKNEL&=YLWL - XLWL *YNELS
* - XNEL3=YLWL + XNELI=YNEL4A
* + ¥LWL *YNEL3 - XNELG*YNEL3
. ARAAA(L,I-4) = WNEL1*YLWL - XLWL sYNEL1
* - XNELL=YLWL + MXNELL4x®YNEL1L
* WL WL sYNEL& - XNELI1*YNELL
1 CONTINUE
ELSE
END IF
IFC NELMSW ) THEN
DO 3 1 = NN, 1, -1
BO 3 L = 1, N
IFC AAAACL,I,1) .LE. 0.0 ) THEN
IFC AAAA(L,1,22 .LE. C.O > THEN
IF{ AAAACL,I,3) .LE. 0.0 ) THEN
IFC AAAACL,L,4) .LE. 0.0 )
KWiL) = I
END IF
END IF
END IF
END IF
3 CONTINUE
ELSE
END IF
RETURN
END
Fig 3.4 Subroutine FIND of the vectorized version
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DO 1000 I=1,NDIV

S§Z = SIGMA2( EEL, ECL, IR )
IF{ HH.ER.0,0 .AND.SSZI .GT. ALID*0.7979 ) SSZ = ALID * 0.797%

.

1000 CONTINUE

Ccecocs CEEccs o o< < w

< =

v
v

S

Fig. 3.5 Function SIGMAZ of the original version

*VOCL LOOP,NOVREC
DO 1000 I=1,NDIV
DD 5002 LKLK = 1, LKMX
LK = INDX( LKLK »

G-= AAL(ICL) * EELW(LK,I>*»BB1(IlCL)
1 /0 1.0 + ARZ(ICL)Y * EELW(LK,I)=*xBB2CICL) )
CEDY1 = (C1<{IRY = EELW(LK,I)*#*DDICIR)
CED2 = CC2(IR) = EELW(LK,I)=xDD2{IR)
IF(C Z0CIR) .LE. 10.0 ) THEN
FW = ALOG( CED1 s ( 1.0 + CEDZ2 ) )
ELSE
FW = ALDG¢ CED1 * ( 1.0 + 1.0 / CED2 ) )
END IF
SIGZ = G = FW
IF¢ S5IGZ .LE. 1000.0 Y THEN

S8Z = §IGZ
ELSE

§5Z = 1000.0
END IF

IF{ HH .EQ. 0.0 L.AND. 557 .GT. ALIDW ) THEN
582 = ALIDW
END IF

5002 CONTINUE

[
1000 CONTINUE

Fig. 3.6 Function SIGMAZ of the vectorized version
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SUBROUTINE HOSEI

DX = ¢ X2 - X1 )
DY = ¢ ¥Y2 - Y1
DL = SQRT( DX=%x2
EEL =0

XL = X1

Yl = ¥i

FACH = 0

FACT = 0 -

DO 1000 I=1,NDIV
EEL = EEL + DL

CALL FINDC XL,
IFC K LGT. 0 3
VH = VDH(K?
VT = VDT((K?

IR = ITRHC N
ELSE
VA = ©
VT = ©
IR = 1
ENDIF

§52 = SIGMAZ(
IF{ HH.EQ:!0.0Q

BUNB = Hxx2 /
IF¢ BUNB .LT.

FACH = FACH
FACT = FACT
ENDIF

XL = XL + DX
YL = YL + DY
1000 CONTINUE

FACH = HTO x (

1 x
FACT = QTRI = (
RETURN
END

JAERTI—M 90-—138

( MTO, GQTRI, %1, ¥1, X2. Y2, K. FACH, FACT

/ FLOATC(NDIV)
/ FLOAT(NDIVD

+ DYxx2 )

YL, K )

THEN

BUC(KY

EEL, ICL, IR >
LAND.SSZ .GT. ALID*0.797% } SSZ = ALID x 0.797¢

(2.0x552%%2)

170.0 .AND. SS52 .GT. C.0 > THEN

+ ( VH = DL ) / ¢ SSZ = EXPC BUNB J )
+ C VT = DL Y / € SSZ = EXPC BUNB D) )

EXPC(FACH)x%{ ~SQRT(2.0/3.141593) / UBAR 1)}
EXP{ -KTA = (DL/UBAR) )
EXPC(FACTY**( -SART(2.0/3.141593 / UBAR J)

Fig. 3. 7 Subroutine HOSEI of the original version



< <<

LS R S o R L o

< < [ g 4 Ll ol i - < CceS g w

L

< el

<

JAERI—M 90—138

*VOCL TOTAL,VECTOR

1000 CONTINUE
[o

*VOCL LOOP,NOVREC

D0 5003 LKLK = 1, LKMX
LK = INDXC{ LKLK D
FACH(LK) = HTOC(LKY # (EXPCFACH(LK))ex UBARZ )
1 +  EXP{ —KTA % (DLW(LK}/UBAR1) )
FACTC(LK) = GTRICLK) % (EXPCFACT(LK}}*+ UBARZ )
5003 CONTINUE

RETURN
END

Fig. 3. 8 Subroutine HOSEI of the vectorizad version

)

)

SUBROUTINE HOSEI( HTO., QTRI, X1, Y1, X2, Y2, H, FACHK, FACT,
¥ INDX, LKMX, KK, AAAR )
L]
DD 5000 LKLK = 1, LKMX
LK = INDXC LKLK )
C
DXWOLK) = ( X2(LK) - X1(LK> ) * FNDIV
DYW{LK) = { Y2(LK) - YI1(LK) 3 * FNDIV
L
DLW2 = DXWOLKI*DXWILK) + DYW(LK)*DYW(LK}
DLWC{LK} = SQRT( DLWZ )
c
FACH(LX) = 0
FACT(LKY = 0
5000 CONTINWE -~
Do 1001 I = 1., NDIV
bg 5001 LKLK = 1, LKMX
LK = INDX{ LKLK 2
EELW(LK,I} = I x DLW(LKD
XLWCLK,I) = XL1(LK) + (I-1) » DXW(LX)
YLW(LK,I) = Y1C(LK) + (I-1) * DYW(LK}
3001 CONTINUE
1001 CONTINUE
CALL FINDC XLW., YLW, KW, NDIV*xKK., AAAA )
C
*VOCL LOOFP-NDVREC
DO 1000 I=1,NDIV
00 5002 LKLK = 1, LKMX
LXK = INDX( LKLK 2
IF( KW(LK,I) .G7. QO ) THEN
VH = VDH(KW(LK,IJ})
VT = VDTC(KW(LK,IJ)
IR = ITRH{ NBUC(KW(LK,IJ})
ELSE
VH = 0
VT = 0
IR =1
ENDIF
C
G = AALLICLY = EELWC(LK,I)>»#BB1{ICLD
1 /0 1.0 + AAZ2C(ICL) = EELW(LK,I)*=xBB2CICL2 )
CEDP1 = CC1C¢IR)Y x EELW{LK,I)**DD1(IR)
CED2 = CC2CIR) = EELW{(LK,I)*xDD2{IR)
IFC Z0CIR) JLE. 10.0 ) THEN
FWw = ALOGC( CEDY1 /7 ( 1.0 + CED2 2
ELSE
FW = ALOGC CED1 = C 1.0 + 1.0 / CED2 ¥ )
END IF
SIGZ = G * FW
IFC SIGZ .LE. 1000.0 > THEW
’ 5852 = §51aG2
ELSE
§§Z = 1C00.0
END IF
IF( HH .EQ. 0.0 _AND. SS8Z .GT. ALIDW )} THEN
552 = ALIDW
END IF
c
BUNB = HxH / {(2.0*SSZ%x552)
1F( BUNB -LT. 170.0 .AND. S5Z .GT. 0.0 ) THEN
FACH(LKY = FACHCLKY + ( VH = DLW(LK} ) / ( SSI * EXP( BUNB
FACT(LK> = FACTC(LKY + { VT * DLW(LK> » /¢ ( 55Z x EXPC BUNB » )
ENDIF
5002 CONTINUE
C
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SUBROUTINE CHANGE

+

IFC PPFLGC1:4Y L NE. 'PUFF™ ) THEN

4
DO 1000 I=1.NNN
. CALL CGNC I, X2, Y2 )
XXX = X2 - XA
YYY = Y2 - YA
XD = XXX x COSCANG) + YYY * SINCANG)
Yp = TYY *x COSCANGY - XXX ® SINCANG)
YD = ABSC YD )
c 1
IFC XD .LE. 0.0 ) GO TO 1000
c
X2 = XA + XD * COSCANG)
YZ = YA + XD x SINCANG)
C
EEL = SQRTC ( XA - X2 J)**x2 + { YA - Y2 )x%2 )
. IFC EEL .GT. RL1 .OR. EEL .LT. RL2Z > GD TD 1000
3 CALL PATHSC 'F’, QHTO, GHT., XA, YA, X2, Y2, YD, AREACI), 1)
1000  CONTINUE '
c
ELSE
C .
DO 200C I=1.NNN
CALL CGN(¢ I, %2, Y2
RLT & SQRT( (PX-X2)%%x2 + (PY-YZ3xx2 3
IFC §SXx4 .LT. RL1 ) GD TD 2000
YD = ABSC (Y2-YA)*COSCANG) -~ (X2-XA)*SINCANG) )
CALL PUFFC GHTD, GHT., XA, YA, X2, Y2, YD, I, EEL )
C
2000  CONTINUE
ENDIF
¢
DO 3000 I=1,NNN
IFC @Ktly .LE. 0.0 3 GO TO 3000
CALL CGNC I, X1, Y1) '
¢
DO 3500 J=1.NNN
1F¢ I .E@. J > THEN
IF¢ HH .GT. 0.0 )
1 ATRH(J) = AIRHCJY + QH{J) / ( SART{ AREACJY ) % UBAR = HH )
¢
ELSE
CALL CGNC J, X2, Y2 7}
XXy = ¥2 - X1
YYY = ¥2 - Y1
XD = XXX * COS(ANG) + YYY » SINCANG)
YD = ABSC YYY x COSCANG) — XXX = SINCANG) )
¢
1F¢ XD .GT. 0.0 ) THEN
IFC ¥D/XD .LT. Q.5 ) THEN
X2 = X1 + XD *= COSCANG)
Y2 = Y1 + XD = SINCANG)
c
CALL PATHS('#', GH(I), 0.0, ¥X1,71, X2,Y2, YD, AREACIIJD
c
ENDIF
ENDIF
ENDIF

3500 CONTINUE
3000 CONTINUE

RETURN
END

Fig. 3. 9 Subroutine CHANGE of the original version
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£V0CL TOTAL.VECTOR
SUBROUTINE CHANGE( XC, YU, ARRR )

-

NNN
0.0
.0
0.0
QHTO

DO 300 I =
AIRHC(I)
AIRT(ID
WD
QHTOWCID
QAHTWCI)
XAW(I)
YAWCID)

300 CONTINUE

nn s g un -
~

L SO -

o0

CALL CGN{ NNN, XC, YC O
IF( PPFLG(1:4) .NE. 'PUFF' } THEN

LK = 0
v DO 1000 I=1,NNN

XCLLY — XA
YC(I» - YA
XXX * COSANG + YYY = SINANG

XXX
YYy
XD

< e

B onon

IFC XD .GT. 0.0 ) THEN
YDOWl = YYY % COSANG - XXX * SINANG
YOW(IY = ABSC YDW1 )

el S 4

XA + XD x COSANG
YA + XD x SINANG

X2W(l?
YaWw (Il

< <

EEL2 = (XA-X2WC(IX)x(XA-X2W{1)) + (YA-Y2W{I) YR (YA-Y2U (D)
EEL = S@RT( EEL2 ?
IF( EEL .LE. AL1 .AND. EEL .GE. RLZ ) THEN
LK = LK + 1
INDXCLKY =1
ELSE
END IF
ELSE
END IF

