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everal 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 vectorization

and parallelization on vector processors.

In this 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 (n-particle, Temperature and Velocity) Simulation

code MSP2, Eddy Current Analysis code EDDYCAL, Thermal Analysis Code for Test of

Passive Cooling System by HENDEL T2 code THANPACST2 and MHD Equilibrium code

SELENEJ on the VPP500 are described.

In the 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 porting part, the

porting of Monte Carlo N-Particle Transport code MCNP4B2 and Reactor Safety Analysis

code RELAP5 on the AP3000 are described.
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2. GTCSP = i - KOM >X h -

^5 ; 3. lx—v-a y / o ^ 9 ^ GTCSP (General Tokamak Circuit Simula-

tion Program) [1] ( WT GTCSP ) O ^ i b l l M ^ i ^ ^ y M-<^ S/i^JfrDMi VPP500 [2],

( J^T VPP ) -^co^v^ h—/u, &l>\ ^ YMk% fritz. GTCSP 12,

/< SP2 [3]( « T SP2

*J^T, VPP

2.1 a-h*

GTCSP (±, B^S^^W^BffWffilf^yX^lsti^igll JT-60 CDS

L, •t^P>«:-&^Sfe-C^Ma^-t-Sri:-eiH]j8&S:»«fL-CV^<. Sfc,

gtcsp.f

Tgtcsp.f), ffiiJ^P^^IIS(7)m^^^W^i^ISS^i:^1-6ftiJ^/V-^> diode.f («T

diode.f), fc&2k&*?'<y*~-9<r>WLfe*-t5AAf-^ data, ^LT , nT^IB^ix-^

inc.f («T inc.f) t # ^ f > 7 " n / 7 A ( t 7 7 n ^ 7 A ) ^P>#I^$^-CV^5. ffit,

., gtcsp.f (--

2.2

SP2 ±-c-^T^^r^5 GTCSP ^ - K ^ VPP ^>X b
^ S . SP2 <D FORTRAN \t, XL FORTRAN for AIX [4,5]

FORTRAN77/EX [6]rott«fc:£&Lfc. ^ E , -Y ̂ ^ h -

modellKXfeS^, : © « * f > t t , ^frSt^^^^^fcfe

IS (demol, demo2, demo3) <D4 >-x h— /v^rtT^ofc. ^rM^f^f^ (vmodel, demol,

demo2, demo3) HT?I4, gtcsp.f U^(Dy-^n^£ <0 ,

5. i o f , vmodel IS»^ >^ h—^trtto fcl^lz, gtcsp.f it, x^HSW^ ^J^ h

2.2.1

(demol, demo2, demo3)

- 3 -
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2.2.1.1 mW^~3-> (diode.f)

diode.f »fifiE®FJTi-<5^-C,

(1) aWHi^fSE

demol , demo3<D^ti^:ti<D inc.i^iXiX IMPLICIT £^K: i££t lT 1^5. demol

CO inc.f ^Fig.2.1 (-T^i-. £fc, diode.f ( d ^ T , Fig.2.2 (D X o tc, INCLUDE £

A\ MaW^C (INTEGER) ,fc 9 igUlfi-gi &*Vtl^3. Z<Dtz.!fr, INCLUDE 3CC1J; 9 , inc.f

z55 INCLUDE 5:^!i,ixfc;fTfig[C*fi^iA*tl^t, f t f J ^ , IMPLICIT £ £ «J ml t ^ W

L * 9 . VPP FORTRAN77/EX "Cli, IMPLICIT Xli, M^m^C«t 9 fttti

*V^«) , ^ 7 - ^ f i # T V ^ . i o T , Fig.2.3

(2) IMPLICIT J IdJ;

demo2, demo3

fldpx: diode.0: warning: symbol:

'covrl_' has different size in f i le gtcsp.o

t V̂  0 WARNING fls, U ̂ ^^Id^^L-CVN/i. covrl C o P t l S L f e l S I : , covrl

(4, COMMOM ̂ CT-S:w^tb5*ii^D y^^T*, vm, r, 1

£ : , diode.f -CH, IMPLICIT

implicit

implicit

real*8(a-h

o >9 , gtcsp.

real*8(a-h

,o-z)

f -ei4,

,1-z)

* IMPLICIT XK>SH«SI/^-J : 9, sa ĵ 1

WARNING ^3g^b-O^fc. SB̂ iJ 1 (4, gtcsp.f fc'ft^^ffl U diode.f Tf(4,

. diode.f CD IMPLICIT X £, "(a-h,l-z)" t L t t ,

(3)

demo2, demo3 C f c ^ t , Sfî J 1 cof-̂ T X(4, inc.fC"Sa"$fi-C^?>^, diode.f

- ^ $cor (= 80) £, gtcsp.f T(4/^7^ - ^ $col (= 6400)

, WARNING #38£L-CV\fc. IB Ĵ 1 (4, diode.f

-, diode.f T*a'i'^tiTi/''5IB^J 1 cof--fX5r, gtcsp.f X'(D

2.2.1.2 ^^7°n ^ 7 A (gtcsp.f)

gtcsp.f f ^ M

4 -
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(1) ^ i t M f i
gtcsp.f CO ^zftXt—^s K3THV1 10 >V—

Fig.2.4 £> (b) 1:1*5 ft 5 , "2.0d+0 / deltat"

fi, Fig.2.4O (a) J; >3

(b)

if(deltat.eq.0.0d+0) go to 136 !(k7)

h*), deltat ^ 0

, deltat eolith o OD i:
, deltat

loop.nopreex"

Lfc.

Fig.2.4

(2)

demol , SP2 VPP

—^^MINVD CO DO 50 ^—

time \z.

11 pivot

"*vocl loop.noeval" Lfc. i&JEWftt: Fig.2.5

, VPP

SP2

t

l, vmodel

2.2.1.3

diode.f, gtcsp.f £

(1) Makefile

demol Makefile

gtcsp.f

, gtcsp.f

gtcsp.f

gtcsp.o : ../sys/gtcsp.f inc.f

f77 -0 -c /grpO3/j3799/gtcsp/sys/gtcsp.f

- 5 -
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X, V V ) N-L, Makefile

**ft5, gtcsp.f I:: f

gtcsp.o : gtcsp.f inc.f
f77 -0 -c gtcsp.f

(2)

. VPP h,

2.i3 tmm&m&mxim
2.13dO £{§fJtSH/£l:T?fBj£

2.130000114440918

2.130000000000000

2.2.1.4

demol -Ctt, (a) (b) (c)

4&-^). demo2

demo2

^—&L, demo3

, XL FORTRAN
O SP2 iaa^l -K

Fig.2.6

SP2 ±-e©n?T)i£& (a) t , f f f f i^ t t
fcy-^cT) VPP ± T ? » M f S * (c)

, (a) (b)
L T ,

*fc, demo3
currnt i voltag (Dffildo^-C, foSBf^JT' Table 2.1 Oj; 9

^ r-eoa^jOl^^fi , "dl0.3" T-feS. BB̂iJ currnt X'it
) -eav^s^c-c^s. VPP &t5 SP2 i-eosi
N-C Table 2.2 (^7^-t. Table 2.2 J; >9, 15 tfri

>. . t o t , demo3 »fe^coiaV>«, gfî ij currnt

11 fi (10 i t 11

-r t ot t 5fit

- 6 -
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voitag -m, i nit (10 M 4 #?«>) -ciiv^s^D-r^aas, ig^-y ̂  bm^ WRITE

( write(6,*) ) T^^f? ) t, Table 2.3 »£5(c&3. Table 2.3«t <3, /hfc^WTM 8

(10 it 11 tff«) ) ^Pj&i /^^C-C^Sdi^fr^S. rtifc, BB̂iJ currnt

, VPP i SP2

demo2,

2.2.2 vmodel

x^HSco^^^ h - ^ - C # ^ t L 7 t ^ m ^ t i ( - , vmodel

2.2.2.1 t ^ ^ o ̂ 7 A (gtcsp.f)

gtcsp.f (d*5

, Sfl̂ J CONSTA GDiMXa* 200 -Cfe5raic*|-U 233

V^Tt, 233 £ #

. i o t , IB̂ iJ CONSTA cof--f X ^ r ^ ^ L T ^ 5 inc.f

(D/<yt—9 $cll (DiE* 200 *»?>, 250

2.2.2.2 vmodel

t, VPP
f:, demol i P H , '^fc time | :St^S4i:TJ3D, %<D&W-?,

. time coffin,

2.3 ^

{i, VPP l-^y^ h-^L/ iy-^^-K( tAT VPP )

^ - ^ > ^ t t , ^ y / n ^ ' y A gtcsp.f ? r ^ ^ t Lfc.

2.3.1 =i*h#;fi

VPP Id*5ft5, #/u—^^W^^ h/u-3^, hft^&WifomWlMffiy-^ ANALYZER [7]

fflV'-CH^fcrg^S: Table 2.4 td -̂f". Zfri£<0, ^zf;v—=f- > MINVD

h (v-cost) #HK, ^ ^ H^S (v-leng) ^ 111 fc5: i:^fc*»5.

;w SAMPLER [8] C J ; ? ) / P ^'9^co||?f:Kfi£i^f;:f£|l£ Table 2.5 {d^i". Table 2.5

<fc«3, f - ^ u - ^ y MINVD {i, £ttw&SB#[ig<a 95 %

- C t S . Mtd, MINVD rtro^ h 5 > * ^ Table 2.6

- 7 -
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. Table 2.6 «t <9 , DO 70

US MINVD & Fig.2.7

2.3.2 f-^-~

>. V P P

2.3.2.1 '<

, 2 i

u
Table 2.7 (Di. b Hi"5 i

, Fig.2.9

Fig.2.9

Z. L,

A(5,4)" i t f U Fig.2.10

, 2

2.3.2.2 if

»D0 10, DO 60 ̂

r i : ^ - C * 5 . DO 10

0

r if, if

Fig.2.11 t

DO 60 ;v-

SS5c j ^ ^ L

. ::t*,

"real*8 A(4,4)"

A ̂ r "real*8

r tic «fc t), /^>

inc.f —* $syl IC

^ T , if

r

DO 10 / V -

T*. DO 60

DO

, DO 7 0 ^ -

r i , DO 70 )V—7<D^X% SŜ iJ tmpa, tmpr, piv

SB?iJ tmpa, tmpr <Dffi£@B?i] a, r ^ M 1 "

. if ^C5r t t - fLfc t»?r , Fig.2.12
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2.3.2.3 P -

fc DO 61 ;U—

: / £ Fig.2.13 fd

2.3.2.4 /I*™

DO 70 /U—

, DO

DO 50 ;V—zf(D 2 Lfc. -$•$;?£<£> DO 50 /V—

— I) y

[ i , DO ^

jl'(t:Ff!iJWT"*vocl l o o p . u n r o l K n ) " DO

= 4 7t DO 70 / W - "

, DO 70 / V -

2.3.2.5

fT-r ^ —*?% Fig.2.14

4 0 , S.O5, DO 50 /l<

O 20 ^ -

r, Fig.2.15 <D£?\

X, WM r X-ftM

^ , ZtoUm b

* Fig.2.16

2.4 -<<7

, 2 <^7cIB^JWff^fB|(c:|t^:^ L t

^r . - c% DO 40 , DO 50/1^—y

, DO 10 /i/—7(D a

Lfc. ^ L t , DO

-faW.Z<£, DO 20

r Kf tALfc . 3-*.-~l/lf&<r>Vzf/\<—=J-is MINVD

2.4.i tm^m

?rff^ofcy-^ ( wr VPP ^ - - y ^

, VPP 5=-^-

2.4.2 -<

SP2 ^

, VU

i:< SP2

(REAL) t CPU H#P t̂r, timef RXI mclock 7" P ->- i?

. itz, VPP it y v?^-/HS, VPP ^^--->'^lKt-*5^5Si§B#r ffl , CPU

(CPU m$<n Oh^<? Vf^^i<r)m^ Litf&fSl) &, GEHOD &.& CLOCKV f—

%:$: Table 2.8 {d^-t".

- ->^ l tSwCPUf i#^$r t l : ^ - t -5 t^ 12.6 fS,

VPP ^ ^ . - ^ ^ ^ I S S r l t t i - t - S i : , $ 5.9 {&<

- 9 -
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VPP 3-=L-=.is?]fa<r> ANALYZER I : i 5 ^ h ^ S r Table 2.9(^-f.

MINVD (cHLTfi, VPP ^ y v /̂W&fD 17.2 - 28.2 fga»e>, 19.0 - 33.5 fg£ «£ •?

? bMU9)%:&&bti1Z. Sfc, ?^--y?&<7) SAMPLER

Table 2.10 (o^-f. -*i«fc 9, £f£^ 95 % " M ^ ^ ^ o T l ^ ; : - ? - : / ^ - ^ MINVD

if(D 48 % i r / i o ^ r £

2.5

, GTCSP £ VPP -

, J; *) £\j^mW*htiZ>b^7Lfz. f a - = y ^ o t ^ v - f y MINVD

- 1 0 -
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Table. 2.1 Difference with value of array currnt and voltag.

currnt

voltag

SP2

3.569D-11

1.355D+03

VPP

1.302d-ll

1.356d+03

Table. 2.2 Data type of real number.

*6*Hif[ ( S / h ~ f t * )

mm% (io mm)
2

SP2

IEEE M\

.225074D-308 ~ 1

1 5 Ml

.797693D+308

VPP

IEEE M^

.2e-308 ~ î J

^ 16 #?

1.8e+308

Table. 2.3 Difference with value with list-directed formatting.

SP2

VPP

1355.49993879100748

1355.499938789490

- 1 1 -
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Table. 2.4 Dynamic behaivor of original version.

name ex-count
MINVD
COMP
CALM
K3THV1
K2THV1
K1THV1
DCOMN
CONCG
DIODE
K5THV1
SYSWEI
GTCSP
GEN1BC
K4THV1
K1GEN1
K2GEN1
K6THV1
DISCTH
K3GEN1
K2C0IL
K1C0IL
SYSANA
K5GEN1
K4C0IL
SYSON
K5C0IL
K4GEN1
K3C0IL
SYSPRT
THMAP
DISCG1
VMECNTV
VMECNTF
DISCCO
K0THV1
DCOMO
SYSINP
KOCOIL
K6C0IL
K0GEN1
MAIN
BLOCKD
DISCGE
DISCNB

(total)

125465
125465
234225
4014816
3480352
3480352
234224
108761

3480352
374304
120462

1
120460

3854656
108762
108761
16733
66080
125463
108761
108761

27
11697
120458
16733
11697
120458
125463
2065
16733
2065
2031
2031
2065
32
1
1
1
1
1
1
0
0
0

v-cost
.3502E12
.1033E12
.6199E11
.5020E10
.4393E10
.4330E10
.2829E10
.2165E10
.1629E10
.7280E09
.5624E09
.5404E09
.3652E09
.2541E09
.1041E09
84635532
72626018
65133093
62931813
31067385
30594486
15411359
11195490
7875706
7835444
6667748
6334807
4369148
3371316
3095286
1672142
1209106
1199154
898951
15200
8614
2708
684
467
363
5
0
0
0

.5389E12

7.
65.0
19.2
11.5
0.9
0.8
0.8
0.5
0.4
0.3
0.1
0.1
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0
0
0

100.0

s-cost
.8033E13
.1079E12
.6235E11
.1046E11
.6195E10
.6031E10
.2959E10
.5857E10
.1806E10
.9441E09
.1001E10
.5442E09
.4676E09
.6081E09
.1803E09
.1573E09
.1208E09
.1560E09
.1048E09
28408972
28116288
15450433
21577283
7190862
7791656
6019839
14552935
4369148
3371316
3095286
1890599
1209106
1199154
811817
20576
9009
2708
628
422
499
5
0
0
0

.8241E13

'/.
97.5
1.3
0.8
0.1
0.1
0.1
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0
0
0

100.0

v-leng
111
23
111
5
5
5
4
9
4
6
5
34
4
5
4
5
5
5
4
2
2
3
4
2
8
2
4
1
20
1
4
1
1
2
4
4
13
2
2
4
1
0
0
0

v-rate
99.3
5.0
0.6

85.5
47.3
45.8
66.6
74.3
16.5
37.2
82.2
0.8
48.8
94.6
76.6
80.0
67.7
94.6
74.2
60.8
57.3
1.5

83.4
61.9
3.7

70.0
91.8
0.0
0.0
0.0
37.2
0.0
0.0

69.8
42.5
66.6
0.0
57.6
69.2
60.7
0.0
0
0
0

97.1

v-effect
17.2-
1.0-
1.0-
1.2-
1.1-
1.1-
0.9-
2.2-
1.1-
1.1-
1.2-
1.0-
1.1-
1.3-
1.2-
1.2-
1.2-
1.3-
1.2-
0.8-
0.8-
1.0-
1.2-
0.8-
1.0-
0.7-
1.3-
1.0-
1.0-
1.0-
1.0-
1.0-
1.0-
0.7-
1.1-
0.9-
1.0-
0.8-
0.7-
1.1-
1.0-

12.4-

28.2
1.0
1.0
2.7
1.5
1.5
1.3
3.0
1.1
1.4
2.2
1.0
1.4
3.4
2.1
2.3
1.9
3.4
2.0
1.2
1.2
1.0
2.4
1.2
1.0
1.2
3.1
1.0
1.0
1.0
1.2
1.0
1.0
1.2
1.5
1.3
1.0
1.2
1.2
1.6
1.0
0
0
0

17.5
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Table. 2.5 Distribution of computational costs of original version.

Count I
20344591

582691
95841
51051
50551
49981
31921
29021
26641
21851
8491
6081
5061
4251
2131
1461

1191
1161
1141
921
821
671
581
561
501
431
301
271
22|
131
81
71
71
41
11
11

21320771

Percent I
95.41
2.71
0.41
0.2|
0.21
0.2|
0.11
0.11
0.11
0.11
0.0|
0.0|
0.0|
0.0|
0.01
0.01
0.0|
0.0|
0.0|
0.01

o.oi
0.01

o.oi
0.01
0.01

o.oi
0.01
0.01
0.01

o.oi
o.oi
0.01
0.01

o.oi
o.oi
0.01

1

VL|
1121
211
41
-1
311
11
41
41
121
41

1121
51
51
71
61
61
51
31
21
21
-1
61
-1
21
21
91
61
21
-1
-1
-1
-1
61
-1
-1
-1

1111

Name
minvd_
comp
k3thvl_
gtcsp_
concg_
dcomn_
klthvl_
k2thvl_
diode_
discth_
calm_
syswei_
genlbc_
k4thvl_
k2genl_
klgenl_
k5thvl_
discgl_
klcoil_
k2coil_
discco_
k3genl_
sysprt_
k4coil_
syson_
k6thvl_
k4genl_
sysana_
k3coil_
k0thvl_
k5coil_
tnmap_
k5genl_
vmecntf_
sysinp_
vmecntv_

TOTAL
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Table. 2.6 Dynamic behaivor of DO loops in subroutine MINVD.

vectorize -

do-id kind
70
10
60
50
30
20
10
40

do
do
do
do
do
do
do
do

- total

loop

V

V
S
V
V
V
s
V
V

list - •

ex-count
.2262E10
20381635
20381635
20381635
20381635
181987
181987
76757
125465

TT\

HlWvu

v-cost
.2877E12
.4569E11
.1206E11
.3261E10
.7251E09
.6730E09
.1019E09
11020629
2729803

y.
82.1
13.0
3.4
0.9
0.2
0.2
0.0
0.0
0.0

s-cost
.7854E13
.4569E11
.3177E11
.8902E11
.1131E11
.6730E09
.1019E09
.3009E09
2729803

•/.
97.8
0.6
0.4
1.1
0.1
0.0
0.0
0.0
0.0

v-leng
112
112
112
112
55
112
112
112
1

v-rate
100
0
64
100
100
0
0

100
0

.0

.0

.4

.0

.0

.0

.0

.0

.0

v-effect
19.5-
1.0-
2.6-
19.5-
11.7-
1.0-
1.0-
19.5-
1.0-

35.1
1.0
2.7
35.1
19.5
1.0
1.0

35.1
1.0

Table. 2.7 Definition of array size.

type*m

k

REAL*4

integer*4

logical*4

4n+2

REAL*8

complex*8

complex*16

2n+l

k: I g -

n:

a(k,m)

Table. 2.8 Comparison of execution time.

SP2 7.

VPP ;
VPP =f

i- y vi-frfA

REAL
7h 27m 2s

14h 36m 25s

lh 09m 39s

CPU 03

6h 47m

14h 35m

lh 09m

«K
34s

03s

29s

vu mm

14h 14m 15s

49m 41s
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Table. 2.9 Dynamic behaivor of vectorized version.

name
MINVD
COMP
CALM
K3THV1
K2THV1
K1THV1
DCOMN
CONCG
DIODE
K5THV1
SYSWEI
GTCSP
GEN1BC
K4THV1
SYSANA
K1GEN1
K6THV1
K2GEN1
K3GEN1
DISCTH
K2C0IL
K1C0IL
K5GEN1
SYSON
K5C0IL
K4C0IL
K4GEN1
K3C0IL
THMAP
SYSPRT
DISCG1
VMECNT
VMECNT
DISCCO
K0THV1
DCOMO
SYSINP
KOCOIL
K6C0IL
K0GEN1
MAIN
BLOCKD
DISCGE
MULTV

(total)

ex-count
298415
298415
522589
9549248
7173568
7173568
522588
224174
7173568
1594112
273993

1
273991
8767680

428
224174
74271
224174
298414
127968
224174
224174
49816
74271
49816
273990
273990
298414
74271
3999
3999
3946
3946
3999
32
1
1
1
1
1
1
0
0
0

v-cost
.5586E12
.1694E12
.9861E11
.8007E10
.6724E10
.6628E10
.4500E10
.3313E10
.2782E10
.1464E10
.9001E09
.8614E09
.5844E09
.4067E09
.2785E09
.1594E09
.1516E09
.1296E09
.1032E09
96576657
47559376
46835122
22513000
16370481
13408168
12603540
10137630
7163444
6461577
4998849
2479383
1768464
1738786
1332927
15200
8614
2708
684
467
363
11
0
0
0

.8639E12

°/.
64.7
19.6
11.4
0.9
0.8
0.8
0.5
0.4
0.3
0.2
0.1
0.1
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0
0
0

100.0

s-cost
.1470E14
.1769E12
.9917E11
.1661E11
.9483E10
.9232E10
.4707E10
.8964E10
.3130E10
.1899E10
.1602E10
.8691E09
.7483E09
.9732E09
.2792E09
.2760E09
.2521E09
.2408E09
.1719E09
.2312E09
43489756
43041408
43389736
16279071
12105288
11507580
23289150
7163444
6461577
4998849
2803302
1768464
1738786
1203729
20576
9009
2708
628
422
499
11
0
0
0

.1503E14

7.
97.8
1.2
0.7
0.1
0.1
0.1
0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0
0
0

100.0

v-leng
111
23
111
5
5
5
4
9
4
6
5
34
4
4
3
4
5
4
4
5
2
2
4
7
2
2
4
1
1
18
4
1
1
2
4
4
13
2
2
4
1
0
0
0

v-rate
99.9
5.0
0.6

85.3
47.3
45.8
66.6
74.3
18.6
37.2
82.2
1.0

48.8
94.6
1.5

76.6
67.7
80.0
74.2
94.6
60.8
57.3
83.4
3.6
70.0
61.9
91.8
0.0
0.0
0.0
37.2
0.0
0.0
69.8
42.5
66.6
0.0
57.6
69.2
60.7
0.0
0
0
0

97.9

v-effect
19.0-
1.0-
1.0-
1.2-
1.1-
1.1-
0.9-
2.2-
1.1-
1.1-
1.2-
1.0-
1.1-
1.3-
1.0-
1.2-
1.2-
1.2-
1.2-
1.3-
0.8-
0.8-
1.2-
1.0-
0.7-
0.8-
1.3-
1.0-
1.0-
1.0-
1.0-
1.0-
1.0-
0.7-
1.1-
0.9-
1.0-
0.8-
0.7-
1.1-
1.0-

13.8-

33.5
1.0
1.0
2.7
1.5
1.5
1.3
3.0
1.2
1.4
2.2
1.0
1.4
3.4
1.0
2.1
1.9
2.3
2.0
3.4
1.2
1.2
2.4
1.0
1.2
1.2
3.1
1.0
1.0
1.0
1.2
1.0
1.0
1.2
1.5
1.3
1.0
1.2
1.2
1.6
1.0
0
0
0

20.3
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Table. 2.10 Distribution of computational costs of vectorized version.

Count|
2084571
1316941
20441|
126081
121141
105061
76351
70131
68311
45241
17411
15391
12851
9141
7371
4551
3641
2931
2531
2111
2111
2021
1951
174|
1471
1211
841
721
54|
501
471
441
131
131
81

4310501

Percent I
48.41
30.61
4.71
2.91
2.81
2.41
1.81
1.61
1.61
1.01
0.41
0.41
0.31
0.21
0.21
0.11
0.11
0.11
0.11
0.01
0.01
o.ol
0.01
0.01
0.01

o.ol
o.ol
0.01
0.01

o.ol
0.01

o.ol
0.01
0.01
0.01

1

VL|
nil
201
41
21
261
271
41
131
41
41

1121
51
51
71
51
21
61
61
31
61
61
21
21
21
21
-1
21
-1
61
-1
61
31
-1
-1
-1

86|

Name
minvd_
comp_
k3thvl_
dcomn_
gtcsp_
concg_
k2thvl_
diode.
klthvl_
discth_
calm_
syswei_
genlbc_
k4thvl_
k5thvl_
sysana_
klgenl_
k2genl_
discgl_
k3genl_
k6thvl_
klcoil_
k2coil_
syson_
discco_
sysprt_
k4coil_
k3coil_
k4genl_
thmap_
k5genl_
k5coil_
kOthvlI
vmecntf_
vmecntv_

TOTAL
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implicit integer($)
parameter ($ttt=
> $tem=
> $cll=
> $nge=
character*4 name

20,$nth=
100,$smt=
200,$cop=
2,$nbi=

40,$syl=
50,$mt =
10,$nco=
30,$nbc=

160,
80,
10,
30)

$ilp=1000
$alc= 300
$cor= 20

,$psy=
,$bml=
,$col=

1000,
600,
200,

Fig. 2.1 Variable array data (demol).

subroutine diode(jd)
implicit real*8(a-h,o-z)
integer bmap.nbwid
include 'inc.f'

Fig. 2.2 Specification statement and compiler directive statement in diode.f (demol).

- 1 7 -
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subroutine diode(jd)
implicit
include
integer

real*8(a-h,
'inc.f'
bmap.nbwid

o-z)

Fig. 2.3 Modification of specification statement in diode.f (demol).

do 10 i=l,6
if(ithsta(i.id).ne.3) go to 10 ! already offed
sumn=0.OdO
do 20 j=l,4

20 sumn=sumn +scstcn(ifscst+j+2)*d(i,j,id)
if(sumn.gt.O.OdO) go to 10 ! no cut off point

c *** cut off *** two degree interpolation of sum
sumo=0.OdO
sumdn=0.OdO
sumdo=0.OdO
do 40 j=l,4
sumo =sumo +scstco(ifscst+2+j)*d(i,j,id)
sumdn=sumdn +scstdn(ifscst+2+j)*d(i,j,id)

40 sumdo=sumdo +scstdo(ifscst+2+j)*d(i,j,id)
if(sumn+sumdn*1.0d-07.ge.0.0d+0) go to 10
if(deltat.eq.0.0d+0) go to 136 !(k7) <- (a)
if(sumo.It.0.OdO) go to 50 ! error already cut off
epss=dabs(sumdn)*l.Od-8+eps
ssum=sumdn-sumdo
if(dabs(ssum).lt.epss) go to 60 ! linear interpolation
dsum=sumdo*sumdo-2.0d+0*sumo*ssum/deltat <— (b)
if(dsum.lt.0.OdO) go to 70 ! error no real root

*vocl loop, nopreex
do 10 i=l,6
i f ( i ths ta ( i . id ) .ne .3) go to 10 ! already offed
sumn=0.OdO
do 20 j=l ,4

Fig. 2.4 Modification of DO 10 loop in subroutine K3THV1.
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*vocl

50

loop, noeval
do 50 k = '

a f t T I •*••
CL \ li. y -L J
b(k,i) =
tmpa(k)
tmpb(k)
piv(k)

continue

. ,n
aCk,
b(k,
= 3 . C
— ̂  (

i )
i )

i ,

/
/

i )
i )
k)

- CiiJnff)

pivot
pivot

Fig. 2.5 Modification of DO 50 loop in subroutine MINVD.

do 10 iwork=l,psysm
do 20 jwork=l,psysm

20 syscal(iwork,jwork)=0.0
10 syscon(iwork)=0.0

! syscal clear
! syscon clear

if(sume.gt.0.0) go to 190 ! no on-possible eq off mode

do 10 iwork=l,psysm
do 20 jwork=l,psysm

20 syscal(iwork,jwork)=0.0d0
10 syscon(iwork)=0.0d0

! syscal clear
! syscon clear

if(sume.gt.O.OdO) go to 190 ! no on-possible eq off mode

Fig. 2.6 Example of modification of double precision type.
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subroutine minvd(r,n)
include 'inc.f'
real*8 r($syl,$syl),a($syl,$syl),amax,pivot,temp
integer imax

do 10 i = l,n
do 10 j = l,n

)j j
if(i.eq.j) then

)
else
r(i,j) = O.OdO

endif
10 continue

c
do 20 i = l,n
amax = dabs(a(i,i))
imax = i
do 30 j = i+l,n
if(dabs(a(j,i)).gt.amax) then
amax = dabs(a(j,i))
imax = j

endif
30 continue

if(imax.ne.i) then
do 40 k = l,n
temp = a(i,k)
a(i,k) = a(imax,k)
a(imax,k) = temp
temp = r(i,k)
r(i,k) = r(imax,k)
r(imax,k) = temp

40 continue
endif

c
pivot = a(i,i)
do 50 k = l,n
a(i,k) = a(i,k) / pivot

50 r(i,k) = r(i,k) / pivot
c

do 60 j = l,n
if(i.ne.j) then
pivot = a(j,i)
do 70 k = l,n
a(j,k) = a(j,k) - a(i,k) * pivot

70 r(j,k) = r(j,k) - r(i,k) * pivot
endif

60 continue
20 continue

return
end

Fig. 2.7 Subroutine MINVD (original version).
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(y-y'sv—J-y MINVD)

do 40 k
temp =
a(i,k)
a(imax

= i
a(
=

,k)

,n
i,k)
a(imax,k)
= temp

Fig. 2.8 Example of coding which causes bank-rivalry.

S'U h

S'U h

o

A ( 2 ,

A , 3 ,

A ( 4 ,

1)

1 1

1)

o

A ( 2 ,

A ( 3 ,

A ( 4 ,

2)

2)

2)

O

A ( 2 ,

A ( 3 ,

A ( 4 ,

3)

3)

3)

O

A ( 2 ,

A ( 3 ,

A ( 4 ,

4 ,

4)

4)

4)

Fig. 2.9 Memory map (in case of array A(4,4)).

A ( 2 , 1 )

A ( 3 , l ,

A ( 4 , 1 )

mmmm ' '
S & C S i & l i S j A ( 4 , 2 ) 1 A ( 3 , 3 ) 1 A ( 2 , 4 )

lilllli : :

A ( 2 , 2 )

A ( 3 , 2 )

:¥:¥:¥:¥:::::::::¥:::* '

:¥ :Si : fe : S : i :¥ : l A ( 4 , 3 ) ' A ( 3 , 4 )

A ( 1 , 3 ) k ' : W M i & J A ( 4 , 4 )

•iiiiiij

A(2,3) ' A (1 , 4 ) (S&iSi^jS

i * iiiiii

Fig. 2.10 Memory map (in case of array A(5,5)).
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v2
s2
v2
v2
v2
v2
v2
v2
v2

s2
v2
v2
v2
c
s2
v2
v2
v2
c
V
V
V

EHU)
do 10
do 10
a(i,j>

i
j

if(i.eq.
r(i

else
r(i

endif

J /

1 J

10 continue

do
do

c

10
10

_ 1

= 1
r(
j)

=

j
i
, j)

10 continue

do
do

11
11
:(i

j
i
.j)

11 continue

do
]

12
r(i

i

12 continue

,n
i. j)
then
l.OdO

O.OdO

= l,n
= l,n

= l,n
= l,n
= O.OdO

= l,n
= l.OdO

Fig. 2.11 Modification of DO 10 loop in subroutine MINVD.
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s
V
V
V
V
V
V
V

V
V
V
V
V

c
s2
v2
v2
v2
v2

c
V
V
V
V

)

70

60

}

61

70

62

do 60 j = l,n
if(i.ne.j) then
pivot = a(j,i)
do 70 k = l,n
a(j,k) = a(j,k) - a(i,k) * pivot
r(j,k) = r(j,k) - r(i,k) * pivot

endif
continue

do 61 j = l,n
tmpa(j) = a(i,j)
tmpr(j) = r(i,j)
piv(j) = a(j,i)

continue

do 70 k = l,n
do 70 j = l,n
a(j,k) = a(j,k) - tmpa(k) * piv(j)
r(j,k) = r(j,k) - tmpr(k) * piv(j)

continue

do 62 j = l,n
a(i,j) = tmpa(j)
r(i,j) = tmpr(j)

continue

Fig. 2.12 Modification of DO 60 loop in subroutine MINVD.
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V
V
V
V
V
V
V

do 50 k =
a(i,k) =
r(i,k) =
tmpa(k)
tmpr(k)
piv(k)

50 continue

1
a(

r(
=
=
=

i,k) /
i,k) /
a(i,k]
r(i,k]
a(k,i:

pivot
pivot
)
)

( DO

( DO

50

61

loop )

loop )

Fig. 2.13 Merger of DO 61 loop and DO 50 loop in subroutine MINVD.