Lol ol

L g

C
v 1000 CONTINUE
LKMX = LK
CALL PATHSC "F', QHTODW., QHTW., XAW, YAW, X2W. Y2W, YDW, AREA,
* NNN, INDX- LK, AAAA 2

ELSE

LK =0
DO 2000 I=1,NNN
RL12 = (PX-XCCID)x(PA-¥CL{LYY + (PY-YCLI))*({PY-YCLI))
RL1 = SGRTC RL12Z 3
IF( S8X4 LGE. RL1 > THEN
LK = LK + 1
INDX (LK) = 1
YDWCIY = ABSC (YCC(ID=YA)sCOSANG - (XCCIX-XA)*SINANG )
ELSE
END IF
2000 CONTINUE
LEKMX = LK
CALL PUFFC GHTO, QHT, XA, YA, XC, YC, YDW, NNN, EEL., INDX, LKMX.,
% AARAD
ENDIF

- il o i

Fig. 3.10 Subroutine CHANGE of the vectorized version



DO 3000 I=1,NNN
IFC @HCl) .LE. O.

w

IF( KH .GT. 0.0
AIRH(I) = A

EHD IF

=0

DO 3500 J=1,NNN

RS N el < W

<

=

IFC I .NE. J 2
XXX XCLJ3
YYy YCOOdd

YOu(

JAERI—-M 90—138

GO 70 3000

IRH{I) ( SART( AREACIY ) = UBAR =* HH )

+ YYY x SINANG

XKD = " XXX x COSANG
J XXX * SINANG

Y = ABS( YYY x COSANG -

IF¢ XD .GT.
IFC YDW{JY /XD

XZWdd) =
Yaw(l) =

XD x CDSANG

LK = LK + 1

INDX (LK)
ELSE
ENDIF
ELSE
ENDIF
ELSE
ENDIF
QHW D)
XCWEH
YCWLSD

QHC(IL>
XCC(IL?
YoCI?

un 4« n

CONTINUE *
LKMX = LK
CALL PATHSC "=',

[ T -

NNN -

3000 CONTINUE

w

RETURN

Subroutine CHANGE of the vectorized version ( Continued )
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SUBROUTINE PATHS( CALFLG, HTD, GTRI., X1, Y1, X2, Y2, YD, AR, KK

CALL HOSEIC HTO, QTRI, X1, Y1, X2, Y2, HEIGHT, FACH, FALT

C
EEL = SERTC( (X2-X1)*xx2 + (¥Y2~-Y1)*x2 )
[
$SZ = SIGMAZ( EEL, ICL, ITRHC NBUC(NEWFRO{(KK)) 1} 2
IFC HM .EG. 0.0 .AND. 552 .GT. ALID*0.797% > SSZ = ALID x Q.7979
" 88Y = SIGMAY( EEL., ICL )
c —~
IF( CALFLG .NE. "F" ) S5Y = SQRT( S5S5Y=x2 + AR/I4.5 }
CALL = 3.141593 x SSY x SS5Z x UBAR
CALH = EXP( -0.5 = { HEIGHT==x2 / §55I%x2 ) )
CALY = EXPC -0.5 = ( YD *x2 / S5Y*x2 ) )
c
AIRH(KK} = ( FACH / CAL1 > = CALH * CALY + AIRH(KK)
IF( CALFLG .EQ. 'F' ) AIRT(KK) = ( FACT / CAL1 > = CALH =* CALY
c
RETURN
END

Fig. 3.11 Subroutine PATHS of the original version

*VOCL TOTAL.VECTOR

SUBROUTINE PATHS( CALFLG, HTO. QTRI., X1, Y1, X2, Y2, YD, AR, KK,
x : INDX%, LKMX, ARAAA )

CALL HOSEIC HTO, @TRI, X1, Y1, X2, Y2, HEIGHT, FACH, FACT,
* INDX, LKMX, KK, AAARA )
C
*+VOCL LOOP,NOQVYREC
D0 1000 LKLK = 1, LKMX
I = INDX{ LKLK 3

(K20 =-X1(ID 0 (X201 -X1CI)) + (YZ2CID-Y1(I¥i={¥Y2(I3-Y1(I))
SQRT( EELZ )

FELZ2
EEL

not

G
1 1.0 + AA2(ICLY » EEL*=xBB2(ICLY )
IRW ITRHC NBUCUNEWFRO(IJY D
CED1 = CC1(IRWY # EEL**xDD1C(IRW}
CEDZ = CC2(IRWY x EELxxDD2C(IRW)
IF( ZOCIRW) LLE. 10.0 ) THEN
FW = ALOGC CED2 f ¢ 1.0 + CED2 ) 2
ELSE
FWw = ALOG( CED1 x { 1.0 + 1.0 / CED2Z2 ) 2
END IF ’
5IGZ = & = FW
IF¢ SIGZ .LE. 1000.0 ) THEN
8§82 = SIGZ
ELSE
§5Z = 1000.0
END IF
IF¢ HH .EQ. 0.0 .AND. 551 .GT. ALIDW ) THEN
SSZ = ALIDW .
END IF
SSYW = CCI(ICLY = EEL / ( SQRT¢ 1.0 + 0.0001 = EEL > 2

~

AALICICLY = EEL*x*BB1C(ICL)
{

IF( ICALFW .NE. ICALFD ) THEN
SSY = SGRT( SSYWrSSYW + AR(I}/14.5

ELSE
58Y = S5YW

CALL = 3.141593 * S5SY x S57 = UBAR

CALH2= -0.5 * ( HEIGHT*HEIGHT / (55Z%552) ?
= EXP( CALHZ 2

CALY2= -0.5 « ¢ YD{IX=*xYD(IJ / (§SYa§5SY¥) )

= EXP( CALYZ2

AIRH{I) = ( FACH(IY / CAL1 3 * CALH = CALY + AIRHC(IZ
IF¢ ICALFW .NE., ICALFD ) THEN
AIRT(1Y = ( FACT(I> / CAL1 ) % CALH = CALY

END IF
1000 CONTINUE

RETURN
END

Fig. 3.12 Subroutine PATHS of the vectorized version
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SUBROUTINE CGNCL.XC-YC?

INCLUDE ( ELMENT D

NNN= NUMBER OF ELEMENTS NEW (SUBDIVIDED) DATA
NNODE=NUMBER OF NODES IN NEW (SUBDIVIDED) DATA

NEWFROM(I} = INDEX OF ORIGINAL ELEMENT IN WHICH

IT=4

IF(NEWNDOD (I,4).EQ.0> 1T7=3

SUMX=0

SUMY=0

DO 1 K=1,1T-

J=NEWNOD (I,K3

SUMX=SUMX+XNEWCJD

SUMY=SUMY+YNEW(J)
1 CONTINUE

XC=SUMX/FLOATC(IT?

YC=SUMY/FLOAT(IT?

RETURN

END

Fig. 3.13

vOCL TOTAL,VECTOR

SUBROUTINE CGM{IXCYC,XC-YC)

INCLUDE ( ELMENT )
NNN= NUMBER OF ELEMENTS NEW (SUBDIVIDED) DATA
NNODE=NUMBER OF NODES IN NEW (SUBDIVIDED) DATA
NEWFROM(I) = INDEX DF ODRIGINAL ELEMENT IN WHICH

DIMENSION XCCIXCYC),YCCIXCYD)

Do 10 1 = 1, IXCYC

IF{ NEWNOD{I.4) .NE. 0 ) THEN
SUMX = XNEW(NEWNDDC(I,1)) + XNEW(NEWNODCIL.22?
* + XNEW(NEWNOD(I,3)) + XNEW(NEWNOD(I.4)?
SUMY = YNEWCNEWNDDCI,12) + YNEWCNEWNDRCI,r2))
* + YNEW(NEWNDODCI,3)) + YNEWCNEWNODC(I,4))
XCLIY = SUMX / 4.0
YCCIY = SUMY £ 4.0
ELSE
SUMX = XNEW(NEWNOD¢I,1)) + XNEW(NEWNOD(I,232
x + XHEW(NEWNOD{IL3))
SUMY = YNEW(NEWNOD(I-13) + YNEWC(NEWNOD(I.23)
* + YNEWCNEWNOD (1,3))
KC(I) = SUMX / 3.0
¥YCCI) = SUMY / 3.0
END IF
10 CONTINUE
RETURN
END
Fig. 3.14 Subroutine CGN of the vectorized version

T

IS

Subroutine CGN of the original version

110

15
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HTD AIR CONCENTRATION

HTO AIR CONCENTRATION ( BQ/M3 3

TIME AFTER DISTANCE (M) { SECTOR=12 )
RELEASE 100.000 250.000 500.000 750.000 1000.000
0.033H 1.1520E~17 3.6813E+06 4, 4933E+08 0.0 0.0
0.150H 0.0 2.6267E-27 1.1865E-03 7.8539E+00 1.2357£+03
0.167H 0.0 2.5909E—27 1.1700E~03 7.7443E+00 1.3&61E+03
0.233H 0.0 2.5535E-27 1.1536E-03 7.6362E+00 1.3274E+03
0.300H 0.0 2.5183E-27 1.1374E-03 7.5297E+00 1.3089E+03
{a) &) JFIVhR
HTC AIR CONCENTRATION
HTG AIR CONCENTRATION ( BQ/HI )
TIME AFTER DISTANCE (M) ¢ SECTOR=12 )
RELEASE 100.000 250.000 506.009 750.000 1000.000
Q.033H 1.1520E-17 I.6B1DE+04 4, 4933E+08 g.0 0.0
0.100H 0.0 2.626§E—27 1.1865E-03 7.8541E+00 1.2357E+03
0.167H 0.0 2.5902E-27 1.1700E-03 7.7444E+00 1.3462E+03
0.233H 0.0 2.5540E-27 1.1536E-03 7.4364E400 1.3274E+03
0.300H 0.0 2.5184E-27 1.1375E-03 7.5299E+00 1.3089E+03
i
bl <7 bofbiR
Fig.3.15  Computed resulis for the density of tritium oxide
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4. VIENUS 2= FO~7 b it

41 I—FOBEE

FEAAME S FIMEAT 1 — K VIENUS (Visco Elastic Stress Analysis Code) ™ "k, =g T
SEHERTT IR DB N ENEEEY OB - BT Z 8T T 2o, R TRREsNIa - FTH
Bo

EEpR i, ST REN L o b RET i, RIRIKBVTH 7 Y - TEEER
4, STEZLC L BB OTARU Y ) — T L BRE 7 ) 7O TAREHOTAEL TEE
thitt T DR & dickEme 2, B 7 Y — 7O ARFERRCENMEIAGRREBICSH L L&
RESAFERT 50, ETROEIEBRMESERE ORISR LS L, BEUSA I
BRI L, BEIEHERE S5, SR LERBMIE OBREBEY DORETICE
WTiE, B RSk T A EAeSEELS S, VIENUS 2 — Fid, 25 288E00
By - IR AT AT S oDICHB EN T 5,

4.2 #HBHEAHER

DG — DT ABERRARATHEENEY,
{o}=0[D){ee} (4.1

CCTID IS w2 ATHD, —RRCBRERTFTHL, {0} BEEDTAHTH S,
SOFAES {de ) id, T O ALY {dee JEROT AES{A? Y, 7 -7 VT ABS
{dec}, BEHOTH {dev} OMELTISAL N5,

{de y={dee }+{de? }+{dec }+{deW} (4.2

Fo il U

-
tae?y = [ 7 {a@ar

~~d (Tis1) (Tis1—Te) — @ (Ti) (Ti—To) (4.3)

X (41) BHHBTRT &

¢lD)
aT—dT{ds}

=[DJ({dee} ~ {de?})

{do}=[DJ{des}+
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—[DI({de)—{def)—{dec}t—{dev}—{ae?}) (4.4)
- 0 -1
2T, {def )= [aDTj {o}dT

Ufets»C, MEOEHARERNE LTRAN BN 5,

{de)=[D)({de}){de?}—{de¥}—{dec}—{dew}) (4.5)

4.3 HREXRICKBENE

BT RERE A2 (£(4.5)) REMLINI-ARERATHRY I 2&T 5, ARERLHIL
T AWEOETMA [dule &2 s, EHXEANLA {40} BHIBMEEINIAHNTRO L S ITERD
'@.’%(g)o

{dd}={N] {du]) (4.8)

DEHIIEENEN {(df ) OEMIKET 20 THOA (4.6) 25

{de} =(B1 {dul (4.7)
rRb¥ 5,
(BB [ A
t+4t .
[ 4s)(derdv="""{R}{du) (1.8)
VS
LT
LS} =4{S} + (do} (4.9)

("{ S} EM% t TR
 (4.5) #&BELT

{de}=(D)({de}— {des }) (4. 10
{deg} = {def) +{de?} + {dec} + {dew} (4,11)

L, BOTA, 7Y -70TH, BRHOTEE, O TAEALL {deg) EFCG
& (4.8), (4.9, (4100 &b

[KJ®{duje="trt{R}e—t{F)e I {F"}¢ (4.12)

cow, (K1 REREMEw 72, VOEOS EA0ES [de b Kk AEMTANT
H5.