*vocl
do 70
do 70
a(j
r(j

loop
k =

j =

k) =
70 continue

do 70
do 70
a(j
a(j
a(j
a(j

r(j
r(j
r(j

k =

j =

k+1)
k+2)
k+3)
k)
k+1)
k+2)
k+3)

70 continue

.unroll(4)
l.n
l.n
a(j,k) - tmpa(k) * piv(j)
r(j,k) - tmpr(k) * piv(j)

l,n,4
l.n
= a(j.k)
= a(j,k+l) -
= a(j,k+2) -
= a(j,k+3) -
= r(j,k)
= r(j,k+l) -
= r(j,k+2) •
= r(j,k+3) •

- tmpa(k) *
- tmpa(k+l) *
- tmpa(k+2) *
- tmpa(k+3) *
- tmpr(k) *
- tmpr(k+1) *
- tmpr(k+2) *
- tmpr(k+3) *

- (iHMt)

piv(j)
piv(j)
piv(j)
piv(j)
piv(j)
piv(j)
piv(j)
piv(j)

Fig. 2.14 Direction of loop unrolling to DO 70 loop in subroutine MINVD.

s2
v2
v2
v2 10

do
do

c

10
10

i =
i =
i) =

continue

l.n

r(i,j)

Fig. 2.15 Replacement of subscript list of array a in subroutine MINVD.

2 4 -



JAERI-Data/Code 2000-018

s2
v2
v2
v2

s2
v2
v2
v2

V
V
V

s
s
s
V
V
V
V
V
V
s
V
V
V
V
V
V
V
V
s

s

V
V
V
V
V
V
V

c

c

c

c

c

c

c

10

11

12

30

40

subroutine minvd(r.n)
include 'inc.f'
real*8 r($syl,$syl),a($syl,$syl),amax,pivot,temp
integer imax
real*8 piv($syl),tmpa($syl),tmpb($syl)
real*8 b($syl,$syl)

do 10 j = l,n
do 10 i - l,n
a(j ,i) = r(i, j)

continue

do 11 j = l.n
do 11 i = l,n
b(i,j) = O.OdO

continue

do 12 i = l,n
b(i,i) = l.OdO

continue

do 20 i = l.n
amax = dabs(a(i,i))
imax = i
do 30 j = i+l,n

if(dabs(a(i,j)).gt.amax) then
amax = dabs(a(i,j))
imax = j

endif
continue
if(imax.ne.i) then
do 40 k = l,n
temp = a(k,i)
a(k,i) = a(k,imax)
a(k,imax) = temp
temp = b(k,i)
b(k,i) = b(k,imax)
b(k,imax) = temp

continue
end if

pivot = a(i,i)

do 50 k = l,n
a(k,i) = a(k,i) / pivot
b(k,i) = b(k,i) / pivot
tmpa(k) = a(k,i)
tmpb(k) = b(k,i)
piv(k) = a(i,k)

50 continue

Fig. 2.16 Subroutine MINVD (vectorized version) (1/2).
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v4
s4
v4
v4
v4

V
V
V
V

s

s2
v2
v2
v2

*vocl loop.unroll(4)

c

c

c

c

70

62

20

100

do 70 k = l.n
do 70 j = l,n
a(k,j) = a(k,j) - tmpa(k) * piv(j)
b(k,j) = b(k,j) - tmpb(k) * piv(j)

continue

do 62 j = l.n
a(j,i) = tmpa(j)
b(j,i) = tmpb(j)

continue

continue

do 100 j = l.n
do 100 i = l.n
r(i,j) = b(j,i)

continue

return
end

Fig. 2.16 Subroutine MINVD (vectorized version) (2/2).
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[i] fcunM, rnrnm, ̂ .MM&.-, mm v^-^^m^yi^^-'y^^^^^y^ GTCSPJ ,
JAERI-Data/Code 97-017, 1997 ¥ 5 M .

[2] mm

[3] r ^ P l i f i E x - ^ ^ W f — ^ IBM RS/6000 SP System

, 1996 ¥ 9 ̂  .

[4] TXL Fortran for AIX Language Reference Version3 Release2j , 0 * IBM(tt), 1995

[5] TXL Fortran for AIX User's Guide Version3 Release2j , 0#IBM(t$), 1995 ¥ 9

[6] TUXP/M VPP FORTRAN77 EX/VP ffiffl^^l# V12fflj , S ± i i (ft), 1994 ¥ 9

[7] ruXP/MT^y^f-'ftffl^^l#(FORTRAN,VPffl)V10L20fflJ , S±i i (*), 1992

¥ 2 ^ .

[8] ruXP/M VPP T-^7^fM£ffl¥3l» VIOfflj ,
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3. MSP2 ZI-F commit

3.1 I4C*I3

> (msp2)

[2,3]

3.2

5 .

2)

3) j££H#fH}l*,

3.3 7—
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it. r

it. iE ig. 3.1 d, ^Mf

Fig. 3.3 (-,

3.4

ig. 3.2 {

Fig. 3.4 K

R E A L * 4

ic J; «j,

(i Fie)

REAL* 4 (^ffig) ii^REAL

* .8

^RE AL * 8

L - C , ^

L/c. , - o

3.5

3.5.1

5 0 0 0 0 t 2 5 OT'IJ, 1 0 0 0

fcS.

- 2 9 -



JAERI-Data/Code 2000-018

. 3.5 - ^ iipett,

b #-?# 5.

14, y

3.5.2 x -

(IB îJQwork) ^ - t, r

SrFig. 3.6

3.5.3 x -

. 3.7

t s .
Z. b b

. ttc,

t L,

3.5.4

«toT,

t b Lit.

r

. ititL,
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2:

PworkG 319 ,

BE?iJQtcov>T'bP^T-fe<9, SÊ iJ Q

PworkG

Qwork

ig. 3.8 Id

3.6

, SB^JJFR,

ig. 3.9 n , sa^u Q ^ Fig. 3.10

BE?iJ JFR ?r Fig. 3.11 Id, IB îJ FR S: Fig. 3.12 Id^f t -eh/^-f . 3fe^J)IRIdo^-CfiEyiJ

Fig. 3.13 Id, BBJiJ Q Sr Fig. 3.14 Id, IB îJ JFR £r Fig. 3.15 Id, SB Ĵ FR * Fig. 3.16 Id

3.7 t t t l

X-ffil

. Table 3.1

n-K

. Table3.2

3.8

31
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JFR

(3.1)

5 0 0

5 0 0

SftT'fefttf 2 0 0 ~ l 0 0 0U&$.X*<DfflX*t><ob

JFR <£>:*;# $ fcllitSfcfe, IB̂ iJ JFR
5

\f,
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Table. 3.1 Comparision of quantity of memory each program used.

CASE

41.79 MB

1.79 MB

42.19 MB

2.19 MB

12.00 MB

2.00 MB

1 6 tfc#|

4.47 MB

1.95 MB

Table. 3.2 Execution time.

CASE

4534 Sec

3728 Sec

4311 Sec

4247 Sec

2531 Sec

2471 Sec

1 6M?iJ

2235 Sec

2414 Sec

- 3 3 -



JAERI-Data/Code 2000-018

n _ _ _ _ .

c
C FOR VECTORIZATION IN VPP500
C
C ( Original )
C
C

DIMENSION ZAA1(NT,NT,3), ZRR2(NT,NT), ZEDQF(NT.NT)

Fig. 3.1 Work area definition of vector processing before modification.

c

C
C FOR VECTORIZATION IN VPP500
C
C ( Change on 1998'05 a t FJT )
C
C

r e a l * 8 ZAA1, ZAA2, ZAA3, ZEDQF

Fig. 3.2 Work area definition of vector processing after modification.
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c
C ADDITIONAL CALCULATION TERM FOR HIGH-LEVEL VECTORIZATION
C

DO 7000 K = 1, 3
DO 7000 J = 1, NT
DO 7000 I = 1, NT
ZAA1(I,J,K) = Q(I,K) - Q(J,K)
IFC ZAAKI.J.K) .GT. AR ) ZAAKI.J.K) = ZAA1(I,J,K) - AL
IF( ZAA1(I,J,K) .LT. AS ) ZAAKI.J.K) - ZAAKI.J.K) + AL

7000 CONTINUE
DO 7001 J - 1, NT
DO 7001 I = 1, NT
ZRR2CI.J) = ZAAKI,J,1)*ZAA1(I,J,1)

& + ZAAKI,J,2)*ZAA1(I,J,2)
& + ZAAKI,J,3)*ZAAKI,J,3)

7001 CONTINUE
c

C
C « « « « CALCULATION OF FORCE BASED ON POTENTIAL » » » »
C
C ALMOST CPU TIME IN CALCULATION MUST BE USED FOR THIS LOOP.
C BE CAREFUL, IF NEW CALCULATION IS ADDED IN THIS LOOP!
C

EN2=0.0
DO 7010 J - 1, NT
JON = KIM(J)
DO 7010 I - 1, NT
ION = KIM(I)
MF = IPRCION.JON)

RR2 = ZRR2(I,J)
IFC (RR2.LE.AR2) .AND. (I.NE.J) ) THEN

R = SQRT(RR2)
N - 100.0*R
NH = N/2+1

c

C CALCULATION OF JFR YIELDS POOR VECTORIZATION
C (NO CALCULATION OF JFR IS RECOMMENDED, IF POSSIBLE)
c

JFR(NH.MF) = JFR(NH.MF) + 1
f _____________________________________________________

EN2 = EN2 + PE(N,MF)
RFA = R - 0.01*REAL(N)
ZEDQF(I.J) = 1.0E-04*(RF(N,MF)

& + 1OO.O*(RF(N+1,MF)-RF(N,MF))*RFA)
ELSE

ZEDQF(I.J) - 0.0
ENDIF

7010 CONTINUE
p

C
C CALCULATION OF FORCE TTF(J.K)
C

DO 7020 K = 1, 3
DO 7020 J = 1, NT
DO 7020 I = 1, NT
TTFU.K) = TTF(J,K) - ZEDQFU, J)*ZAAKI, J,K)

7020 CONTINUE
c

C
C CALCULATION OF POTENTIAL PART OF STRESS TENSOR
C

DO 7030 J - 1, NT
DO 7030 I = 1, NT
TFI(J) - TFI(J) + ZEDQF(I,J)*ZAAKI,J,1)*ZAA1(I>J,2)

7030 CONTINUE
c

Fig. 3.3 Computational processing part in the original code.
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c
C ADDITIONAL CALCULATION TERM FOR HIGH-LEVEL VECTORIZATION
C

EN2-0.0
DO 7000 J = 1, NT
JON = KIH(J)
DO 7000 I = 1, NT
ION = KIH(I)
ZAA1 = Q(I,1) - Q(J,1)
ZAA2 = Q(I,2) - Q(J,2)
ZAA3 = 0.(1,3) - Q(J,3)
IF( ZAA1 .GT. AR ) ZAA1 - ZAA1 - AL
IF( ZAA1 -LT. AS ) ZAA1 - ZAA1 + AL
IF( ZAA2 .GT. AR ) ZAA2 = ZAA2 - AL
IF( ZAA2 .LT. AS ) ZAA2 = ZAA2 + AL
IF( ZAA3 .GT. AR ) ZAA3 = ZAA3 - AL
IF( ZAA3 .LT. AS ) ZAA3 = ZAA3 + AL

c
C
C « « « « CALCULATION OF FORCE BASED ON POTENTIAL » » » »
C
C ALMOST CPU TIME IN CALCULATION MUST BE USED FOR THIS LOOP.
C BE CAREFUL, IF NEW CALCULATION IS ADDED IN THIS LOOP!
C

MF - IPR(ION.JON)
RR2 = ZAA1*ZAA1

k + ZAA2*ZAA2
k + ZAA3*ZAA3

IF( (RR2.LE.AR2) .AND. (I.NE.J) ) THEN
R = SQRT(RR2)
N = 100.0*R
NH = N/2+1

c

C CALCULATION OF JFR YIELDS POOR VECTORIZATION
C (NO CALCULATION OF JFR IS RECOMMENDED, IF POSSIBLE)
c

JFR(NH.MF) - JFR(NH.MF) + 1
c

EN2 = EN2 + PE(N,MF)
RFA = R - 0.01*REAL(N)
ZEDQF = 1.0E-04*(RF(N,MF)

fe + 1OO.O*(RF(N+1,MF)-RF(N,MF))*RFA)
ELSE

ZEDQF =0.0
ENDIF

c

C
C CALCULATION OF FORCE TTF(J.K)
C

TTFO.l) = TTF(J,1) - ZEDQF*ZAA1
TTF(J,2) = TTF(J,2) - ZEDQF*ZAA2
TTF(J,3) = TTF(J,3) - ZEDQF*ZAA3

c

C
C CALCULATION OF POTENTIAL PART OF STRESS TENSOR
C

TFKJ) = TFI(J) + ZEDQF*ZAA1*ZAA2
c

7000 CONTINUE

Fig. 3.4 Modification of computational processing with work area reduction.
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C
C For Parallel System
C

dimension PworkG(NT,3)
dimension Qwork(NT,3),KIMwork(NT)
parameter(iipe=4)

!xocl processor pen(iipe)
!xocl index partition qn=(proc=pen,index=l:NT,part=band)
!xocl local P(/qn,:),Q(/qn,:)
!xocl local SI(/qn),CO(/qn),XSI(/qn),XCO(/qn),TTF(/qn,:)
Ixocl local 0(/qn,:),P2(/qn,:),Q2(/qn,:))02(/qn,:),PQ.0(/qn,:),0Q2(/qn)
!xocl local KIM(/qn),CX(/qn),TFI(/qn),VJ(/qn,:)
Ixocl global PworkG

equivalence( PworkG,P )
Ixocl parallel region

Fig. 3.5 Definition of data decomposition.

C
C READING INITIAL 2 STEPS POSITION DATA
C

READ(5,6000) (P(I,1),P(I,2),P(I,3),I-
READ(5,6000) (Q(I,1),Q(I,2),Q(I,3),1=1,NT)

6000 FORMAT(3F10.6)

Fig. 3.6 Data input part before modification.

c
c
/I

o

Ixocl

300
Ixocl
301

Ixocl

302
Ixocl
303
6000
6100

READING INITIAL 2 STEPS POSITION DATA

READ(5,6000)
do 301 K=l,
spread do
do 300 1=1
P(I.K) =

continue
end spread
continue
READ(5,6000)
do 303 K=l,
spread do
do 302 1=1
QCI.K) =

continue
end spread
continue
FORMAT(3F10.
FORMAT(3F12.

(Qwork(I,l),Qwork(I,2),Qwork(I,3),I=l,NT)
3

, NT
Qwork(I.K)

(Qwork(I,l),Qwork(I,2),Qwork(I,3),I=l,NT)
3

, NT
Qwork(I,K)

6)
6)

Fig. 3.7 Data input part after modification.
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For Parallel System
dimension PworkG(NT,3)
dimension Qwork(NT,3),KIMwork(NT)

!xocl local P(/qn,:),

!xocl global PworkG
equivalence( PworkG,P )

C
C OUTPUT LAST 2 STEPS POSITION DATA FOR NEXT CALCULATION
C

WRITE(6,6000) (PworkG(I,1).PworkG(I,2),PworkG(I,3),1=1,NT)
WRITE(6,6000) (Qwork (1,1),Qwork (I,2),Qwork (1,3),1=1,NT)

Fig. 3.8 Definition of local array P,Q and global array PworkG.
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5.883139
10.121720
21.176637
30.446091
9.582691
0.272213
27.227571
22.243773
8.680054
23.013612
19.478874
18.831358
29.884066
2.829333
15.773248
23.932953
26.430788
19.451192
12.640793
5.927193
16.052361
21.932517
17.812561
9.137686
1.144863
3.087538
28.607477
29.661870
12.452219
8.187759
5.874144
13.125851
3.066548
3.604331
1.648675
8.120716
11.002270
28.079895
18.654530
22.020820
14.862740
25.257435
21.980828
26.669602
6.812354
30.596384
23.667189
27.205269
27.572375
1.445954

17.076926
18.333595
24.963134
28.719292
20.227540
9.382243
17.681127
6.981586
19.668740
22.612938
3.154547
29.008466
30.737823
16.920986
24.541495
1.516860
12.193250
4.696381
13.160906
28.665126
23.122608
2.428114
30.661276
19.054388
19.087444
10.222280
5.478625
24.110372
23.945487
0.292600
25.937073
11.905211
28.682880
31.070277
29.489626
2.473909
1.966632
16.891997
5.611430
22.895537
9.730548
1.517861
12.277661
26.610360
15.527958
7.937097
16.599570
3.814889
18.039777
15.257381

11.581665
16.891994
24.182932
30.769702
30.085936
20.497287
31.554651
1.398672
8.089915
19.641619
7.250516
27.694715
12.981803
3.298173
3.701071
19.239047
7.008216
24.179286
18.224910
19.773937
24.258376
28.478960
1.493642

24.699984
22.493145
25.108852
17.606963
22.820704
15.202658
13.059474
25.751506
22.648094
30.162506
8.933130
17.623590
8.048820
29.258289
4.899420
14.947720
6.158743
13.268793
24.053356
28.305584
2.012759
29.315009
28.143924
26.722335
27.205666
14.095183
26.536125

Fig. 3.9 Data of array P (original).

- 3 9



JAERI-Data/Code 2000-018

1.134205
5.887905
10.124640
21.182327
30.441910
9.585535
0.269385
27.232115
22.244842
8.680111
23.011136
19.473517
18.833561
29.881046
2.828035
15.777839
23.929392
26.428139
19.450538
12.633672
5.924950
16.046548
21.928582
17.812480
9.141161
1.143737
3.092747
28.613139
29.659887
12.448982
8.184466
5.868109
13.126437
3.071011
3.605892
1.651748
8.112134
10.999771
28.074188
18.652597
22.020359
14.860485
25.253934
21.977892
26.670361
6.809256
30.594078
23.665425
27.208959
27.568750
1.447005

26.569138
17.085445
18.337023
24.961343
28.720259
20.233572
9.377488
17.682006
6.978823
19.665332
22.615125
3.151122
28.999640
30.736634
16.925467
24.541082
1.520080
12.189655
4.690820
13.167444
28.667251
23.120983
2.431275

30.660606
19.051351
19.092242
10.220421
5.477586
24.113980
23.942416
0.291168
25.938284
11.898115
28.684391
31.066557
29.491746
2.474204
1.969921
16.892679
5.609704
22.902841
9.738047
1.507876
12.282784
26.611611
15.530368
7.940444
16.612700
3.815392
18.039306
15.257693

29.410554
11.580799
16.895199
24.176292
30.774043
30.084738
20.492568
31.548635
1.396264
8.087426
19.638515
7.252215
27.696219
12.974140
3.302074
3.712663
19.230191
7.012061
24.177526
18.220325
19.765111
24.258158
28.477860
1.482925

24.703621
22.498298
25.107027
17.597974
22.825576
15.204389
13.056592
25.751850
22.642861
30.156281
8.926550
17.617546
8.048914
29.259121
4.898416
14.949723
6.153554
13.266947
24.056438
28.304474
2.013491
29.316186
28.143264
26.724670
27.196521
14.099427
26.536393

Fig. 3.10 Data of array Q (original).
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2.010
2.030
2.050
2.070
2.090
2.110
2.130
2.150
2.170
2.190
2.210
2.230
2.250
2.270
2.290
2.310
2.330
2.350
2.370
2.390
2.410
2.430
2.450
2.470
2.490
2.510
2.530
2.550
2.570
2.590
2.610
2.630
2.650
2.670
2.690
2.710
2.730
2.750
2.770
2.790
2.810
2.830
2.850
2.870
2.890
2.910
2.930
2.950
2.970
2.990
3.010

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
10
17
64
126
279
537
908
1500
2512
3901
6036
9194
13405
18937
25887
33900
44141
55882
69649
86092
103887
122549
143915
165819
189514
212429
232785
255619
277102
298601
318136
333857
349052
361293
375811
384536
391829
398413
403620
404964
407656
405605
404434
402495

0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
2
6
7
6
7
26
55
66
145
180
236
369
586
775
1206
1820
2459
3367
4789
6340
8362
10798
14202
18043
22414
27425
34166
41170
49475
58928
69637
82257
94375
109303
124663
140510

Fig. 3.11 Data of array JFR (original).
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2.010
2.030
2.050
2.070
2.090
2.110
2.130
2.150
2.170
2.190
2.210
2.230
2.250
2.270
2.290
2.310
2.330
2.350
2.370
2.390
2.410
2.430
2.450
2.470
2.490
2.510
2.530
2.550
2.570
2.590
2.610
2.630
2.650
2.670
2.690
2.710
2.730
2.750
2.770
2.790
2.810
2.830
2.850
2.870
2.890
2.910
2.930
2.950
2.970
2.990
3.010

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.002
0.004
0.007
0.012
0.019
0.031
0.048
0.073
0.109
0.157
0.218
0.293
0.377
0.483
0.601
0.738
0.898
1.066
1.238
1.432
1.624
1.828
2.019
2.179
2.357
2.518
2.674
2.807
2.904
2.992
3.053
3.131
3.159
3.174
3.183
3.181
3.148
3.126
3.068
3.019
2.965

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.002
0.003
0.004
0.005
0.008
0.012
0.016
0.021
0.030
0.039
0.051
0.065
0.084
0.105
0.128
0.155
0.190
0.226
0.268
0.314
0.366
0.427
0.483
0.552
0.621
0.691

Fig. 3.12 Data of array FR (original).
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6.228324
12.005896
18.365995
28.741966
15.631125
29.137602
23.920452
18.928345
14.078346
24.712876
16.400966
18.881114
26.182656
2.771479
19.813062
25.427012
28.252193
19.284439
12.470382
7.689948
15.592448
21.258535
17.192936
12.994708
5.431471
4.152973
24.334159
0.528660
14.189731
5.277368
8.227161
17.705484
0.744526
4.419221
1.603311
7.711525
9.633856
24.636475
16.694693
22.173237
17.431729
23.744402
28.456111
23.660528
6.374352
31.133486
27.724336
27.583161
28.593882
1.076542

20.525846
17.673276
25.260083
29.909461
23.363995
5.108498
17.635451
8.047696
21.984603
18.916353
6.914035
0.371203
24.908639
16.948208
26.965269
28.934789
9.676361
5.624243
12.280868
26.261332
22.511362
5.582844
4.017021
18.923804
11.961653
9.817661
0.952781
20.934147
27.224759
28.559964
26.965071
10.908146
0.078790
24.860525
27.147074
27.921853
8.237517
14.811730
1.651402
26.526126
12.123809
1.238633
10.194436
25.853708
12.967478
5.551906
14.299854
2.074908
14.273634
13.034147

16.949108
18.851903
22.619631
26.029236
0.797083
20.350298
28.288315
30.924438
9.993005
16.048909
5.269176
21.597906
10.976471
3.483252
30.619775
22.746142
13.479410
22.919359
20.941917
19.937670
17.984180
27.712939
0.331483
30.607888
24.535524
29.199088
18.929227
27.143823
13.002823
9.717367
26.065264
20.703863
29.429627
1.945378
15.352505
5.046979
25.150199
5.243552
15.669698
6.446118
14.974882
25.232657
29.663730
1.827561
2.023933
28.974019
26.513106
29.481138
18.077289
30.513467

Fig. 3.13 Data of array P (4PE parallel).

- 4 3 -



JAERI-Data/Code 2000-018

8.818872
6.226679
12.009409
18.376047
28.749170
15.632308
29.140116
23.917125
18.929170
14.086522
24.712707
16.391252
18.881534
26.182392
2.768086
19.817474
25.427133
28.249416
19.280778
12.469416
7.693128
15.593391
21.260569
17.191709
12.993372
5.432707
4.152401
24.336644
0.526823
14.189349
5.269599
8.231539
17.711941
0.740885
4.417444
1.601742
7.714663
9.637914
24.636108
16.694342
22.176780
17.435940
23.743430
28.450931
23.658653
6.379458
31.136912
27.719902
27.587106
28.591081
1.078137

16.470164
20.524190
17.674954
25.257231
29.907497
23.364954
5.112204
17.644435
8.045674
21.985026
18.915735
6.921198
0.369741
24.905087
16.949127
26.969900
28.930753
9.682359
5.622216
12.285064
26.263183
22.507226
5.575220
4.016642
18.927457
11.960238
9.816088
0.952476
20.932650
27.224451
28.556597
26.971515
10.904907
0.075359
24.857868
27.147995
27.926612
8.236967
14.818036
1.643248

26.528485
12.123235
1.235440
10.189939
25.855193
12.961526
5.548873
14.300542
2.078366
14.277178
13.031075

26.883142
16.949705
18.844263
22.616646
26.034992
0.801560

20.349681
28.288155
30.922941
10.002379
16.047535
5.272912
21.594037
10.969234
3.482080
30.616094
22.748829
13.477636
22.918019
20.945694
19.934812
17.984414
27.713896
0.327769
30.605676
24.542426
29.205224
18.927062
27.143288
12.998943
9.718917
26.059886
20.702894
29.429561
1.947784
15.357548
5.048447
25.156102
5.249092
15.665581
6.449447
14.973705
25.234852
29.672672
1.826523
2.026143
28.971459
26.511857
29.479390
18.078740
30.510572

Fig. 3.14 Data of array Q (4PE parallel).
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2.010
2.030
2.050
2.070
2.090
2.110
2.130
2.150
2.170
2.190
2.210
2.230
2.250
2.270
2.290
2.310
2.330
2.350
2.370
2.390
2.410
2.430
2.450
2.470
2.490
2.510
2.530
2.550
2.570
2.590
2.610
2.630
2.650
2.670
2.690
2.710
2.730
2.750
2.770
2.790
2.810
2.830
2.850
2.870
2.890
2.910
2.930
2.950
2.970
2.990
3.010

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
5
3
17
22
61
134
272
568
994
1577
2630
4041
6446
9584
13704
19218
26295
35030
45401
57491
71395
87659
105262
124806
145681
167474
189495
211625
233788
254876
276695
299182
317898
334293
350749
362774
374713
384839
393377
399602
403795
406225
408654
407868
406079
403498

0
0
0
0
0
0
0
0
0
0
0
0
0
0
3
2
2
1
2
8
10
43
64
104
185
263
374
526
819
1189
1702
2532
3476
4702
6180
8140
10661
13522
17223
22488
27826
34613
41498
48895
58612
68963
80991
93685
108040
122133
139293

Fig. 3.15 Data of array JFR (4PE parallel).
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2.010
2.030
2.050
2.070
2.090
2.110
2.130
2.150
2.170
2.190
2.210
2.230
2.250
2.270
2.290
2.310
2.330
2.350
2.370
2.390
2.410
2.430
2.450
2.470
2.490
2.510
2.530
2.550
2.570
2.590
2.610
2.630
2.650
2.670
2.690
2.710
2.730
2.750
2.770
2.790
2.810
2.830
2.850
2.870
2.890
2.910
2.930
2.950
2.970
2.990
3.010

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.002
0.004
0.007
0.013
0.020
0.033
0.050
0.078
0.114
0.160
0.221
0.297
0.389
0.497
0.619
0.756
0.914
1.080
1.261
1.449
1.641
1.828
2.011
2.188
2.350
2.514
2.679
2.805
2.907
3.007
3.066
3.122
3.162
3.187
3.193
3.182
3.158
3.134
3.086
3.031
2.972

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.001
0.001
0.002
0.003
0.004
0.006
0.008
0.011
0.016
0.022
0.029
0.038
0.049
0.064
0.080
0.100
0.129
0.157
0.193
0.228
0.264
0.313
0.363
0.420
0.480
0.546
0.609
0.685

Fig. 3.16 Data of array FR (4PE parallel).
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m x

, JAERI-M
93-242, 1993 ¥ 12 M .

[2] m^mii, ^w%]ft^W}fj¥m^£&mMny>)K<vmmfe, %m, 1 9 9 5 ¥ 8 ^ .

[3] UXP/M VPP FORTRAN77 EX/VP f£ffl#3l» V12 ffl, S±ffl (t*), 1994 ¥ 9 M .

[4] UXP/M VPP FORTRAN77 EX/VPP fiffl¥8l» V12 ffl, gir i i (ft), 1994 ^ U .

[5] ruXP/MVPP7^7-riF&ffl3^ISV10fflj , •a i i i (t*) ,
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4. EDDYCAL =i-

m VPPSOO/42 (WT, V P P )

fc if EDDYCAL =»- KW<^ WWfc • M^Htf^llwa^-e&S. Sfc, VPP
'm ±ilM#ffl UNIX if- /< AP3000/24

T, AP3000) ) ^o^ifitf^^tfT^o^fefe, i t i i :
SW, Um (¥/* 8 ¥ 3 i ] ) (^<^ h/Wt?rtT^ofc EDDYCAL =3-K (IBM)

VPP ±.X-mMt\^n^rrt£o^^X-h^tzf)\ a-—»fffiiJ>6S*f EDDYCAL ^ - K

(KT,

1.6GB SX

, lPE(PE:Processing Element) ^tz <0 (D^ =t

L, sinj

AP3000 ̂ O^fltf^Utt, APSOOOiS^^y Sr#<ffix.Sr.t^fj, VPP
* (200MB ii /1PE) # ^- - If co # m * i 9 '> ft ̂  r i 00 a g T1 ft * r> tz it H ̂  h 5
(AP3OOO:2GB/1PE) . §^Wft=>-Ktt, VPP ±, AP3000 ±#(cR

4.1 =i-K

EDDYCAL 3 - K [1] ~ [4] li, ^rPS^^fe^ffl^T^«»fScoia^iI^|lf^tf ft 9 £ i:

=1- Kcoffini: LTJi,
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4.2

— f"> mainl . mainl

CPU

4.3 I/O

WM VPP

Lfc.

: 1400sec

V MKINDUCT : llOOsec

> EIGEN : 159sec

~f-y MKINDUCT i EIGEN

MKINDUCT

INDUCT

-^-y INDUCT

rfc^T, VPP

, I/O

"9, CPU

TRAN i/o/<s/

I/O

I/O

1440sec

3134sec

— ^ ^ mainl

- f - > clock

90% t
5 , llOOsec

, EIGEN fo

y SSPEV (d|£

^ a ^ I/O 14,

(NFS) t i o t

^, VPP -

(32KB) J; FOR-

[5]

- 4 9 -



JAERI-Data/Code 2000-018

4.4 *<? b)i>\t

, Kk<r> 1 1

INDUCT, FLUXG, FLUXN, AHALO, XMODEX, CRTBBB, CRTELEM, ELEMNT, INTPNT3, INTPNT,

INDQA

$.tz, t LTIi,

It.

AARC, BARC, CURRNT

4.4.1

fi,

—fy INDUCT

Kti, Fig.4.1 (

. VPP

N_ELMT f i - > ? a U—v

a. ~ d.

a. Fig.4.2 co/P-y C

Fig.4.2 (^-f-. ; r o l i ; t 5 i > t , A t

12, B I

C Srffll
IESTRT fi, ^-fIJ<7D3fi^-ytrJ;o-C{l£z5\ 1,2,3,4,....

"9 , ^ 4000 Ĵ

Fig.4.3

IF

B co
7 t*

IF i D L, IE2

b. a. T? IF

c. Fig.4.3C0/V"-7° D

J i ^ ^ i : L, b.

d. Fig.4.3»^— 7° D

RIN (-

^ A rtco B) .

(Fig.4.3O/u—y A rt» C) .

Lfc U ̂  hifl^J^ia^J RIN

E Ai"?>.

(Fig.4.2)

- -T" c

t IE2
. F ig .4 .3«^ -7° A

N.ELMT-IESTRT+1

il2v

X^r N.ELMT H t l
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tztzL,

- ^ - y INPST1A

Fig.4.5, MKINDUCT rtcO'

, iO7v i i l2v d

, INDUCT

Ti , INPST1A

Fig.4.6, MKINDUCT

MKINDUCT

Fig.4.4, INPST1A to

^ l r Fig.4.7 I d ^

4.4.2 - f - ^ FLUXG

G.GRID

- ^ > INDUCT tmCi: 0 faV—

Fig.4.8lc, ^ H ^ S r Fig

Bâ iJ iO7v t i l 2v

INDUCT (OWt&

, INDUCTS

X

5 fd Lfc. t

^ INPST3A

ttlLgB^, FLUXG

tL, INPST3A rt

F ig .4 .12 , EDCMAG

4.4.3

EDCMAG

Fig .4 .10 , INPST3A

Fig .4 .13 (

F i g . 4 . 1 1 , EDCMAG

- ^ > - FLUXN

fc, FLUXG h

% Fig.4.15 (-

IfU

iO7v t i l 2v

Fig.4.14 \£, m.Wik

N.ELMT t L T

4.4.4

INPST3A

Fig .4 .10~ Fig.4.13#H8)

- ^ ^ AHAL0

, FLUXN ^ EDCMAG

rt,

X,

^ M i u l r Fig.4.16 (-^-f. * f c , Fig.4.16 to A

Fig.4.17 i -^-T. Fig.4.17tOB 'C•fflV^TV^?)^-f

^ ( AHAL0 "Cfi FNAZ, FNARX

a.

a. ~ c. co J; o\cfffr

—f-^ INTGS & AHAL0 M

L T ^ S f" ^Vi—-f-> INTGS £

FNC 14 INTGS OfS^lfc FNC C t o t

^ . : © FNAZ t FNARX ^r Fig.4.18

INTGS
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U INTGS \H<D>V--?\% ^ - f

K S:*»65BSI-#R8$H5 N it, AHALO

r c D y u - : ^ K £ 16 t L T l l L f c .