(k)= (BI"LDI(BIAV (4.13)

\
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,HPWQZJ;[BT7WS}dV' (4.14)
teatpprye = [ CBITCDI(dse}dV (4.15)
ve

X (4.12) 22KOBRIEH>VTERT L&, ROBKEFEHAELER 2,

[K){du}=t"YR}-HF}+t9{F"} (4.16)

4.4 N PFIEOEE

VIENUS = — Fitid, BEEESH 7o 7D 1/6 €7 VERBITHRE LT o746 L1/2
EFALAEN NSRS L7 e Y5 a0 2BEPE D,

Mg NS N ALE O T a5 L1/ EFARADATH -1, TDT BT T LENT R
(b L#§E3, 6. TSoMasR AR, F2TA Y ¥+ Tl CPURRBAE (57w
HITTEE P77, LOEBEBODEFAUCGEOL/2EFMCOVTEITBELALNEVIEERSLD,
1/28F MDA —AILDOTE, 7 hbET-7e 2L, 1/2 87 VAR 5720108
ROMBEEEDH -1,

@ 1/68FNFD~7 P AARTE, YR~ P ERAVEZEEERBA LD, TOHE
AFDEFI/2EFMCERTSE, YR MRFISAELD, A2 Y BIOMBLLEKKES,
FDHHETLIC 0,

@ 1/6eFVATAr5LE, 1/22F 7007 LIC3ETREZENVES, TO
Bt BRI MR > T 4.

CNome EAEELT, 1/2xFvEO~T b A EBNCER L7,

4.5 1/6 EFIRTOYSALICKT EENEEDH

TR BT ST ERS DS A TS, FORTUNE v - EEHLE 7 v—F Vic

SWTHEAIT - teo EHLEANT 5B 1/6BBEFLTHS, TDOEREFig.4 11KRT,

rORED, #7—F XOLSOLM8T2% 6D 32 &3 NYD, L >OH T —F
YD IR PEBTBLLIIEZDT, Lok ~y LD RE LT,

Table 4. 1iIce N L0 7 —F » 5P+ CPUBRART, cOXRIEA ) YFRT s 7
LEVP—100 LT2H 7 — (OPT3NHELLESE, <7 PR LZBESOHERREZR

LicrbDTH L,
% 7o Fig, 4. 2 WAREEE RS,

4.6 1/6 TFILETOTSLICHTENY PIEAE
(1) #+7w—F»XOLSOL
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#+7—FXOLSOLE, AA4 74 yECIDEN—RAEREBS T V—F VThH
Do ZOWT—F A4 VFARETES N7 AL LB TR FESELENS, L
L, EieEELd 2B 2 rOFVIL—7 (Fig. 4. 38R) K50 T2 M AfbF 2 —
=T RER LI,

AHA G A VEOEBREFMAXAKA v 7oy ARRELTEE, Tox ) —ZHHL,
AT AL AHET ASIcH S, VIENUS 0 — FEREY AR E# g (XO0-
LSOLMIMETTEZEICA VT o7 ZAFFEALTHL, LALEEL, A Y77 2F1
H A LB CERELN LD, BHICA Y F o7 228 L, ThERELTETE
FNLBDA v 7y 2 AFESERT S LB TE S,

BRENICIE, 240 D — THOBRHOHFHLAN L, 300 O/ —TOEAE TEEHBEDOHRE L
7z (Fig.4. 4 1) .

BENEE, PB4 v 7y 7 2% ) X FEAICEBMT 2+ 70— F v XOLIST 215K
L, ZOXOLISTTER LAY R M EEALCHERTHH 70— F » KOLSO2 Z5IICAF
WLl &THS (Fig. 4.5, Fig. 4.6 BH) .

2 #7a—F 2 XOLIST

XOLIST® U R MER#S% Fig. 4. 505,

Z% JONT 12, 240 3 b — 7 TARMN ] 25IE & 7 BERE H~ B 7o i By D Fe. Lk

MNJAIEDEDED 4, 300 D —FEETTE06THD, £/, LOXEMFEHETHE

DA VT2 AKU, ICOMAE Y R MURETALEPSLOT, Y X MEFILISTAZ&HD

t- 1 >OEFILISTT, 22004 Y57 w2 ADBAFEETE S, ZO8EHE, SEERL

FAHF 5 DS, v—7HIENE JOREGESTable 4 20X DITEELLTH L, LD

Foh, LISTIC 1 DFEGDA v 7y 7 2% LIES . FigdTokdic, EL¥H LA

AIRAFERA LS WY, X E)DLASDEES, HTEIDEMBICEDA ¥ 7y 7 Rt

T2 = Ol LS,

240 D — FOERD DE LK JCNT & ) A& L TRET 2080860, ) =2 MEH
LISTOZE X BFiciRE L7z, NOBEERELTIOEA &S50, LISTONICHAT S
TR 1 DOFBECTNEDLLTHD, COLDEBE, LISTOhRIEFig.4. 80X 515,
3 #7a—-FX0LSOZ

XOLSO2 MY R b %&{f - 7237 B9 % Fig. 4.5 IR T,

# 7 —F  XOLISTTER L7 A P2 H-THEST L0 Y P FrhR@ XOLSOL
DU DN—THNDS VT 7 RAAEEHRRETAELT -1,

Tt A UFURT TS F AD300 D —-TOERICH -T2 AKNFTIC)=A (KN+IC)
+Cid. CHEFAMLL, 240 v — T OMCHERE <Y bVLERTE % (Fig. 4.6 28D,

F ) UF RO 240 D —THTR, CEE RNV TRH LD PVILEETSE
i o7z (Fig 4.4 28 .

LOFT—Frh, FEA Y IFURXOLSOLICHIET %,

@) #+7w—-FCSTR2
CSTR2 R, 7Y VFMRTIHEXOLSOQLDE LV —F Y THb, ~7 bR THE, XOLSOL
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HXOLISTRUXOLSO2 @A TWd&oicLiz, AL, XOLISTR, 7oz
SADEFERBOT, 1EOAETING,
5) Doy Fv—F v

7 —F v XRESM, XDDBAN, XUNCT2, XREEPE, WRITE, XERIQ., XUADS
XDEF 3. S k&t (+VOCL3) OfAIL LD E# Lzl -7,

4.7 12 EFILATOYSAICTT DERIEERSH

1/2FBOTRI5ald, 1/6FFLANT FURT 0/ 7 2ICETOEESMA 607 d
DCHb, LPL.COFTTORETRA v ¥ 2 HBE DT, )R MEBRETE, E
T4 BHicid, OMBU LOFEANEL420T, EROHER 2 FLE2ERTLES,
FITLIC g

FoT, 1/6 7 HOY 70 —F XOLIST, XOLSO2 3 ERAE 4 ) Y+ uiRkdXOLSOL
2Ot A A L/

BEHER, 1/6 =FVvHOF -4 A2FRL LY 7 —F vDOVP-100 EOCPUS 1 &%
HIED A itk b,

$EEE, 1/6 €F AT UL T A0S IRENEIRE U TH 55, v 7 —F ¥ XUADS Tit
$7 192 HRRIEM L T I,

48 1/2FFIB7TATSLICHT BEAY MLESE

(1} +7—F v XUADS

XUADS D 1/BEFLDRT AR E 1/2FFD~<7 b AbLROZE N, 50D 0 — 7]
BOLTONL—~THS, Fiic s\ —70Ni ol ETH5 (Fig. 4. 981 ., oD
EALIAD D —F 4 v FIIRIERILKEOT, CD4HFELV-TDCPUS A LB IN LAzl i
5B, _ :

<y AEFRRAMIO L E JOor—TO—EBILBLUARDOL - EDANBITH 5.

~7 b FBEDEOD L — 7 A Fig. 4.101Rd,

1, J—7%Bed2mic, 1O4 YTy o RERETEY A FILST, E#EC] DA
VT AERETBEYANJLSTARG 12, 41 V7 v 7 A0 YR MEERT 5700, Fig.
4 0EFRT LSO~ TR0 NA . T D~ IE ND D EHAE O ZITEO
NDOMEEE U SE, [, JOVA MERICER L 5, £ THREREEDL (T BB,
NDAHE&EEUERLS, VA MEFHELEOVLIKIFXED0 A 1HFEONDDHE
S WENDOLDIKHEEsNRTWA,

(2) 4 7—F v XOLSOL

XOLSOL EBWTHL/6EFLDNY bABDER S84 ¥ Ty 7 AFTERIDY A b - <

5 ALIRE R A E ) - AN EETEOTHRATETV, 24T, BMBE~7 FURELT

XOLSO2 ZErk L7z,
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AU T Fm300 D —-TOERICH S EMAA (Fig.4d328R) &, CEEIMLTNE,
240 DN —TOHNCHTC EWTE, SO PR TE S, Mcligiodicid g v 7y
ZAICHDYN A PAESIFIUTIEL L0, w— 73 JICELTODADY) X FEDT, #
EVHEEERSFHESE, COHSD 7o 7 6% Fig 4. 111TRT,

49 1/ORBOHIR

(1) AU IF RDEIK

ANV YFAMR (1/2FF0, 1/6 € F VB0 36) Tk BB 7 7 4 %1048, PLOT
B 7 740, POSTHHEAZ7 s A vEK1MH, AT %23EFHLTHS,

AFIF =5 1/6 ®FWHF —4 Tk T/0BES 139811 Bl&FFFEICE b,
(2)  I/0[E#EIR DT

[/0EHAER S 7o FEEEAAM S (VIO /FHEE) 2H L, BAEOHR. &
Fld 2P 7 » A L%, 3, 7, 8, 12, 1306ETHE, cHOHEEA7 » 4 1%
VIO/FALL 7z, ¥ a 7THIBIX%E Fig. 4. 121CmR T,

VIO/FEEEAGH LSV 7 » 400 T/OREEHIRT 37cdic, BENTHESHLTO
ZPLOTH®F =4 DT B v 744 XEEK (F 1) ¥ F AR 13700 234 b BB 32743 /¥ 4
F) i L7ce