—^i^ INTGS rt-C-ttte^liC FNC fcffl^T,

K •? ,

T 16 t

Fig.4.19

i e FNAZ *^ FNARXb.

t£\,\ ZfDtzfr, m\C FNAZ ^ FNARX

t£\t\ Z^X, a. X&&Ltc INTGS rt^r FNAZ i: FNARX l - ^ S Lfc. /c^'L, AHALO

FNAZ ^rfSffl-f5*^ir FNARX ̂ J t f f l - t - S ^ ^ - t ^ ^ i t ^ l t t l l J ^ b ^ V ^ c i t o , AHALO

b FNAZ^ INTGS ICJS Lfcl^lill^ictC? 7 ^ 1 Sril̂ JP t , FNARX * INTGS I

l i^6 l®Ct-77^ 2 SriiJbOi-Siir^bfc. •€: LT, INTGS ^\X\-±^(Dyy 7't IF

fflV^X, FNAZ Zi&m-fZm&t FNARX ^ffiffl-tSm^t ( i ^ ( t 5 ^ i (C Lfc. AHALO <75

INTGS OP^t/tULcO^M^ Fig.4.20 (-, INTGS O^MS: Fig.4.21 (d^i".

c. a. t b. W^SSrLfc/cCt'Cli, AHALO ir INTGS £=> ^/N-fyW^^[C L/c^^-i: , INTGS

i: FNAZ, FNARX

^ , AHALO i INTGS, FNAZ, FNARX

. -tr-C, INTGS ^^P^r /dJLTl /^d iC FNAZ i FNARX §r, INTGS

L t t l L , P?t>*tti$^-r^fc FNAZ t FNARX ti=M V Mb L/c:. JtU

I I I : Fig.4.22

4.4.5

— ^ y AHALO

— ^ y XMODEX

Fig.4.23

A^ofc. i o t , 4

^ - 7 " ^ Fig.4.24 (r

Fig.4.26 , XINT IF

IF

XMODEX

XINT £ Fig.4.25 (C, XINT2

GO TO :£{;:£

ttb, IF ~ GO TO

c XINT ^ Fig.4.27 |C,

IF

Y)\<\WL<r> XMODEX $: Fig.4.28

4.4.6 -y CRTBBB

Fig.4.29

BNODALL

Fig.4.29 ^

A t B

BNODALL BNODALL

Fig.4.30
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4.4.7 -fy CRTELEM

Fig .4 .31 ( -

XYZ_N0DE t LJJODE, DO 40 A — Z?\Zfc

AREA_ELMT, N0DE_ELMT I c o i

/ q 7 ( i DO 30 JV— zf

L_ELMT t MATJELMT,

tit

4.4.8

Fig.4.32 ( i

^ - > ELEMNT

N_ELMT

DO ^Sfc^s N

3 © 2 t ; i ' -

O'^fc^ K

fe. rti£Fig.4.33

Fig.4.34

4.4.9 y INTPNT3

XYZ.GAUS

A <D IRS

4.4.10

—:/£Fig.4.35 (c^-f. r.r.

nWrLX^^fz. LfrL, Fig.4.35

B O IF J , C X°<D IRS SrfflV^cgfi?lJ XYZ.GAUS ^

td:Z)C\bfrftZ>. i o t , ^3

Fig.4.36 l -

INTPNT

N.ELMT

Fig.4.37

N_ELMT

Fig.4.38 d

4.4.11 f-^Vw—f-> INDQA

fc.

<^ h

Fig.4.39 ic

. wmax
Fig.4.39

GO TO

— zf A ^ ^ h

GO TO

, ^ - 7 ° A «t

Fig.4.40 ^W A, B, C Fig.4.41
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CO A', B \ C

<£

Fig.4.40 $<D GO TO

4.4.12

—zf A

> AARC, BARC, CURRNT

- y A £ Fig.4.43

>7-f v

K^f ^fc. r , AARC, BARC, CURRNT

, T

~7 y -f

E1^ L

4.5

V - ^ > INDUCT)

y SSPEV) ,

MPI

MPI

MPI

4.5.1 - ^ v INDUCT

o 7t.

(1)

, MPI(Message Passing Interface) 7

. VPP, AP3000 # ^ f f l S $ t b T ^ 5

(VPP FORTRAN, Jfê iJ Fortran/AP)

&\a% VPP, AP3000 -e

. EDDYCAL Lfc

t» ^ 4" tT ft

, INDUCT

- ^ > INDUCT rtli, ^fl j l ; 3 fi/W-

(Fig.4.44 #R8). ^cortcoftrt^—y A (iv^ 5 ^ U—->a >co>?f̂  t
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CD«fc

3

4

0co:/p-trx

2

3

4

: 1,2

: 3,4

5,6

7,8

1,5

2,6

3,7

4,8

<D 2

a. ^ -

Lit.

t,
—-/ A

DO IE1=1,N_ELMT^DO IEl=i+my_pe,NJELMT,NPE

^ m y _ p e : y > ^ . NPE :

— : / A / 4 S D 0 IEl=l,N_ELMTT'fe'9,

~?A

v

DO IE2=IE1,N_ELMT T?

> INDUCT

SINDU

Fig.4.45

a.

Ml, M2, N_M0DE, K_N0DE

, IJ

SINDU

70MB

1

, SINDU
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b.

SINDU

SINDU SINDU

9

(2) =1-7* 4

fr—zf A

4.5.2#JB

, -f

iJfc

SINDU

SINDU

MPI

y »mpi_al l reduce

o SINDU * s *

Fig.4.45) .

SINDU

SINDU co|g

i : ,

i, Ig

Fig.4.46

Yyr-ii^ INC.BSIZE (r

^V^T parameter ;£T*1M

B <D nmtrx2 T-fct), Srff ^ y "7 r

SINDU2(nmtrx2) fMmLtz. nmtrx2 t l ^

5 . -f >^/V— K7 r -Y^ INC_BSIZE

Fig.4.47 l

SINDU B

. C

nmtrx2 T*

SINDU

SINDU2

SINDU ~-<D=Ie-

^ n S . D
^ ^ , MPI.SUM

E "Ctt SINDU2

F t G tu

BW&lt, mpi.allreduce fc: i

4.5.2 — ^ - y SSPEV
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^-v SSPEV tew

B t
A, WJ

t

Ax=lBx

t 2

(4.1)

r i:, GOTO

v

Fig.4.48

- * • , * y ^ SSPEV

(2) 3-7V>^

- ^ v SSPEV lr*H Ltztctb,

L?r SSPEV (73^*3 U id fffdtcf^fiic Lfc

^ sspev.para T'tT^ 9 <t 9 (C Lfc.

—5^>- SSPGV

— ^ > { i , ^-y'/u—^-y SSPEV

SSPEV OB?ffiLg|55)-Sr Fig.4.49(',

2 o r o l / i ^ t W ^ J : 5(-, SSPGV

SSPEV

. SSPGV

Fig.4.50 (c

SSPEV Sr, ^ 0 sspev .para
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lmtrx

Z :

LDLJYD_para :

W :

LJYD :

PW :

: ft&\ Z ap

LDLJYD.

X.

*v

ap

— =f> INPST1A co^

. iot,

c. INPST1A

Fig.4.51

SJ: 5(-, INPST1A

, SSPGV O & y W - ^ T ' f c 5 EIGEN

ofc. rtiSrFig.4.53

Fig.4.52

(SSPGV

sspev.para

SSPEV <D$LWtWL*y7*'^—^-^ sspev_para

a. 1 ~ 10 ft

cCN.N)

Z(NNN1,NNN2) :

W(NNN2) :

, Zx= A x Wff^J Z

, T
2

- ^ E^J -e *> 5.

b. 12 ~ 16 ft

c. 18 ~ 34ffg

«t ')

0 ^ y r-f-5.

c

c(N,N)

, c(N,N)
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AP tit, , c(N,N)

d. 36

e. 44 ~ 50 f t
2

f. 54 ~ 63 ft

w

c(N,N)

-r y'7 y Z

g. 6 7 - 72fT

z (4,

T-, c(N,N)

L, 1PE

2PE -» 3PE -» 4PE

h. 74 ~ 94 ft

22,

0

S 2

Z ( -

c Cf tA l ,

i. 96 ~ 100 ft

c ^

mpi.beast

^ ^ h

SSPGV O sspev.para

(Fig.4.50#J$) , S?i| Z V v' J Z f i , -

°-|^(C 0

- 5 9 -
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4.5.3 f -7>—^- ls DTPSV

—J-y SSPGV

%ij-f 5

(1)

^u—?->(DWZmi.%y£& Fig.4.55 ICT^t". * / c , DTPSV £r Fig.4.56 d ^ f . Fig.4.55

*5l^T DTPSV S r l S / u T ^ S DO 10 ̂ — ^ l i , J TtHl^-fS^—7°T*fe "9,

Z(1,J) ?rJS1". Fig.4.56 CO DTPSV rtT'li Z(1,J) ~ Z(N,J) 4 r S ^ i ~ S . DTPSV (C

#•) • Mi-, J=l OH#(SZ(1,1) ~ Z(N,1), J=2 COH#(i Z( l ,2) ~ Z(N,2) O«t

tb^fcfc, J K o i ^ - o & i c - e f c s : : t ^ ? > , J -ciiKEi-S DO 10 /u—^4r^#jT?#

Lit. r 5 t 5 t , f " ^ > - ^ y INDUCT CD^-y5>#JB*i:[pl^(C DO /W-

5.

(2) -=L*->?4W

DO 10 W DO X f i ^ ^ l ^ I E i - S ^ g t t f e S ^ , P^t^tb^tiSf-^Vw-^V DTPSV

:!&V\ fcfcL, DO ;P-7°(73f-^ ^ y y ? ftWttz £ <9 MM Z ^^•T'n

y z_trans ^ i l t L f c . DO 10 <D DO 3tcO'^Mi z.trans (DV^UtH LC0iiJpS*^r Fig.4.57

7t Z {r/j;5. $.it, IŜ IJAP (i z_trans F^-filX^^SI^tT^ 9 BS^Sf t^y 7 r t f

>. NEIG (i, / ^ "

(3) f-^>-5"V z.trans

mpi.bcast t i o t f f ^ o f ; . iR^tDtfc^fi, f-7Vt— ̂ y sspev_para H*5(t5iaW^<^ h

. fztzL, sspev.para \zjott51^11, Ifî iJ Z

—^y z_trans % Fig.4.58 tc

4.5.4 7 r 4 >^<T> I/O $iJ|

£z> i / o *'f

"C, ^Pt^Sl;77'f/i'l:ffltt5A», *fcli, I/O 7°n

^-ir^-y ;•-^te3iLTJ^o/tf9, fficO7°nir^^fj I/O

I/O

I/O iro

- 6 0 -
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(1) I/O ^ o t ^ O f t S

mi-t, I/O ^o-fe^SrfflE-rS^feT-^HSrff^ofc. I/O

^ INC.MPI 1*3CO prameter X\Z £ 3 iw_pe T*$:£>3 r t # - ? # 5 «t

I/O 7°n-fe^(C7>^ 0 ̂ fa^Lfc . -Y V>nv— Yyy A^ INC.MPI $• Fig.4.59 (c

(2) I/O

I/O g^(d{i , (1) -eig^fc iw_pe Sr IF jfX?ffl^T I/O Srff ^ * 3 * S J:

READ t i t

-^-V INDUCT £ SSPEV W

WRITE •f-SS^IiflfeT'D-fe^^Pj I/O

-C, * a - KfCfc^TIl, READ UftX*

it, mftMM3tiF\z.&k\z.7i'<x9±\z&&i-Zyt-?\z.ttLXtt, Wk7*•****%?> READ

>. i o T , i S C f f f i t S ? / ^ ^ ^ © READ Srf

\ READ jt^Ox-^te^co^iJ^ Fig.4.60

(3) *S

" - ^ INDUCT t SSPEV (d^^HtSrJfe L f c ^ ,

. /T-77'2~^f-7^3ttt,

rogR^J-fcftS, WRITE ^03f&^'n-fe^d>P> I/O
, READ ttl^tOfiil^D-fe^—<DT'~-?fcmtemmX'h&. ZZX,

1 T'Oft^ I/O « » b ^ f 5 ' / 2 tA»T?tt I/O

«t 5 (- Lfc. mainl tO^3Eg|5#£ Fig.4.61

4.5.5

EDDYCAL <D&.MkT?KiML1t>( is? fr

INC.NPE, INCJfPI, INCBSIZE

INC.BSIZE t INC_MPI ©—g|5(roV^T(i, - t t t ^ t l 4.5.1 i: 4.5.4 Ttft^i Lfc. w ^

INCJIPE : ffiffl1-67°o-fe^fc^ parameter X t C i o T f l ^ - T S . r. tO-f >?;v~ y? 7

A )V^c Fig.4.62 (r^-f.

INC_MPI : 4sy^)V- K7r-Y/l-mpif.h l i MPI 7 4 7'v V {&% ±&MX h <9 , my_pe

i status (MPI.STATUS.SIZE) tt MPI

iw_pe

4.6

, VPP
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4.6.1 Hfi

Xh-otz.

4.6.2 Hfr

- ^ > i : CPU
— ̂ ^(ctf A LTtf *ofe. aiJ£IS^?r Table 4.1 id^-f. r t i i :1?, 4

4.7 VPP Kg® AP3000

VPP
200MB/1PE *S±PSIC/J:5. LA^L, AP3000 tffi, 2GB/1PE
/&>PJ, VPP m^^t h^mm^- K^ AP3OOO {c&mLti.

\c, VPF t AP3000 mcMPI y^y'yVtmm&frX^&Zbfrh, VPP
ftfflL, mmftfrnmxh&. -£tz, AP3000

fcfc, VPP

4.8 AP3000

, AP3000 ^ I l L t VPP

4.8.1

VPP iT'tD^T^^Wfffi^iR-Ox-^^fflV^T, ^-fii^W^-KWMT^IIi VPP -

AP3000 ±-ew lPE^?iJHtT^Hi 2 ~ 4PE

4.8.2

Table 4.2 ic

, mm

- 6 2
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VPP i © M t ^ ' T 1 i * l \ rftfi, VPP ±.X-<? h/^fT^ix-CWc^^ AP3000
±9 Bi:oTV^5wi:i

4.9 fittt

, VPP ±<7>^y*of |^7^ AP3000

VPP -CO-»^yi'|lffO*-t?f4^<, afe^JUfft^T^i-^1?, AP3000

, VPP t AP3000
, AP3000 -Ctt^ ^ y ?r 2GB/1PE S ^

^.l--->3>^p]-fgjl:^i9, 5(c, MPI

^i LT,

EDDYCAL

- 6 3 -
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Table. 4.1 Execution time after vectorization and parallelization on VPP.

#

y 'j
(NFS)
(SCFS)

ft (NFS) JK
ft (SCFS) #

(NFS)
(SCFS)

ft (NFS)
ft (SCFS)

1PE Mft (SCFS)
2PE Mft (SCFS)
3PE Mft (SCFS)
4PE UtT (SCFS)
8PE Mft (SCFS)
16PE mft (SCFS)

6691 sec
4971 sec
3134 sec
1440 sec

6110 sec
4971 sec
2503 sec
1213 sec

1212 sec
686 sec
514 sec
428 sec
297 sec
237 sec

f t * CPU B#Pffl

4979 sec
4949 sec
1418 sec
1382 sec

1.2 ft

,2 ft
,1ft

2.8ft
3.4ft
4.8 ft
6.1ft

4928 sec
4901 sec
1147 sec
1116 sec

1193 sec
678 sec
508 sec
418 sec
289 sec
228 sec

1.2 ft

1.2 ft
2.0 ft
2.7ft
3.3 ft
4.8 ft
6.1ft

Table. 4.2 Execution time on AP3000.

• mum
1PE;
2 P E ;
3PE;
4PE;

Ufttt
%ft
m%ft

3393sec

2772sec
1768sec
1443sec
1265sec

1
1
2

f t*

.56 ft

.92 ft
• 20 ft

CPU B^PJJ]

3354sec

2699sec
1722sec
1406sec
1249sec

1
1
2

t*

• 57 ft
.92 ft
.20 ft
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SUBROUTINE

DO IR = 1,

DO IS = 1,

DO IE1 = 1

DO

ENDDO

DO

ENDDO

ENDDO
ENDDO
ENDDO

INDUCT(

K_ROT_Z

N_SYM

, N.ELMT

Fig. 4.1 Outline of subroutine INDUCT.

- 6 5 -



JAERI-Data/Code 2000-018

s
m
s
s2
v2
v2
v2
v2
v2
v2

v2
v2
s
s
s2
v2
v2
v2
v2
v2
v2

v2
v2
V
V

DO IE2 = IESTRT, N_ELMT
IF( RIN(IE2).GT.R12 ) THEN

RINCIE2) = 0.0D0
DO Jl = 12, 23

XX = XYZ GAUS(1,J1,IE1)
YY = XYZ_GAUS(2,J1,IE1)
ZZ = XYZ_GAUS(3,J1,IE1)
WW = WH(J1)
DO J2 = 12, 23

RIN(IE2)=RIN(IE2) + WW*WH(J2)/DS
+QRT((XX-XYZ.GAUS2(1,J2,IE2))**2+
+(YY-XYZ.GAUS2(2,J2,IE2))**2+(ZZ-
+XYZ.GAUS2(3,J2,IE2))**2)

END DO
END DO

ELSE IF( RIN(IE2).GT.R07 ) THEN
RINCIE2) = O.ODO
DO Jl = 5, 11

XX = XYZ_GAUS(1,J1,IE1)
YY = XYZ_GAUS(2,J1,IE1)
ZZ = XYZ_GAUS(3,J1,IE1)
WW = WH(J1)
DO J2 = 5, 11

RIN(IE2)=RIN(IE2) + WW*WH(J2)/DS
+QRT((XX-XYZ.GAUS2(1,J2,IE2))**2+
+(YY-XYZ.GAUS2(2,J2,IE2))**2+(ZZ-
+XYZ GAUS2(3,J2,IE2))**2)

END DO
END DO

END IF
END DO

«- C
«- D

<- A

<- D

<- B

<- D

Fig. 4.2 Before modification of vectorized DO loops in subroutine INDUCT.
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c.
c.

c.

c.

c.

V
V
V
V
V
V
V
V
V
V
V

s
V
V
V
V
s

SUBROUTINE INDUCT(NMTRX,N.ELMT,N_ELMT2,N_N0DE
+0DE ELMT, XYZ NODE,XYZ GAUS.AREA ELMT.RI

org + XYZ_GAUS2,RIN,EELEM2,XXX)
vec-s

+ XYZ_GAUS2,RIN,EELEM2,XXX,
+iO7v,il2v )

vec-e

vec-s
integer*4 iO7,il2,iO7v(N_ELMT),il2v(N_ELMT)

vec-e

107=0
il2=0
do ie2=iestrt,n_elmt
if( RIN(IE2).GT.R12 ) then
il2=il2+l
il2v(il2)=ie2
RINCIE2) = 0.0D0

elseifC RIN(IE2).GT.R07 ) then
iO7=iO7+l
iO7v(iO7)=ie2
RINCIE2) = 0.0D0

endif
end do

do jl=12,23
XX = XYZ_GAUS(1,J1,IE1)
YY = XYZ GAUS(2,J1,IE1)
ZZ = XYZ_GAUS(3,J1,IE1)
WW = WH(J1)

do j2=12,23

,N_M0DE,K_N0DE, N
ELMT.EELMT.SINDU,

<- A

«- C
<- B

•- C
«- B

<- D

Fig. 4.3 After modification of vectorized DO loops in subroutine INDUCT(l/2).
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*vocl loop,novrec(rin) «— E
v do i e 2 = l ( i l 2
v RIN(il2v(ie2))=RIN(il2v(ie2)) + WW*WH(J2)/DSQRT((XX-XYZ_

&GAUS2C1,J2,il2v(ie2)))**2+(YY-XYZ_GAUS2(2,J2,il2v(ie2)))**
&2+(ZZ-XYZ.GAUS2(3,J2,i12v(ie2)))**2)

v end do
s end do
v end do

s do j1=5,11 *- D
v XX = XYZ_GAUS(1,J1,IE1)
v YY = XYZ_GAUS(2,J1,IE1)
v ZZ = XYZ_GAUS(3,J1,IE1)
v WW = WH(J1)
s do j2=5 , l l

*vocl loop,novrec(rin) <— E
v do ie2=l,iO7
v RIN(iO7v(ie2))=RIN(iO7v(ie2)) + W*WH(J2)/DSQRT((XX-XYZ_

&GAUS2(1,J2,iO7v(ie2)))**2+(YY-XYZ.GAUS2(2,J2,iO7v(ie2)))**
&2+(ZZ-XYZ_GAUS2(3,J2,iO7v(ie2)))**2)

v end do
s end do
v end do

Fig. 4.3 After modification of vectorized DO loops in subroutine INDUCT(2/2).
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c
c

c

c

c

SUBROUTINE INPSTIA( N.NODE, N_MODE, N_ELMT, N_ELMTK, N.ELMT2,
+NJYD, LJYD, LDNJYD
+MAT, NMPC, MXTEN,

, LDLJYD, NMTRX, LMTRX, N MATDA, N MATNO, N
N_LINE, N.MATL, N.MATLDA, N.MATLNO, N_CO

+IL2, N_PASS, N_CURAP, N_CURNP, M.CURNP, M1,M2,M3,M4,M5,M6,MA1,
+MA2,MA3,MA4,M7,M8,
+,N7,N8,NC1,NC2,NC3
+CZ1, N11B.NZ2,

.vec-s
+CZ1, N11B.NZ2,
+M_VW1,M_VW11 )

.vec-e

M9=M8+NMPC
MC1=M9+NMPC*MXTEN
MC2=MC1+2*N_COIL2
MZ1=MC2+3*N_PASS

.vec-s

M9,MC1,MC2,MZ1, N1,N2,N3,N4,N5,N6,NB,NA1,NA2
,NC4,NC5, N9,N1O,N11,N12,N14,NZ1,NC6D,NC7D,N
N15,N16,N17,NZ3)

N15,N16,N17,NZ3,

+1
+1
+1

M_W1=MZ1+N_ELMT +1
M_VW11=M_VW1+N_ELMT +1

.vec-e
Nl=l
N2=N1+3*N NODE
N3=N2+N_ELMT
N4=N3+3*3*N_ELMT
N5=N4+N_MAT

+1
+1
+1
+1
+1

Fig. 4.4 Modification of statements in subroutine INPSTIA.

CALL INPSTIA( N_N0DE, N_M0DE, N.ELMT, N.ELMTK, N_ELMT2,
+NJYD, LJYD, LDNJYD, LDLJYD, NMTRX, LMTRX, N.MATDA, N_MATN0,
+ N_MAT, NMPC, MXTEN, N_LINE, N.MATL, N.MATLDA, N.MATLNO,
+ N.C0IL2, N.PASS, N_CURAP, N_CURNP, M_CURNP, M1,M2,M3,M
+4,M5,M6,MA1,MA2,MA3,MA4,M7,M8,M9,MC1,MC2,MZ1, N1,N2,N3,N4,N
+5,N6,NB,NA1,NA2,N7,N8,NC1,NC2,NC3,NC4,NC5, N9,N1O,N11,N12,N

c.org +14,NZ1,NC6D,NC7D,NCZ1, N11B,NZ2,N15,N16,N17,NZ3 )
c.vec-s

+14,NZ1,NC6D,NC7D,NCZ1, N11B,NZ2,N15,N16,N17,NZ3,
+M_VW1,M_VW11 )

c.vec-e

Fig. 4.5 Modification of call statement for subroutine INPSTIA.
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SUBROUTINE MKINDUCT(N_ELMT,N.ELMT2,N_NODE,N.MODE,NJYD,LDNJYD,
+NMTRX, K_NODE,NODE_ELMT, XYZ_NODE,XYZ_GAUS,AREA_ELMT,RI_ELMT,E
+ELMT,SINDU) P P , NMPC, MXTEN, NA, NDPN, NIDP, WD, WI, N COI

c . o r g +L2,N_PASS,KIND_C0IL2,PARAMC0IL2)AN0D2,AAA2, WORK)
c.vec-s

+L2,N_PASS,KIND.C0IL2,PARAMC0IL2,AN0D2,AAA2, WORK,
+MV_WORK1,MV_WORK11 )

c.vec-e

c.vec-s
integer*4 MV_WORK1(N_ELMT),MV_WORK11(N_ELMT)

c.vec-e

CALL INDUCT(NMTRX,N_ELMT,N.ELMT2,N_NODE,NJYD,K_NODE,NODE.ELMT,
+ XYZ.NODE.XYZ.GAUS.AREA.ELMT.RI.ELMT.EELMT.SINDU, W0RK(NL3),W0

c.org +RK(NL4),W0RK(NL5),W0RK(NL6))
c.vec-s

+RK(NL4),W0RK(NL5),W0RK(NL6),
+MV_WORK1,MV_WORK11 )

c.vec-e

Fig. 4.6 Modification of statements in subroutine MKINDUCT.

CALL MKINDUCT(N_ELMT,N.ELMT2,N.NODE,N.MODE,NJYD,LDNJYD,NMTRX,
+ IA(M2),IA(M5), A(N1),A(N12),A(N2),A(N11),A(N3),A(N9),
+ A(NllB), NMPC, MXTEN, IA(M7), IA(M8), IA(M9), A(N7), A(N8)

c.org +, N_COIL2,N_PASS,IA(MC1),A(NC1),A(NC6D),A(NC7D), A(N14) )
c.vec-s

+, N_COIL2,N_PASS,IA(MC1),A(NC1),A(NC6D),A(NC7D), A(N14),
+IA(M_VW1),IA(M_VW11) )

c.vec-e

Fig. 4.7 Modification of call statement for subroutine MKINDUCT.

- 7 0 -



JAERI-Data/Code 2000-018

s
V
m
s
s
V
V
V
V
V
V
V
V
V
V
V
m
s
s
V
V
V
V
V
V
V
V
V
V
V
V

DO IG1 = 1, N GRID
IF( (RR2(IG1).GE.R12).AND.(RR2(IG1).LT.RO7) ) THEN

BBB(1,IG1) = 0.0D0
BBB(2,IG1) = O.ODO
BBB(3,IG1) = O.ODO
DO J2 = 5, 11

XXX = XYZ GRID(1,IG1)-XYZ GAUS2(1,J2.IE2)
YYY = XYZ_GRID(2)IG1)-XYZ_GAUS2(2,J2,IE2)
ZZZ = XYZ_GRID(3,IG1)-XYZ_GAUS2(3,J2,IE2)
RRR = XXX**2 + YYY**2 + ZZZ**2
RRI = WH(J2)/(RRR*DSQRT(RRR))
BBB(1,IG1) = BBB(1,IG1) + XXX * RRI
BBB(2,IG1) = BBB(2,IG1) + YYY * RRI
BBB(3,IG1) = BBB(3,IG1) + ZZZ * RRI

END DO
ELSE IF( RR2(IG1).LT.R12 ) THEN

BBB(1,IG1) = O.ODO
BBB(2,IG1) = O.ODO
BBB(3,IG1) = O.ODO
DO J2 = 12, 23

XXX = XYZ GRID(1,IG1)-XYZ_GAUS2(1,J2,IE2)
YYY = XYZ_GRID(2,IG1)-XYZ_GAUS2(2,J2,IE2)
ZZZ = XYZ_GRID(3,IG1)-XYZ_GAUS2(3,J2,IE2)
RRR = XXX**2 + YYY**2 + ZZZ**2
RRI = WH(J2)/(RRR*DSQRT(RRR))
BBB(1,IG1) = BBB(1,IG1) + XXX * RRI
BBB(2,IG1) = BBB(2,IG1) + YYY * RRI
BBB(3,IG1) = BBB(3,IG1) + ZZZ * RRI

END DO
END IF

END DO

Fig. 4.8 Before modification of vectorized DO loops in subroutine FLUXG.
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c.
c.

c.

c.

c.

m
s
V
V
V
V
V
V
V
V

V
V
V
V
V
V
V

SUBROUTINE FLUXG(N_GRID,N_ELMT,N_NODE,NODE_ELMT,XYZ_NODE, AREA
org +.ELMT,XYZ_GAUS,XYZ_GRID,RR2,XYZ_GAUS2,BBB,EDY,BGRDALL)
vec-s

+_ELMT,XYZ.GAUS,XYZ_GRID,RR2,XYZ.GAUS2,BBB,EDY,BGRDALL,
+iO7v,il2v)

vec-e

vec-s
integer*4 iO7,il2,iO7v(N_GRID),il2v(N_GRID)

vec-e

i07=0
112=0
do igl=l,n_grid
if( (RR2(IG1).GE.R12).AND.(RR2(IG1).LT.RO7) ) then
107=107+1
iO7v(iO7)=igl
bbb(l,igl)=O.OdO
bbb(2,igl)=0.0d0
bbb(3,igl)=0.0d0

elseif( RR2CIGD.LT.R12 ) then

il2v(il2)=igl
bbb(l,igl)=O.OdO
bbb(2,igl)=0.0d0
bbb(3,igl)=0.0d0

endif
end do

Fig. 4.9 After modification of vectorized DO loops in subroutine FLUXG(l/2).
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do j2=5,ll
*vocl loop.novrec(bbb)

do igl=l,iO7
XXX = XYZ_GRID(l,iO7v(igl))-XYZ_GAUS2(l,J2,IE2)
YYY = XYZ_GRID(2,i07v(igl))-XYZ_GAUS2(2,J2,IE2)
ZZZ = XYZ_GRID(3)i07v(igl))-XYZ_GAUS2(3,J2,IE2)
RRR = XXX**2 + YYY**2 + ZZZ**2
RRI = WH(J2)/(RRR*DSQRT(RRR))
BBB(l,iO7v(igl)) = BBB(l,iO7v(igl)) + XXX * RRI
BBB(2,iO7v(igl)) = BBB(2,iO7v(igl)) + YYY * RRI
BBB(3,iO7v(igl)) = BBB(3,iO7v(igl)) + ZZZ * RRI

end do
end do

v
v
v
v
v
v
v
v
v
v
s

v
v
V
V
V
V
V
V
V
V

s

do j2=12,23
*vocl loop.novrec(bbb)

do igl=l,il2
XXX = XYZ GRID(l)il2v(igl))-XYZ_GAUS2(l,J2,IE2)
YYY = XYZ_GRID(2,il2v(igl))-XYZ_GAUS2(2,J2,IE2)
ZZZ = XYZ_GRID(3,il2v(igl))-XYZ_GAUS2(3>J2,IE2)
RRR = XXX**2 + YYY**2 + ZZZ**2
RRI = WH(J2)/(RRR*DSQRT(RRR))
BBB(l,il2v(igl)) = BBB(l,il2v(igl)) + XXX * RRI
BBB(2,il2v(igl)) = BBB(2,il2v(igl)) + YYY * RRI
BBB(3,il2v(igl)) = BBB(3,il2v(igl)) + ZZZ * RRI

end do
end do

Fig. 4.9 After modification of vectorized DO loops in subroutine FLUXG(2/2).
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SUBROUTINE INPST3AC N_NODE,N_MODE,N_ELMT,N_ELMTK,KSYM, N_N0DE3
+,N_ELMT3,N_ELMT3K, NJYD, LJYD, LDNJYD, LDLJYD, NMTRX, LMTRX,
+ N_MATDA,N_MATNO,N.MAT, N.C0IL2, N_PASS, N.CURAP, N.CURNP, M
+_CURNP, N.C0IL1, N.ACTI, N.CURAA, N_CURNA, M_CURNA, N.TIME
+, N.PHAS, N_GRID, N_COILO, N_CONST, NFTOT, NODCOIL,NEGF,N_
+TIM3, M1,M2,M3,M4,M5,M6,MC1,MC2,MC3,MC4,M15,M16,MC6,MC7,MC8,MZ
+3, N1,N2,NB,N12,NC1,NC2,NC3,NC4,NC5,NC6,NC7,NC8,NC9, NC10,
+NC13,NC14,NC15,N22,NA6,N33,NC16,NC17,NC18,NC19,NC20, NC21.NC22
+,NC23,NC24,N44,N45,NC25,N46,NC26,NC27,ND1,NZ6, N39,N40,N41,N42

c.org +,N43,N47,NC28,NC29,NC30,NCQ,NZ71 MD1,ND2,ND3,ND4,ND5,ND6)
c.vec-s

+,N43,N47,NC28,NC29,NC30,NCQ,NZ7, MD1,ND2,ND3,ND4,ND5,ND6,
+M_VW1,M_VW11,M_VW2,M.VW22)

c.vec-e

MC8=MC7+N_C0NST +1
MD1=MC8+11*NFTOT +1
MZ3=MD1+N_TIM3 +1

c.vec-s
M_VW1=MZ3+N_ELMT +1
M_VW11=M_VW1+N_ELMT +1
M_VW2=M_VW1+N_GRID +1
M_VW22=M_VW2+N_GRID +1

c.vec-e
Nl-1 +1
N2=N1+3*N_NODE3 +1
NB=N2+N_ELMT3 +1
N12=NB+N_MAT +1

Fig. 4.10 Modification of statements in subroutine INPST3A.

CALL INPST3AC N.NODE,N_M0DE,N_ELMT,N.ELMTK,KSYM, N.N0DE3,N_ELM
+T3,N_ELMT3K, NJYD, LJYD, LDNJYD, LDLJYD, NMTRX, LMTRX, N M
+ATDA,N_MATNO,N_MAT, N_C0IL2, N.PASS, N_CURAP, N.CURNP, M.CURNP
+, N_COIL1, N.ACTI, N.CURAA, N.CURNA, M_CURNA, N_TIME, N_PH
+AS, N_GRID, N_C0IL0, N_CONST, NFTOT, N0DC0IL,NEGF,N_TIM3,
+ M1,M2,M3,M4,M5,M6,MC1,MC2,MC3,MC4,M15,M16,MC6,MC7,MC8,MZ,
+N1,N2,NB,N12,NC1,NC2,NC3,NC4)NC5,NC6,NC7,NC8,NC9, NC10,NC13,NC
+14,NC15,N22,NA6,N33,NC16,NC17,NC18,NC19,NC20, NC21,NC22,NC23,N
+C24,N44,N45,NC25,N46,NC26,NC27,ND1,NZ6, N39,N40,N41,N42,N43,N4

c.org +7,NC28,NC29,NC30,NCQ,NZ7, MD1,ND2,ND3,ND4,ND5,ND6)
c.vec-s

+7,NC28,NC29,NC30,NCQ,NZ7, MD1,ND2,ND3,ND4,ND5,ND6,
+M_VW1,M_VW11,M_VW2,M_VW22)

c.vec-e

Fig. 4.11 Modification of call statement for subroutine INPST3A.
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SUBROUTINE EDCMAG(NEGF,N_ELMT,N_ELMT3,N_N0DE,N_N0DE3, N_MATDA,
+N_MATNO,N_MAT,N_GRID,NFTOT, N_ACTI,N_CURAA,N.CURNA,M.CURNA,KIN
+D_CUR1,COEF1, TIMECUR1.PHASCUR1, N_PASS,N_CONST,KIND_CURO,
+COEFO, L_ELMT,MAT_ELMT,LJlAT>L_GRID,LTIME,N_TIME,N_PHASf A
+REA_ELMT,PHAS, BN0Dl,BN0D2,BN0D0,BGRDl,BGRD2,BGRD0, BC0L1,
+BC0L2,BC0L0, EDY,EDY3,TC0ILP, BNODALL,FORCO,FORCALL,BGRDAL
+L,BCOLALL,FCOLALL, NFCOIL.FCOIL, NODE_ELMT,XYZ_NODE,XYZ_GR
+ID,XYZ_GAUS, RR2,BBB,XYZ_GAUS2, N_TIM3,LTIM3,TIM3,EDY_B,TC

c.org +OILP_B,EDY_D,TCOILP_D)
c.vec-s

+OILP_B,EDY D,TCOILP_D,
+MV_WORK1,MV.W0RK11,MV.W0RK2,MV.W0RK22)

c.vec-e

c.vec-s
integer*4 MV_WORK1(N_ELMT),MV_WORK11(N_ELMT),MV_W0RK2(N_GRID),

+MV_W0RK22(N_GRID)
c.vec-e

CALL FLUXN(N.ELMT,N_ELMT3,N_NODE,NODE_ELMT,XYZ.NODE,
c.org +,XYZ_GAUS,RR2,XYZ.GAUS2,BBB,EDY,BNODALL)
c.vec-s

+,XYZ GAUS,RR2,XYZ_GAUS2,BBB,EDY,BNODALL,
+MV_WORK1,MV_WORK11)

c.vec-e

AREA_ELMT

CALL FLUXG(N_GRID,N.ELMT,N_NODE,NODE_ELMT,XYZ_NODE,
c.org +XYZ_GAUS,XYZ_GRID,RR2,XYZ.GAUS2,BBB,EDY,BGRDALL)
c.vec-s

+XYZ_GAUS,XYZ_GRID,RR2,XYZ_GAUS2,BBB,EDY,BGRDALL,
+MV.W0RK2,MV_W0RK22)

c.vec-e

AREA_ELMT,

CALL FLUXN(N.ELMT,N.ELMT3,N.NODE,NODE_ELMT,XYZ.NODE,
c.org +,XYZ_GAUS,RR2,XYZ_GAUS2,BBB,EDY,BNODALL)
c.vec-s

+,XYZ.GAUS,RR2,XYZ.GAUS2,BBB,EDY,BNODALL,
+MV_WORK1,MV_WORK11)

c.vec-e

AREA_ELMT

CALL FLUXG(N_GRID,N.ELMT,N_NODE,NODE.ELMT,XYZ.NODE,
c.org +XYZ_GAUS,XYZ_GRID,RR2,XYZ.GAUS2,BBB,EDY,BGRDALL)
c.vec-s

+XYZ_GAUS,XYZ_GRID,RR2,XYZ_GAUS2,BBB,EDY,BGRDALL,
+MV_W0RK2,MV_W0RK22)

c.vec-e

AREA_ELMT,

Fig. 4.12 Modification of statements in subroutine EDCMAG.
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CALL EDCMAG(NEGF.N.ELMT.N.ELMTS.N.NODE.N.NODES, N.MATDA,N.MATN
+0,N_MAT,N_GRID,NFTOT, N_ACTI,N.CURAA,N.CURNA,M_CURNA,IA(MC4),A
+(NC8),A(NC9),A(NC10), N PASS,N_C0NST,IA(MC7),A(NCQ), IA(M3
+),IA(M4),IA(M6).IACM16),IA(M15),N_TIME,N_PHAS, A(N2),A(NA6),
+ A(NC16),A(NC17),A(NC18),A(NC19),A(NC20),A(NC21), A(NC22),A(
+NC23),A(NC24), A(N43),A(N47),A(NC30), A(N40),A(N41),A(N42)
+,A(N39),A(NC28),A(NC29), IACMC8),A(NC14), IA(M5),A(N1),A(N
+33) ,A(N12) , A(N46),A(NC27),A(ND1), N_TIM3,IA(MD1),A(ND2),A

c.org +(ND3),A(ND4),A(ND5),A(ND6) )
c.vec-s

+(ND3),A(ND4),A(ND5),A(ND6),
+IA(M_VW1),IA(M_VW11),IA(M_VW2),IA(M_VW22) )

c.vec-e

Fig. 4.13 Modification of call statement for subroutine EDCMAG.
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s
V
m
s
s
s2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
V
m
s
s
s2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
v2
V
V

DO IE2 = 1, N_ELMT
IF ( (RR2(IE2).GE.R12).AND.(RR2(IE2).LT.R07) ) THEN

BBBC1,
BBB(2,
BBB(3,
DO Jl

XX
YY
ZZ
WW
DO

IE2) = O.ODO
IE2) = O.ODO
IE2) = O.ODO
= 5, 11
= XYZ GAUS(1,J1,IE1)
= XYZ_GAUS(2,J1,IE1)
= XYZ_GAUS(3,J1,IE1)
= WH(J1)
J2 = 5, 11
XXX = XX-XYZ_GAUS2(1,J2,IE2)
YYY = YY-XYZ GAUS2(2,J2.IE2)
ZZZ = ZZ-XYZ_GAUS2(3,J2,IE2)
RRR = XXX**2 + YYY**2 + ZZZ**2
RRI = WW*WH(J2)/(RRR*DSQRT(RRR))
BBB(1,IE2) = BBB(1,IE2) + XXX * RRI
BBB(2,IE2) = BBB(2,IE2) + YYY * RRI
BBB(3,IE2) = BBB(3,IE2) + ZZZ * RRI

END DO
END DC

ELSE IF(
BBB(1
BBB(2
BBB(3
DO Jl

XX
YY
ZZ
WW
DO

3
RR2(IE2).LT.R12 ) THEN
IE2) = O.ODO
,IE2) = O.ODO
,IE2) = O.ODO
= 12, 23
= XYZ_GAUS(1,J1,IE1)
= XYZ_GAUS(2,J1,IE1)
» XYZ GAUS(3,J1,IE1)
= WH(J1)
J2 = 12, 23
XXX = XX-XYZ GAUS2U.J2.IE2)
YYY = YY-XYZ GAUS2C2,J2.IE2)
ZZZ = ZZ-XYZ_GAUS2(3,J2,IE2)
RRR = XXX**2 + YYY**2 + ZZZ**2
RRI = WW*WH(J2)/(RRR*DSQRT(RRR))
BBB(1,IE2) = BBBC1.IE2) + XXX * RRI
BBB(2,IE2) = BBB(2,IE2) + YYY * RRI
BBB(3,IE2) = BBB(3,IE2) + ZZZ * RRI

END DO
END DO

END IF
END DO

Fig. 4.14 Before modification of vectorized DO loops in subroutine FLUXN.
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SUBROUTINE FLUXN(N_ELMT,N_ELMT3,N_N0DE,N0DE_ELMT,XYZ_N0DE, ARE
c.org +A.ELMT,XYZ.GAUS,RR2,XYZ.GAUS2,BBB,EDY,BNODALL)
c.vec-s

+A_ELMT,XYZ.GAUS,RR2,XYZ.GAUS2,BBB,EDY,BNODALL,
+iO7v,il2v)

c.vec-e

c.vec-s
integer*4 107,il2,iO7v(N_ELMT),il2v(N_ELMT)

c.vec-e

m i07=0
s il2=0
v do ie2=l,n_elmt
v if( (RR2(IE2).GE.R12).AND.(RR2(IE2).LT.R07) ) then
v iO7=iO7+l
v iO7v(iO7)=ie2
v BBB(1,IE2) = O.ODO
v BBB(2,IE2) = O.ODO
v BBB(3,IE2) = O.ODO
v else if( RR2(IE2).LT.R12 ) then

v il2v(il2)=ie2
v BBBC1.IE2) = O.ODO
v BBB(2,IE2) = O.ODO
v BBB(3,IE2) = O.ODO
v endif
v end do

Fig. 4.15 After modification of vectorized DO loops in subroutine FLUXN(l/2).
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s
V
V
V
s

V
V
V
V
V
V
V
V
V
V
s
V

s
V
V
V
s

V
V
V
V
V
V
V
V
V
V
s
V

do j1=5,11
XX = XYZ_GAUS(1,J1,IE1)
YY = XYZ_GAUS(2,J1,IE1)
ZZ = XYZ_GAUS(3,J1,IE1)

do j2=5,ll
*vocl loop,novrec(bbb)

do ie2=l,iO7
XXX = XX-XYZ GAUS2(l,J2,iO7v(ie2))
YYY = YY-XYZ_GAUS2(2,J2,iO7v(ie2))
ZZZ = ZZ-XYZ_GAUS2(3,J2,iO7v(ie2))
RRR = XXX**2 + YYY**2 + ZZZ**2
RRI = WW*WH(J2)/(RRR*DSQRT(RRR))
BBB(l,iO7v(ie2)) = BBB(l,iO7v(ie2)) H
BBB(2,iO7v(ie2)) = BBB(2,iO7v(ie2)) H
BBB(3,iO7v(ie2)) = BBB(3,iO7v(ie2)) n

end do
end do
end do

do j1=12,23
XX = XYZ GAUS(1,J1,IE1)
YY = XYZ_GAUS(2,J1,IE1)
ZZ = XYZ GAUS(3,J1,IE1)

do j2=12,23
*vocl loop.novrec(bbb)

do ie2=l,il2
XXX = XX-XYZ_GAUS2(l,J2,il2v(ie2))
YYY = YY-XYZ_GAUS2(2,J2,il2v(ie2))
ZZZ = ZZ-XYZ_GAUS2(3,J2,il2v(ie2))
RRR = XXX**2 + YYY**2 + ZZZ**2
RRI = WW*WH(J2)/(RRR*DSQRT(RRR))
BBB(l,il2v(ie2)) = BBB(l,il2v(ie2)) -
BBB(2,il2v(ie2)) = BBB(2,il2v(ie2)) •
BBB(3,il2v(ie2)) = BBB(3,il2v(ie2)) -

end do
end do
end do

H XXX * RRI
h YYY * RRI
i- ZZZ * RRI

H XXX * RRI
f YYY * RRI
H ZZZ * RRI

Fig. 4.15 After modification of vectorized DO loops in subroutine FLUXN(2/2).
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m
V
V
V
s
s
s
m
V
m
m
V
m
V
s
m
s
m
s
m
s
s
s
s
s
s
m
V
s
s
s
s
m
V
s
s
s
s
m
V
V
V
V
V
V
V
V
V

DO I = 1, NTEN
XO = XYZ(l.I)
YO = XYZ(2,I)
ZO = XYZ(3,I)
AA2 = (R2-R1)*(Z2-Z1)/PI
RRR = (R2+RD/2.0D0
CCC = PI*BTESLA*(RRR+DSQRT(RRR**2-AA2))/UYM
CURTOTAL = 4.0D0*PI*(R2-Rl)*BTESLA/(UYM*L0G(R2/RD)
CURTOTAL = CURT0TAL/2.0D0
CURZ2 = CURTOTAL/(2.0D0*PI*R2)
CURZ1 = CURTOTAL/(2.ODO*PI*R1)
CURR = CURTOTAL/(2.OD0*PI)
RO = DSQRT(X0**2.0D0+Y0**2.0D0)
TH = DATAN2(Y0,X0)
NBUN = 1 6
Z = Z2-Z0
CALL INTGS(FNC2,NBUN,TH1,TH2,FNAZ,R2,RO,Z)
Z = Zl-ZO
CALL INTGS(FNC1,NBUN,TH1,TH2,FNAZ,R2,RO,Z)
AZ2 = (FNC2-FNCl)*UYM*CURZ2/(4.0D0*PI)
AZ2 = AZ2
NBUN = 16
Z = Z2-Z0
CALL INTGS(FNC2,NBUN,TH1,TH2,FNAZ,Rl,RO,Z)
Z = Zl-ZO
CALL INTGS(FNC1,NBUN,TH1.TH2,FNAZ,R1,RO,Z)
AZ1 = (FNC2-FNC1)*UYM*CURZ1/(4.ODO*PI)
AZ1 = -AZ1
NBUN = 16
Z = Z2-Z0
CALL INTGS(FNC2,NBUN,TH1,TH2,FNARX,R2,RO,Z)
CALL INTGS(FNC1,NBUN,TH1,TH2,FNARX,Rl,RO,Z)
AR2X = (FNC2-FNCl)*UYM*CURR/(4.0D0*PI)
AR2X = -AR2X
NBUN = 16
Z = Zl-ZO
CALL INTGS(FNC2,NBUN,TH1,TH2,FNARX,R2,RO,Z)
CALL INTGS(FNC1,NBUN,TH1,TH2,FNARX,Rl,RO,Z)
AR1X = (FNC2-FNCl)*UYM*CURR/(4.0D0*PI)
AR1X = AR1X
AR = AR2X + AR1X
AZ = AZ2 + AZ1
AX = AR*DCOS(TH)
AY = AR*DSIN(TH)
AAA(1,I) = AX * AB
AAA(2,I) = AY • AB
AAAC3.I) = AZ * AB

END DO

«- A

«- A

«- A

«- A

<- A
«- A

«- A
«- A

Fig. 4.16 Original DO loop in subroutine AHALO.
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SUBROUTINE INTGS(GAUSS,N,C,D,FNC,R,RO,Z)
IMPLICIT DOUBLE
EXTERNAL FNC
COMMON / GAUSS2
IF(N.LE.O) THEN

K = 1
ELSE IFCN.LE.6)

K = N
ELSE IF(N.LE.7)

K = 8
ELSE IF(N.LE.9)

K =10
ELSE IFCN.LE.li:

K =12
ELSE

K =16
END IF
Cl=(D+C)/2.0D0
C2=(D-C)/2.0D0
S=O.DO
DO I = 1, K

PRECISION (A-H,O-Z)

/ XD(25,25),WD(25,25)

THEN

THEN

THEN

> THEN

Ul = C1-C2*XD(I,K)
U2 = C1+C2*XD(I,K)
S = S + WD(I

END DO
GAUSS=C2*S
RETURN
END

,K)*( FNC(U1,R,RO,Z) + FNC(U2,R,R0,Z) ) — B

Fig. 4.17 Original subroutine INTGS.

FUNCTION FNAZ(TH,R,X,Z)
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
FNAZ = R*LOG( DSQRT(R**2 + X**2 + Z**2 - 2.0D0*R*X*DC0S(TH)) + Z)
END

FUNCTION FNARX(TH,R,X,Z)
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
FNARX = DCOS(TH) *L0G(DSQRT(R**2+X**2+Z**2-2.0D0*R*X*DC0S(T
+H))+R-X*DCOS(TH) )
END

Fig. 4.18 Original functions FNAZ and FNARX.
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SUBROUTINE INTGSCGAUSS.N.C.D.FNC.R.RO.Z)
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
EXTERNAL FNC
COMMON / GAUSS2 / XD(25,25),WD(25,25)
IF(N.LE.O) THEN

K = 1
ELSE IF(N.LE.6) THEN

K = N
ELSE IFCN.LE.7) THEN

K = 8
ELSE IFCN.LE.9) THEN

K =10
ELSE IF(N.LE.ll) THEN

K =12
ELSE

K =16
END IF
Cl=(D+C)/2.0D0
C2=(D-C)/2.0D0
S=O.DO

Ul = C1-C2*XD(I,1)
U2 = C1+C2*XD(I,1)
S = S + WD(I,1)*( FNC(U1,R,RO,Z) + FNC(U2,R,R0,Z) )
Ul = C1-C2*XD(I,2)
U2 = C1+C2*XD(I,2)
S = S + WD(I,2)*( FNC(U1,R,RO,Z) + FNC(U2,R,R0,Z) )
Ul = C1-C2*XD(I,3)
U2 » C1+C2*XD(I,3)
S = S + WD(I,3)*( FNCCUl.R.RO.Z) + FNC(U2,R,R0,Z) )
Ul = C1-C2*XD(I,4)
U2 = C1+C2*XD(I,4)
S = S + WD(I,4)*( FNC(U1,R,RO,Z) + FNC(U2,R,R0,Z) )
Ul = C1-C2*XD(I,5)
U2 = C1+C2*XD(I,5)
S = S + WD(I,5)*( FNC(U1,R,RO,Z) + FNC(U2,R,R0,Z) )
Ul = C1-C2*XD(I,6)
U2 = C1+C2*XD(I,6)
S = S + WD(I,6)*( FNC(U1,R,RO,Z) + FNC(U2,R,R0,Z) )
Ul = C1-C2*XD(I,7)
U2 = C1+C2*XD(I,7)
S = S + WD(I,7)*( FNC(U1,R,RO,Z) + FNC(U2,R,R0,Z) )
Ul = C1-C2*XD(I,8)
U2 = C1+C2*XD(I,8)

Fig. 4.19 After Integration DO loop in subroutine INTGS(1/2).
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S = S + WD(I,8)*( FNCCUl,
Ul = C1-C2*XD(I,9)
U2 = C1+C2*XD(I,9)
S = S + WD(I,9)*( FNCCUl,
Ul = Cl-C2*XD(I,10)
U2 = Cl+C2*XD(I,10)
S = S + WDCI,10)*C FNCCUl
Ul = C1-C2*XD(I,11)
U2 = C1+C2*XD(I,11)
S = S + WD(I,11)*( FNCCUl
Ul = C1-C2*XDCI,12)
U2 = C1+C2*XDCI,12)
S = S + WD(I,12)*C FNCCUl
Ul = C1-C2*XD(I,13)
U2 = C1+C2*XD(I,13)
S = S + WDCI,13)*( FNCCUl
Ul = C1-C2*XDCI,14)
U2 = C1+C2*XD(I,14)
S = S + WDCI,14)*C FNCCUl
Ul = C1-C2*XDCI,15)
U2 = C1+C2*XDCI,15)
S = S + WD(I,15)*( FNCCUl
Ul = C1-C2*XD(I,16)
U2 = C1+C2*XDCI,16)
S = S + WDCI,16)*C FNCCUl

GAUSS=C2*S
RETURN
END

R,RO,Z)

R,RO,Z)

,R,RO,Z)

,R,RO,Z)

,R,RO,Z)

,R,RO,Z)

,R,RO,Z)

,R,RO,Z)

,R,RO,Z)

+ FNCCU2.R

+ FNCCU2.R

+ FNCCU2,

+ FNCCU2,

+ FNCCU2,

+ FNCCU2,

+ FNCCU2,

+ FNCCU2,

+ FNCCU2,

,RO,Z) )

,RO,Z) )

R,

R,

R,

R,

R,

R,

R,

RO,Z) )

RO.Z) )

RO,Z) )

RO.Z) )

RO.Z) )

RO,Z) )

RO.Z) )

Fig. 4.19 After Integration DO loop in subroutine INTGS(2/2).
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c

c

c

c

DO I =
XO =
YO =
ZO =
AA2
RRR

Z =
CALL
CALL
Z =
CALL
CALL

CALL
CALL
CALL
CALL
AR1X

END DO

1, NTEN
XYZ(l.I)
XYZC2.I)
XYZ(3,I)
= (R2-R1)*(Z2-Z1)/PI
= (R2+RD/2.0D0

Z2-Z0
INTGS(FNC2,NBUN,TH1,TH2,FNAZ,R2,RO,Z)
INTGS(FNC2,NBUN,TH1,TH2,FNAZ,R2,RO,Z,1)

Zl-ZO
INTGS(FNC1,NBUN.TH1.TH2,FNAZ,R2,R0,Z)
INTGS(FNC1,NBUN,TB1,TH2,FNAZ,R2,RO,Z,1)

INTGS(FNC2,NBUN,TH1,TH2,FNARX,R2,RO,Z)
INTGS(FNC2,NBUN,TH1,TH2,FNARX,R2,RO,Z,2)
INTGS(FNC1,NBUN,TH1.TH2,FNARX,Rl.RO.Z)
INTGS(FNC1,NBUN,TH1.TH2,FNARX,Rl.RO.Z,2)
= (FNC2-FNCl)*UYM*CURR/(4.0D0*PI)

«- 77? 1

-77^1

«- 7 7 ^ 2

*- 77^' 2

Fig. 4.20 Modification of call statement for subroutine INTGS in subroutine AHALO.
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SUBROUTINE INTGS(GAUSS,N,C,D,FNC,R,RO
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
EXTERNAL FNC
COMMON / GAUSS2 / XD(25,25),WD(25,25)

IF(IF_TYPE.EQ.l) THEN •- FNAZ
Ul = C1-C2*XD(I,1)
U2 = C1+C2*XD(I,1)
S = S + WD(I,1)*( FNAZ(U1,R,RO,Z)
Ul = C1-C2*XD(I,2)
U2 = C1+C2*XD(I,2)
S = S + WD(I,2)*( FNAZ(U1,R,RO,Z)

ELSE IF(IF TYPE.EQ
Ul = C1-C2*XD(I
U2 = C1+C2*XD(I
S = S + WD(I,1)>
Ul = C1-C2*XD(I
U2 = C1+C2*XD(I
S = S + WD(I,2)'

ELSE
ENDIF

GAUSS=
RETURN
END

•

C2*S

2) THEN <- FNARX
,1)
,1)
K FNARX(U1,R,RO,Z)
,2)
,2)
K FNARX(U1,R,RO,Z)

,Z,IF_TYPE) «- IF.TYPE: Vy?

+ FNAZ(U2,R,R0,Z) )

+ FNAZ(U2,R,R0,Z) )

+ FNARX(U2,R,R0,Z) )

+ FNARX(U2.R.R0.Z) )

Fig. 4.21 Modification of subroutine INTGS.

SUBROUTINE INTGS(GAUSS,N,C,D,FNC,R,RO,Z,IF_TYPE)
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
EXTERNAL FNC
COMMON / GAUSS2 / X D ( 2 5 , 2 5 ) , W D ( 2 5 , 2 5 )

FNAZ(VA,VB,VC,VD)=VB*LOG(DSQRT(VB**2+VC**2+VD**2-2.ODO*VB*VC*DCOS(
&VA))+VD)

FNARX(VE,VF,VG,VH)=DCOS(VE)*LOG(DSQRT(VF**2+VG**2+VH**2-2.ODO*VF*V
&G*DCOS(T+H))+VF-VG+DCOS(VE))

Fig. 4.22 Declaration of statement functions FNAZ and FNARX.
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V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V

i
V

i
V
V
V
V

i
V

i

c

c

c

c

DO I = 1, NTEN
XO = XYZ(l.I)
YO = XYZ(2,I)
ZO = XYZ(3,I)
AA2 = (R2-R1)*(Z2-Z1)/PI
RRR = (R2+RD/2.0D0
CCC = PI*BTESLA*(RRR+DSQRT(RRR**2-AA2))/UYM
CURTOTAL = 4.0D0*PI*(R2-Rl)*BTESLA/(UYM*L0G(R2/Rl))
CURTOTAL = CURT0TAL/2.0D0
CURZ2 = CURTOTAL/(2.0D0*PI*R2)
CURZ1 = CURTOTAL/(2.ODO*PI*R1)
CURR = CURTOTAL/(2.ODO*PI)
RO = DSQRT(X0**2.0D0+Y0**2.0D0)
TH = DATAN2(Y0,X0)
NBUN = 16
Z = Z2-Z0
CALL INTGS(FNC2,NBUN,TH1,TH2,FNAZ,R2,RO,Z)
CALL INTGS(FNC2,NBUN,TH1,TH2,FNAZ,R2,RO,Z,1)
Z = Zl-ZO
CALL INTGS(FNC1,NBUN,TH1.TH2,FNAZ,R2.R0.Z)
CALL INTGS(FNC1,NBUN,TH1,TH2,FNAZ,R2,R0,Z,l)
AZ2 = (FNC2-FNCl)*UYM*CURZ2/(4.0D0*PI)
AZ2 = AZ2
NBUN = 16
Z = Z2-Z0
CALL INTGS(FNC2,NBUN,TH1.TH2,FNAZ,Rl.RO.Z)
CALL INTGS(FNC2,NBUN,TH1.TH2,FNAZ,R1,RO,Z,1)
Z = Zl-ZO
CALL INTGS(FNC1,NBUN,TH1.TH2,FNAZ,R1,RO,Z)
CALL INTGS(FNC1,NBUN,TH1.TH2,FNAZ,R1,RO,Z,1)

Fig. 4.23 Vectorized DO loop in subroutine AHAL0(l/2).
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V
V
V
V

i

vi
V
V
V
V

i

vi
V
V
V
V
V
V
V
V
V
V

c

c

c

c

AZ1 =
AZ1 =
NBUN

(FNC2-FNC1)*UYM*CURZ1/(4.ODO*PI)
-AZ1
= 16

Z = Z2-Z0
CALL
CALL
CALL
CALL
AR2X
AR2X
NBUN

INTGS(FNC2,NBUN,TH1.TH2,FNARX,R2,R0,Z)
INTGS(FNC2,NBUN,TH1,TH2,FNARX,R2,RO,Z,2)
INTGS(FNC1,NBUN,TH1,TH2,FNARX,R1,RO,Z)
INTGS(FNC1,NBUN,TH1,TH2,FNARX,R1,RO,Z,2)
= (FNC2-FNC1)*UYM*CURR/(4.ODO*PI)
= -AR2X
= 16

Z = Zl-ZO
CALL
CALL
CALL
CALL
AR1X
AR1X
AR =
AZ =
AX =
AY =
AAAC1
AAA(2
AAA(3

END DO

INTGS(FNC2,NBUN,TH1,TH2,FNARX,R2,RO,Z)
INTGS(FNC2,NBUN,TH1,TH2,FNARX,R2,RO,Z,2)
INTGS(FNC1,NBUN,TH1.TH2,FNARX,R1,RO,Z)
INTGS(FNC1,NBUN,TH1.TH2,FNARX,R1,RO,Z,2)
= (FNC2-FNC1)*UYM*CURR/(4.ODO*PI)
= AR1X
AR2X + AR1X
AZ2 + AZ1
AR*DCOS(TH)
AR*DSIN(TH)
,1) = AX * AB
,1) = AY * AB
,1) = AZ * AB

Fig. 4.23 Vectorized DO loop in subroutine AHAL0(2/2).
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SUBROUTINE XMODEX(TOO, T i l , LJYD, LDLJYD, VECTX, EQMOD, EIGEX,
+ ETMOD, N_CURAA, C0EF1, M.CURNA, N_CURNA, TIMECUR1, N_ACTI
+, KIND_CUR1, I T 1 , N_CURAP, C0EF2, M.CURNP, N.CURNP, TIMECU
+R2, N.PASS, KIND_CUR2, IT2 )

DO J = 1, N.ACTI
JJ = KIND_CUR1(2,J)
IF(KIND_CURl(l,J).EQ.l) THEN

s8 DO I = 1, LJYD
m8 ALAMDA = VECTX(I)
m8 ETMOD(I.J) = EQMOD(I,J)*XINT(T11,ALAMDA,C0EF1U, JJ))
v8 END DO

ELSE

DO J = 1, N.PASS
J2 = N ACTI + J
JJ = KIND_CUR2(2,J)
IF(KIND_CUR2(l,J).EQ.l) THEN

s6 DO I = 1, LJYD
m6 ALAMDA = VECTX(I)
m6 JD = (LJYD-N.PASS) + J
m6 ETMOD(I,J2) = EIGEX(JD,I)*XINT2(T11,ALAMDA,C0EF2(l,JJ))
v6 END DO

ELSE

Fig. 4.24 Original DO loops in subroutine XMODEX.
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FUNCTION XINT(T.ALAMDA,CONST)
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
DIMENSION CONST(9)
GO=CONST(1)
Gl=C0NST(2)
G2=C0NST(3)
G3=C0NST(4)
G4=C0NST(5)
G5=C0NST(6)
TAU=C0NST(7)
0MEGAl=C0NST(8)
0MEGA2=C0NST(9)
IFCALAMDA.LT.l.OD-10) XINT=O.ODO
IFCALAMDA.LT.l.OD-10) RETURN
EXPTL=DEXP C-T/ALAMDA)
G=G1+G3+G5-GO
X=G*EXPTL
IFCG2.EQ.0) GO TO 10
X=X+G2*ALAMDA* Cl.ODO-EXPTL)

10 CONTINUE
IFCG3.EQ.0) GO TO 20
X=X+(DEXP C-T/TAU)-EXPTL)/(1.DO-TAU/ALAMDA)*G3

20 CONTINUE
IFCG4.EQ.0) GO TO 30
ALOME=ALAMDA * OMEGA1
OMET=OMEGA1*T
X=X+ALOME/C1•DO+ALOME*ALOME)* CALOME*DSIN COMET)+DCOS COMET)-EXPTL)*G

+4
30 CONTINUE

IFCG5.Eq.O) GO TO 40
AL0ME=ALAMDA*0MEGA2
0MET=0MEGA2*T
AL0ME2=AL0ME*AL0ME
X=X+AL0ME2/C1.D0+AL0ME2)*(DCOS COMET)-DSIN COMET)/ALOME-EXPTL)*G5

40 CONTINUE
XINT=-X/ALAMDA
RETURN
END

Fig. 4.25 Original function XINT.
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FUNCTION XINT2(T,ALAMDA,CONST)
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
DIMENSION CONST(9)
GO=CONST(1)
Gl=C0NST(2)
G2=C0NST(3)
G3=C0NST(4)
G4=C0NST(5)
G5=C0NST(6)
TAU=C0NST(7)
0MEGAl=C0NST(8)
0MEGA2=C0NST(9)
IFCALAMDA.LT.l.OD-10) THEN

XINT2=0.ODO
RETURN

END IF
EXPTL=DEXP(-T/ALAMDA)
X = O.ODO
IF(Gl.NE.O) THEN

X = X + G1*ALAMDA*(1.ODO-EXPTL)
END IF
IFCG2.NE.0) THEN

X = X + G2*ALAMDA*(T-ALAMDA+ALAMDA*EXPTL)
END IF
IFCG3.NE.0) THEN

X = X + G3*ALAMDA*TAU*(DEXP(-T/TAU)-EXPTL)/(ALAMDA-TAU)
END IF
IFCG4.NE.0) THEN

ALOME=ALAMDA*OMEGA1
OMET=OMEGA1*T
X = X + G4*ALAMDA/(1.0D0+AL0ME**2)* (-ALOME*DCOS(OMET)+D

+SIN(OMET)-ALOME*EXPTL)
END IF
IFCG5.NE.0) THEN

AL0ME=ALAMDA*0MEGA2
0MET=0MEGA2*T
X = X + G5*ALAMDA/(1.0D0+AL0ME**2)* (DSIN(OMET)+ALOME*DC

+OS(OMET)-EXPTL)
END IF
XINT2 = X/ALAMDA
RETURN
END

Fig. 4.26 Original function XINT2.
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FUNCTION XINT(T,ALAMDA,CONST)
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
DIMENSION CONST(9)
GO=CONST(1)
Gl=C0NST(2)
G2=C0NST(3)
G3=C0NST(4)
G4=C0NST(5)
G5=C0NST(6)
TAU=C0NST(7)
0MEGAl=C0NST(8)
0MEGA2=C0NST(9)
IFCALAMDA.LT.l.OD-10) XINT=O.ODO

IFCALAMDA.LT.l.OD-10) then
XINT=O.ODO

else

EXPTL=DEXP C-T/ALAMDA)
G=G1+G3+G5-GO

X=G*EXPTL

if(G2.eq.0.and.G3.eq.0.and.G4.eq.0.and.G5.eq.0) then

XINT=-X/ALAMDA

elseif CG2.eq.0.and.G3.eq.0.and.G4.eq.0) then

AL0ME=ALAMDA*0MEGA2
0MET=0MEGA2*T
AL0ME2=AL0ME*AL0ME
X=X+AL0ME2/C1.D0+AL0ME2)* CDCOS(OMET)-DSIN COMET)/ALOME-EXPTL)*G5
XINT=-X/ALAMDA

elseifCG2.eq.O.and.G3.eq.O) then

ALOME=ALAMDA*OMEGA1
OMET=OMEGA1*T
X=X+ALOME/(1.DO+ALOME*ALOME)* CALOME*DSIN COMET)+DCOS COMET)-EXPTL)

&*G4
AL0ME=ALAMDA*0MEGA2
0MET=0MEGA2*T
AL0ME2=AL0ME*AL0ME
X=X+AL0ME2/C1.D0+AL0ME2)* CDCOS COMET)-DSINCOMET)/ALOME-EXPTL)*G5
XINT=-X/ALAMDA

Fig. 4.27 Modification of function XINT(l/2).
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elseif(G2.eq.O) then

X=X+(DEXP(-T/TAU)-EXPTL)/(1.DO-TAU/ALAMDA)*G3
ALOME=ALAMDA*OMEGA1
OMET=OMEGA1*T
X=X+ALOME/(1.DO+ALOME*ALOME)*(ALOME*DSIN(OMET)+DCOS(OMET)-EXPTL)

&*G4
AL0ME=ALAMDA*0MEGA2
0MET=0MEGA2*T
AL0ME2=AL0ME*AL0ME
X=X+AL0ME2/(1.D0+AL0ME2)*(DCOS(OMET)-DSIN(OMET)/ALOME-EXPTL)*G5
XINT=-X/ALAMDA

else

X=X+G2*ALAMDA*(1.ODO-EXPTL)
X=X+(DEXP(-T/TAU)-EXPTL)/(1.DO-TAU/ALAMDA)*G3
ALOME=ALAMDA*OMEGA1
OMET=OMEGA1*T
X=X+ALOME/(1.DO+ALOME*ALOME)*(ALOME*DSIN(OMET)+DCOS(OMET)-EXPTL)

&*G4
AL0ME=ALAMDA*0MEGA2
0MET=0MEGA2*T
AL0ME2=AL0ME*AL0ME
X=X+AL0ME2/(1.D0+AL0ME2)*(DCOS(OMET)-DSIN(OMET)/ALOME-EXPTL)*G5
XINT=-X/ALAMDA

endif

endif

return
END

Fig. 4.27 Modification of function XINT(2/2).
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SUBROUTINE XMODEX(TOO, T i l , LJYD, LDLJYD, VECTX, EQMOD, EIGEX,
+ ETMOD, N_CURAA, C0EF1, M_CURNA, N_CURNA, TIMECUR1, N_ACTI
+, KIND_CUR1, I T 1 , N.CURAP, C0EF2, M.CURNP, N_CURNP, TIMECU
+R2, N_PASS, KIND_CUR2, IT2 )

DO J = 1, N_ACTI
JJ = KIND_CUR1(2,J)
IF(KIND_CURl(l,J).EQ.l) THEN

v DO I = 1, LJYD
v ALAMDA = VECTX(I)
vi ETMOD (I, J) = EQMOD(I,J)*XINT(T11,ALAMDA,COEFKl.JJ))
v END DO

ELSE

DO J = 1, N.PASS
J2 = N.ACTI + J
JJ = KIND_CUR2(2,J)
IF(KIND_CUR2(l,J).EQ.l) THEN

v DO I = 1, LJYD
v ALAMDA = VECTX(I)
v JD = (LJYD-N_PASS) + J
vi ETMOD(I,J2) = EIGEX(JD,I)*XINT2(T11,ALAMDA,COEF2(1,JJ):
v END DO

ELSE

Fig. 4.28 Vectorized D O loops in subroutine XMODEX.
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s
V
V

s4
s4
s4

s4

s4
s4

V

SUBROUTINE CRTBBB( N.ELMT, N_ELMT3, BNODALL )

40
21
20
10

DO 10 IR=1,K_CRE_RZ
ROP11=ROTAT(1,1,IR)
R0P12=R0TAT(l,2,IR)

DO 20 IS=1,N_CRE
IF( (IR.EQ.l).AND.(IS.EQ.l) ) THEN

GO TO 21
END IF

IE = IE + N.ELMT <- A
DO 40 1=1,N ELMT

IEI = IE + I «- B
BN0DALLC1,IEI,1)=ROPB11*BNODALL(1,I,1)+

+ R0PB12*BN0DALL(2,I,l)
BN0DALL(2,IEI,l)=R0PB21*BN0DALL(l,I,l)+

+ R0PB22*BN0DALL(2,I,l)
BNODALL(3,IEI,1)=R0PB33*BN0DALL(3,1,1)

CONTINUE
CONTINUE

CONTINUE
CONTINUE
RETURN
END

Fig. 4.29 Original DO loop(DO 40) in subroutine CRTBBB.
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s
V
V

V
V
V

V

V
V

V

SUBROUTINE CRTBBB( N.ELMT, N_ELMT3, BNODALL )

*voc!