410 ETEHROFE

ANF =2 LTRI/GEFALAF—FZE2MHLT, AV PFURAAD 7 R E~7 ik
R~ M AGTEOFERE (PLOTAT—9) &L,

PLOTHF—% &id, BHOHMAE-T/ ) —7HPEETOLBETET oy +T570ODTF
-4 THb,

1/6 7 VOHBHEEC DWTR 1y B AMMEE LK (Fig.4d 138M) . LALE
EDA - B LXK HOTHEHBEI TAEYTHELEEL D,

/2 EFL20TE, SERKREETE L1,

411 XY RILEHER

1) 1/6 =7
1/6 € FVADATF 5 EZROT~7 PR EZME Lz, £D#E% Table 4.3 IR
T, CHRUTE B ENT paAbR NS P ETEE, A ) Y FARAS T - RICHATET0 I
b sk, 50, 1/0EEIZF 1/90 T Lz, 4, &Y 7 v—-Fromiflfz
Table 4. 41T g. &7 TXOLSOL O~ kaftiRTO CPUBRIZ XOLSO2D & DTH
%o
9 1/2®Fn
1/2EFWVEDAHF — & EROT~7 b IALRDEEZRE Lic, €DFR% Table 4. 5
39—
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KCET, A Y UFRAS 5 —HER CPURRRA 180 4L b0, 1/0M# S 2077 E AL

THBDT~T bodl, 1/OEROREFIITAE O,

412 "

1/6=F AT At /287 VE 7ol 7 oDy b{teiTot, 1/6 T WETD
55 MCEE L~y oAb R, (A2 ) EEECRKE Y (0MB) 2oz, £D5F 1

/2 TR LGEHAT L EBTELE LT,
FrTEERETEROARIEL LTI/ FVET ST LAKEE U~ b bR
(#+7—F v XOLSOLD Y A b~z badk) 2 1/2 277005 sicEHSERTLE
Lo A, CPUBTIS /40839 T, 1050 LOEEM L TH =1, fE-T, Skx &) Offi
HIRAEMAN ST, 1/6 27 VA7 0 s 7 MCERA L~y blEEE /287 0ICh

WHT H5XETH L,
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Table4.1 CPU time for each subroutine of SCRYU cede

RAA TR ~ 7 b g E
FTN=F Y CPUS 4 & | #[CPUS 44 |[VU & 4 & |t 5 F

(308 (%) (T U (V) (%)
XOLSOL | 2065805.879 | 89.27 | 350216582 | 128828.752 | 56.00 | 5.90
XDEF 122553.890 | 5.30 | 132020758 |  23066.916 | 21.25 | 0.92
XUADS 65630.404 | 2.84 | 75689.215 | 16508.805 | 12.01 | 0.87
XERIQ 13316.610 | 0.58 |  16894.419 3875.086 | 270 | 0.79
XREEPE 12540.301 | 0.54 | 13528.153 907.758 | 2.16 | 0.93
XDDBAN 10114.020 | 044 |  10544.395 0.0 169 | 0.96
WRITE 8812.443 | (.38 9414.134 405598 | 151 | 0.94
XUNCT2 |  8699.550 | 0.38 9742.425 2336.470 | 156 | 0.89
XRESM 6615.988 | 0.29 6421.856 869.861 | 1.03 | 1.03

Tabled. 2 The relation of loop index N and ]

N J

2 1~ 1452
3 1 ~ 1451
1452 1 ~2
1453 1

Table4. 3  Vectorization effect on the 1/6 model

AN F ik | <7 bbbl | <7 ovfEhk
ZHF—HE | 2H I —FE |~ b EE
CPU K M 3743374 | 365320875 | 543317 94
vV U B [ — — 24313 45
& = 1.0 1.02 6.7¢
~ 7 hodbER (%) — — 80.¢
[ /70 [A # 139811 1524
* &0 {#EHE KB 4996 13603
VIO/F {#H&E (MB) 0 8.5
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Tabled. 4 Speedup effect on each subroutine
A Y F iR ~7 btk
gy Ak T —itE ~g b ETE o
CPUR M & |CPU# M| VUK ML F
(3 U#) (%) (2 U#) (2 U#) (%)
XOLSOL 2065805.879 | 89.27 190095.249 125154.977 | 42.65 | 10.85
XDEF 122553.850 5.30 125361.192 6178.485 | 28.i2 0.98
XUADS 65639.494 2.84 67553.110 3360.056 | 15.16 0.97
XERIQ 13315.610 0.58 15219.048 0.0 3.41 0.88
XREEPE 12540.301 0.54 12583.381 453.116 2.82 1.00
XDDBAN 10114.020 0.44 9593.067 NA 2.15 1.05
WRITE 8812.443 0.38 8803.531 2.101 1.97 1.00
XUNCT?Z 8699.550 0.38 10069.795 0.0 2.26 0.86
XRESM £615.988 0.29 6447.735 879.735 1.45 1.03
Tabled. 5 Vectorization effect on the 1/2 model
~ 7 ALK
~ b VEE
CPU B & 27 43 47 % 08
v U R [ 847 33 ¥ 66
I /0 # 4621
A 'Y H & (KB 11304
VIO/F A& (MB) 22
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e e T e eSS S ST S T T
I

I NC. ROUTINE UNITS LINES ERR. EXECUTIOCNS COsT E

I

oot b e e — =M S oo Mmoo m o SRR m T
I goo1l ¥OLSOL 1 ilé 0 133 0.13440BE+11 87.2 I
1 pooz XUADS 1 183 o 292460 0.503623E+09 3.3 I
1 0003 XDFE 1 Thé Q 267 C.40B311E+09 2.6 I
I 0004 XRESM 1 71 o 1862 0.1398%4E+07? 0.9 1
1 0005  XREEPE 1 42 0 105600 0.119856E+07 0.8 I
I 0C0é XUNCT2 1 113 0 234080 0.1168046E+0% 0.8 I
I 0007 WRITE 1 1446 0 133 0.109002E+09 0.7 I
I 0008 XDDBAN 1 54 o] 292580 0.106023E+09 0.7 S
I 0007 XERI®Q 1- 20 0 234080 0.B54392E+08 0.6 1
I Q010 FIGCT 1 100 o} 643722 0.548321E+08 C.4 1
I 0011 FIGE 1 93 [¢] 585202 0.462309E+08 0.3 1
1 0012 XRFEPS 1 125 o 117040 0.430364LE+08 0.3 1
I 0013 F12DDC 1 84 0 211200 0.3106463E+08 0.2 I
1 0014 XELSSP 1 102 Q 29260 0.304038E+08 0.2 1
1 0015 XGPE 1 -3 0 351120 0.272703E+08 0.2 1
I oois ATSTL 1 57 0 234080 0.156B34E408 o.1 I
1 0017 XTSTH 1 1i¢ 0 117040 0.145300E+08 c.1 1
I 0018 FIG2E 1 a1 0 58520 0.114314E408 c.1 1
I 0019 XEMPN 1 328 0 267 0.112087E+08 c.1 I
I 0020 MULT 1 22 [+] 105600 0.109824E+08 c.1 I
I 0021 KAXMIN 1 24 C ic1i0890 C.109728E+08 c.1 I
I 0022 XPSILE 1 5E o 234080 0.983138E+07 0.1 I
I 0023 XPSI 1 63 0 117040 0.903750E407 0.1 I
1 6024 IPROP 1 42 0 351120 0.8B426B8E+07 0.1 I
1 0025 CREEPK 1 11 0 105600 0.696960E+C7 0.0 I
1 0026 XHERMS 1 55 0 117040 0.678832E+C7 0.0 I
1 0027 IPROFO 1 34 0 234080 0.561792E+L7 0.0 I
1 0028 XNTRPF 1 53 0 29240 0.555940E+07 0.0 I
1 0029 XRRADE 1 52 8] 1035400 0.464640E407 0.0 1
1 0030 {STR2 i 552 [+ 1 0.388347E+407 .0 I
1 0031 SETA 1 31 ] 105600 0.369400E+07 .0 1
1 0032 XEMPF b 34 o] 29260 0.34B676E407 0.0 I
1 0033 X0SE 1 g [¢] 211453 C.338325E+07 0.0 1
I 0034 XAUZ 1 12 o} 117040 0.143B56E+07 0.0 I
I 0035 INPUT 1 2463 o 1 0.16124BE+07 0.0 I
I 0036 DOSEC 1 15 0 105600 0.147840E+07 0.0 1
1 0037 XSSEM kS 144 o] 134 0.120B41E+07 c.0C 1
I CO38 XEWDIS 1 21 0 133 0.6146782E+06 0.0 1
I XSVDIS : 12 1
1 0039 ELTEMP 1 29 Q 29260 0.585200E+04 0.0 1
1 0040 XETR 1 34 0 1862 C.573496E406 0.0 i
I 0041 XDTR 1 L3 0 1852 0.S5641846E+00 0.0 1
1 0042 XTRESS 1 51 o} 133 0.534926E+06 0.0 1
1 0043 CSHIFT 1 22 o 29260 0.5266580E+06 0.0 I
1 0044 X0ADS 1 156 0 i 0,328747E+0Q6 Q.0 I
1 0045 XOADEF 1 25 0 133 0.328244E+06 0.0 I
I 0046 CNGFR 1 37 0 133 0.26400CE+06 0.0 I
1 0047 CSTRZ21I 1 461 0 1 0.422560E+053 c.0 I
I 0048 XOLKHT 1 29 0 zaco 0.519840E+05 0.0 I
I 0049 XODMFE 1 106 0 267 ¢.355080E+03 0.0 I
1 0050 INITPR 1 L7 c 1 0.213830E+0C5 0.0 I
1 0051 XRKDTA 1 B7? o 1 0.1460410E+405 0.0 1
I 0052 XDDRES 1 31 o] 1 0.892B00E+0Q4 0.0 1
1 0053 ANITAL 1 g2 0 1 0.4647700E+04 0.0 1
1 0054 XLCAL 1 138 o 1 0.607400E+04 0.0 I
1 00535 XATWRY 1 53 0 1 0.46019Q0E+04 0.0 I
I Q056 KLEMNT 1 i8 o] 267 0.29370C0E+04 0.0 1
1 0057 DOSEN 1 29 2] 133 0.254100E+04 0.0 1
1 goss FIGDC 1 7a 0 L3 0.313000E+03 0.0 1
I 0059 YOUNG 1 21 o 2 0.240000E+02 0.0 I
1 00sC ALPHA i 19 o] 2 0.2400008+02 0.0 1
1 Qo061 MAIN 1 13 0 i 0.400000E+01 0.0 1
et e R o R T ST S S T R AT S ST TR
I 4788 o] 0.154197E+11 ]

Fig. 4. 1 Dynamic behavior of the subroutines for 1/2 model
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- XLCAL —— XELEMNT E

—— XSSEM -——— XELEMNT E

i

L— XTRESS —— XELEMNT E

Fig. 4. 2

XUSS  —— XDDBAN

XODMFE —— XDFE  -—— XUADS XERIQ —— XUNCT2
E X4FEPS —~— XREEPE
L— XRESH
— XDDBAN
L— XERIA
XUSS  —— XDDBAN
KODHFE —— XOFE -1~ XUADS E XER1L —— XUNCT2
XQFEPS — YREEPE
— XRESH
—— XDDBAN
— XERIA
%USS —— XDDBAN
XODMFE —— XDFE XUADS XBRIG —— XUNCTZ
—[ XGFEPS —— XREEPE
XRESH
XDDBAN
XERIQ

Tree structure
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DO 240 J=1,MR
MJI=MAXA(N+I) +
MNJ=MAXACNTI+1) — MJ
IF (MNJ) 240,240,230
ND=MINO (MN.,MNJD

C=0.