40
21
20
10

DO 10 IR=1,K_CRE_RZ
ROP11=ROTAT(1,1,IR)
R0P12=R0TAT(l,2,IR)

DO 20 IS=1,N CRE
IF( (IR.EQ.l).AND.(IS.Eq.l) ) THEN

GO TO 21
END IF

IE = IE + N_ELMT
L loop,novrec(bnodall)

DO 40 I=1,N_ELMT
IEI = IE + I
BNODALL(1,IEI,1)=ROPB11*BNODALL(1,1,1)+

+ R0PB12*BN0DALL(2,I,l)
BN0DALL(2,IEI,l)=R0PB21*BN0DALL(l,I,1)+

+ R0PB22*BN0DALL(2,I,l)
BNODALL(3,IEI,1)=R0PB33*BN0DALL(3,1,1)

CONTINUE
CONTINUE

CONTINUE
CONTINUE
RETURN
END

Fig. 4.30 Vectorized DO loop(DO 40) in subroutine CRTBBB.
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s
s
s
s

m
V
s6
s6
s6
s6
V
m
V
s3
s3
s3
s3
s3
s3
V

s

SUBROUTINE CRTELEM(N NODE.N ELMT.N N0DE3.N ELMT3,N.GRID, L NOD
+E.I

IN
IE

30

40
21
20
10

,_ELMT,MAT_ELMT,NODE_ELMT,XYZ.NODE,AREA_ELMT)

= N.NODE <- A
= N_ELMT <- B

DO 10 IR=1,K_CRE_RZ
ROP11=ROTAT(1J1,IR)
R0P12=R0TAT(l,2,IR)
R0P21=R0TAT(2,l,IR)

DO 30 I=1,N_NODE
IN = IN + 1
XYZ_N0DE(l,IN)=R0PPll*XYZ_N0DE(l,I)+R0PP12*XYZ_N0DE(2,I)
XYZ_N0DE(2,IN)=R0PP21*XYZ_N0DE(l,I)+R0PP22*XYZ_N0DE(2,I)
XYZ.NODE(3,IN)=R0PP33*XYZ_N0DE(3,I)
L_NODE(IN) = L_NODE(I) + JNODEMAX+IC

CONTINUE
DO 40 1=1,N ELMT

IE = IE + 1
L_ELMT(IE) = L_ELMT(I) + JELEMMAX*IC
MAT.ELMT(IE) = MAT_ELMT(I)
AREA ELMT(IE) = AREA ELMT(I)
NODE_ELMT(1,IE) = NODE_ELMT(1,I) + ION.NODE
N0DE_ELMT(2,IE) = N0DE_ELMT(2,I) + ION.NODE
N0DE_ELMT(3,IE) = N0DE_ELMT(3,I) + IC*N_NODE

CONTINUE
CONTINUE
CONTINUE

CONTINUE

Fig. 4.31 Original DO loops in subroutine CRTELEM.
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s
s
s
s

V

V

V

V

V

V

V

V

V

V

V

V

V

V

V

V

s

SUBROUTINE CRTELEM(N_NODE,N ELMT,N.N0DE3,N.ELMT3,N.GRID, L NOD
+E,L.ELMT,MAT.ELMT,N0DE_ELMT,XYZ.NODE,AREA.ELMT)

IN
IE

*vocl

30
*vocl

40
21
20
10

= N_NODE <- A
= N_ELMT <- B

DO 10 IR=1,K_CRE_RZ
ROP11=ROTAT(1,1,IR)
R0P12=R0TAT(l,2,IR)
R0P21=R0TAT(2,l,IR)

loop ,novrec (xyz_node , l_node ) )
DO 30 1=1,N NODE

IN = IN + 1
XYZ_N0DE(l,IN)=R0PPll*XYZ_N0DE(l,I)+R0PP12*XYZ_N0DE(2,I)
XYZ.NODE(2,IN)=R0PP21*XYZ_NODE(1,1)+R0PP22*XYZ_N0DE(2,I)
XYZ.NODE(3,IN)=R0PP33*XYZ_N0DE(3,I)
L NODE(IN) = L NODE(I) + JNODEMAX*IC

CONTINUE
l o o p , n o v r e c ( l _ e l m t , m a t _ e l m t , a r e a _ e l m t , n o d e _ e l m t )

DO 40 I=1,N_ELMT
IE = IE + 1
L_ELMT(IE) = L_ELMT(I) + JELEMMAX*IC
MAT ELMT(IE) = MAT ELMT(I)
AREA.ELMT(IE) = AREA_ELMT(I)
NODE ELMT ( 1 , IE) = NODE ELMT (1 ,1 ) + I O N NODE
N0DE_ELMT(2,IE) = NODE ELMT(2,1) + ION.NODE
N0DE_ELMT(3,IE) = NODE ELMT(3,1) + ION.NODE

CONTINUE
CONTINUE
CONTINUE

CONTINUE

Fig. 4.32 Vectorized DO loops in subroutine CRTBBB.
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V
s
V
V
V
V
V
V

v3
v3

v3
s
V

SUBROUTINE ELEMNT(N_ELMTJN_ELMT2,N_N0DE)N0DE_ELMT> XYZ_NODE,AR
+EA_ELMT,EELMT)

DO N=1,N_ELMT
DO K=l,3

L=K+2
M=K+1
IFCL.GT.3) L=L-3
IFCM.GT.3) M=M-3
L=NODE_ELMT(L,N)
M=NODE_ELMT(M,N)
DO 1=1,3

EELMT(I,K,N)=(XYZ_N0DE(I,L)-XYZ_N0DE(I,M))/2.D0/AREA_ELMT(
+N)

END DO
END DO
END DO
RETURN

Fig. 4.33 Before modification of vectorized DO loops in subroutine ELEMNT.
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SUBROUTINE ELEMNT(N_ELMT)N_ELMT2)N_N0DE,N0DE_ELMT, XYZ_NODE,AR
+EA.ELMT,EELMT)

v DO N=1,N_ELMT
v L=l+2
v M=l+1
v IFCL.GT.3) L=L-3
v IFCM.GT.3) M=M-3
v L=NODE_ELMT(L,N)
v M=NODE_ELMT(M,N)
v EELMT(1,1,N)=(XYZ_NODE(1,L)-XYZ_NODE(1,M))/2.DO/AREA_ELMT(N)
v EELMT(2,l,N)=(XYZ_N0DE(2,L)-XYZ_N0DE(2,M))/2.D0/AREA_ELMT(N)
v EELMT(3,l,N)=(XYZ_N0DE(3,L)-XYZ_N0DE(3,M))/2.D0/AREA_ELMT(N)
v L=2+2
v M=2+l
v IFCL.GT.3) L=L-3
v IFCM.GT.3) M=M-3
v L=NODE ELMT(L.N)
v M=NODE_ELMT(M,N)
v EELMT(1,2,N)=(XYZ_NODE(1,L)-XYZ_NODE(1,M))/2.DO/AREA.ELMT(N)
v EELMT(2,2,N)=(XYZ_N0DE(2,L)-XYZ_N0DE(2,M))/2.D0/AREA_ELMT(N)
v EELMT(3,2,N)=(XYZ_N0DE(3,L)-XYZ_N0DE(3,M))/2.D0/AREA_ELMT(N)
v L=3+2
v M=3+l
v IF(L.GT.3) L=L-3
v IFCM.GT.3) M=M-3
v L=NODE_ELMT(L,N)
v M=NODE_ELMT(M,N)
v EELMT(1,3,N)=(XYZ_NODE(1,L)-XYZ.NODE(1,M))/2.DO/AREA_ELMT(N)
v EELMT(2,3,N)=(XYZ_N0DE(2(L)-XYZ_N0DE(2,M))/2.D0/AREA_ELMT(N)
v EELMT(3,3,N)=(XYZ N0DE(3,L)-XYZ_N0DE(3,M))/2.DO/AREA ELMT(N)
v END DO

RETURN

Fig. 4.34 After modification of vectorized DO loop in subroutine ELEMNT.
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SUBROUTINE INTPNT3(N ELMT,N.ELMT3,N_NODE,NODE_ELMT, XYZ_NODE,X
+YZ_GAUS)

IRS = 0 • - A
s DO IR=1,K_CRE_RZ
v ROP11=ROTAT(1,1,IR)
v R0P12=R0TAT(l,2,IR)
v R0P21=R0TAT(2,l,IR)
v R0P22=R0TAT(2,2,IR)

DO IS=1,N_CRE
R0PP11=ROP11*CRE_LOC(1,IS)
R0PP12=R0P12*CRE_L0C(2,IS)
R0PP21=R0P21*CRE_L0C(l,IS)
R0PP22=R0P22*CRE_L0C(2,IS)
R0PP33=CRE_L0C(3,IS)
IRS = IRS + 1 <- A
IF( IRS.NE.l ) THEN <- B

s DO L = 1, 23
s6 DO IE1 = 1, N_ELMT
s6 IE2 = IE1 + N_ELMT*(IRS-1) «- C
s6 XYZ_GAUS(1,L,IE2) = ROPP11*XYZ_GAUS(1,L,IE1)

+ ROPP12*XYZ_GAUS(2,L,IE1)
s6 XYZ_GAUS(2,L,IE2) = ROPP21*XYZ_GAUS(1,L,IE1)

+ ROPP22*XYZ_GAUS(2,L,IE1)
s6 XYZ_GAUS(3,L,IE2) = ROPP33*XYZ_GAUS(3,L,IE1)
s6 END DO
s END DO

END IF
END DO

v END DO
RETURN
END

Fig. 4.35 Original DO loops in subroutine INTPNT3.
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s
V
V
V
V

s2

v2
v2
v2

v2

v2
v2
s2

V

IRS = 0
DO IR=1,K_CRE_RZ

ROP11=ROTAT(1,1,IR)
R0P12=R0TAT(l,2,IR)
R0P21=R0TAT(2,l,IR)
R0P22=R0TAT(2,2,IR)
DO IS=1,N_CRE

ROPP11=ROP11*CRE_LOC(1,IS)
R0PP12=R0P12*CRE_L0C(2,IS)
R0PP21=R0P21*CRE_L0C(l,IS)
R0PP22=R0P22*CRE_L0C(2,IS)
R0PP33=CRE_L0C(3,IS)
IRS = IRS + 1
IF( IRS.NE.l ) THEN

DO L = 1, 23
*vocl loop,novrec(xyz_gaus)

DO IE1 = 1, N_ELMT
IE2 = IE1 + N_ELMT*(IRS-1)
XYZ GAUS(1,L,IE2) = ROPP11*XYZ GAUS(1,L,IE1) +

+ ROPP12*XYZ_GAUS(2,L,IE1)
XYZ_GAUS(2,L,IE2) = ROPP21*XYZ_GAUS(1,L,IE1) +

+ ROPP22*XYZ_GAUS(2,L,IE1)
XYZ_GAUS(3,L,IE2) = ROPP33*XYZ_GAUS(3,L,IE1)

END DO
END DO

END IF
END DO

END DO
RETURN
END

Fig. 4.36 Vectorized DO loop in subroutine INTPNT3.
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s
V
V

v3
v3
v3
V
V

s3
v3
v9
v9
v9
v3
s3
V

s

SUBROUTINE INTPNT(N_ELMT)N_ELMT2,N_N0DE,N0DE_ELMT>XYZ_N0DE) XY
+Z.GAUS)

DO IE = 1, N_ELMT
DO J = 1, 3

NOD=NODE_ELMT(J,IE)
DO I = 1, 3

XYZ(I,J)=XYZ NODE(I,NOD)
END DO

END DO
DO L = 1, 23

DO I = 1, 3
X=0.ODO
DO J = 1, 3

X=X+XH(J,L)*XYZ(I,J)
END DO
XYZ_GAUS(I,L,IE)=X

END DO
END DO

END DO
RETURN
END

Fig. 4.37 Before modification of vectorized DO loops in subroutine INTPNT.

SUBROUTINE INTPNT(N_ELMT,N_ELMT2,N_N0DE,N0DE_ELMT1XYZ_N0DE, XY
+Z_GAUS)

s2 DO L = 1, 23
v2 DO IE = 1, N_ELMT

v2 X=O.ODO
v2 X=X+XH(1,L)*XYZ_NODE(1,NODE.ELMT(1,IE))
v2 X=X+XH(2,L)*XYZ_NODE(1,NODE.ELMT(2,IE))
v2 X=X+XH(3,L)*XYZ_NODE(1,NODE_ELMT(3,IE))
v2 XYZ_GAUS(1,L,IE)=X
v2 X=O.ODO
v2 X=X+XH(l,L)*XYZ_N0DE(2,N0DE_ELMT(l,IE))
v2 X=X+XH(2,L)*XYZ_N0DE(2)N0DE_ELMT(2,IE))
v2 X=X+XH(3,L)*XYZ_N0DE(2,N0DE_ELMT(3,IE))
v2 XYZ_GAUS(2,L,IE)=X
v2 X=0.ODO
v2 X=X+XH(1,L)*XYZ N0DE(3,N0DE_ELMT(l,IE))
v2 X=X+XH(2,L)*XYZ_NODE(3,NODE_ELMT(2,IE))
v2 X=X+XH(3,L)*XYZ_N0DE(3,N0DE_ELMT(3,IE))
v2 XYZ_GAUS(3,L,IE)=X

v2 END DO
s2 END DO

RETURN
END

Fig. 4.38 After modification of Vectorized DO loop in subroutine INTPNT.
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s
v3
s3
m3
m
V

v3
v3
v3
V
s
V
V

v3
v3
v3
V
V

3
3
3
3
3
3
3

s
V

SUBROUTINE INDQA(N_ELMT,N NODE.N MODE,NJYD,K NODE.NODE ELMT, X
+YZ.NODE,AREA.ELMT, EELMT,N.ACTI,AN0D1,QINDU)

DO IE=1,N_ELMT
DO 1=1,3

NO(I)=NODE_ELMT(I,IE)
END DO
S=AREA_ELMT(IE)
DO K=l,3

DO J=l,3
E(J,K)=EELMT(J,K,IE)

END DO
END DO
DO N=1,N_ACTI «- A

DO 1=1,3
A(I)=O.ODO
DO K=l,3

A(I)=A(I)+ANOD1(I,NO(K),N)
END DO
A(I)=A(I)/3.0D0

END DO
DO 1=1,3

NN=K NODE(NO(I))
IF(NN.EQ.O) GO TO 100
X=O.DO
DO J=l,3

X=X+E(J,I)*A(J)
END DO
QINDU(NN,N)=QINDU(NN,N)+X*S

100 CONTINUE
END DO

END DO
END DO

Fig. 4.39 Original DO loops in subroutine INDQA.
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DO N=1,N_ACTI

A(l)=0.0D0
A(1)=A(1)+ANOD1(1,NO(1),N)
A(l)=A(l)+AN0Dl(l,N0(2),N)
A(l)=A(l)+AN0Dl(l,N0(3),N)
A(l)=A(l)/3.0D0
A(2)=0.0D0
A(2)=A(2)+AN0Dl(2,N0(l),N)
A(2)=A(2)+AN0Dl(2,N0(2),N)
A(2)=A(2)+AN0Dl(2,N0(3),N)
A(2)=A(2)/3.0D0
A(3)=0.0D0
A(3)=A(3)+ANOD1(3,NO(1),N)
A(3)=A(3)+ANOD1(3JNO(2),N)
A(3)=A(3)+ANOD1(3,NO(3),N)
A(3)=A(3)/3.0D0

NN=K_N0DE(N0(D)
IF(NN.EQ.O) GO TO 100
X=O.DO
X=X+E(1,1)*A(1)
X=X+E(2,1)*A(2)
X=X+E(3,1)*A(3)
QINDU(NN,N)=QINDU(NN,N)+X*S

100 CONTINUE
NN=K NODE(NO(2))
IF(NN.EQ.O) GO TO 101
X=O.DO
X=X+E(1,2)*A(1)
X=X+E(2,2)*A(2)
X=X+E(3,2)*A(3)
QINDU(NN,N)=QINDU(NN,N)+X*S

101 CONTINUE
NN=K_N0DE(N0(3))
IF(NN.EQ.O) GO TO 102
X=O.DO
X=X+E(1,3)*A(1)
X=X+E(2,3)*A(2)
X=X+E(3,3)*A(3)
QINDU(NN,N)=QINDU(NN,N)+X*S

102 CONTINUE

END DO

•- B

«- C

- A'
<- B'
- C

<- A'
*- B"
- C

*- A'
<- B'
«- C

Fig. 4.40 Modification of DO loop in subroutine INDQA.

A : A(l)=( ANOD1(1,NO(1),N)+ANOD1(1,NO(2),N)+ANOD1(1INO(3),N) ) /3.0d0
B : A(2)=( AN0Dl(2,N0(l),N)+AN0Dl(2JN0(2),N)+AN0Dl(2,N0(3),N) ) /3.0d0
C : A(3) = ( AN0DK3,N0(l),N)+AN0Dl(3,N0(2)fN)+AN0Dl(3,N0(3),N) ) /3.0d0

Fig. 4.41 Modification of statements about A(l) , A(2) and A(3).
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NN=K_N0DE(N0(D)
IF(NN.EQ.O) then
NN=K_N0DE(N0(2))
IF(NN.EQ.O) then
NN=K_N0DE(N0(3))
IF(NN.EQ.O) then
else
endif

else
NN=K_N0DE(N0(3))
IF(NN.EQ.O) then
else
endif

endif
else
NN=K_N0DE(N0(2))
IF(NN.EQ.O) then
NN=K_N0DE(N0(3))
IF(NN.EQ.O) then
else
endif

else
NN=K_N0DE(N0(3))
IF(NN.EQ.O) then
else
endif

endif
endif

Fig. 4.42 Modification into IF statement from GO TO statement in subroutine INDQA.
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V
V
V
V
V
V
V
V
V
V

V

V

V
V
V
V
V

V

V

V
V
V
V
V
V

V

V

V
V
V
V
V
V

V

V

V
V

DO N=1,N_ACTI
NN=K_NODE(NO(1))
IF(NN.EQ.O) then
NN=K_N0DE(N0(2))
IF(NN.EQ.O) then
NN=K NODE(NO(3))
IF(NN.EQ.O) then
else
X=O.DO
X=X+E(l,3)*(AN0Dl(l,N0(l),N)+AN0Dl(l,N0(2),N)+AN0Dl(l,

&N0(3),N))/3.0D0
X=X+E(2,3)*(AN0Dl(2JN0(l),N)+AN0Dl(2,N0(2),N)+AN0Dl(2,

&N0(3),N))/3.0D0
X=X+E(3,3)*(AN0Dl(3,N0(l),N)+AN0Dl(3,N0(2),N)+AN0Dl(3,

&N0(3),N))/3.0D0
QINDU(NN,N)=QINDU(NN,N)+X*S

endif
else
X=O.DO
X=X+E(l,2)*(AN0Dl(l,N0(l),N)+AN0Dl(l,N0(2),N)+AN0Dl(l,

&N0(3),N))/3.0D0
X=X+E(2,2)*(ANOD1(2,NO(1),N)+ANOD1(2,NO(2),N)+ANOD1(2,

&N0(3),N))/3.0D0
X=X+E(3,2)*(AN0Dl(3,N0(l),N)+AN0Dl(3,N0(2),N)+AN0Dl(3,

&N0(3),N))/3.0D0
QINDU(NN,N)=QINDU(NN,N)+X*S
NN=K_N0DE(N0(3))
IF(NN.EQ.O) then
else
X=O.DO
X=X+E(l,3)*(AN0Dl(l,N0(l),N)+AN0Dl(l,N0(2),N)+AN0Dl(l,

&N0(3),N))/3.0d0
X=X+E(2,3)*(ANOD1(2,NO(1)>N)+ANOD1(2,NO(2),N)+ANOD1(2,

&N0(3),N))/3.0D0
X=X+E(3,3)*(ANOD1(3,NO(1),N)+ANOD1(3,NO(2),N)+ANOD1(3,

&N0(3),N))/3.0D0
QINDU(NN,N)=QINDU(NN,N)+X*S

endif
endif

else
X=O.DO
X=X+E(l,l)*(AN0Dl(l,N0(l),N)+AN0Dl(l,N0(2),N)+AN0Dl(l,

&N0(3),N))/3.0d0
X=X+E(2Jl)*(AN0Dl(2,N0(l),N)+AN0Dl(2,N0(2),N)+AN0Dl(2,

&N0(3),N))/3.0D0
X=X+E(3,l)*(AN0Dl(3>N0(l),N)+AN0Dl(3,N0(2),N)+AN0Dl(3,

&N0(3),N))/3.0D0
QINDU(NN,N)=QINDU(NN,N)+X*S
NN=K_N0DE(N0(2))

Fig. 4.43 Vectorized DO loop in subroutine INDQA(l/2).
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V
V
V
V
V
V

V

V

V
V
V
V
V

V

V

V
V
V
V
V
V

V

V

V
V
V
V
V

IF(NN.EQ.O) then
NN=K_N0DE(N0(3))
IF(NN.EQ.O) then
else
X=O.DO
X=X+E(1,3)*(ANOD1(1,NO(1),N)+ANOD1(1,NO(2),N)+ANOD1(1,

&N0(3),N))/3.0d0
X=X+E(2,3)*(AN0Dl(2,N0(l),N)+AN0Dl(2,N0(2),N)+ANOD1(2,

&N0(3),N))/3.0D0
X=X+E(3,3)*(AN0Dl(3,N0(l),N)+AN0Dl(3,N0(2),N)+AN0Dl(3J

&N0(3),N))/3.0D0
qiNDU(NN,N)=QINDU(NN,N)+X*S

endif
else
X=O.DO
X=X+E(l,2)*(AN0Dl(l,N0(l),N)+AN0Dl(l,N0(2),N)+AN0Dl(l,

&N0(3),N))/3.0d0
X=X+E(2,2)*(AN0Dl(2,N0(l),N)+AN0Dl(2)N0(2))N)+AN0Dl(2,

&N0(3),N))/3.0D0
X=X+E(3,2)*(AN0Dl(3,N0(l),N)+AN0Dl(3,N0(2),N)+AN0Dl(3,

&N0(3),N))/3.0D0
QINDU(NN,N)=QINDU(NN,N)+X*S
NN=K_N0DE(N0(3))
IF(NN.EQ.O) then
else
X=O.DO
X=X+E(l,3)*(AN0Dl(l,N0(l))N)+AN0Dl(l,N0(2),N)+AN0Dl(l,

&N0(3),N))/3.0d0
X=X+E(2,3)*(AN0Dl(2,N0(l),N)+AN0Dl(2,N0(2),N)+ANOD1(2J

&N0(3),N))/3.0D0
X=X+E(3,3)*(AN0Dl(3,N0(l),N)+AN0Dl(3,N0(2),N)+AN0Dl(3,

&N0(3),N))/3.0D0
QINDU(NN,N)=QINDU(NN,N)+X*S

endif
endif

endif
END DO

Fig. 4.43 Vectorized DO loop in subroutine INDQA(2/2).
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DO IR = 1, K_ROT_Z
T

DO IS = 1 , N.SYM | 3
i

DO I E 1 = 1 , N_ELMT <- A—--f A -

END DO
END DO
END DO

Fig. 4.44 Structure of DO loops in subroutine INDUCT.
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DO IR = 1, K_ROT_Z

DO IS = 1, N_SYM

DO IE1 = 1, N_ELMT *- A—7° A

DO IE2 = IE1+1 , N.ELMT
DO INI = 1, 3

Ml = K_NODE( NODE_ELMT(IN1,IE1) )
IF(Ml.ME.0) THEN

DO IN2 = 1, 3
M2 = K_NODE( N0DE_ELMT(IN2,IE2) )
IFCM2.NE.0) THEN

IFCM1.GE.M2) THEN
IJ=((N_M0DE*2-M2)*(M2-l))/2+Ml

ELSE
IJ=((N_M0DE*2-Ml)*(Ml-l))/2+M2

END IF
IFCM1.EQ.M2) THEN

FAC=2.0D0
ELSE

FAC=1.ODO
ENDIF

cccccccccccccc - r^y^>*fr? iJ : SINDU
SINDU(IJ)=SINDU(IJ)+XXX(IN1,IN2,IE2)*FAC

END IF
END DO

END IF
END DO

END DO
END DO
END DO
END DO

Fig. 4.45 Computation of inductance matrix in subroutine INDUCT.
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• i n c l u d e INC_NPE
• i n c l u d e INC.MPI
• i n c l u d e INC.BSIZE

DO IR = 1, K_R0T_Z

DO IS = 1, N.SYM

c DO IE1 = 1, N_ELMT
DO IE1 = l+my_pe, N_ELMT, npe «- )V—-?A

DO IE2 = IE1+1 , N.ELMT
DO INI - 1, 3

Ml = K_NODE( NODE_ELMT(IN1,IE1) )
IF(Ml.NE.O) THEN

DO IN2 = 1, 3
M2 = K_NODE( N0DE_ELMT(IN2,IE2) )
IFCM2.NE.0) THEN

IFCM1.GE.M2) THEN
I J=((N_M0DE*2-M2)*(M2-1))/2+M1

ELSE
IJ=((N_MODE*2-M1)*(Ml-1))/2+M2

END IF
IFCM1.EQ.M2) THEN

FAC=2.0D0
ELSE

FAC=1.ODO
ENDIF

cccccccccccccc sfypffiyxffW -. SINDU
SINDU(IJ)=SINDU(IJ)+XXX(IN1,IN2,IE2)*FAC

END IF
END DO

END IF
END DO

END DO
END DO
END DO
END DO

Fig. 4.46 Procedure decomposition and summation in subroutine INDUCT(l/2).
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CCCCCCCCCCCCCC B
num_mat = nmtrx/nmtrx2

CCCCCCCCCCCCCC C &ofcg|5#
num_mat_mod = mod(nmtrx,nmtrx2)

do num_sum = 0,num_iiiat-l
CCCCCCCCCCCCCC D $?P£>8fe«9jgL

c a l l mpi_allreduce(sindu(num_sum*nmtrx2+l), s i n d u 2 ( l ) , nmtrx2, M
&PI_DOUBLE_PRECISION, MPI.SUM, mpi_comm_world, i e r r )

do ic l=l ,nmtrx2
CCCCCCCCCCCCCC E %(O%m^^ t f -

sindu(num_sum*nmtrx2+icl)=sindu2(icl)
end do

end do

CCCCCCCCCCCCCC F £
c a l l mpi_allreduce(sindu(num_mat*nmtrx2+l), s i n d u 2 ( l ) , num_mat_mod

ft, MPI_DOUBLE_PRECISION, MPI.SUM, mpi_comm_world, i e r r )

do i c1=1,num_mat _mod
CCCCCCCCCCCCCC G 7£roSB^J^-=" t°—

sindu(num_mat*nmtrx2+icl)=sindu2(icl)
end do

Fig. 4.46 Procedure decomposition and summation in subroutine INDUCT(2/2).

parameter(nmtrx2=130000)
double precision sindu2(nmtrx2)

Fig. 4.47 Include file INCJ3SIZE.
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process1 process2 process3 process4

Fig. 4.48 Example of cyclic partition of matrix by using 4 processors.
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SUBROUTINE SSPGV( ITYPE, JOBZ, UPLO,
+ INFO )
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
CHARACTER
INTEGER
DOUBLE PRECISION
+ ,

LOGICAL
CHARACTER
INTEGER
LOGICAL
EXTERNAL
EXTERNAL

JOBZ, UPLO
INFO, ITYPE, LDZ,

AP( *
Z( LDZ, * )

UPPER, WANTZ
TRANS
J, NEIG
LSAME
LSAME

N, AP, BP, W, Z, LDZ, WORK,

N
), BP( * ), W( * ), WORK( * )

SPPTRF, SSPEV, SSPGST, DTPMV, DTPSV, XERBLA

CALL SSPGSTC ITYPE, UPLO, N, AP, BP,
cccccccccccccc y-7/v-

CALL SSPEV( JOBZ,
IF( WANTZ ) THEN

NEIG = N

-f-y SSPEV
UPLO, N, AP, W, Z,

INFO )

LDZ, WORK, INFO )

Fig. 4.49 Original call statement for subroutine SSPEV in subroutine SSPGV
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SUBROUTINE SSPGV( ITYPE, JOBZ, UPLO, N, AP, BP, W, Z, LDZ, WORK,
+ INFO, lmtrx, ldljyd, ljyd, PW )
IMPLICIT DOUBLE PRECISION (A-H.O-Z)
CHARACTER JOBZ, UPLO
INTEGER INFO, ITYPE, LDZ, N
DOUBLE PRECISION AP( * ), BP( * ), W( * ), WORK( * )
+, Z( LDZ, * ), PW(*)
LOGICAL UPPER, WANTZ
CHARACTER TRANS
INTEGER J, NEIG
LOGICAL LSAME
EXTERNAL LSAME
EXTERNAL SPPTRF,SSPEV_para,SSPGST,DTPMV,DTPSV,XERBLA

•include INC_NPE
•include INC_MPI

CALL SSPGST( ITYPE, UPLO, N, AP, BP, INFO )

i f ( l d l j y d . n e . l j y d ) ldljyd_para=ljyd

CCCCCCCCCCCCCC f-yOw—"fv sspev_para
ca l l sspev_para(ap,lmtrx,n,Z,LDLJYD_para,W,LJYD,

&PW(1),PW(n+l),PW(2*n+l),PW(3*n+l),PW(4*n+l),PW(5*n+l),PW(6*n+l),
&PW(7*n+l),PW(8*n+l),PW(9*n+l),PW(10*n+l),PW(ll*n+l),PW(12*n+D)

Fig. 4.50 Modification of call statement for subroutine sspev_para in subroutine SSPGV(l/2).
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if(ldljyd.ne.ljyd) then
Jj-N
ii=N
do 35 kk=ljyd*ljyd,ldljyd,-l

i=mod(kk,ldljyd)
if(i.eq.O) i=ldljyd
j=kk/ldljyd
if(mod(kk,ldljyd).ne.O) j=
if(ii.ge.l) then

( ) ( )

else
jj-jj
ii=N

endif
35 continue

do 36 kk=l,ljyd
z(ldljyd,kk)=O.OdO

36 continue
endif

IF( WANTZ ) THEN
NEIG = N

Fig. 4.50 Modification of call statement for subroutine sspev.para in subroutine SSPGV(2/2).