KU=KN + ND

1C=MJ - KN

DO 300 KK=KL,KU

C=C + A(KK)=A(KK+IC)
ACKN+ICI=AC(KN+IC) -
CONTINUE

DO 200 N=2,NN
KL=MAXACN) + 1
KUSMAXACN+1) - 1

IF ({KU-KLY.LT.0) GO TC 200

KN=MAXACN)
MR=MINO{(MAL, NN-N)
IFC(HMR_.GT.Q0) THEN
MN=KU - KL + 1
JEKT = O
LOOP,NOVREC
DO 240 J=1,MR
MI=MAXACN+JY + J
MNJ=MAXA(N+J+1) = MJ
IF (MNJ.GT.0) THEN
JCNT=JCNT+1

LIST{NSIZE+1-JCNT,NSIZE+1-N)

LISTCJENT, NY = MJ
END IF
CONTINUE
LIST(N,1) = JCNT
END IF

CONTINUE

c

1

1

KN

make lists

DO 240 of subroutine XOLSOL in the original version

KN + MINO(MN,MNJ)

DO 200 of subroutine XOLTST in the vectorized version

DO 240 J=1,LISTAN,12
c¢J) = 0.0
00 241 J=1,LEISTC(N,1)

DO 300 KK=KL,LIST{(NSIZE+1-J,NSIZE+1-NJ
C{JI=CCJY + ACRKI*ACKK+LISTC(ILND)D

CONTINUE
LOOP,NOVREC
DO 242 J=1,LISTIN,1}

ACKNTLISTCI, NI =ACKN+LISTCI, NI

CONTINUE

c<dy

DO 240 of subroutine XOLS0Z2 in the vectorized version
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N
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Fig. 4. 7 Arrangement of array variables in LIST

KU

MO ZOw

I COll

Fig. 4. 8 Improved arrangement of array variables in LIST
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KL = O
bo 50 I=1, ND
DO 50 J=I,ND
KL = KL + 1
DO 50 K=1,IST
DO 50 L=1,1ST e
50 S(KL) = SCKL) + B(K,I)*D(K,L)*BCL,J)*FAC

Fig. 4.9 DO 50 of subroutine XUADS in the original version

IF{NDOLD.NE.NDY THEN
NDOLD=ND
DO 51 I=1,ND
KLI=ND®(I-1)-I=(I~-1)/2
*+V0OCL LOOP,REPEAT(32)
0o 51 J=I,ND
ILSTC(J+KLIY
JLSTCJ+KLI)
S1 CONTINUE
END IF

non
[

cc ‘ .
DO 50 K=1,IST
DO 5C L=1,IST
*y0CL LOOP,REPEAT(256)
DO SO KL = 1,(ND=(ND+12D/2
SCKLY = S{KL) + BCK,ILST(XKLI)*D(K,LY=B{L,JLSTC(KLYI*FAC
50 CONTINUE '

Fig. 4.10 DO 50 and DO 51 of subroutine XUADS in the vectorized version

Do 240 J=1,MR
MJ=MAXACN+J) +
MNJ=MAXA(N+J+1) ~ MJ - 1
. IF (MNJ} 240,240,230
230 ND=MINOC(MN,MNJ?
JCNT = JCNT + 1
CWCJCNTY = 0.
KU=KN + ND
LICCJCNTI=MJ - KN
: B0 300 KK=KL,KU
300 CWCJCNT)=CW(JCNT) + ACKKI*A(KK+LICCJONTD)
240 CONTINUE
xVOCL LOOP,NOVREC
DO 241 J=1,JCNT
ACKN4LICCII)=ACKN+LICCII) ~ LWL
241 CONTINUE

Fig. 4.11 Do 240 of subroutine XOLSOL in the vectorized version
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//JCLG JOB
/7 EXEC JCLG
//SYSIN DD DATA,DLM='++"
7/ SUSER XXXXAXXN A XX XXANKAA L XXXK XA
T.6 W.0 1.3 C.2 E.22 SRP
OPTP PASSWORD=XXXXXX-CLASS=3
// EXEC FORT7?7VYP,S0="J9427.VIENUSV',Q=".FORT77"7.

// A='ELM(x},NOVS,NOVMSG,VPXTBL',B="'AE"
// EXEC LKED,SECTION=31,A="MAP’
// EXEC GO :

//7ETO6F001 DD DUMMY

//SYSIN DD DSN=J9127.VIENUS.DATA(BNCHMRK2),DISP=SHR
//FTQ1F001 DD SUBSYS=(VPCS,'SPACE=300K")

//FTC2F001 DD DSN=B&FC2,UNIT=WK10,SPACE=(TRK,(50,103),
' DISP=(NEW,DELETE?

//FTO3FO0L DD SUBSYS=(VPCS,'SPACE=1800K")

J/ETOLFOOL DD DSN=8&FOQ4,UNIT=WK10,SPACE=(TRK,(50,-103),
/! DISP=(NEW,DELETE?}

//FTO7F001 DD SUBSYS=(VPCS,'SPALE=3100K")

//FTOSFOO1 DD SUBSYS=(VPLS,'SPACE=60K")

//FTO9FO01 DO DSN=Q&FO9,UNIT=WK1Q,SPACE=(TRK,(50-10)),

¥ DISP=(NEW,DELETE)
//FT10FQO1 DD DSN=8RF1C,UNIT=WK10,SPACE=(TRK, (50,100,
/7 DISP=(NEW,DELETED

J/FT12F001 DD SUBSYS=(VPCS,'SPACE=300K")
//FT13F001 DD SUBSYS=(VPCS,'SPACE=3100K">
/*FT20FC01 DD DSN=J9127 .RSTREAD.DATA,DISP= COLD/KEEP)

/xET30FCO1 DD DSN=J9127.RSTWRITE.DATA,DISP=(NEW,CATLG,DELETE).,

/% SPACE=(TRK, (50,200, UNIT=TSSWK

//FTLOF00L1 DD DSN=J9127.VIENUS.DATA(T2Q),DISP=SKR

Iy DD DSN=J94127.VIENUS.DATA(F186),DISP=SHR
i/ ‘DO DSN=J9127 .VIENUS.DATA(F1@6),DISP=3HR
¥ DD DSN=J9127.VIENUS.DATA(F126),DISP=35HR
¥4 DD DSN=J9127.VIENUS.DATA(F1863),DISP=5SHR
I/ DD DSN=J9127.VIENUS.DATA(CF186),DISP=SHR
/7 DD DSN=J9127.VIENUS.DATA(F186),DISP=5HR
¥ DD DSN=J9127 .VIENUS.DATA(F186),DISP=5HR
//FTS50FC01 DD DSN=J9127 .PLOT.DATA,UNIT=TSSWK,

I DCB=(RECFM=FB,BLKSIZE=32743,LRECL=137),
Iy DISP=(NEW,CATLG)+SPACE=(TRK,(50,20) ,RLSE>

//ET60F001 DD DUMMY
//FT66F001 DD DUMMY
{/FT77FC0OL 0D DUMMY

//FTBOFCO1 DD DSN= =J9127 . POST.DATA,UNIT=TSSWK,SPACE=(TRK,(50,20)),

I DISP=(NEW,CATLG)
+ 4
/7

Fig.4.12 Sample JCL list of VIO/F



4.35600+01 Z2.34460401 -2.044D+01
5.5170+01 1,.133D0+03 4.1110+01
-1.740D+401 5.5710+01 5.5713+01
1.1370+01 5.3810401 1.01460+00
5.5370+01 1.3116D+01 1.458D0+01
8.474D-03 5.5550+01 5.55330+01
4.761D+401 3.7840+01 —-1.5890+01
5.3360+01 1.0010+01 3.0630+01
~7.8570+00 5.3380+01 5.338D+01

4,4150+01 1.583D+0C1 ~1.3210+00

i

4,350D+01 2.346D+04 ~2.044D+401
5.5470+01 1.133D+01 4.1110+401
-1.760D+01 5.571D+401 5.571Dp+01
1.1370+401 5.381D+01 1.016D+00
5.5370+01 1.116D+01 1.458D+01
8.473D-03 5.555D0+0% 5.535D+C1
4.763D+01 1.784D+01 ~1.5890+401
5,.336D0+01 1.C001D+01 3.,0630+01
-7.8570+00. 5.338D+401 5.3330+01

4.415D0+401 1.583D+01 -1.321D+00

JAERI—~M 90—138

5.6400+01 5.660D+01
1.9020+401 -1.1080+401%
1.159D+01 2.§3éo+dl
5.5910+0% 5.571D+01
4.344D+01 =5,0630+00
1.1830+01 1.4200+01
5.478D+0L 5.478D0+01
2.177D0+01 =4.177D+01
1.345D+01 4.489D+01

5.2960401 5.296D+401

{a) AN TR

5.660D0+01 5.660D+01
1.9020+01 ~1.1080+01
1.1590401 2,936D+01
5.5¢10401 5.591D+01
4.344D401 =5.0680+00
1.2183D+01  1.6200+01
5.478D+01 5.478D+01
2.1770+01 ~1:177D+01
1.345D+01 4.48%D0+01

5.2960+01 5.296D+01

bl <7 FavfbiR

1.0740+01  4.1360401
5.4870+401 5.4870+01
2.5510+01 -1.3840+01
1.134D+01 1.1180+01
5.4530+401 5.45330+401
4.0100401 4.224D+00
1.096D+01 4.2810+Q1
5.2120+0% 5.212D+01
4.663D401 ~-1.3670+01

1.576D+01  1.325D0401

1.074D401 4.3136D+01
5.487D401  5.487D+01
2.551D+01 -1.356D+01
1.134D+01  1.1180+401
5.4530+01 5.453D+01
4.010D+01 4.224D+00
1.0960+01 4.281D+01
5.212D401 5.712D+01
1.6630+01 -1.3670401

1.576D+0%  1.3250+01

2.0100+01
1.4420+401
5.38%0+01
4.9720+01
1.3710+401
5.367D401
1.5660+01
1.3620401
5.387D0+01

2.854D+01

2.010D+01
1.442D0+01
5,3890+01
4.9720+01
1.3710+01
5.369D+01
1.5664D+01
1.3620+01
5.387D+01

2.854D+01

Fig. 4.13 Comparison of output results between the vectorized and original

versions



JAERTI—M 90—138

5. SCRYUza—FrFo~7 kil

51 33— FOHEE

BFCEBREGAMAIT 70 7 5 4 SCRYUM 92 3| &R LSRR LA E L
I 2T LA v OEERRI L - THEsc o - FTH 5,

SCRYUZ - FOSEORINRIFFFAICEDT 2EENOKDHENLE LTS,

SCRYUD HRid, AAEEBOERET, HE—EED = & ¥ —ORA, ST 2 v — &l
WSROI - ARHRERD LTV S,

a) BEOHFN

au_i_
aXi

b) EFHEDRFNX (i=1~3)

. - B 52 1+
aulJﬁ@lu—l ""1qu + v - *giﬁ(T_Tref)
ot an“ £ 0% 8Xj axj

c) LA F —ORER
6T O6uyT 0 oT q
+ = a +
5t | Ox;  0x;° 6x; PGy

d) ERT A F—  HHEMEEORX (k- HHERD

& G 0 vy Ok
T e (L )G+ G
at Gxi 8xi

Oy axi

| 7 9 e °
oc |, Duie (ﬁ : )+c1?<GS+GT> (1+CsRe) —Capm

ot | Ox:  0x: K

~ .
Oi Oxl

7ot L
duj  Fujy duj
= } +
Gs /t(axj an) aX_]
Vt aT
Gr:gi/’ja‘ E
1
R _ Gr B
! Gs+GT
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CALORKBENAEHOERRRD EB0THb, ik, AP0V 7 « v 7 I Einste-
in OBHIRAD B S B,
xi - ACEEE (o)
0y - XiAFOFRERE
t D ERRE (s
DR BEUADERE (ke/ o)
CHIAORES (N/m)
D EREMEREL (of /s)
(= vy + vy O FEERGEE R R BN REO
gy - EE (m/s?)
g iElEEE (1770
T  AEsEEOERE (C)
Tres | FHIKOKEER C)
Cp @ EEMH (J/kg T
a CEBECEEFE (n/s)
q  CEHE (J/ofrs)
kK EBTAF— (d/s?)
€ D GLIRTERER
ok, 01, 935, Ci, Cz, Ca:@ iERREH

AN © B

5.2 BIMIEEIWN

LR ic B AT EEBMOAM £~ B, FORTUNEY —VvEERL, BHTIL—F
DWW THEEETT -1,

ATy REVEN OIS | BaE X, Y, ZAHBICE 215, 15, 40D X v ¥ 22U 570
57— 4 DEANSS %fHEf Lz, Fig.5 1 ICafERERT.

FOEED, FESEOY T—F vOHET A FEFPB0BLLLDT, ThoENT b
WAL DG L —F v & L, BL. ¥ 7v—F v MTRX3D (24 HEHHERE SOREICED
ﬂﬁ?%#in%V)ﬁ,&7bmeT%NﬁbWEﬂﬁ<%ﬁﬁ®Eﬁéﬁmw®T,&
bR AEE L —F i 513 F Lz, ChUTLD, N7 bRy —F D3 2 FEEHEELS
F LT,

+7 BAME|7 o /% 4UPFUNC, FCFCNGA &IPSR LIE#AEZ L (UPFUNC:
924768 @], FCFCNG- 462384 [B]) 7o%, FAEMASH T &t Lo

EIZSCRYU I —FTi, 2157 bRy —F Vi i T —F IS D
EE?%O%ﬂ%@#iwu%y@ﬁ?ﬁﬁf@:zbﬁ&i@ﬁ%<@@ﬂtb,%ﬁbﬁm
LObH -7, ANF—FitE-Tid, 7R SHEPEDBEOT, ERUHETNT bflE
IT-1

47 SCRYU = — FOXEE OAMES Fig. b 21K T,
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5.3 NI MLEHE

ERIEBEIT TR I~ 7 PRV —F v D7 P AELFRIC DN TR B,
) HRRFOESE

Y T—F Y PPP3S 2, MHRITHIE~Y b DREERBLL—F Y TEHESL, A VF
WRTOIBIRF T, Fig.5 3 @Rd k2 ibpTAOE DL LEA T oERICEHE L T
o COFBIAFTHL—FRICENRBHEABENSH D, <7 FPFTERRERETHE, £ T
NG PALRTRABEFEETES 52 Lick b, ~u bAgtEEREEL L, STEIERFE,
Fig. 5 4 DX HXHIECH - TE P OHE T NAL-THE LT FEE L -7,

Fig.b.bica U VF W7 0 7 7 aD—3%&, Figh 6iT~<7 bafbtiR7 o077 oD —E %
GRS
(2) Hyperplane AZD#HH

SCRYU=Z — FTEMY R AFREFAZICCCHEEAV TR TS, ICCGHEDILDLTI™!
DEE IR L — TREEDRFRIITH B70H~<7 P MELE TSV, £ THyperplane 50" %
FHETL &R0~y LB AATREE L,

ICCGHEDEFIHIZ

® 7 A%LDLT ORI AR5E4L Cholesky 389 5,
@ To=b— Axo.po=CLDLT I rg

® i=0

@ a;=(r;. CLDLTI' T/ (pi. Apo)

® X_;*l:;deia

® Tio=ri— ¢ Api

@ BELSEFRT

® Fi = (r1+1, (LDLTI 1410/ (pi, AD:)
® pi=CLDLTI"'rim + 41

W i=1+1ELT@DIKRA,

TH Do T DPTHEN RN &L H0H,

(1) LDLT £

(9 [(LDLTI'Y oitE

D22TH5B,

LDL " A %5 4 34 7 —F YA EREEN I EEBODT, N7 bbOMR L LS
FS

(LDLT T 0tz [LDLT) g =7 #ATEHE, BMERATRY 343, g OBRICHR
Pedidh B, % ¢ THyperplane FE4HH L, FREEREEL -,

Fig.5. T3 ICCGEI B 2T LOHEBEEFAR LD TH b, PIAODRENES
AONHENDO@DEFBRT 2L LI DBIRNELED ~7 b TEIV, Hyperplane 75
£ (Fig.5. 88K TlAr—7%01), (2~3]), (4~61, -[79~80), [(81)D&DIT
SELTHDICHELTOL oo, ODEETRTLOCER O~ 7T TRFARLTH S

U 53 _
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ASABRTLOTHRN LT ST <7 b fLalge &8 5,
Hyperplane HR®7zhd U 2 b & LTE, ABEHRERVEBBRAAC 2 2ZHEL .
Fig.5.9ic4 ) ¥+ VROAMEEET DT 07 5 &, Fig. 5.101c 27 ALRRDEERZE
WD T w5 AR, Fig.5.11ic HyperplaneBHE D7D J R » DIER#A O 7T 07 7 &%
VR S
L v—F v
PPP3S3
BV —F ¥ .
HYPER (Fi#EiE 3/ V) % bMEKV —F )
HYPE?2 (BEBHRART A MEgr—F )
(3) DON—7TDTHLN—F ¥ ~DHE
7 —F v OTHERS3 L —F »MXSU3D, MXSV3D, MXSW3D @38 —7D
HTIFBIE N TV B, B~ F Y TDIEN—TON—TREBITHRO A v ¥ 2 BUCKTF
4+ 2, FAZEASEERLLZANT -5 (16x15x40) TiE, v—75I8K, J. [ DOJET, 13,
13, 38 (A w v B —2) OFEICIS 5, OTHER3 R 3EA—-7DETIRFFNLDT, 13
X13% 38 3 [ol= 19266 EIMEEN 5 C &ic7i b (Fig.5.1288) . MUH LB EHRET 572
¥~ 7% CALL OTHER3 OF#TH#IL, v 7v—F vOTHER3 K, K, J, 1?3
E—7EG XiAAT. OTHER3ICE, bEeEv—7Mahs0T, COEFTTIY
OTHER3 Hikd -~y b VETE % (Fig.5.1388)
BIELV—F YEUTOEEDTEH S,
OTHER3, MXSU3D, MXSV3D, MXSW3D
W =T DE ‘
SCRYU A —FDH T i—F O g K& WL —7HHAET 2600580, £OHITEN
5 AERE e e (CALL YA E) MEENTN D, T4 0DHS DRI T — 7 %003
TAELEICLED, BODEABANY CEETER bDOWBE L, v—TONEET o720 T
—F Y RRDODEDTH %o, ‘
MXSU3D, MXSV3D, MXSW3D, MXSE2D, MXSE3D,
MXSK2D, MXSK3D, MXST2D, MXSUzZD, MXSU3D
(5 BAME)7 oo 7 LDER
= FOETHEE] 7 a7 5 4 (FUNCTIONS) BBEET L EZ O —7E~7 bafbd
HE LR DG, 20T, BEEI7 0 75 2o LTXREEIL, v -5 v~ ORBET -/,
() XBEEUL
B#E| 7 o 27 AOUPFUNC, HMFUNCABREN &5 7 v —F N TXREEL L
TEHELI, XMKLE, YT —FVYATHESSN, 20V T v—F v OHTOARFL
HAMMTE S, -7, ThEROY T v—F v TXHAHOES X ZMA L7, UPFUNC,
HMFUNC 2B L T —F VRRDEDTH A,
« UPFUNC
QUICK?2. MXSU2D, MXSV2D, MXST2D, MXSK2D, MXSEZD,
QUICK3, MXSU3D, MXSV3D, MXSW3D, MXST3D, MXSK3D,
-
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MXSE3D
« HMFUNC
LAPLAZ2, OTHER2, LAPLA3, OTHERS3
@ - F v TOREH
BIEGE| 7 0 75 5 FCFCNGIEH I EZCALL T AIRD4 7 v —F Y EZEHEL 72,
QUICK?2, MXSU2D, MXSV2D, MXST2D, MXSK2D, MXSEzD,
QUICK3, MXSU3D, MXSV3D, MXSW3D, MXST3D, MXSK3D,
MXSE3D .
6 W 7n—F DG
SCRYUZ—Foadudid, /NSOy 7 —F v TiRELN, ETEROE 0 bOEH 5, ¥
S LA AN A T - F Y TR AT 7. BELCY T - F yBIRD &
BN TH D
INERPR, SCVSUM (#l#+7v—F»PPP3SL)
DERIV3 (H+ 7 —F »QUICKS)

5.4 FTEEZEROFM

~H AL T — FOREEEAFFET A7t 1 ¥ —2AORTEERFEBL 7, aEtBICH
Wi F -4 L, BINEESTC@ER L7 -4 (DEANSS) &RICTH %,

EEAEL LA ) VFIURENY PR THTAREOMEND B, L ORKRE, 7 -
F v PPP3S2 DARIEFERILLLDTH S,

G-, ~z pfEBREA Y PFARRE, TABSHEETSL TV KT 5,

5.5 ~I MLEMR

LSEM~7 P LT EREREETTEE, SRET 3245 L0 ISR ERTE L, LOE
B & L CHBEER DML v — T DORBATENT <Y PSR RD, poNy p VLIS
Cxtl b, ¥ T u—F vORFHELAKOBMLRESSFON L, £, BRETOETHE
M HE O EERORDIC D - ok h B mE SR b o, BITHREF VDA v va
AT BEAIE, <7 FAENERELREEDT, N7 FGEIL D, KORFVEE
A LR T E B,

(1) EEER k=

~ 5N ALBRIC 2N T 3 DS — Y s VAR L, s 20T CPURR ZRIE L 7.
30D —Y 8 VIFIRDEBOTE S,
W= 5 vV1 PPP3S2dD A~ kiR AEH
=8 V2 QUICK3 @A~ b b, B AT ~Y b afth
/=Yg V3 LTy ALk

FIFEA Y T FARKY, NP3 v VISVIRAA 7R LT P VATRERIT LI

— 55 J—
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$7, SCRYURRHMETHELTWADT, SRETLHR L TAL, ZNEVIRY, V3
KB O TDHIT-Te (EREOHEL, 2V /%4 1 - 47> 3 v DOUBLE %) o
ST Lic AT —4 13, BEEST CEM L7ZDEANSS ThHhb, FX—Ya D
~ 7 b aAkEhE % Table 5. 110 d
(2) BHRIET AR R 7 b B
) UF LR OBWEEAICH O AT F —y DEANSS #{EA LT, ~7 bl (N
—¥5 ¥ V3) I LT FORTUNE ¥ — v I X ABIEBAIT ATV, 7 T~ 7 Y BN
Waz b, N7 RUEREEH L, 3R FAAi% Fig 51410, ~7 Fa{tE% Table 5.2
Y

J— 56_
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Table5.1 Vectorization effect on VIENUS code
e ki S AYTE] # #
Jav CPU Kl CPU VU B R (7
A U | 85322893 | 6504853 117 60 1.38
}\:ﬁ;}?&r‘g : 65735876 | 243 04 %D 49 11 %62 4.04
g%%r.;v 2 | 1350813 | 1miom iz 37 # 59 7.17
,\-_%%;{V S| 13516873 | 145068 10 36 4 39 761
N_{;:;;.%%V S EEDSTETE 8% 11 14§ 91 10.45
Ngé%%v J 347 11§ 65 37 ¥ 99 15 # 52 13.24