SUBROUTINE INPSTIA(
+N_N0DE, N.MODE, N.ELMT,
+LDLJYD, NMTRX, LMTRX,
+N_LINE, N_MATL, N.MATLDA
+N_CURNP, M_CURNP,

N9=NC5+3*N_PASS
c.org N10=N9+NMTRX +1

N10=N9+NJYD*NJYD

N.ELMTK,
N.MATDA,

, N.MATLNO

+1

+1

N_ELMT2,
N_MATN0,
,N_C0IL2,

NJYD,
N_MAT,
N_PASS

LJYD, LDNJYD,
NMPC, MXTEN,
, N.CURAP,

Fig. 4.51 Modification of subroutine INPSTIA.
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INPSTIA (D^TJ-ttiLffift

c
c

c

CALL INPSTIA( N_NODE, N_MODE, N_ELMT, N_
+NJYD, LJYD, LDNJYD, LDLJYD, NMTRX, LMTRX,
+ N_MAT, NMPC, MXTEN, N_LINE, N_MATL,

ELMTK, N.ELMT2,
N.MATDA, N MATNO,

N_MATLDA, N.MATLNO,
+ N_C0IL2, N_PASS, N.CURAP, N_CURNP, M.CURNP, M1,M2,M3,M
+4,M5,M6,MA1,MA2,MA3,MA4,M7,M8,M9,MC1,MC2,MZ1. N1.N2.N3.N4.N
+5,N6,NB,NA1,NA2,N7,N8,NC1,NC2,NC3,NC4,NC5,

org +14,NZ1,NC6D,NC7D,NCZ1, N11B.NZ2
vec-s

+14,NZ1,NC6D,NC7D,NCZ1, N11B,NZ2,N15,
+M_W1,M_VW11,N_EIGEN ) «- fffcftT K l ^ l i N

v e c - e

INPSTIA I*]C9|£J£BR:£)"

c
c

c

c

c

SUBROUTINE INPSTIA(
+N NODE, N MODE, N ELMT, N ELMTK, N ELMT2,
+LDLJYD, NMTRX, LMTRX, N MATDA, N_MATNO,
+NJLINE, N.MATL, N_MATLDA, N MATLN0,N_C0IL2,
+N.CURNP, M.CURNP,
+M1,M2,M3,M4,M5,M6,MA1,MA2,MA3,MA4,M7,M8,M9,
+N1,N2,N3,N4,N5)N6,NB,NA1,NA2,N7,N8,NC1,NC2,
+N9,N1O,N11,N12,N14,NZ1,NC6D,NC7D,NCZ1,

org +N11B,NZ2,N15,N16,N17,NZ3)
vec-s

+N11B,NZ2,N15,N16,N17,NZ3,
+M_VW1,M_VW11,N_EIGEN ) «- J r t f t T K ^ t t N

vec -e

N10=N9+NJYD*NJYD +1
.para-s

N_EIGEN=N1O+NMTRX +1
N11=N_EIGEN+13*NJYD +1
N12=N11+N_ELMT +1

.para-e

N9,N1O,N11,N12,N
,N15,N16,N17,NZ3 )

N16.N17.NZ3,
_EIGEN

NJYD, LJYD, LDNJYD,
N_MAT, NMPC, MXTEN,
N_PASS, N_CURAP,

MC1,MC2,MZ1,
NC3.NC4.NC5,

_EIGEN

Fig. 4.52 Modification of call statement for subroutine INPSTIA and statements in subrou-

tine INPSTIA.
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EIGEN

CALL EIGEN(LMTRX,LJYD,LDLJYD,A(N9),A(N10),A(N15),A(N16),
+ ACN17), A(N_EIGEN) ) «- f^UBB^iJ A(N_EIGEN)

EIGEN
c . o r g SUBROUTINE EIGEN(LMTRX,LJYD,LDLJYD,SINDU,RRESI,EIGEX,VECTX,WORK)
c.para-s

SUBROUTINE EIGEN(LMTRX,LJYD,LDLJYD,SINDU,RRESI,EIGEX,VECTX.WORK,P_
&WORK)

c.para-e

c . p a r a - s
+ ,VECTX(LJYD),WORK(3*LDLJYD),P_W0RK(13*LJYD) <- ^HIB^U P.WORK

c . p a r a - e

CALL SSPGVC 1, ' V , ' L ' , LJYD, SINDU, RRESI, VECTX, EIGEX, LDL
+JYD, WORK, INFO, l m t r x , l d l j y d , l j y d , P.WORK) <- P_WORK

Fig. 4.53 Modification of call s tatement for subroutine EIGEN and s ta tements in subroutine

EIGEN.
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1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:
15:
16:
17:
18:
19:
20:
21:
22:
23:
24:
25:
26:
27:
28:
29:
30:
31:
32:
33:
34:
35:
36:
37:
38:
39:
40:
41:
42:
43:
44:
45:
46:
47:
48:
49:
50:
51:

subroutine sspev_para(c,lmtrx,N,Z,NNN1,W,NNN2,
&jdg,ie,ip,t0,tl,u>pq,wl,r0Jrl,r2>f,ipv)
implicit real*8 (a-h,o-z)

•include INC_NPE
•include INC.MPI

real*8 c(N,N),Z(NNN1,NNN2),W(NNN2)

real*8 jdg(N),ie(N),ip(N),tO(N),tl(N)
real*8 u(N),pq(N),wl(N),rO(N),rl(N),r2(N),f(N),ipv(N)

do iaaa=l,NNN2
do ibbb=l,NNNl

Z(ibbb,iaaa)=0.0d0
end do
end do

JJ=N
ii=N
do 35 kk=lmtrx,N+l,-l
i=mod(kk,N)
if(i.eq.O) i=N
j=kk/N
if(mod(kk,N).ne.O) j=j+l
if(ii.ge.jj) then
c(ii,jj)=c(i,j)
ii=ii-l

else

ii=N
c(ii,jj)=c(i,j)
ii=ii-l

endif
35 continue

do 50 i=l,N
do 51 j=l,N

c(i,j)=c(j,i)
51 continue
50 continue

call mpi_barrier(mpi_comm_world,ierr)

icl=0
do k=l+my_pe, N, npe
icl=icl+l
do kk=l,N

c(kk,icl)=c(kk,k)
end do

end do

Fig. 4.54 Parallelized subroutine sspev_para(l/2).
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52:
53:
54:
55:
56:
57:
58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
68:
69:
70:
71:
72:
73:
74:
75:
76:
77:
78:
79:
80:
81:
82:
83:
84:
85:
86:
87:
88:
89:
90:
91:
92:
93:
94:
95:
96:
97:
98:
99:
100:
101:
102:
103:

call mpi_barrier(mpi_comm_world,ierr)

call PJ_HOUSEH( my_pe, 0, npe, mpi_comm_world, c, N, N, icl,
& tO, tl, ierr, u, pq, wl )

call PJ_EIGTRI( my_pe, 0, npe, mpi_comm_world, tO, tl, N, NNN1,
& W,N, 1, N, Z, icl, ie, ip, 0, jdg, ierr,
& rO, rl, r2, f, ipv, wl )

call PJ_TEVCNV( my_pe, 0, npe, mpi_comm_world, c, tO, tl, N,
& NNNl.icl, W, N, 1, N, Z, icl, ie, ip, jdg,
& ierr, wl )

call mpi_barrier(mpi_comm_world,ierr)

ir_p=l
do is_p=l,NNN2/npe
call mpi_allgather(z(l,is_p),N,mpi_double_precision,c(l,ir_p),

&N,mpi_double_precision,mpi_comm_world,ierr)
ir_p=ir_p+npe
end do

ir_p_hold=ir_p
NN=N
if(mod(NN.npe).ne.O) then

do ic2=l,mod(NN,npe)
if(ic2-l.eq.my_pe) then
do ic3=l,NN
c(ic3,ir_p)=z(ic3,is_p)
end do

endif
ir_p=ir_p+l
end do

ic2=0
do ic4=ir_p_hold,ir_p-l
ic2=ic2+l
call mpi_bcast(c(l,ic4),NN,mpi_double_precision,ic2-l,

&mpi_comm_world,ierr)
end do

endif

do iaaa=l,NNN2
do ibbb=l,NNNl
z(ibbb,iaaa)=c(ibbb,iaaa)

end do
end do

return
end

Fig. 4.54 Parallelized subroutine sspev_para(2/2).

- 1 1 9 -



JAERI-Data/Code 2000-018

CALL SSPEVC JOBZ, UPLO
IF( WANTZ ) THEN

NEIG = N
IF( INFO.GT.O )
IF( ITYPE.EQ.1 .OR.

IF( UPPER ) THEN
TRANS = 'N'

ELSE
TRANS = JT'

END IF
CCCCCCCCCC f-f)^—=f-y DTPSV

DO 10 J = 1, NEIG
CALL DTPSVC UPLO

10 CONTINUE

N, AP, W, Z,

NEIG = INFO
ITYPE.EQ.2 )

LDZ, WORK, INFO )

- 1
THEN

, TRANS, 'NON-UNIT', N, BP, Z( 1, J ) , 1)

Fig. 4.55 Original part of call statement for subroutine DTPSV.

SUBROUTINE DTPSV ( UPLO, TRANS,

IMPLICIT

KK
IF

130

140

DOUBLE PRECISION

= ( N*( N + 1 ) )
( INCX.EQ.l )THEN
DO 140, J = N, 1,

TEMP = XC J )
K = KK
DO 130, I = N

TEMP = TEMI
K = K

CONTINUE
IF( NOUNIT )
X( J ) = TEMP
KK = KK

CONTINUE

CA-H,

/2

-1

J +

DIAG, N, AP, X, INCX )

0-Z)

1, -1
> - AP( K )*X( I )
- 1

TEMP

- ( 1

= TEMP/APC KK - N + J )

J - J + 1 )

Fig. 4.56 Original subroutine DTPSV.
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IF( WANTZ ) THEN
NEIG = N
IFC INFO.GT.O )

IF( ITYPE.EQ.1 .OR. ]
IFC UPPER ) THEN

TRANS = 'N'
ELSE

TRANS = 'T'
END IF
DO 10 J = l+my_pe

NEIG = INFO

[TYPE.EQ.2 )

NEIG, npe
CALL DTPSVC UPLO, TRANS, '

+ 1 )
10 CONTINUE

call z_transCZ,AP ,NEIG)

- 1

THEN

NON-UNIT',
v v t mm
N, BP, Z( 1, J ),

'—'f'l/ z_trans

Fig. 4.57 Modification of DO statement and addition call statement for subroutine z.trans.
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subroutine z_trans(z,c,N)
implicit real*8 (a-h,o-z)
real*8 z(N+l,N),c(N,N)

•include INC_MPI
•include INC_NPE

call mpi_barrier(mpi_comm_world,ierr)

ir_p=l
N_TMP=N-mod(N,npe) «- sspev.para
do is_p=l+my_pe,N_TMP,npe <- 43#£»fEi:&
call mpi_allgather(z(l,is_p),N,mpi_double_precision,c(l,ir_p),N,mp

&i_double_precision,mpi_comm_world,ierr)
ir_p=ir_p+npe
end do

call mpi_barrier(mpi_comm_world,ierr)

ir_p_hold=ir_p
if(mod(N,npe).ne.O) then

do icl=l,mod(N,npe)
if(icl-l.eq.my_pe) then
do ic2=l,N
c(ic2,ir_p)=z(ic2,is_p)
end do

endif
ir_p=ir_p+l

end do

icl=0

do ic2=ir_p_hold,ir_p-l
icl-icl+1
call mpi_bcast(c(l,ic2),N,mpi_double_precision,icl-l,mpi_comm_

ftworld.ierr)
end do

endif

call mpi_barrier(mpi_comm_world,ierr)

do iaaa=l,N
do ibbb=l,N

z(ibbb,iaaa)=c(ibbb,iaaa)
end do
end do

call mpi_barrier(mpi_comm_world,ierr)

return
end

Fig. 4.58 Parallelized subroutine z_trans.
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parameter(iw_pe=0)
•include mpif.h

integer*4 status(MPI_STATUS_SIZE)
common/MY_RANK/my_pe

Fig. 4.59 Include file INCMPI.

if(my_pe.eq.iw_pe) then
READC16) (VECTX(I),I=1,LJYD)

endif
call mpi_barrier(mpi_comm_world,ierr)
call mpi_bcast(vectx(l),LJYD,mpi_double_precision,iw_pe,mpi_comm_w

&orld,ierr)

Fig. 4.60 Example of data transfer after READ statement.
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SUBROUTINE MAIN1(MO,NO,IA,A)
IMPLICIT DOUBLE PRECISION (A-H,O-Z)
DIMENSION A(NO).IACMO)
COMMON / FILE / LU01,LU08,LU06,LU10,LUll,LU20,LU23,LU24,LU25

IF( LF_0PTI0N(2) .LE. 1 ) THEN «- ̂ T V? 1
CALL INPST1AC N.NODE, N_MODE, N.ELMT, N.ELMTK, N_ELMT2,

+NJYD, LJYD, LDNJYD, LDLJYD, NMTRX, LMTRX, N.MATDA, N MATNO,
+ N_MAT, NMPC, MXTEN, N.LINE, N_MATL, N_MATLDA, N_MATLNO,

if (my_pe.eq.iw_pe) then <- 7s-rvf 1 &#§• I/O

CALL OUTRSTK N.NODE, N_MODE, N_ELMT, N.ELMTK, N.ELMT2, NJYD,
+LJYD, LDNJYD, LDLJYD, NMTRX, LMTRX, N.MATDA, N_MATNO, N_MAT, N
+MPC, MXTEN, N.LINE, N.MATL, N_MATLDA, N.MATLNO, N_C0IL2, N
+_PASS, N_CURAP, N.CURNP, M_CURNP, IA(M1), IA(M2), IA(M3), IA(M
+4), IACM5), IA(M6), IA(MAl), IA(MA2), IA(MA3), IA(MA4), IA
+(M7), IA(M8), IA(M9), IA(MCl), IA(MC2), A(N1),A(N2),A(N3),A(N4
+),A(N5),A(N6),A(NB),A(NA1), A(NA2), A(N7), A(N8), A(NC1),
+A(NC2), A(NC3), A(NC4), A(NC5), A(N15), A(N16) )

endif

IF( LF_0PTI0N(3) .LE. 1 ) THEN
RETURN

END IF

CCCC only 1PE execution
if(my_pe.eq.iw_pe) then <- X f y ^ 1 2 M/t§

IF( LF_0PTI0N(2) .LE. 2 ) THEN
CALL INPST2AC N_NODE, N_MODE, N_ELMT, NJYD, LJYD, LDNJYD

+, LDLJYD, NMTRX, LMTRX, N_MAT, NMPC, MXTEN, N_LINE,
+N.MATL, N_C0IL2, N_PASS, N.CURAP, N.CURNP, M_CURNP,

+IACM15), A(NC6), ACNC8), A(NC9), A(NC10), A(NC7), A(N22),
+ A(NA6), A(N29), A(NC11) )
END IF

endif

Fig. 4.61 Modification of subroutine mainl to control I/O process(l/2).
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CCCC only 1PE execution
if(my_pe.eq.iw_pe) then <- 7*7" y~7 2 ft&t- I/O

CALL 0UTRST2C N_TIME,N_PHAS, N.PASS, IA(MC3), IA(MC4), IA(
+M15), A(NC6), A(NC8), A(NC9), A(NC10), A(NC7), A(N22), A(N
+A6), A(N29), A(NC11), N.ELMT, N.COILl, N.ACTI, N.CURAA, N.CURN
+A, M_CURNA )

endi f

IF ( LF_0PTI0N(3) .LE. 2 ) THEN
RETURN

END IF

CCCC o n l y 1PE e x e c u t i o n
if (my_pe.eq.iw_pe) then «- 7*:Ty~f 3 Wfc

CALL INPST3AC N_NODE,N_MODE,N_ELMT,N.ELMTK,KSYM, N.N0DE3,N_ELM
+T3,N_ELMT3K, NJYD, LJYD, LDNJYD, LDLJYD, NMTRX, LMTRX, N_M
+ATDA,N_MATNO,N_MAT, N_C0IL2, N_PASS, N_CURAP, N_CURNP, M_CURNP
+, N.COILl, N.ACTI, N.CURAA, N_CURNA, M_CURNA, N_TIME, N_PH
+AS, N.GRID, N_COILO, N_CONST, NFTOT, N0DC0IL,NEGF,N_TIM3,

+,A(N39),A(NC28),A(NC29), IA(MC8),A(NC14), IA(M5),A(N1),A(N
+33),A(N12), A(N46),A(NC27),A(ND1), N_TIM3,IA(MD1),A(ND2),A

c.org +(ND3),A(ND4),A(ND5),A(ND6) )
c.vec-s

+(ND3),A(ND4),A(ND5),A(ND6),
+IACM.VW1),IA(M_VW11),IA(M_VW2),IA(M_VW22) )

c.vec-e
CALL PASSTIMEU2)

endif

RETURN

900 CONTINUE
STOP 900

903 CONTINUE
STOP 903

904 CONTINUE
STOP 904
END

Fig. 4.61 Modification of subroutine mainl to control I / O process(2/2).

parameter (npe=16)

Fig. 4.62 Include file INCJIPE.
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[1] ft*fB8&, ffiJlHSStflfc : tiv bnfo&i/^^-tWfamffi, JAERI-M6468,

[2]

- xxxiv) , JAERI-M 6953, 1977 ¥ 2 M .

[3] n&mK fb*m*\Gmmmmntm^z.%w
XXXVIII) , JAERI-M 7120, 1977 ¥ 6 M .

[4] ^mm, $i*mm; mmiMr^mmmM^f^- K = EDDYARBT(#EDDYPLOT),
JAERI-memo 8973, 1980 ¥ 8 M •

[5] r ^

[6] MPI:A Message-Passing Interface Standard, Message Passing Interface Forum, May

10, 1996.

[7] 3fe m m i& i+ W- 7 4 zf 9 y, B * m ^ ft m % m ft % & ¥ &. m m m ± > ?-,

http://guide.tokai.jaeri.go.jp/program/software/list/index.html (0 ^1§) ,

http://guide.tokai.jaeri.go.jp/program/eng/software/list/index.html (HIS)
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5. THANPACST2 3 -

5.1 14 Cft IC

[1]

2*ift-e*> Steffi^^e y irwfc^ropsj* £%it u,

5.2

VPP500 ±cD SAMPLER [4] Srftffl L, THANPACST2 3 - Koft^iSWSrff ^ o / c . A

Fig. 5.1 \z, fe1f;?3MAJ]£f<DMWitii%:i: Fig. 5.2 (c^i". Fig. 5.1
. Fig. 5.2

< /i 5 r t

5.3

Ui . y/w^-gp (PCG0,ICCG0)

Ttt, *<

5.4

5.4.1

" • • ~ ' ' ' *- - ' y 7 4 )^%i (3 , p e n u m

—h*y 7 4 fr penum cOrt^^Fig. 5.3 Id^-f. ll^co, rparameter(iipe=4)j t c i <9
/jscnt/j fi,
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. indx Xlt,

Fig. 5.4

5.4.2 M A I N W f

MA

penum

—Ir Fig. 5.5

Tlxocl parallel region] (i «t 9 M^J^ tS^M^^t i , Hxocl end parallel] in J; t)

Tlxocl overlapfixj \c£<9,

. ^SMBfl-^v^T, IB^J^^g[55>^Fig. 5.6

Fig. 5.7 ^

5.4.3

OUTPUT-ett,

penum £iiJn Lfc

iot,
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—9 ft & Fig. 5.8

5.4.4

- v - 3

, PCGO

fztiL,

- K7 r -Y ^ penum

v̂ >

Fig. 5.9

5.4.5 PROPO^

penum ?riiJP L/c.

D O l fc. r<DJV— , ftil

. PROP ^ - Fig. 5.10 l
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5.4.6 RADCALiDf

penum

DO 1 Oyi ' -

4 0 / V -

lie . RADCAL/Wf

i o t , RADCG/u

RADCAL^~^>\C

^Fig. 5.11

5.4.7 RADCON©'

RADCON

penum SriUJQ tfc.

D O l

i f ( j r ( m , n ) . g e . j s t t .and. j r ( m , n ) . l e . j e n n ) then

. DO

fi, ftmowlci

1 0 ^

D O 9

). D O 7 0/I

§f>^, DO

, DO

. RADCON ji<-3-y\z.ttLXftt£<?-fzfe1xmftRXtmW.n#& Fig. 5.12
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5.4.8 RADPREfOfI

— K7r^f/l' penum £i&AP Lfc.

. Sfc, alamd,visc,pr,ts,vav^-tt^ti»Sfl?iJ(-^ L

. Ifl^iJVAVfiRA

DO 2 0 ^

5. RADPRE/V-^^(c^LTtT^ofciUn^^S.t /^M^^^ Fig. 5.13

5.4.9 T C A L C f l

TCAL

penum ^riiJP Lfc.

h LXU&iiM T (TJf^HE^J^WftA^aSriiJP Lit. r ^ i
c A L / w f

, i t c f 1 giCct^ffoTi/^. DO1 0 0/V—

0 0 O/i^-^tt^^Jfl^tfl

ig. 5.14 td

5.4.10 TSCALWf

TSCAL

TS ^PJE^IJTSO^(D\xA'^mu^(D\\x%^^'w. Lit. ifl^jTS itmmm\z.«t •?fit
TS
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I* TSL •?&•), 5>Si|o-*^Sfl?iJTSL^{-tA7ct^?>. DO 2 0 0 0 tv-

EJEtSî fS: Fig. 5.15 lo^-f. TSCAL ju~^-y[zM LT

ig. 5.15 (o

5.4.11 VF I E

VFIELD^'tt,

penum

VF i E

0 0 0/V-^, DO9 2 9 0/W7", DO9 5 0 0 ^ - / , D
09 5 2 o^-^i-xmm^nicxviti^mmm&ivZ). VF I ELD*—3-><D&*nmb

ig. 5.16

5.4.12 ICCGOW^JE

ICCGOfi, Jj

^^X^^MLfc. *fftt/iofc/v-7°tt, DO30/V-^ , DO40/V-70, D
O9 0/V-y, DO 1 0
JPL/c. ICCGOyu—

g 5.17 ^

5.4.13 index WiHiP

index ftt, VxtT9±X'^'<--7i"->m<Dm&\T9±XVXb&ftl£-f?>. ICCGO

i,j,k) *a(i-
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-bz(i,j,k)*a(i,j,k-l)

X, i fg L,
i+j+k=5

(5.1)

(3,1,1) (2,2,1) (1,3,1) (2,1,2)

tt, Fig. 5.18

, i+j+k=4

i+j+k=5

i+j+k=const

5.

1) i+j+k=const

2) ^hi; | i\

— ^ > i i i n d e x t ' W . , i+j+k=const

L, y ̂

CGO)

. i n d e — ( I C

i n

d e x/l^—=f-Vk Fig. 5.19

5.5

Table5.1 Table5.2

5.6
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Table. 5.1 Executive time comparative table for unstational data.

data-type

s37dat2(TFIN=29)

version

original
scalar

original
vector

tuning
vector

tuning
parallel
(4PE)

cpu time

6516sec

4017sec

2107sec

3997sec

elaps time

7118sec

4349sec

2132sec

1017sec

ratio

1.00

1.64

3.34

7 .00

Table. 5.2 Executive time comparative table for stational data.

data-type

t27data(TFIN=700)

version

original
scalar

original
vector

tuning
vector

tuning
parallel
(4PE)

cpu time

4503sec

2128sec

1139sec

2313sec

elaps time

4905sec

2651sec

1210sec

590sec

ratio

1.00

1.85

4.05

8.31
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Status
Number of

Type

k- AW>

\Lr LN—zyj VeCtui

Processors

Interval (msec)

Synthesis
Count|
1896771
646611
355031
309381
214201
169941
152771
76991
73781
48291
38181
14761
8241
7361
2931
751
691
81
31

4016781

radcg :
radcal:
pcgO :

Information
Percent 1

47.21
16.11
8.81
7.71
5.3|
4.2|
3.8|
1.91
1.81
1.21
1.01
0.41
0.2|
0.21
0.11
0.01
0.0|
0.0|
0.01

1

newton-rapson
y ;V/<—^iJ^^P

PCGfcfc.fcSW4

VL|
1801
1911
5711
461
31
31

6031
10831

-1
-1
41
-1
-1
-1
-1
-1
-1
-1
-1

2121

: Serial
: 1

: cpu
: 10

Name
radcg_
tcal_
vfield_
radcal_
convv_
convu_
pcgO_
tscal_
prop.
alamds_
radpre_
MAIN__
rhos_
cps_
bcset_
output_
input.
tcalin_
radcon_

TOTAL

Fig. 5.1 Dynamic behavior of original version for unsteady data.
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T O
12

Status
Number of

Type

(TFIN=700) Vector

Processors

Interval (msec)

Synthesis
Count|
901811
322111
215761
179171
171191
110941
85241
38931
36491
24281
19091
10041
4241
4121
2911
781
651
41

2127791

radcg :
radcal:
pcgO :

Information
Percent I

42.41
15.11
10.11
8.4|
8.0|
5.21
4.0|
1.81
1.71
1.11
0.9|
0.5|
0.2|
0.21
0.11
0.0|
0.01
0.0|

1

newton-rapson

PCGfcfcJ:***

VL
180
552
585
541
45
3
3

1083
-
-
6
17
-
-
-
-
-

180

314

7data

: Serial
: 1

: cpu
: 10

Name
radcg_
tcal_
pcgO_
vfield_
radcal_
convv_
convu_
tscal_
prop_
alamds_
radpre_
MAIN__
rhos_
cps_
bcset_
output.
input_
radcon_

1 TOTAL

Fig. 5.2 Dynamic behavior of original version for steady data.

parameter(iipe=4)
common /coflg/ ivfflg , itcflg , itsflg
common /jscnt/ js t t , jenn , jst , jen

Fig. 5.3 Include file penum.

common /indx/ lcnt(lijk),lplane_cnt(lijk),lplane_add(lijk),
It numiccg(lijk) ,no_p

Fig. 5.4 Include file indx.
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MAIN

INPUT

INPUT2

BCSET

RADCON

PICTUR

time-step loop

VCALIN

VFIELD

TCALIN

SOURCE

TCAL

TSCAL

PROP

OUTPUT

MAIN

INPUT

INPUT2

BCSET

PICTUR

RADCON

parallel
processing

time-step loop

VCALIN

VFIELD

TCALIN

SOURCE

TCAL

TSCAL

PROP

OUTPUT

Flow diagram for original. Flow diagram for parallel.

Fig. 5.5 Flow diagrams for original and parallel version.
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I
Q
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl

INCLUDE (PARAMO)
INCLUDE (PARAM1)
INCLUDE (ARRAY3)
INCLUDE (ARRAY1)
INCLUDE (INP)
INCLUDE (MASS)
INCLUDE (OUT)
INCLUDE (ARRAYT)
INCLUDE (COMO1)
INCLUDE (COMOO)
INCLUDE (C0M02)
INCLUDE (C0M05)
INCLUDE (DELT)
INCLUDE (MATPRO)
include (penum) < -f^^/V H 7 T4/^i!i 1)W
DIMENSION QSUM(LI,LJ,LK)
real tsl(li,lj,1k) +
real pl(li,lj,lk)
common/gldm/ug(li,lj,1k),vg(li,lj,1k),wg(li,lj,1k),
i pgdi.lj.lk)

processor pe(iipe)
index partition qn=(proc=pe,index=l:JMAX,part=band)
local pl(:,/qn(overlap=(0,1)),:)
local tsl(:,/qn(overlap=(l,1)),:)
local alamd(:,/qn(overlap=(l,l)),:)
local visc(:,/qn(overlap=(l,1)),:)
local pr(:,/qn(overlap3(1,1)),:)
local rho(: ,/qn(overlap=(0,l)) , :)
global ug.vg.wg.pg

HiUJP

global tsg,alamdg,viscg,prg,rhog +

Fig. 5.6 Modification of array definition for MAIN.
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c T I M E L D Op S T A R T

c parallel process
!xocl parallel region <
c initial value set

ivfflg = 0
itsflg = 0
jstt = 0

!xocl spread do /qn
do lm = l.jmax

if(jstt.eq.O) jstt=lm
enddo

!xocl end spread
jenn = lm-1

!xocl barrier
!xocl spread do

do ipp=l,iipe
if (idvprocO .ne.l) then
jst=jstt-l

else
j st=j stt

endif
if (idvprocO .ne.iipe) then
jen=jenn+l

else
j en=j enn

endif
enddo

Ixocl end spread +
c set initial value for TS & ALAMD.VISC.PR.RHO
Ixocl spread do /qn

do j=l,jmax
do k=l,kmax
do i=l,imax

tsl(I,J,K) = TS(I,J,K)
alamd(i,j,k)=alamdr(i,j,k)
vised, j,k)=viscr(i,j,k)
pr(i,j,k)=prr(i,j,k)
rho(i,j,k)=rhor(i,j,k)

enddo
enddo

enddo
Ixocl end spread
Ixocl overlapfix (tsl,alanidfvisc,pr,rho) (xt)
Ixocl movewait (xt)

Fig. 5.7 Modification calculation for MAIN. (1/2)
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Q * * * * * * * * * * * * * * * * * * *

IF(MOD(ITIME,ITCALL).EQ.O) THEN
IFCITDPN .EQ. 1) CALL TCALIN(TIME)
IFCIQDPN .EQ. 1) CALL SOURCE(TIME)
CALL TCAL (ITIME,TIME,tsl.alamd,vise,pr)
CALL TSCAL(ITIME,TIME,tsl,alamd,visc,pr)

!xocl overlapfix (tsl) (xt) +
!xocl movewait (xt) + WIS

CALL PROP(alamd,vise,pr.rho)
!xocl overlapfix (alamd,vise,pr.rho) (xt) — +
!xocl movewait (xt) + ̂ $5

ENDIF
r *******************

c TIME LOOP END
7000 CONTINUE
c CALL OUTPUT( ITIME, TIME, ITER1)
!xocl end parallel <

WRITE(NTWRT) ITIME,TIME,IPB
* ,((( U(I,J,K),V(I,J,K),W(I,J,K),P(I,J,K)
* ,T(I,J,K),TS(I,J>K),QRAD(I,J,K),QI(I,J,K)
* ,QSUMCI,J,K),K=l,KMAX),1=1,IMAX),J=l,JMAX)
* ,(RHOO(L),RHO1(L),L=1,LSYS)
* ,(XXR(I),I=1,MOMAX)

WRITE( 6,6300) TIME,ITIME,ITER1
WRITE( 6,6400)

Fig. 5.7 Modification calculation for MAIN. (2/2)
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c
!xocl

!xocl
!xocl

!xocl
!xocl
c— 1

!xocl

!xocl
!xocl

!xocl

!xocl

- data transfer section —
spread do /qt
do j=l,jmax
do k=l,kmax
do i=l,imax
tauiKi, j ,k)=taui(i
taujKi, j ,k)=tauj (i
taukKi, j ,k)=tauk(i

enddo
enddo

enddo
end spread
spread move
do k=l,kmax
do j=l,jmax
do i=l,imax
taui(i,j,k)=tauig(i
tauj(i,j,k)=taujg(i
tauk(i,j,k)=taukg(i

enddo
enddo

enddo
end spread (xt)
movewait (xt)
:ransfer for XXR
idp=idvproc()
do i=l,iipe
mowlist(i)=0

enddo
spread do
do ipp=l,iipe

• j
• j
•\)

• j
• j
»j
)

,k)
,k)
,k)

,k)
,k)
,k)

mowlist(ipp)=mowlist(ipp)+mow
enddo
end spread sum(mowlist)
spread do
do ipp=l,iipe
mowmx=mow

enddo
end spread max(mowmx)
do i=l,mowlist(idp)
XXRT(i.idp) = XXR(i)
mXXRL(i.idp) = mol2(i)

enddo
barrier

Fig. 5.8 Addition of data transfer for OUTPUT. (1/6)
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Ixocl spread move
do j= l , i ipe

do i=l,mowmx
XXRTW(i,j)=xxrtg(i,j)
mXXRTL(i,j)=mxxrlg(i,j)

enddo
enddo

Ixocl end spread (xt)
Ixocl movewait (xt)

do j=l , i ipe
do i=l,mowlist(j)
xxrtmp(mxxrtl(i,j))=xxrtw(i,j)

enddo
enddo

c transfer for SA
nmaxv=0

Ixocl spread do
do ipp=l,iipe
do 1=1,mow

if(nmaxv.lt.nmax(D) then
nmaxv=nmax(l)

endif
enddo

enddo
Ixocl end spread max(nmaxv)

do nlp=l,nmaxv
if(nmax(nlp).ne.O) then
do i=l,mow
XXRT(i.idp) = SA(i.nlp)

enddo
else

XXRT(i.idp) =0.0
endif

Ixocl barrier
Ixocl spread move

do j=l,iipe
do i=l,mowmx
XXRTW(i,j)=xxrtg(i,j)

enddo
enddo

Ixocl end spread (xt)
Ixocl movewait (xt)

do j=l,iipe
do i=l,mowlist(j)

satmp(mxxrtl(i,j),nip)=xxrtw(i,j)
enddo

enddo
enddo

Fig. 5.8 Addition of data transfer for OUTPUT. (2/6)
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c — transfer for SB,SD
do i=l,mow

XXRT(i.idp) = SB(i)
enddo

Ixocl barrier
!xocl spread move

do j=l,iipe
do i=l,mowmx
XXRTW(i,j)=xxrtg(i,j)

enddo
enddo

!xocl end spread (xt)
Ixocl movewait (xt)

do j=l,iipe
do i=l,mowlist(j)