() fEREAN VFADART —
2V TDNY FAGFEOCPURBREHICHT 58

HFEOCPUHMAE 1 & LD, &/31-Y

Table5 2 Speedup effect on each subroutine
A Y F VR 7 b VALER
T —F =3 3 N I S ANV . TAR NT b | NT R
@ (e |TTRD @ o | E
8999
PPP3S2 31.3 7.76 8585 44.1 99.9 8775
8775
PPP3S3 20.9 0.0 8775 27.5 68.17 130
INERPR (*1) 9.1 99.97 5000 — — —
SCVSUM (* 1) 9.0 99.97 9000 — — —
OTHERS 5.7 0.0 — 0.9 98.39 13
MTRX3D (*2) 5.4 28.8 15 1.6 288 (15)
DERIV3 (=1) 3.1 0.0 — — — —
QUICK3S 2.4 0.11 3 0.4 97.05 14
PPP3SL 0.7 8.72 3000 24.2 96.57 9000
UPFUNC (+3) 0.6 0.0 — — — —
FCFCNG (1) 0.4 0.0 — — — —

E (1) U MACRTREL-F TR LE

(#2) MTRX3DiE~7 bafbLTiEw

(#3) ~u bR TR L
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UPFUNC

SCRYU -——— SCRYUS —— PROCS3 -T— MXSU3D
FCFCNG
QUICK3 UPFUNC
DERIV3
FCFCNG
LAPLA3 —— HXFUNC
OTHER3Z —— HAFUNG
¥TRX3D —— RRRUX3 —— RRRCR3 —— INERPR
——  HMXS$V3D GPFUNC
: FCFCNG
RUICK3 UPFUNC
E DERIVE
FCECKG
LAPLA3 —— HMFUNC
OTHER3 —— HMFUNC
KTRX3D ~—— RRRMX3 —— RRRCR3 —-— [1NERPR
——  HXSH3D UPRUNC
FCFCNG
auIcK3 UPFUNC
E DERIV3
FCRCNG
LAPLA3 —— HMFUNC
OTHER3 — HHFUNC
: HTRX3D —— RRRMX3 ——— RRRCR3 —— INERPR
—  WXP3sY ——— PPP3PR —— PPP3SL PPP3SO
) INERPR
PPPISI
PPP3S2
PPP3S3
SCYSUM
|~ HMYSP3D ~—— NTRX3D --— RRRMX3 — RRRCR3 —— INERPR
P HXST3D -p—— UPFUNC
—— FCFCNG
- QUICK3 UPFUNC
EEE DERIV3
FCFCNG
— LAPLA3 —— HXFUNC
L ¥TR¥33 —— RRRHX3 —— RRRCR3 —— [NERPR
— MXSE3D - UPFUNC
|-~ FCFCNG
—  QUICK3 UPFUNC
' _EEE DERIV3
FCFCHG
— LAPLA3 ——— HMFUNC
L MHIRX3D ——— RRR¥X3 ——— RRRCR3 ——— [RERPR
L—  MXS¥3D ~p— UPFUNC
——  FCFCNG
——  QUICK3 YPFUNC
E DERIVA
FCFCNG
F— LAPLA3 —— HHFUNC
L WTR¥3D —— RRRMX3 —— RRRCR3 —— [INERPR

Fig. 5. 2 Tree structure of the SCRYU code
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Fig. 5.3 Calculation sequence of the original version

Wig. 5.4 Calculation sequence of the vectorized version
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DO 100 I=1.N

YCII=A (L, 1) xX{1)

CONTINUE .

IF(M1.EQ.1) 60 TO 11

NM1=N~1

DO 101 I=1.,NM1

IR=1

IL=N-I+1

Y(IR)=Y(IR)+A(2,IR JIxX{IR+1)
YCILY=Y(IL)+AC2,IL-1)*X(IL-1)
CONTINUE

CONTINUE

IF(M3.EQ.M1) GO TC 12

NMM1=N-M1

DO 102 I=1-NMMI1

IR=1

IL=N-I+1

YCIR)=YC(IRY+AC(3,IR JxX(IR+M1D
YCILY=Y (ILI+AC3,IL-M1YxX(IL-~-M1)
CONTINUE

CONTINUE

IF(N.EG.M3) GO TO 13

MMM3=N-M3

DO 103 I=1.,NMM3

IR=1

IL=N-1+1

Y{IR)=Y(IR)+A(5,1IR JxX (IR+M3)
YCILI=YCIL) +ACS,IL-M3) X (IL-M3)

CONTINUE .

CONTINUE

inal kernel program of subroutine PPP3S2

DG 100 I=1,N-M3

Y(Id= ACL1,.I)«X(I)+A(2,13*X(1+1)
FACZ, D)X CI+MLY+ACS, L) x X (L+M3D

CONTINUE
DO 110 I=N-M3+1, N-M1

Y(Id= ACL,I0xX(IY+AC2,1)*X(I+1)

FACI,IDxXCI+MT)
CONTINUE
DO 120 I=N-M1+1, N-1

YOIX=A{1, 1) *XCI)+A(2, 12X (I+1)

CONTINUE

Y(NY=A(L1,N)®X(ND

DO 130 1=2, M1
YCI)=YCI)+A(2,1-12*X(I-1)

CONTINUE

DO 140 I=M1+1,M3
YCIY=Y(Id+AC2,I-10xX(]1-1D

+A(3,I-M1)*X(I-M1)

CONTINUE

DO 150 I=M3+1, N
¥(IY= Y(ID+A(2,1~1)%X(I-13

+AC3,I-MLY X (I-ML)Y+A{5,I-MI)xX(I-M3)

CONTINUE

Vectorized kernel program of subroutine PPP3S2

Fﬁlg._
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i
73174175 80|81
® |0
L
1912021 26(27
1041112 17118
1123456171819

Tig. 5. 7 Calculation sequence for ICCG method

J
45 78|80 81
44 77119
43 76
alo
A
10 40
9 39
58 38
1]2]4]7 37

Fig. 5. 8 Calculation sequence for ICCG method using hyperplane ordering
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s DO 165 I=M3P,N
s PCI)=DCIY*(RCIY-A(2,1-1 Y*xP(I-1 Y-A(3,1-M1)xP(I-M1)
* —AC5,1-M33*P (I-M3))
S 105 CONTINUE .

Fig. 5 9 OQOriginal coding of forward elimination

po 105 L=2, NAL

ISTT = IACIAL + L - 2Y + 1

IEND = IACIAL + L = 1D
xVOCL LDOP,NOVREC

DC 105 K=I1STT, LEND

I = IACIPL + K - 1)
P(I)=D(I)*(R(I)—A(2;I—1 yxpP(I-1 J=A(3,I-M1)xP(I-M1)

x ~A(5,I-M3)xP(I-M3))
v 105 CONTINUE

th v W

L

Fig. 5.10 Vectorization of forward elimination using hyperplane ordering

NA
IALLY
JA S
DO 4300 L = I
DO 4100 K
DO 4100 JS, JM
DO 4100 I 15, IM
IF ¢I + J + K .EQ. L) THEN
JA JA + 1
IPCJAD I+ IMPx(J — 1 + JIMPx(K - 132
END IF
4100 CONTINUE
NA
IACNAD
4300 CONTINUE

1
0
0

oo

+ J§ + KS, IM + JM + KM
KS, KM

o

NA + 1
JA

L[]

Fig. 5.11 Hyperplane generation
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——eeee— DO J o=
———— DO 1=

CALL OTHERZ (~)
CALL OTHERS3 (~)
CALL OTHER3 (~)

Fig. 5.12 The structure of suburutine calls for OTHER3

—————— DO K=
]*——MVQADO j =

CALL OTIHERS3 (~)
CALL OTHERS3 (~)
CALL OTIHERS3 (=~

Fig. 5.13 Division of a DO loop into two loops .
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6. ¥ 4 O iC

HTGR 5.0 2 RITRE T € 7 vic & 2 HIERENT - - FOBRETZa\BUPR SONATINA-2
Va—FHTTRAER. bV F2L0OBNEESAROKERETT 2~ ¥ TRIDOSE, Htil
AN o — FVIENUS , ERESEERSFAEN 707 7 4 SCRYUD~Z b bz E
L7, .
~g padbic &Y, CPUBAISONATINA-2V 2 — FHTTRMKT 5.2 f%iC, TRIDOSE
O— FT59~6.84%k, VIENUS = — FTE74ic, SCRYU=Z - FT 76 fFicmdbsfi,

oo~y b fERERGVCHALTR —Y—a Yo -3 ZHITERL Tl aicn

EB D
# B

SONATINA—2V 2 — FHTTRERE U VIENUS 3 — FD~2 MUEDBRIC, 0 — FRUF
— 7 IR L EEHERHE L VAL SE L, BEMETHREEASAFARICEH LI T,
SONATINA 2V = — FHTTREKGVIENUS 3 — FO~2 halboBic @S5 0
Faxd L, WCSKpHEhRicE#LEd, SONATINA-2V 3 — FHTTRR®~Z b
OB RS A VRS T L, GDETAF -8 €5 —E SR I B 7 5 v
M RIT R RIS L T

TRIDOSE 2 —FDO~x7 b boBic, 71— FRUTF -7 ORELHEUPHS 20L& E
L, BEOTHEHAETESE S HBERcBH L E7,

SCRYUa—Fd~7 pafbDBic, 27— FRUT -5 DIREEEERHEX VLIS E L,
B SR T RS JESRICEE L Ed. SCRYUI—-FO~N7 Pl OBEic BEIEE
Ao EE L, BUHER YA F ot vy —HI=FkRIEFRBARY 7 b7 2 7ETER:E

KicE#E L3,
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6. B bH D IT

HTGR 5 2 ¥RITHE W = 7 vIC & B B 5 — F O Sin THEHEH SONATINA -2
Va—FHTTRER, PV F9L0BREPEESHAROHEREE - FTRIDOSE, H#l
TR 2~ K VIENUS , SREABERMAAEN 7 07 5 £ SCRYUD~Y ofb & FH
L7e .