SBtmp(mxxrtl(i,j))=xxrtw(i,j)
enddo

enddo
do i=l,mow
XXRT(i.idp) = SD(i)

enddo
Ixocl barrier
Ixocl spread move

do j=l,iipe
do i=l,mowmx
XXRTW(i,j)=xxrtg(i,j)

enddo
enddo

Ixocl end spread (xt)
Ixocl movewait (xt)

do j=l,iipe
do i=l,mowlist(j)
SDtmp(mxxrtl(i,j))=xxrtw(i,j)

enddo
enddo

c transfer for LINK
Ixocl spread do

do ipp=l,iipe
nmaxmx=nmax(mow)

enddo
Ixocl end spread max(nmaxmx)

do m=l,4
do n=0,nmaxmx
do i=l,mow

XXRT(i,idp) = LINK(i,n,m)
enddo

Ixocl b a r r i e r

Fig. 5.8 Addition of data transfer for OUTPUT. (3/6)
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!xocl spread move
do j=l,iipe
do i=l,mowmx
XXRTW(i,j)=xxrtg(i,j)

enddo
enddo

!xocl end spread (xt)
!xocl movewait (xt)

do j=l,iipe
do i=l,mowlist(j)

linktmpdnxxrtMi, j),n,m)=xxrtw(i,j)
enddo

enddo
enddo
enddo

c mol2_list for Iink5
do i=l,mow
XXRT(i,idp) = mol2(i)

enddo
!xocl barrier
!xocl spread move

do j=l,iipe
do i=l,mowmx
XXRTW(i,j)=xxrtg(i,j)

enddo
enddo

!xocl end spread (xt)
!xocl movewait (xt)

do j=l,iipe
do i=l,mowlist(j)
mol21st(i,j)=xxrtw(i,j)

enddo
enddo

c Iink5
!xocl spread do

do ipp=l,iipe
do i=l,mow

nmaxmx=nmax(i)
enddo

enddo
!xocl end spread max(nmaxmx)

Fig. 5.8 Addition of data transfer for OUTPUT. (4/6)
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ijc=O
do k=l,mo

!xocl spread do
do ipp=l,iipe
ljc=nmaxlist(k)
1j cmx=nmaxlist(k)
if(ljc.ne.O) then

do i=l,ljc
XXRT(i.idp) = mol2(LINK(ijc,i,5))

enddo
else
do i=l,ljc
XXRT(i.idp) =0.0

enddo
endif
enddo

!xocl end spread max(ljcmx)
!xocl spread move

do j=l,iipe
do i=l,ljcmx
XXRTW(i,j)=xxrtg(i,j)

enddo
enddo

!xocl end spread (xt)
!xocl movewait (xt)
!xocl spread do

do ipp=l,iipe
do i=l,iipe

ijcc(i)=O
ljcc(i)=O

enddo
enddo

!xocl end spread
!xocl spread do

do ipp=l,iipe
ijcc(ipp)=ijcc(ipp)+ijc
ljcc(ipp)=ljcc(ipp)+ljc

enddo
!xocl end spread sum(ijcc),sum(ljcc)

do j=l,iipe
do i=l,ljcc(j)

if(xxrtw(i.j) .ne. 0.0) then
Iinktmp(mol21st(ijcc(j),j),i,5)=xxrtw(i,

endif
enddo

enddo
enddo

Fig. 5.8 Addition of data transfer for OUTPUT. (5/6)
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c — transfer for NMAX
do i=l,mo
mXXRL(i,idp) = nmaxlist(i)

enddo
!xocl barrier
!xocl spread move

do j=l,iipe
do i=l,mo
mXXRTL(i,j)=mxxrlg(i,j)

enddo
enddo

Ixocl end spread (xt)
!xocl movewait (xt)

do j=l,iipe
do i=l,mo
nval=mxxrtl(i,j)
if(nval.ne.O) then
nmaxval(i)=nval

endif
enddo

enddo
c — transfer for TS
Ixocl spread move

do k-l,lk
do j=l,lj
do i=l,li
ts(i,j,k)=tsg(i,j,k)

enddo
enddo

enddo
Ixocl end spread (xt)
Ixocl movewait (xt)
c — transfer for QS
Ixocl spread move

do k=l,kmax
do j=l,jmax
do i=l,imax
do 1=1,6

enddo
enddo

enddo
enddo

Ixocl end spread (xt)
Ixocl movewait (xt)
C data transfer section end

Fig. 5.8 Addition of data transfer for O U T P U T . (6/6)
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C
C

SOLV LINEAR EQUATION BY PCG METHOD

INCLUDE (PARAMO)
INCLUDE (PARAM1)
INCLUDE (INP)
INCLUDE (MASS)
include (penum) < •i'y^/i'-K77'f

C
Ixocl processor pe(iipe) +
Ixocl subprocessor pes(iipe)=pe(l:iipe) I
Ixocl global dsg,delpg +

Ixocl spread move +
do i=l,li
do j=l,lj

do k=l,lk
dsl(k,j,i)=dsg(k,j,i)
delpl(k,j,i)=delpg(k,j>i)

enddo
enddo

enddo
Ixocl end spread (xt)
Ixocl movewait (xt)

2800

CONVERGENCE CHECK
DMAX=l.E-50 +
DO 2800 NN-l.NUME I
NNN=N0(NN) |
DD=ABS(R(NNN))/DVM(NOI(NNN),N0J(NNN),N0K(NNN)) I
if(DD.gt.DMAX) then I
DMAX = DD I

endif I
CONTINUE +

Ixocl spread move
do i=l,li

do j=l,lj
do k=l,lk

delpg(kJj,i)=delpl(k,j,i)
enddo

enddo
enddo

Ixocl end spread (xt)
Ixocl movewait (xt)

Fig. 5.9 Addition and modification of PCGO.
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SUBROUTINE PROP(alamd,vise,pr.rho)
C

INCLUDE (PARAMO)
INCLUDE (PARAM1)
include (penum) < -f 1/ V A — K 7 r << A-ilM
INCLUDE (ARRAY3)
INCLUDE (INP)
INCLUDE (MATPRO)
INCLUDE (C0M01)
INCLUDE (COMOO)
PARAMETER ( G = 9.8 )

C
!xocl processor pe(iipe) +
!xocl subprocessor pes(iipe)=pe(l:iipe) I
!xocl index partition qn=(proc=pes,index=l: JMAX,part=band)
!xocl local alamd(:,/qn(overlap=(10,10)),:)
!xocl local visc(:,/qn(overlap=(10,10)),:)
!xocl local pr(:,/qn(overlap=(10,10)),:)
!xocl local rho(: ,/qn(overlap=(0,D),:)

!xocl spread do /qn
DO 100 J = 2, JM
DO 100 K = 2, KM
DO 100 I = 2, IM

100 CONTINUE
!xocl end spread

Fig. 5.10 Additional part for PROP.
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SUBROUTINE RADCAL(tsl,alamd,vise,pr)
C

INCLUDE (PARAMO)
INCLUDE (PARAM1)
INCLUDE (COMOO)
INCLUDE (C0M02)
INCLUDE (RADDBG)
INCLUDE (MATPRO)
include (penum) < -
DIMENSION AA(MOMAX*MOMAX),BB(MOMAX),XR(MOMAX)
dimension aat(32400,iipe),aal(32400,iipe),
ft aatw(32400,iipe),aatl(32400,iipe),
ft aatg(32400,iipe),aalg(32400,iipe)
dimension bbt(momax,iipe),bbl(momax,iipe),
& bbtw(momax,i ipe),bbt1(momax,i ipe),
ft bbtg(momax,iipe),bblg(momax,iipe)
dimension moll(momax),dms(momax)
dimension tsl(li,1j,Ik)
dimension let(iipe)
common/rdm/mol(momax),mol2(momax),mow,llc(iipe),llcmx

Ixocl processor pe(iipe)
Ixocl subprocessor pes(iipe)=pe(l:iipe)
Ixocl index partition qn=(proc=pes,index=l:JMAX,part=band)
Ixocl index partition qnt=(proc=pes,index=l:iipe,part=band)
Ixocl local aat(:,/qnt),aal(:,/qnt)
Ixocl local bbt(:,/qnt),bbl(:,/qnt)
Ixocl local tsl(: ,/qn(overlap=(l,D),:)
Ixocl local alamd(:,/qn(overlap=(l,l)),:)
Ixocl local visc(:,/qn(overlap3(1,1)),:)
Ixocl local pr(:,/qn(overlap3(1,1)),:)
Ixocl global aatg,aalg,bbtg,bblg,tsg

Ixocl spread do
do ipp=l,iipe
DO 40 I = 1 , llc(ipp)

DM = 0.

DO 50 J = 1 , MOw <
dmc=ABS(AA(M0*(mol2(J)-l)+mol(I)))
IF (dmc.GT.DM) then
DM = dmc

endif
50 CONTINUE

dms(mol(i))=dm
40 CONTINUE

enddo
Ixocl end spread max(dms)

Fig. 5.11 Addition and modification of RADCAL. (1/3)

-149-



JAERI-Data/Code 2000-018

!xocl

60

41

!xocl

C

!xocl

!xocl
!xocl

!xocl
!xocl

Ixocl
!xocl

spread do
do ipp=l,iipe

DO 41 I = 1 , llc(ipp) < £& lie fc&ZifcmtBM
DO 60 J = 1 , MOw < ^ C m o w d J l S ^ i J M S
AA(M0*(mol2(J)-l)+mol(I))=AA(M0*(mol2(J)-l)+mol(I))/DMS(mol(i))
CONTINUE
BB(moKD) = BB(moKD) / DMS(moKi))
BB(moKD) = BB(moKD) / DMS(moKi))

CONTINUE
enddo
end spread

- data transfer +
idp=idvproc()
do i=l,iipe

lct(i)=0
enddo
spread do
do ipp=l,iipe
do i=l,llc(idp)
do j=l,mow
lct(ipp)=lct(ipp)+l
lis = mo*(mol2(J)-l)+mol(I)
AAT(lct(ipp),ipp) = AA(lis)
AAL(lct(ipp),ipp) = lis

enddo
enddo
enddo
end spread sum(let)
spread do
do i=l,iipe
lctmx=lct(i)
llcmx=llc(i)

enddo
end spread max(lctmx),max(llcmx)
spread move
do j=l,iipe
do i=l,lctmx
AATW(iJj)=aatg(i,j)
AATL(i,j)=aalg(i,j)

enddo
enddo
end spread (xt)
movewait (xt)
do j=l,iipe
do i=l,lct(j)
aa(aatl(i,j))=aatw(i,j)

enddo
enddo

Fig. 5.11 Addition and modification of RADCAL. (2/3)
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do i=l,llc(idp)
BBT(i.idp) = BBCmoKi))
BBL(i,idp) = mol(i)

enddo
!xocl barrier
Ixocl spread move

do j=l,iipe
do i=l,llcmx
BBTW(i)j)=bbtg(i,j)

BBTL(i,j)=bblg(i,j)
enddo

enddo
Ixocl end spread (xt)
Ixocl movewait (xt)

do j=l,iipe
do i=l,llc(j)
bb(bbtl(i,j))=bbtw(i,j)

enddo
enddo

•
•
•

Fig. 5.11 Addition and modification of RADCAL. (3/3)

- 1 5 1 -



JAERI-Data/Code 2000-018

SUBROUTINE RADCON
INCLUDE (PARAMO)
INCLUDE (INP)
INCLUDE (COMO1)
INCLUDE (COMOO)
INCLUDE (C0M02)
INCLUDE (C0M05)
INCLUDE (RADDBG)
INCLUDE (ARRAY1)
include (penum) < ^ V ^ y V - K ^ T ^
common/rdm/mol(momax),mol2(momax),mow,llc(iipe),llcmx
PARAMETER ( PI=3.1415926 )

!xocl processor pe(iipe) +
!xocl subprocessor pes(iipe)=pe(l:iipe) I
!xocl index partition qn=(proc=pes,index=l:iipe,part=band) — +

DO 10 N = 1 ,
DO 10 M = 1
lzflg=0
itpflg=O

!xocl spread do
do ipp=l,
DO 40 LZ

LRAD
, 2

iipe
= 1 . MOw

IF(IR(M,N).EQ.LINK(LZ,O,1).AND.JR(M,N).EQ.LINK(LZ,0,2).AND.
1 KR(M,N).EQ.LINK(LZ,0,3).AND.ID(M,N).EQ.LINK(LZ,0,4)) then

lzflg = lzflg + 1
endif

40 CONTINUE
enddo

!xocl end spread sum(lzflg)
if(lzflg.eq.O) then
MO = MO + 1
IF(MO.GT.MOMAX) THEN
WRITE(6,'(A,I5)')

1 ' TOO MUCH SURFACE AT RADIATION CALCULATION : NUMBER OF
2 SURFACE IS' , MO

STOP
ENDIF
if(jr(m,n).ge.jstt .and. jr(m,n).le.jenn) then +

I
I
I

itpflg=l
mow=mow+l
mol(mo)=mo
mol2(mow)=mo
LINK(MOw,0
LINK(MOw,0
LINK(MOw,0
LINK(MOw,0

endif

endif
10 CONTINUE

,1)
,2)
,3)
,4)

= IR(M
= JR(M
= KR(M
= ID(M

,N)
,N)
,N)
,N)

+

Fig. 5.12 Addition and modification of RADCON. (1/2)
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DO 70 M = 1 , MOw
DO 60 N = 1 , NMAX(M)

DO 50 MM = 1 , MOw < ^
IF( LINK(MM,O,1).EQ.LINK(M,N,1) .AND.

1 LINK(MM,0,2).EQ.LINK(M,N,2) .AND.
2 LINK(MM,0,3).EQ.LINK(M,N,3) .AND.
3 LINK(MM,0,4).EQ.LINK(M,N,4) ) then

LINK(M,N,5) = MM
endif

50 CONTINUE
60 CONTINUE
70 CONTINUE

C XXR : INITIAL SURFACE TEMPERATURE OK)
DO 80 M = 1 , MOw < 3E
IF(IRSTRT.EQ.O)

1 XXR(M) = TS(LINK(M,0,l),LINK(M,0,2),
2 LINK(M,0,3)) + 273.15
TRCLINK(M,0,1),LINK(M,0,2),LINK(M,0,3),
1 LINK(M,0,4)) = XXR(M) - 273.15

80 CONTINUE
DO 90 M = 1 , MOw < ^
IF( LINK(M,0,4).EQ.l )
1 LFLK LINK(M,O,1)-1
IF( LINK(M,0,4).EQ.2 )
1 LFLK LINK(M,O,1)
IF( LINK(M,0,4).Eq.3 )
1 LFLJ( LINK(M,O,1)
IF( LINK(M,0,4).EQ.4 )
1 LFLJ( LINK(M,O,1)
IF( LINK(M,0,4).EQ.5 )
1 LFLK( LINK(M,O,1)
IF( LINK(M,0,4).Eq.6 )
1 LFLK( LINK(M,O,1)

90 CONTINUE
do i=l,iipe
llc(i)=O

enddo
!xocl spread do

do ipp=l,iipe
do i=l,mo
if(i.eq.mol(i)) then
llc(ipp)=llc(ipp)+l
mol(llc(ipp))=mol(i)

endif
enddo

enddo
!xocl end spread sum(llc)

LINK(M,0,2)

LINK(M,0,2)

LINK(M,0,2)-l

LINK(M,0,2)

LINK(M,0,2)

LINK(M,0,2)

LINK(M,0,3) ) = 1

LINK(M,0,3) ) = 1

LINK(M,0,3) ) = 1

LINK(M,0,3) ) = 1

LINK(M,0,3)-l ) = 1

LINK(M,0,3) ) = 1

Fig. 5.12 Addition and modification of RADCON. (2/2)

- 1 5 3 -



JAERI-Data/Code 2000-018

SUBROUTINE RADPRE(tsl,alamd,visc,pr)
INCLUDE (PARAMO)
INCLUDE (PARAM1)
INCLUDE (ARRAY3)
INCLUDE (ARRAY1)
INCLUDE (MATPRO)
INCLUDE (COMO1)
INCLUDE (COMOO)
INCLUDE (C0M02)
INCLUDE (RADDBG)
INCLUDE (C0M05)
include (penum) < '
common/rdm/mol(momax),mol2(momax),mow,llc(iipe),llcmx +
dimension tsl(li,lj,1k),vav(li,lj,1k) I 3£

Ixocl processor pe(iipe) I JU
Ixocl subprocessor pes(iipe)=pe(l:iipe) I #L
Ixocl index partition qn=(proc=pes,index=l: JMAX, part=band) I 31
Ixocl local alamd(: ,/qn(overlap=(l,D),:) Iffl
Ixocl local visc(:,/qn(overlap=(l,l)),:) I IE
Ixocl local pr(:,/qn(overlap=(l,l)),:) If
Ixocl local tsl(: ,/qn(overlap=(l,D),:) I il
Ixocl local vav(:,/qn(overlap3(1,1)),:) I to
Ixocl global tsg.vavg +
C
Ixocl overlapfix (vav) (xt) +
Ixocl movewait (xt) +

Ixocl spread do
do ipp=l,iipe

DO 20 L = 1 , MOw
I = LINK(L,O,1)
J = LINK(L,0,2)
K = LINK(L,0,3)
IDD = LINK(L,0,4)

SB(L)=AH*UH +AK*UK
SC(L)-AH*UH*(TC+273.15)+AK*UK*(TSL(I,J,K)+273.15)
SD(L)= AK*UK

20 CONTINUE
enddo

Ixocl end spread

DO 30 L = 1 , MOw < m
DO 30 N = 1 , NMAX(L)

SA(L.N) = ARAD(L.N) * FRAD(L.N) * SIGMA * ERAD(L,N)
30 CONTINUE

Fig. 5.13 Addition and modification of RADPRE.
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1
i

rt

!xocl
!xocl
!xocl
!xocl
!xocl
!xocl
!xocl
!xocl
!xocl
!xocl
!xocl
!xocl

!xocl

Ixocl

SUBROUTINE TCAL(ITIME,TIME,tsl.alamd,vise,pr)
INCLUDE (PARAMO)
INCLUDE (PARAM1)
INCLUDE (ARRAY3)
INCLUDE (ARRAY1)
INCLUDE (MATPRO)
INCLUDE (INP)
INCLUDE (INLET)
INCLUDE (COMO1)
INCLUDE (COMOO)
INCLUDE (C0M05)
include (penum) < 4 > 9 ̂ ~- K "7 T 4 A'iilAP
common/gldm/ug(li,lj,1k),vg(li,lj,Ik), +

real tKli.lj ,1k) !tg(li,lj ,1k)'
real qs(6,li,lj,1k)
real tsl(li,lj,lk)
real vav(li,lj,lk)

processor pe(iipe)
subprocessor pes=pe(l:iipe)
index partition qn=(proc=pes,index=l:JMAX,part=band)
local tl(: ,/qn(overlap=(l,D),:)
local vav(:,/qn(overlap=(l,1)),:)
local qs(:,: ,/qn(overlap=(l,D),:)
local alamd(:,/qn(overlap=(l,l)) ,:)
local visc(: ,/qn(overlap=(l,D),:)
local pr(: ,/qn(overlap=(l,D),:)
local tsl(:,/qn(overlap=(i,l)),:)
global tg.vavg.qsg

i mmmmm
1 tfiiJP

global tsg +

if(itcflg.eq.O) then +
do k=l,kmax 1
do j=l,jmax 1
do i=l,imax 1
TO(I,J,K) = T(I,J,K) |

enddo 1
enddo 1

enddo 1
spread do /qn 1
do j=l,jmax 1
do k=l,kmax 1

do i=l,imax 1
j_-i (-r T v\ _ T/'T T V*\ 1T±\±>J,r\J — JA-L,J,rU 1

enddo 1
enddo 1

enddo 1
end spread 1
itcflg=l 1

•RA^QiSa^AP

Fig. 5.14 Addition of parallel parts for TCAL. (1/2)

-155



JAERI-Data/Code 2000-018

Ixocl
Ixocl

c
Ixocl

100
Ixocl
Ixocl
Ixocl

Ixocl

2000
Ixocl

Ixocl

Ixocl
Ixocl

else
overlapfix (tl) (xt)
movewait (xt)
do j=jst,jen
do k=l,kmax
do i=l,imax
tod.J.K) =

enddo
enddo

enddo
endif

spread do /qn
DO 100 J=l, JMAX

tl(I,J,K)

DO 100 K=l, KMAX
DO 100 1=1,

VAV(I.J.K)
QKI.J.K) =

CONTINUE
end spread
overlapfix (vav)
movewait (xt)

spread do /qn
DO 2000 J=JS, JM
DO 2000 I=IS,
RI= 1.
IF(ICYL.EQ.l)

*
IF(FLOWK(I,J,
IF(FLOWK(I,J,

CONTINUE
end spread

spread move
do k=l,kmax
do j=l,jmax
do i=l,imax
T(I,J,K) =

enddo
enddo

enddo
end spread (xt)
movewait (xt)

IMAX
= FUNCV(U(I,J,K),V(I,J,K),W(I
0.

(xt)

< mmfF

IM

RI=RRI(I)-0.5*DELI(I)

D.EQ.O.) Tld.J, D=T1(I,
KM).EQ.O.) T1(I,J,KMAX)=T1(I,

TGd.J.K)

,J,K))

J.KM)
J, 2)

+

T

+

I
1
1

1 f^A&tiSilJlAn
1
1
1
1
1
-+

mmm

Fig. 5.14 Addition of parallel parts for TCAL. (2/2)
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SUBROUTINE TSCALCITIME,TIME,tsl.alamd,vise,pr)
C

INCLUDE (PARAMO)
INCLUDE (PARAM1)
INCLUDE (ARRAY3)
INCLUDE (ARRAY1)
INCLUDE (ARRAYT)
INCLUDE (MATPRO)
INCLUDE (INP)
INCLUDE (C0M01)
INCLUDE (COMOO)
INCLUDE (C0M04)
INCLUDE (C0M05)
include (penum) < A "•/ 9 >^— K 7 r -f A-ilJP
real tslQi.lj ,1k) ,qs(6,li,lj ,1k) +
real tsodi.lj ,1k)

!xocl processor pe(iipe)
!xocl subprocessor pes(iipe)=pe(l:iipe)
!xocl index partition qn=(proc=pes,index=l:JMAX,part=band)
!xocl local tsl(:,/qn(overlap=(l,l)),:)
!xocl local tso(:,/qn(overlap=(l,1)),:)
!xocl local qs(:,:,/qn(overlap=(l,l)),:)
!xocl global tsg,qsg
C

do J=jst,jen
do K=1,KMAX
do I=1,IMAX
TSO(I,J,K) = TSL(I,J,K) <

enddo
enddo

enddo
C RADIATION CALCULATION : QDRAD

IF(RAD) CALL RADCAL(tsl,alamd,visc,pr)
!xocl spread do /qn <

DO 2000 J=JS, JM
DO 2000 I=IS, IM
RI= 1.
IF(ICYL.EQ.1) RI=RRI(I)-0.5*DELI(I)

IF(FLOWK(I,J, D.EQ.O.) TSL(I,J, 1) = TSL(I,J,KM)
IF(FLOWK(I,J,KM).EQ.O.) TSL(I,J.KMAX) -TSLCI . J , 2)

2000 CONTINUE
!xocl end spread

Fig. 5.15 Addition and modification of TSCAL.
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INCLUDE (MASS)
INCLUDE (CROSS)
INCLUDE (ICCG1)
INCLUDE (COMO1)
INCLUDE (COMOO)
INCLUDE (C0M05)
include (penum) <
REAL BETA(LI,LJ,LK)
common/gldm/ug(li,lj,1k),vg(li,lj,1k),

'—Vyyi.

real a(lk,lj,li),b(lk,lj,li),c(lk,lj,
real ds(lk,lj,li),delp(lk,lj,li)
real dsgQk.lj ,li) ,delpg(lk,lj ,li)
real uKli.lj ,1k) ,vl(li,lj ,1k) ,wl(li,
INTEGER NUM(LI.LJ.LK)
INTEGER NO(LIJK),NOI(LIJK).NOJ(LIJK),NOK(LIJK)
processor pe(iipe)
subprocessor pes(iipe)=pe(l:iipe)
index partition qn=(proc=pes,index=l:JMAX.part

ul(:,/qn,:)
/qn(overlap=(l,0)),:)
/qn,:)
,/qn(overlap=(0,D),:)

vl(
wl(:
pl(:
ds(:,/qn,:)
delp(:,/qn(overlap=(0.1)),:)
rho(:,/qn(overlap=(0,l)),:)

Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl
Ixocl

c
Ixocl

enddo
enddo

enddo
Ixocl end spread
Ixocl overlapfix (pi) (xt)
Ixocl movewait (xt)
Ixocl spread do /qn

do j=l,lj
do k=l,lk
do i=l,li

,MP(4)

=band)
local
local
local
local
local
local
local
global ug.vg.wg.pg
global dsg.delpg

spread do /qn
do j=l,lj
do k=l,lk
do i=l,li

5
B

to

enddo
enddo

enddo
Ixocl end spread

Fig. 5.16 Addition of parallel parts for VFIELD. (1/2)
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ccc data transfer -
!xocl spread move

do k=l,kmax
do j=l,jmax
do i=l,imax

enddo
enddo

enddo
!xocl end spread (xt)
!xocl movewait (xt)

Fig. 5.16 Addition of parallel parts for VFIELD. (2/2)
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!xocl spread move
do i=l,li
do j=l,lj

do k=l,lk
dsl(k,j,i)=dsg(k,j,i)
delpl(k,j,i)=delpg(k,j,i)

enddo
enddo

enddo
!xocl end spread (xt)
!xocl movewait (xt)

DO 30 I = 2 , no_p-l
ist = lcnt(i) + 1 < +
ien = lcnt(i+l) < + index

*vocl loop.novrec I
DO 30 J = ist , ien < +

link=numiccg(j) < index
PD(link) = (R(link) £{£ffl

* -EI(link-l)*PD(link-l)
* -C(link-kmax)*PD(link-kmax)
* -B(link-jkmax)*PD(link-jkmax))
* *D(link)

30 CONTINUE

DO 40 I = no_p-l , 2 , - 1
ist = lcnt(i) + 1 < +
ien = lcnt(i+l) < + index

*vocl loop.novrec I
DO 40 J = ist , ien < +

link=numiccg(j) < index
P(link) = PD(link)

* -(EI(link)*P(link+l)
* +C(link)*P(link+kmax)
* +B(1ink)*P(link+jkmax))
* *D(link)

40 CONTINUE

Fig. 5.17 Addition and modification of ICCGO. (1/2)
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DO 90 I = 2 , no_p-l
i s t = lcnt(i) + 1 < +
ien = lcnt(i+l) < + index

*vocl loop.novrec I
DO 90 J = i s t , ien < +

link=numiccg(j) < index
PD(link) = (R(link) Srftffl

* -EI(link-l)*PD(link-l)
* -C(link-kmax)*PD(link-kmax)
* -B(link-jkmax)*PD(link-jkmax))
* *D(link)

30 CONTINUE
C

DO 100 I = no_p-l , 2 , - 1
ist = lcnt(i) + 1 < +
ien = lcnt(i+l) < + index

*vocl loop.novrec I
DO 100 J = ist , ien < +

link=numiccg(j) < index
P(link) = PD(link)

* -(EI(link)*RD(link+l)
* +C(link)*RD(link+kmax)
* +B(link)*RD(link+jkmax))
* *D(link)

100 CONTINUE

y

v

y 9 7><D

yf y

!xocl spread move
do i=l,li

do j=l,lj
do k=l,lk
delpg(k.j.i)=delpl(k,jJi)

enddo
enddo

enddo
!xocl end spread (xt)
!xocl movewait (xt)

RETURN

Fig. 5.17 Addition and modification of ICCGO. (2/2)
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reference plane 2

plane for i+j+k=5

reference plane 1

Fig. 5.18 Reference plane of Hyper-Plane.
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c
c

c

*-•
c

c

c
c
c

c

Make

10

15

20
30
40

50

60

70

subroutine index

index for hyper-plane.

include (PARAMO)
include (PARAMO
include (indx)

no = imax*jmax*kmax
i_line = kmax
ij_plane = kmax*jmax
no_p = imax+jmax+kmax-2

initialize

do 10 i = 1 , no
lcnt(i) = 0

continue
do 15 i = 1 , no_p
lplane_add(i) = 0

continue

make index

do 40 i = 1 , imax-2
do 30 j = 1 , jmax-2

ind = i*ij_plane + j*i_line
do 20 k = 2 , kmax-1

lplane_cnt(ind+k) = i + j + k
continue

continue
continue
do 50 j = 1 , no

if(lplane_cnt(j).ne.0) then
lplane_add(lplane_cnt(j)) = lplane_add(lplane_cnt(j)) + 1

endif
continue
do 60 i = 1 , no_p

lcnt(i+l) = lcnt(i) + lplane_add(i)
lplane_add(i) = lcnt(i)

continue
do 70 j = 1 , no

if(lplane_cnt(j).ne.0) then
lplane_add(lplane_cnt(j)) = lplane_add(lplane_cnt(j)) + 1
numiccg(lplane_add(lplane_cnt(j))) = j

endif
continue

return
end

Fig. 5.19 "index" routine.
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mmmnmn (T2)

005, 1995 ¥ 6 R .

[2] UXP/M VPP FORTRAN77 EX/VP {

[3] UXP/M VPP FORTRAN77 EX/VPP

[4] ruXP/MVPP

~-7 (HENDED
-v, jAERi-Data/code 95-

V12 ffl,

V12 ffl, ^ ± 3 (I*), 1994

a (I*) ,
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6.

6.i nm

u

SELENEJ
(WTVPP)

rt^ir*^, VPP,
4 (J^TSX)

6.2

&&*& PE(Processing Element) (eg ij ^ftTf

6.3 3-K*

?y v K • ->-v777 7*g5tSr [1]
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6.4 *>

SELENEJ=i-KI;i,

6.4.1 ytV i>-t;i-=i

r^-A- ANALYZER [2] £ftffl U

ELfc. ANALYZER O^^? r Table 6.1^^-f. P ^ l - SAMPLER [3]

J: ̂ fifWISm.^ Table 6.2^

6.4.2

(1)

(2) -fy'/i-—f-y SFFT

S. iot ,

(3) 7 r y ^ ' > a y F L U X

(4)

=

(5)

6.4.3 ^
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(1)

Fig. 6.

EQLIN

. DO A —

GO TO

Lt, r

Fig. 6.2tc

(b) . (d)

GO TO

— ^ f i DO /W-7°cO[H]fe*-^] (NV

'GO TO 5' (}'£$:PSIO i:SB îJ PSI

DO

. fcfcL, r

Fig. 6.3{

. GO TO 20 \Z.

Fig. 6.

DO ;V—

T U

(2) 7r >-FLUX

. DO/I—

.̂ VPP

IF

CPU

:»fcfe, VPP ^*J STMT.IF(O)'

Fig. 6.

(3)

«J,

FFFT2(Z5y 7s h<D— DO 100, fc

."C-{tNZ=65 T'fe9, J £08 LT Fig. 6.70) (a), (b)

FAINFK1.I) FAINFK64.I)
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5t(b) FAINFK64.I) ~ FAINFK127.I)

FAINFI(64,I) (i2S(c^a$ti?)r bfcfty^i? wwiretftw z<Dtztb, 2

(4) - ^ / l — ^ > EQRCU

—f-y^tt, '*V0CL TOTAL,SCALAR'

6.4.4

(1) ^

6.4.3gnT-5il!-<fc-<^ h/Wb^rff o f c ^ - v ? 3 >td*fUT ANALYZER, te

ft Lit. Z(DfaW:%, Table 6.3, Table 6.4^^-f".

(2) VPP500, HXXI SX-4 -?<D CPU Mfe

, SX -e^MUfT L CPU

(i) VPP500

VPP X'<T> CPU B#^WpJ^|gm^ Table 6.5tC^-f-. r (Di&(D-<? h^bJjgJC*3ft5 0PT=E,

0PT=F

(ii) SX-4

SX t*« CPU l^rawSlJ^ig^S: Table 6.6^^-f. r co^W-<^ hyHtllS(-^tt 5 Npi, pi

6.5

^<? WWtJSSELENEJ =—KfcffioT&^Hbfcftofc. L7i^L, Sig^ra 100ms W

. ft*J, 3fe?iJ{t:(-fi VPP FORTRAN [4] £{£ffl t
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6.5.1 &mib<nf$ft

s<9 h/WbJK<Z> ANALYZER, &XX1 SAMPLER (Df^^X V) , SELENEJ =>- Kli SFFT,

EQLIN , FLUX^Oa* H##K, Z.tlt><DM.miktf*-tf'( y h k&t>5.

(1) ^-fiV—=}-s SFFT

. FFT liM^Hk^-fe^jg-g-Ct S. SELENEJ £>*§

(2) f - ^ > - ^ y EQLIN

M

fcfzL,

(3) 7T>?"ya> FLUX

tilt,

6.5.2 f̂

SELENEJ =•- K c < ? h^ilfe^Hbrof^lHciASir^, IE L< * -

t «fc!J, *

(1) AW ĵrofiiJM

SELENEJ 3— K T t t A ^ J x - ^ Wfc^iA^-tt, f -^ /U-^^- STAAR, fc^t^AAOPT T'ffo
J h t , BLOCK DATA (C <fc 5 $ £ ^ ( C T f f 9

fl8) $ n T V ^ 5 t ^ 5 ^ S ) 5 . r<7)«t 5*»-&, BLOCK DATA

ig. 6.9,

Fig. 6.10I-, itcffiM^ftJ&Ltc BLOCK DATA ̂  Fig. 6.

Wtg*RB9B'J«Lfc. SELENEJ

. 11 # , 12 # , 20 # , 60 # , 61#-Cfef9, - W|i#^f^ffl Lfc write
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(2) VFL

I/O

if Vy h^Fig. 6.

(3) H$IWfH&J/

SELENEJ^-Kl i ,

^ ^ ^ * 5 . -̂ IH]co SELENEJ =-

> SELENEJ

, *5,fctfCPU- VU ̂ ra^SM^-f 2> ciockv ^ A L t . r c o ^ ^ ^ r Fig

6.5.3

-f ANALYZER,

SAMPLER O ^ ^ t t , Table 6.3, Table 6.41-^ Lfc.
, FLUX, SFFT, EQOUT ̂ O=3 ̂  h ̂ i i j ^ . i o t ,

(1)

EQLINii, T'^XvwSliLift^Srii: LT

LXfto.