~2 radblc £, CPUBSRIASSONATINA—2V 2~ FHTTRIKT 5.2 f%iC, TRIDOSE
O - FT50~68944, VIENUS 2 - FT6T/iIC, SCRYU=z — FTT.6EKE#bsir,

CHSDNT FAERARCEFHRA LT A= N—3 VE 2= EEHCERL ToicilEkn

EB,
&t T

SONATINA—2V 7 — FHTTRIRRUFVIENUS 2 — KD~ 2 FaAbDBRic, 7 — FRUF
— s ORI BESHEFA VAL ST L, BERETFEREFSAERRICEH LE T,
SONATINA -2V 2 — FHTTRHRKRU VIENUS 7 — FO~7 pALOBRICEERNS £/
FaxE L, BMCSKEAMTRKIZESELEd, SONATINA—2V 2 — FHTTRRO~7 b
OB EBREME S VA EE Ui, GDETHF -5 €5 RS RE I EH 7 5 ¥
PSR ERERRICEH LT T

TRIDOSE 2 — KD~ FAfLDOEIC, 0— FRUEF—4OEMLIEELBE SV ETE
L, ROTHSHREESE N HBERIcE#H L E9,

SCRYUz—F@D~7 pbDBRic, 0 — FREF—7 DEHEFERWEL s 2 L,
BB T R EN e RIS LEd. SCRYUa—FO~7 MLOBICEERLE
Aok EE Lk, BEOHER Y R Foaw vy —@IISRERKIECCEARY 7 by 2 TERTEES
RiIcEHL 7,
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H88A SONATINA—2VI— FHTTRAY hLERERFE

(1) JCL _
SONATINA—2V 3 — FHTTR~Z hAfLiRD T vo3q 00, Y vy, ETO JCLERRD
EBDTHY, J0002. SONATINA. CNTL (CLG) icFi L7,

//7JCLG JOB
/7 EXEC JCLG
//SYSIN DD DATA,DLM='++"
/f JUSER 12419202, IW.NONOMIYA,0341.02
T.6 W.4 1.4 C.5 SRP
0PTP PASSWORD=7777,CLASS=0
// EXEC FORT77VP,50=J0002.30NAVPZ, =' FORT?77,
I A=TELM(%),ADV{(NDEVL)',RGN=2000K
//SYSPRINT DO DUMMY
/{ EXEC LKED77
// EXEC GO
//FTL0F001 DD DUMMY
// EXPAND DISK,DDN=FT11F001
// EXPAND DISK,DDN=FT51F001
// EY.PAND DISK-DDN=FT52FCO1
/{ EXPAND DISKTO,DDN=SYSIN,DSN=J0002.SDNATINA,Q=‘.DATA(TIMEl)'
//FET20F001 DD DUMMY
+
/if

2) EEEE
M+2) XN> 200088, 7075 LikA b SEHALTETS 5, LORTT
75 LAEITLIZOES., COMMONY ( /KKKLLL /) O/EF|EEDL, +7/v—F ¥
SETARYD IFXEEZ BNELRH D,
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8B TRIDOSEd— K~% hLLEREAES|

) JCL
TRIDOSE a— K2 b ALERD 2 vov4 v, Y vy, EITOJCLERKED ELD THY.

J0002, TRIDOSE. CNTL (LINKGO) ic&#L 7,

(2) » =V OHEM
s R AAPIRD A B F A IE, A ) T RO A Y 54 X3B68KBITE, TI20KB &

KEx I -TWA, LhiE, <7 FALFET, Fhiv—F vV —F YD -7 E5&

At HICBA LI FEEANIC LA EDDRETH L.
GERFIORESE, R —FTRAZ1 LAY FOBRARI100, S8 L2 ¥ ORAR

WO IS hHHE T D, D, TLAYFORAYK, HElxL Ay ORAEE, Bla-F
TIRZL5DLNKRELTELIUEBETHIBES, COERERINICHELT HIEE T BN

Hbo
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//7JCLG JOB

//JCLG EXEC JCLG

//SYSIN DD DATA,DLM="++"

// JUSER 20579202,1W.NONOMIYA,0341.02
T.7 W.4 1.5 C.8
OPTP PASSWORD=7,CLASS=3

J/*®
//FORT77VP EXEC FORT7?7VP.S0=JO0G2.TRIDOSE.VP,
/7 A="ELM(x),NOSOURCE',B="NOVSQURCE,NOVMSEG"

//SYSINC DD DSN=JO0O2.TRIDOSE.VP.INCLUDE,DISP=5HR

//LKED?7 EXEC LKED77. =" ET,NOMAP',B=LIST,GRLIB=PNL,MODS="30,10,1"~
I PRVLIB='J2636.ARGLIBVS' PRVQ=".LOAD',GG8="5Y59.GGS"
//TRITGD EXEC GO

//FTOS5F001 DD x

JOO02.TRIDOSE.¥BUCKET.DATA
/%
//FTO&F001 DD SYSOUT=x%
//FT41F0Q01 DD SYSOUT=#,DCB=(LRECL=141,BLKSI1ZE=19043,RECFM=VBA)
//FT12F001 DD SYSOUT=%,DCB=(LRECL=141,BLKSIZE=19043,RECFM=VBA)
//FT13F001 DD SYSOUT=%,DCB=(LRECL=141,BLKSIZE=19043,RECFM=VBA)
//FT14F001 DD SYSOUT=#,DCB=(LRECL=141,BLKSIZE=19043,RECFM=VBA)
//FT15FCC1 DD SYSOUT=%,DCB=(LRECL=141,BLKSI2E=19043,RECFM=VBA)
//FT16F0Q1 DD SYSOUT=#,DCB=¢(LRECL=141,BLKSIZE=19043,RECFM=VBA)
//FT17F001 DD SYSOUT=*;DCB=(LRECL=141;BLKSI2E=19OA3;RECFM=VBA)
//FT18F001 DD SYSOUT=%,DCB=(LRECL=141,BLKSI2E=19043,RECFM=VBA)
//FT19F001 DD SYSQUT=%,DLB=C(LRECL=141,BLKSIZE=19043,RECFM=VBA)
//FT20F001 DD SYSOUT=%,DCB=CLRECL=141,8LKSIZE=19043,RECFM=VBA)
F/FT21FQ01 DD SYSDUT=*;DCB=(LRECL=141:BLKSIZE=19043rRECFM=VBA)
//FT22F001 BD SYSOUT=%,0CB=(LRECL=141,BLKSIZE=19043,RECFM=VBA)
//ET23F00C1 DD SYS0UT=%,0CB=C¢(LRECL=141,BLKSIZE=19043,RECFM=VBA)
J/FT24F0OC1 DD SYSOUT=*1DCB=(LRECL=141:BLKSIZE=19043;RECFM=VBA)
//FT25F001 DD SYSDUT=*:DCB=(LRECL=141zBLKSIZE=19043,RECFM=VBA)
//FT26F001 DD SYSOUT=%,DCB=(LRECL=141,BLKSIZE=19043,RECFM=VBA)
//FT27F001 DD SYSOUT=*:DCB=(LRECL=141;BLKSIZE=19043,RECFM=VBA)
//FT88FQ01 DD SYSOUT=*1DCB=(LRECL=141fBLKSIZE=19OL3,RECFM=VBA)
f//FTO3F001 DD SYSOUT:*;DCB=(LRECL=13?,BLKSIZE=19043,RECFM=VBA)
//FT1I0F001 DD UNIT=TSSHK,SPACE=(TRK,(50;10})/DISP=(NEW,DELETE),
/7 OCB=(LRECL=19040,BLKSIZE=19C43,RECFM=VBS)
//FT96F001 DD UNIT=TSSWK;SPACE=(TRK;(50,10));DISP=(NEWIDELETE)
//FT97F001 DD UNIT=TSSWKfSPACE={TRK,(50,10))IDISP=(NwaDELETE}
//FT98F001 DD UNIT=TSSNK,SPACE=(TRK;(SO:lO)),DISP=(NEWIDELETE)
//FT99F0C1 DD UNIT=TSSWK,SPACE=(TRK;(50;10));DISP=(NEW:DELETE)
//FTSQFO01 DD UNIT=TSSWK,SPACE=(TRK:(50,25)),DISP=(NEw,PASS)/

I DCB=(LRECL=80:BLKSIZE=3120:RECFM=FB)zDSN=&&JGPCP
//GDFILE DD SYSOUT=%,0UTLIM=60000

4

/7
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5 C VIENUSI—FAXY MUERERFSI

(1) JCL

VIENUS 2 — F~x%7 hafbiiR Do w4, 4o,

J0002. VIENUS. CNTL (VPLRG) ic8exl 7o,

FITDJCLIBKEDEBDTHD,
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//7JCLG JOB
// EXEC JCLG
//SYSIN DD DATA,DLM=T++"
// JUSER 30469127,TO.NEMOTO,0341.02
T.6 W.0 I.4 C.2 E.23 SRP
CPTP PASSWORD=?,CLASS=3
// EYEC YORT77VP,S0="JOOQZ.VIENUSVP',
/i A=TELM{x) ,NOVS,NOVMSG,VPXTBL',B="AE"
7/ EXEC LKED,SECTION=31,A=TMAP’
/7 EXEC GO
//FTO6F001 DD DUMMY
//5YSIN DD DSN=JOOQO0O2.VIENUS.DATA(BNCHMRKZ2),DISP=SHR
//xFTO1FO01 DD DSN=&&FO1,UNIT=WK10,SPACE=(TRK, (50,1022,
/1l x DISP=(NEW,DELETE?
//FTO1FO01 DD SUBSYS=(VPCS,'SPACE=300K")
//FTO2F001 DD DSN=8&F02,UNIT=WK10,3PACE=(TRK, (50,1023,
/7 DISP=(NEW,DELETED
f/%FTO3FQOCL DD DSN=&&FO3,UNLIT=WK10,SPACE=(TRK, (50,102,
F = DISP=(NEW,DELETE)
//FTO3F001 DD SUBSYS=(VPCS,'"SPACE=1BOO0OK")
//FTO4F001 DD DSN=&&FO4,UNIT=WK10,SPACE=C(TRK,(50,10)),
/i DISP=(NEW,DELETE)

//*FTQ7F001 DD DSN=8&FO7,UNIT=WK10,SPACE=(TRK,(50,103).,

e DISP=(NEW-DELETE?

//FTQ7F001 DD SUBSYS=(VPCS,'SPACE=3100K")

//*FTO8F0Q1 DD DSN=8&FO08,UNIT=WK10,SPACE={(TRK,{(350,103>.,
/A * DISP=(NEW,DELETE?

//FTOBFOQ01 DD SUBSYS=(VPCS,'SPACE=60K")

//FTO9FCO0L DD DSN=8&FOP,UNIT=WK10,SPACE=(TRK, {50,103,
/7 DISP=(NEW,DELETE)

//FT10F001 DD DSN=&&F10,UNIT=WK10,SPACE=(TRK, (50,1022,
I DISP=(NEW,DELETE?

//*FT12F001 DD DSN=&&F12,UNIT=WK10,SPACE=(TRK,{(50,1032.,
e DISP=(NEW,DELETE)D

S/FTAZ2FO0Y DD SUBSYS=(VPCS,'SPACE=300K")

f/xFT13F0C1 DD DSN=&&F13,UNIT=WK10,SPACE=(TRK, (50,1023,
/= DISP={(NEW,DELETE)

//FT13FQ01 DD SUBSYS=(VPCS,"SPACE=3100K")

/%FT20F001 DD DSN=JOQD02.RSTREAD.DATA,DISP={(CLD,KEEP)

/%FT20F001 DD DSN=JO002.RSTWRITE.DATA,DISP=(NEW,CATLG,DELETE) .,

/x SPACE=(TRK, (50,2032 ,UNIT=TSSWK

//FTHCFO01 DD DSN=JOOOZ2.VIENUS.DATA(T20),DISP=SHR

i DD DSN=J0O0C2.VIENUS.DATAC(F1862,DISP=5HR
I/ DD DSN=JOO0O2.VIENUS.DATA(F186),DISP=SHR
I/ DD DSN=J0OO0CZ2.VIENUS.DATA(F186),DISP=5HR
/I DD DSN=JO002.VIENUS.DATA(F124),DISP=SHR
r/ DD DSN=J0O02.VIENUS.DATAC(F1a4),DISP=5HR
/7 DD DSN=J00Q02.VIENUS.DATACF126),DISP=5HR
4 DD DSN=J0002.VIENUS.DATAC(F126),DISP=5HR
J/FTS50FC01 DD DSN=JOO02.PLOTL.DATA,UNIT=TSSWK,

rf DCB=(RECFM=FB,BLKSIZE=32743,LRECL=137),
/7 DISP=(NEW,CATLGY,SPACE=(TRK,(50,20),RLSE?

//FT50F001 DD DUMMY
//FT&0FO0T DD DUMMY
//FT66F001 DD DUMMY
_//FT77F00LT DD DUMMY

//FTBOFO0L DD DSN=J0002.POSTL.DATA,UNIT=TSSWK,SPACE=(TRK,(50,20)),

S DISP=(NEW,CATLG)
//FTEOFO0L DD DUMMY:

++

/7
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