EQLINfi,

tfc. - # a * hi^V^ai^SrfT5 DO 1240 /U—

li (M=2

, Fig. 6.14OD0

- 1 7 0 -



JAERI-Data/Code 2000-018

, D0/W-

<.

101) Sr^U
(2 ~

ML 160

, # P E

101 WB#,

o M 4PE Table 6.7

(i, (1+

. VPP

, Table 6 .7^^ Lfc J; 9 (-,

PE

PE \z& 9

Fig. 6.16^^1". VPPT'tt, ^ LT, n -

, EQUIVALENCE ifcK

o PE (cte^i-5 r i: #-e# 5. ^ r "C,
, EQUIVALENCE 5:(cJ:

Lfcia^ij(in-*/HE

T'Fig. 6.

MX0CL SPREAD DO' DO /U—

PE(cfi i 19

:ff 5 «fc 9(

X btlZ. : : t ' , # PE X(D (DO

, 4PE

, 2, 3, 4

ISTA) ^ HfiS (^ffe IEND) tf

.. EQLlNTii, 2

0 1230, *5 ZSU, CSU,

, M =

T , ^

MX0CL BROADCAST' ^ftffl L/ci.
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<T£:\% DO 1230, DO 1240, fc^t/DO 1250 n

(D (u—jjjv) ga îĵ r, ±PE\cmmirZ)h<DX*h?>. rcofei^fi, DO 8100 W

^ o T ^ ? ) ^ , MX0CL SPREAD MOVE' t 'IXOCL END SPREAD'T'H

'IXOCL SPREAD MOVE' (C J; 6$gi£T*l4, 'IXOCL MOVEWAIT'

J: 5 td Lfc.

(2) — ^ y SFFT

FFT

hie) CO

feS.

T, PE "C

Fig. 6.19£^W% NR cofitli SFFT

65, fo5Wi63T-fo5.. 4 PE

> Table6.8, *3«tO«Table6.9^^"t".
ig. 6.201-,

Fig. 6.21 ICTFI". 7tfcL, —#=1^ hcDiftWU—y (DO 500 J = 1, N00) i c i L t t t , N00

coffin 127 coia^filcofcfc, ro/io-^fcrtfiy, ^ I i l ^ - y ^ ^ i J / v - ^ i c t - C ^

. 6.22, ^ i J fbL fc /w-y^ Fig. 6.

ai . x, is
t^\ X,

, Xli

?7 A.~?ti£Rl ZtiZ. rcofcfc, : o t ^ - ^ v H T B # ( - ( i , 1--<TcDPEcOX(i[Rl-cr)JiS

LtzWi&, tm&m?titzPE£9£PE^

^ l i , EQLIN-C"tTofc 'IXOCL SPREAD MOVE'

, Y it, - ^ y FACR2 t?

yi:. Y (e Fig. 6.24

ig. 6.25
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(3) 7 r > ^ v ' 3 y F L U X

> FLUX \Z-yr-? fr—f-S EQBND fr h WtfrZ MSfcT*, 7 5 ^ *fit

It^FLUX ic

DO 220

, E^J PSI (iFLUX {C«fc o t S i ^ ^ f c t , *&fnff-#£?T5. FLUX

ttlSifCfeSrfciSfc^a. DO 240, &< ^

PSI cof5fflii^fr5#s I ^ « * # J & ^ * O - C V ^ S .

rttP>S:SU>'i'-7'i:L-C$lliC$JB:, ^ ^ J ^ - ^ t LXm?r-tZ>. DO

, DO 240, *5 XXI DO 260 OD@te*fi (NZ-1) T*fo5. i o t ,

"--7°?: Fig. 6.

O 810, *5«tt/D0 820T'fo5. DO 240, feit^DO 260 ^ * J V T ^ ^ ^ t b S PSI CO

IPtt, yu-

}olM:<b MX0CL SPREAD MOVE'S:ftffl-t"5is, aS^OJt^^fetdfi^ft^fc t),

SPREAD MOVE' \£ X Sfe^&P^li Fig. 6.27(^3 ̂ T'V^

^^^rtT'tt, PSI

1t. ZiM*, 'IX0CL SPREAD MOVE't

Fig. 6.28

ClXOCL M0VEWAIT') (DffliC, 1fci£l,X\/*5f
!>-fi (PSI) ^(iteM^^^SI (IS

6.6 K

4PE, *5

- ^ y EQ0UT *fiSU^j||£l,fcfcOSr Table 6.

, 4 PE, 16PE co•

(1) f-:/A— f-y EQLIN

EQLINT— # 3 * h ^ r i i ^ a ^ t t , Fig. 6.18t?*Lfc T^^^)-I j £??& 5 DO 1240/L—

ble 6.7(C7SL7tJ; 5 (-, ft^J^^^ h / v f t ^ ^ t t ^ t i (4PE £>»£•), 15, 19, 23, 43

Table 6.
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'!XOCL SPREAD MOVE' (D £ o (C,

*5«tt)«'!X0CL SPREAD MOVE' Cl

(2)

. itfj#<£>iI{fii'!XOCL BROADCAST' it,

t Z>f$^l&m\-%.itX% ftV\ <tot ,

fTHf^f-Si^-t^. '!XOCL BROADCAST',

Table 6.12H^i-. r ^ l - i S t , PE &

, 4PE "Cli 17, 16

— 7" (DO J = 1, NHB-1)

32, 16, 8, 4, 2t?fcf9,

Sfc, f - ^ l f c S l ; | | L f C * ) 5 ^ S ^ O g p ^ - e '!X0CL SPREAD MOVE' -Ct

(Fig. 6.25#1®) . '!X0CL SPREAD MOVE' fi, MXOCL M0VEWAIT' (C J;

S, SFFT

(3)

Table 6.13

FLUX, f -7 -Vl—f"> EQBND

EQBND

EQBND
, FLUX

, FLUX tC

M0VEWAIT (ID3)

T-&5. r O | g m ^ Table 6.

SPREAD MOVE'

i:

. FLUX

FLUX Sra-ti> EQBND

6.7

100ms

, EQLINV
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Table 6.1 Dynamic behavior of original version (ANALYZER).

name

EQLIN

SFFT

FLUX

EQRCU

FFFT2

FAIC2

JJMAIN

EQBND

EQRBP

EQVACT

PSIC2

DRCAL

GRZ2

TABLE

DINV

EQADJO

EQOUT

DALU

CLEAR

EQCHK

EQIND

EQADJ

TRANFR

SEEDCR

ERATO

BVACF

INIPSI

WRTSK

FLXTAB

RESETR

AMAX

AMIN

JJFLUX

count

20

58

5309

21

29

29

1

20

21

9

29

30

29

30

8

8

1

8

29

20

1

20

14

20

1

7

1

11

1

69

1013

973

20

v-cost

65015313

7185343

5112477

4426437

3172977

1164125

490975

442487

342289

278835

230996

148080

113783

68970

39799

34449

34177

26264

25866

24945

23905

22561

21580

17580

16137

15916

13905

11176

10220

9524

9117

8757

6992

•/.

73.4

8.1

5.8

5.0

3.6

1.3

0.6

0.5

0.4

0.3

0.3

0.2

0.1

0.1

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

0.0

s-cost

65015313

.1232E09

.1365E09

4426437

4889777

20200356

3760037

910780

6447357

683289

3891742

148080

1935489

68970

49328

183848

169309

26264

1197265

601370

463793

560352

47712

357020

68178

16913

284087

11176

473199

407813

9117

8757

151340

7.
17.2

32.6

36.2

1.2

1.3

5.4

1.0

0.2

1.7

0.2

1.0

0.0

0.5

0.0

0.0

0.0

0.0

0.0

0.3

0.2

0.1

0.1

0.0

0.1

0.0

0.0

0.1

0.0

0.1

0.1

0.0

0.0

0.0

v-leng

2

61

98

62

63

64

184

10

62

54

63

32

63

9

3

12

50

3

4128

69

94

141

40

67

65

33

125

45

1025

590

1

1

67

v-rate

0.0

99.3

99.9

0.0

37.0

99.3

89.6

69.4

99.8

62.9

99.1

0.0

99.2

0.0

53.2

96.3

84.5

0.0

100.0

99.5

99.6

99.0

58.4

99.6

80.4

9.3

99.8

0.0

100.0

99.8

0.0

0.0

99.7

v-effect

1.0- 1.0

14.1- 21.0

19.2- 34.1

1.0- 1.0

1.5- 1.6

14.2- 21.3

7.3- 7.9

1.5- 2.3

15.2- 23.6

2.4- 2.5

13.9- 20.6

1.0- 1.0

14.0- 20.8

1.0- 1.0

1.0- 1.4

3.5- 6.9

4.6- 5.2

1.0- 1.0

39.9- 53.9

17.7- 30.1

15.7- 24.1

18.8- 29.3

2.2- 2.2

15.9- 25.3

4.0- 4.4

1.1- 1.1

16.5- 25.5

1.0- 1.0

39.9- 53.9

37.3- 49.2

1.0- 1.0

1.0- 1.0

16.7- 27.1

overhd

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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Table 6.2 Dynamic behavior of original version (SAMPLER).

Status
Number of

Type

Processors

Interval (msec)

Synthesis
Count 1

741
181
111
51
41
41
31
31
21
21
21
21
21
11
11i-H

i-l

11

1371

Information
Percent 1

54.01
13.11
8.01
3.61
2.91
2.91
2.21
2.2|
1.51
1.51
1.51
1.51
1.51
0.71
0.71
0.7|
0.71
0.71

1

VL
-

133
64
-
-
-
-

-
-
-
-
63
-

84

: Serial
: 1

: cpu
: 1

Name
eqlin_
flux.
sfft_
MAIN__
eqchk_
eqrcu_
staar_
wrtsk_
ffft2_
jjmain_
seedcr_
eqout_
erato_
jobinf_
stplsm_
rarray_
faic2_
ivar_

TOTAL

- 1 7 7 -
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Table 6.3 Dynamic behavior of vector version (ANALYZER).

name

SFFT

EQLIN

FLUX

FAIC2

JJMAIN

EQBND

EQRBP

EQRCU

FFFT2

EQVACT

PSIC2

DRCAL

GRZ2

TABLE

DINV

EQADJO

EQOUT

DALU

CLEAR

EQCHK

EQIND

EQADJ

TRANFR

SEEDCR

ERATO

BVACF

INIPSI

WRTSK

FLXTAB

RESETR

AMAX

AMIN

JJFLUX

count

58

20

5309

29

1

20

21

21

29

9

29

30

29

30

8

8

1

8

29

20

1

20

14

20

1

7

1

11

1

69

1013

973

20

v-cost

7185343

5350124

5112477

1164125

490975

442487

342289

314542

283571

278835

230996

148080

113783

68970

39799

34449

34177

26264

25866

24945

23905

22561

21580

17580

16137

15916

13905

11176

10220

9524

9117

8757

6992

y.
32.8

24.4

23.3

5.3

2.2

2.0

1.6

1.4

1.3

1.3

1.1

0.7

0.5

0.3

0.2

0.2

0.2

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.1

0.0

0.0

0.0

0.0

0.0

s-cost

.1232E09

87752977

.1365E09

20200356

3760037

910780

6447357

4426437

4861937

683289

3891742

148080

1935489

68970

49328

183848

169309

26264

1197265

601370

463793

560352

47712

357020

68178

16913

284087

11176

473199

407813

9117

8757

151340

%

30.8

21.9

34.1

5.1

0.9

0.2

1.6

1.1

1.2

0.2

1.0

0.0

0.5

0.0

0.0

0.0

0.0

0.0

0.3

0.2

0.1

0.1

0.0

0.1

0.0

0.0

0.1

0.0

0.1

0.1

0.0

0.0

0.0

v-leng

61

39

98

64

184

10

62

62

62

54

63

32

63

9

3

12

50

3

4128

69

94

141

40

67

65

33

125

45

1025

590

1

1

67

v-ra te

99.3

99.0

99.9

99.3

89.6

69.4

99.8

97.9

99.3

62.9

99.1

0.0

99.2

0.0

53.2

96.3

84.5

0.0

100.0

99.5

99.6

99.0

58.4

99.6

80.4

9.3

99.8

0.0

100.0

99.8

0.0

0.0

99.7

v-effect

14.1- 21.0

13.6- 19.9

19.2- 34.1

14.2- 21.3

7.3- 7.9

1.5- 2.3

15.2- 23.6

12.0- 16.5

14.1- 21.0

2.4- 2.5

13.9- 20.6

1.0- 1.0

14.0- 20.8

1.0- 1.0

1.0- 1.4

3.5- 6.9

4.6- 5.2

1.0- 1.0

39.9- 53.9

17.7- 30.1

15.7- 24.1

18.8- 29.3

2.2- 2.2

15.9- 25.3

4.0- 4.4

1.1- 1.1

16.5- 25.5

1.0- 1.0

39.9- 53.9

37.3- 49.2

1.0- 1.0

1.0- 1.0

16.7- 27.1

overhd

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

178-
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Table 6.4 Dynamic behavior of original version (SAMPLER).

Status
Number of

Type

Processors

Interval (msec)

Synthesis
Count 1

221
131
81
51
41
41
31
31
21
21
21
11
11
11
11
11
11
11
11
11

771

Information
Percent 1

28.61
16.91
10.41
6.51
5.21
5.21
3.9|
3.91
2.61
2.61
2.61
1.31
1.31
1.31
1.31
1.31
1.31
1.31
1.31
1.31

1

VL
66

200
64

-
-
-
-
-

64
-
-
-
-
-

63
2048

-
-

144

: Serial
: 1

: cpu
: 1

Name
eqlin_
flux
sfft_
MAIN__
seedcr_
eqchk_
staar_
jjmain_
faic2_
eqout_
wrtsk_
jobinf_
stplsm_
eqbnd_
eqrbp_
vachk_
eqrcu_
tranfr_
erato_
staad_

TOTAL

Table 6.5 Execution time on VPP500 (sec).

REAL

CPU

SYS

VU

7iiy

9.51

4.35

0.27

0.0

^ Y;v

11.44

1.33

0.28

0.25

^ YM\M
OPT=E

8.08

0.80

0.27

0.44

OPT=F

17.41

0.75

0.27

0.44
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Table 6.6 Execution time on SX-4 (sec).

REAL

CPU

SYS

vu

3.22

2.44

0.04

0.0

'y-f/V

1.25

0.80

0.02

0.12

^? YMtm
Npi

0.77

0.464

0.01

0.24

Pi

0.65

0.468

0.2

0.24

Table 6.7 Each PE's charge (EQLIN).

M

1PE

2 - 1 6

15

2PE

1 7 - 35

19

3PE

36 - 58

23

4PE

59 - 101

43

Table 6.8 Each PE's charge (NR = 65, SFFT).

II l p E
I 1 - 17

17

2PE

18 - 34

17

3PE

35 - 51

17

4PE

52 - 65

14

Table 6.9 Each PE's charge (NR = 63, SFFT).

I

1PE

1 - 17

17

2PE

1 8 - 34

17

3PE

35 - 51

17

4PE

52 - 63

12

Table 6.10 Execution time of parallel version (msec).

/<— v'a y

*<? IvWfcHg(lPE)

&mm (4PE)
te*iMfcJifi (16PE)

487

378

455

EQLIN

214

172

237

SFFT

76

67

87

EQBND

145

73

61

EQOUT

18

28

32

180-
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Table 6.11 Execution time of DO 1240 loop in EQLIN (msec).

(4PE)

211.9 129.6 110.8

Table 6.12 Data transfer time in EQLIN (msec).

II

IXOCL BROADCAST

IXOCL SPREAD MOVE

—

4.5

&FH£¥& (4PE)

13.8

35.8

&Wkffi. (16PE)

22.1

115.1

20

20

Table 6.13 Data transfer time in SFFT (msec).

IXOCL SPREAD MOVE | —

mum (4PE)

23.1

mmm (i6PE)
44.8 58

Table 6.14 Data transfer time in EQBND (msec).

IXOCL SPREAD MOVE —

mum (4PE)
25.1

mum (i6PE)
39.5

mnmm
S^rPJfx 20

- 1 8 1 -
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SUBROUTINE EQLIN

DO 120 M=2,NV
N=N-1
PSIO=PSIO+DPSI

5 SIW(N)=PSIO

CSEARCH STARTING POINT
I-IST+1
IR=IRST+1
IZ=NZ

10 1=1-1
IR=IR-1
IF(IR.LT.IRAXIS)GOTO 800
IF((PSIO-PSI(I))*(PSIO-PSI(I+1)) .GT.O.DOGOTO 10
IST-I
IRST=IR

c

C.INITIALIZE LINE INTEGRALS
C

BFAV(N)=0.D0
VLV(N)=0.D0
SDW(N)=0.D0
CKV(N)=0.D0
SSV(N)=O.DO
AAV(N)=0.D0
BBV(N)=O.DO
RRV(N)=0.D0
X=(PSIO-PSI(I))/(PSI(I+1)-PSI(D)
R1=RG(IR)+X*DR
Z1=ZG(IZ)
BP1=(RBP(I)+X*(RBP(I+1)-RBP(I)))/R1
VL1=R1*R1
DS1=1.DO/BP1
CK1=BP1
SS1=VL1*BP1
AA1=DS1/VL1
RR1=VL1/BP1
ZBT=RBV(N)/R1
BV1=BP1+ZBT**2/BP1

BFAV1=SQRT(BP1**2+ZBT**2)/BP1
C.TRACE CONTURE

K=l
IF(N.NE.NV)G0T0 20
NSU=1
RSU(1)=R1
ZSU(1)=Z1
CSU(1)=BP1

20 RO=R1

Fig. 6.1 Original version of subroutine EQLIN(l/4).
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ZO=Z1
BPO=BP1
VLO=VL1
DSODS1
CKO=CK1
SSO=SS1
AAO=AA1
RRO=RR1
BVO=BV1

BFAVO=BFAV1

11=1
12=11+1
I3=I2-NR
14=11-NR
S1=PSIO-PSI(I1)
S2=PSI0-PSI(I2)
S3=PSI0-PSI(I3)
S4=PSI0-PSI(I4)
IF(Sl*S2.LT.0.D0.AND.K.NE.l)G0T0 30
IF(S2*S3.LT.0.D0.AND.K.NE.2)G0T0 40
IF(S3*S4.LT.0.D0.AND.K.NE.3)G0T0 50
IF(S4*Sl.LT.0.D0.AND.K.NE.4)G0T0 60
PSI0=PSI0+l.D-05*SAXIS
GOTO 5

30 X=S1/(S1-S2)
R1=RG(IR)+DR*X
Z1=ZG(IZ)
BP1=(RBP(I1)+X*(RBP(I2)-RBP(I1)))/R1
I=I+NR
IZ=IZ+1
K=3
GOTO 70

40 X=S2/(S2-S3)
R1=RG(IR+1)
Z1=ZG(IZ)-DZ*X
BP1=(RBP(12)+X*(RBP(13)-RBP(12)))/Rl
1=1+1
IR=IR+1
K=4
GOTO 70

50 X=S4/(S4-S3)
R1=RG(IR)+DR*X
Z1=ZG(IZ-1)
BP1=(RBP(I4)+X*(RBP(I3)-RBP(I4)))/R1
I=I-NR
IZ=IZ-1
K=l
GOTO 70

Fig. 6.1 Original version of subroutine EQLIN(2/4).
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60 X-S1/(S1-S4)
Rl-RG(IR)
Z1=ZG(IZ)-DZ*X
BP1=(RBP(I1)+X*(RBP(I4)-RBP(I1)))/R1
1=1-1
IR=IR-1
K=2

C..CHECK
70 IFCIR.LE. DG0T0 810

IF(IR.GE.NRM)GOTO 810
IFCIZ.LE. DGOTO 810

C..LINE INTEGRALS
VL1=R1*R1
DS1=1.DO/BP1
CK1=BP1
SS1=VL1*BP1
AA1=DS1/VL1
RR1=VL1/BP1
ZBT=RBV(N)/R1
BV1=BP1+ZBT*ZBT/BP1

C
BFAV1=SQRT(BP1**2+ZBT**2)/BP1

C
DL=SQRT((Rl-RO)*(Rl-RO)+(Zl-ZO)*(Zl-ZO))
VLV(N)=VLV(N)+(VLO+VL1)*(ZO-Z1)
SDW(N)=SDW(N)+DL*(DSO+DS1)
CKV(N)=CKV(N)+DL*(CK0+CK1)
SSV(N)=SSV(N)+DL*(SS0+SS1)
AAV(N)=AAV(N)+DL*(AA0+AA1)
RRV(N)=RRV(N)+DL*(RR0+RR1)
BBV(N)=BBV(N)+DL*(BV0+BV1)

C
BFAV(N)=BFAV(N)+DL*(BFAV0+BFAV1)

C .
IF(N.NE.NV)GOTO 80
NSU=NSU+1
RSU(NSU)=R1
ZSU(NSU)=Z1
CSU(NSU)=BP1

C .
80 IF(IZ.LE.NZ)GOTO 20

100 VLV(N)=ZPI*VLV(N)
SDW(N)=l.D0/(2.D0*ZPI*SDW(N))

C
BPV(N) = 2.D0*ZPI*CKV(N)*SDW(N)
CKV(N)=2.DO*ZPI*CKV(N)/SDW(N)
SSV(N)=2.DO*ZPI*SSV(N)/SDW(N)
AAV(N)=2.DO*ZPI*AAV(N)*SDW(N)
RRV(N)=2.DO*ZPI*RRV(N)*SDW(N)

Fig. 6.1 Original version of subroutine EQLIN(3/4).
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BBV(N)=2.D0*ZPI*BBV(N)*SDW(N)
C

BFAV(N)=2.DO*ZPI*BFAV(N)*SDW(N)
120 CONTINUE

RETURN
END

Fig. 6.1 Original version of subroutine EQLIN(4/4).
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(a)

(b)

(c)

(d)

(e)

10

20

80

110

120

DO 120 M = 2, NV

N = N - 1 PSIO CO#t£
PSIO = PSIO + DPSI

5 SIW(N) = PSIO

1 = 1 - 1

IF((PSIO- ) GO TO 10
1ST = I
IRST = IR

BFAV(N) = O.DO

CSU(l) = BPl

RO = Rl

GO TO 5

IF(IZ.LE.NZ) GO TO 20

VLV(N) = ZPI*VLV(N)

CONTINUE

Fig. 6.2 DO loop structure in subroutine EQLIN.
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ff-

MI

i

M =
M =
M =

M =
M =
M =
M =

M =

M =
M =
M =

M =

1
1
1

1
2
2
2

2

NV
NV
NV

NV

©Ma
©Ma
©Ma

©Ma
©Ma
©Ma
©Ma

©Ma

©Ma
©Ma
©Ma

©Ma

(ima
GO TO
GO TO

GO TO

(ima
GO TO
GO TO

GO TO

(i ma
GO TO
GO TO

GO TO

)
20 ( C £ 5 £ !
20 tCtS*!

20 (di;5*!
)
20 C l i S *
20 iCiSfc

20 (;i±5£

20 fcj;3«
20 tc:j;5#

20 \Zi.5«

IS (2 m S)
ia (3 m a)
ia (N m s)

^a(2@s)
11(3 01)

ta(Nma)

ia (2 las)
laoma)
la(Nma)

Fig. 6.3 Computation sequence of original version.

MI

M = 1 ©4
M = 2 ©4

M = NV © 4

M = 1 ©4
M = 2 ©4

M = NV (Oft

M = 1 © *
M = 2 © *

M = NV ©*

M = 1 ©4
M = 2 ©4

M = NV ©4

^a (ima)
aa(ima)
taa GO TO 20
!&a GO TO 20

a a GO TO 20

&a GO TO 20
a a GO TO 20

a a GO TO 20

&a GO TO 20
&a GO TO 20

&a GO TO 20

" I M I
(ci^Ma

Id J:-5 Ma

iciSMa

HiSMa
icisMa

(diSMa

l ^ h ; w M a

V.^ litl R I

(2 ma) l-^^b/wMa

(2 ma)

oma)
oma) i ^ h^Ma

oma)
(Nma)
(N@|) l^<i? N;wMa

(Nma)

Fig. 6.4 Computation sequence of vector version.
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SUBROUTINE EQLIN

CVP ARRAYS FOR VECTOR
PARAMETER (NN=101)
DIMENSION ILT(NN),IRLT(NN),IZLT(NN),PSIOL(NN)
DIMENSION RILT(NN),Z1LT(NN),BP1LT(NN),VL1LT(NN),DS1LT(NN),
1 CKILT(NN),SS1LT(NN),AA1LT(NN),RR1LT(NN),BV1LT(NN),
2 BFAV1LT(NN),KLT(NN)
DIMENSION MLT(NN*2)

CVP

v DO 1210 M = 2, NV
v PSIOL(M) = DPSI*(M-2)
v 1210 CONTINUE

DO 1220 M = 2, NV
N=N-1

CVP5 SIW(N)=PSIO
SIW(N)=PSIOL(M)

c

C.SEARCH STARTING POINT
I=IST+1
IR=IRST+1
IZ=NZ

10 1=1-1
IR=IR-1
IF(IR.LT.IRAXIS)GOTO 800

CVP IF((PSIO-PSI(I))*(PSIO-PSI(I+1)).GT.O.DO)GOTO 10
IF((PSIOL(M)-PSI(I))*(PSIOL(M)-PSI(I+D).GT.O.DO)GOTO 10
IST=I
IRST=IR
ILT(M) = I
IRLT(M) = IR
IZLT(M) = IZ

1220 CONTINUE

N=NV+1
v DO 1230 M = 2, NV

c

C.INITIALIZE LINE INTEGRALS
C

v N=N-1
v I = ILT(M)
v BFAV(N)=O.DO
v VLV(N)=O.DO
v SDW(N)=O.DO
v CKV(N)=O.DO
v SSV(N)=O.DO
v AAV(N)=O.DO

Fig. 6.5 Vector version of subroutine EQLIN( 1/5).
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V
V
V
V
V
V
V
V
V
V
V
V
V
V

V

V
V
V
V
V
V
V

V
V
V
V

V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V

BBV(N)=O.DO
RRV(N)=0.D0
X=(PSIOL(M)-PSI(I))/(PSI(I+1)-PSI(D)
R1LT(M)=RG(IRLT(M))+X*DR
Z1LT(M)=ZG(IZLT(M))
BP1LT(M)=(RBP(I)+X*(RBP(I+1)-RBP(I)))/R1LT(M)
VL1LT(M)=R1LT(M)*R1LT(M)
DS1LTQ0-1 .D0/BP1LTCM)
CK1LT(M)=BP1LT(M)
SS1LT(M)=VL1LT(M)*BP1LT(M)
AA1LT(M)=DS1LT(M)/VL1LT(M)
RR1LT(M)=VL1LT(M)/BP1LT(M)
ZBT=RBV(N)/R1LT(M)
BV1LT(M)=BP1LT(M)+ZBT**2/BP1LT(M)

BFAV1LT(M)=SQRT(BP1LT(M)**2+ZBT**2)/BP1LT(M)
C..TRACE CONTURE

K-l
IF(N.NE.NV)GOTO 1230
NSU=1
RSU(1)=R1LT(M)
ZSU(1)=Z1LT(M)
CSU(1)=BP1LT(M)

1230 CONTINUE

DO 1231 M = 2, NV
MLT(M) = 1
KLT(M) = 1

1231 CONTINUE

1111 CONTINUE
MCNT = 0

*VOCL LOOP.NOVREC
DO 1240 M = 2, NV

IFCMLT(M).EQ.O) GO TO 1240
N = NV - M + 2

I = ILT(M)
IR = IRLT(M)
IZ = IZLT(M)
K = KLT(M)

20 RO=R1LT(M)
ZO=Z1LT(M)
BPO=BP1LT(M)
VLO=VL1LT(M)
DSO=DS1LT(M)
CKO=CK1LT(M)
SSO=SS1LT(M)
AAO=AA1LT(M)
RRO=RR1LT(M)
BVO=BV1LT(M)

Fig. 6.5 Vector version of subroutine EQLIN(2/5).
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V

V
V
V
V
V
V
V
V
V
V
V
V
V

V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V
V

c

cxxxx
30

40

50

60

BFAVO=BFAV1LT(M)

11=1
12=11+1
I3-I2-NR
I4=I1-NR
S1=PSIOL(M)-PSI(I1)
S2=PSI0L(M)-PSI(I2)
S3=PSI0L(M)-PSI(I3)
S4=PSI0L(M)-PSI(I4)
IF(Sl*S2.LT.O.DO.AND.K.NE.l)G0T0 30
IF(S2*S3.LT.0.D0.AND.K.NE.2)G0T0 40
IF(S3*S4.LT.0.D0.AND.K.NE.3)G0T0 50
IF(S4*Sl.LT.0.D0.AND.K.NE.4)G0T0 60
PSI0=PSI0+l.D-05+SAXIS
GOTO 5
X=S1/(S1-S2)
R1LT(M)=RG(IR)+DR*X
Z1LT(M)-ZG(IZ)
BP1LT(M)=(RBP(I1)+X*(RBP(I2)-RBP(I1)))/R1LT(M)
I=I+NR
IZ=IZ+1
K=3
GOTO 70
X=S2/(S2-S3)
R1LT(M)=RG(IR+1)
Z1LT(M)=ZG(IZ)-DZ*X
BP1LT(M)=(RBP(I2)+X*(RBP(I3)-RBP(I2)))/R1LT(M)
1=1+1
IR-IR+1
K=4
GOTO 70
X=S4/(S4-S3)
R1LT(M)=RG(IR)+DR*X
ZlLT(M)-ZGCIZ-l)
BP1LT(M)=(RBP(I4)+X*(RBP(I3)-RBP(I4)))/R1LT(M)
I-I-NR
IZ=IZ-1
K=l
GOTO 70
X=S1/(S1-S4)
RILTCM)-RG(IR)
Z1LT(M)=ZG(IZ)-DZ*X
BP1LT(M)=(RBP(I1)+X*(RBP(I4)-RBP(I1)))/R1LT(M)
1=1-1
IR=IR-1
K=2

C..CHECK

Fig. 6.5 Vector version of subroutine EQLIN(3/5).
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V

V
V
V
V
V
V
V
V

V

V
V
V
V
V
V
V
V

V

V
V
V
V
V

V
V
V
V
V
V
V
V
V
V
V

c.tn T.NEMOTO
CX70 IFCIR.LE. DGOTO 810
CXXXX IFCIR.GE.NRM)GOTO 810
CXXXX IFCIZ.LE. DGOTO 810

70 continue
C..LINE INTEGRALS

VL1LT CM)=R1LT(M)*R1LT CM)
DS1LTCM)=1.DO/BP1LTCM)
CK1LTCM)=BP1LTCM)
SS1LT CM)=VL1LT CM)*BP1LT CM)
AA1LTCM)=DS1LTCM)/VL1LTCM)
RR1LT CM)=VL1LT CM)/BPILT(M)
ZBT=RBVCN)/R1LT(M)
BV1LTCM)=BP1LTCM)+ZBT*ZBT/BP1LTCM)

BFAV1LTCM)=SQRTCBP1LT(M)**2+ZBT**2)/BP1LTCM)

DL=SQRTCCR1LTCM)-RO)*CR1LTCM)-RO)+CZ1LTCM)-ZO)*(Z1LTCM)-ZO))
VLV(N)=VLV CN) + (VL0+VL1LT CM))* CZ0-Z1LT CM))
SDW(N)=SDW CN)+DL* CDS0+DS1LT CM))
CKV(N)=CKV CN)+DL* CCK0+CK1LT CM))
SSV CN)=SSV CN)+DL* CSSO+SS1LT CM))
AAV(N)=AAV CN)+DL* CAA0+AA1LT CM))
RRV CN)=RRV CN)+DL* CRR0+RR1LT CM))
BBV(N)=BBV CN)+DL* CBV0+BV1LT CM))

BFAV CN)=BFAV CN)+DL* CBFAV0+BFAV1LT CM))

IFCN.NE.NV)GOTO 80
NSU=NSU+1
RSUCNSU)=R1LTCM)
ZSU(NSU)=Z1LTCM)
CSUCNSU)=BP1LTCM)

80 IFCIZ.LE.NZ) THEN <- V * hifj&ffi'ft
MCNT = 1
MLTCM) = 1
ILTCM) = I
IRLTCM) = IR
IZLTCM) = IZ
KLTCM) = K

ELSE
MLTCM) = 0

END IF
1240 CONTINUE

IF(MCNT.NE.O) THEN
GO TO 1111

END IF
N=NV+1

Fig. 6.5 Vector version of subroutine EQLIN(4/5).
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v DO 1250 M = 2, NV
v N = N - 1
v 100 VLV(N)=ZPI*VLV(N)
v SDW(N)=l.D0/(2.D0*ZPI*SDW(N))

C
v BPV(N) = 2.D0*ZPI*CKV(N)*SDW(N)
v CKV(N)=2.D0*ZPI*CKV(N)/SDW(N)
v SSV(N)=2.D0*ZPI*SSV(N)/SDW(N)
v AAV(N)=2.D0*ZPI*AAV(N)*SDW(N)
v RRV(N)=2.D0*ZPI*RRV(N)*SDW(N)
v BBV(N)=2.D0*ZPI*BBV(N)*SDW(N)

C
v BFAV(N)=2.DO*ZPI*BFAV(N)*SDW(N)
v 1250 CONTINUE

RETURN
END

Fig. 6.5 Vector version of subroutine EQLIN(5/5).

FUNCTION FLUX(R,Z,R0,Z0,C0,N)
• » • •

FLUX=0.D0
*V0CL L00P.N0VREC

v DO 10 M=1,N
v X(M)=R*R0(M)
v XX=4.DO+X(M)/((R+RO(M))**2+(Z-ZO(M))**2)
v I=1.DO-DDTAB*LOG(1.DO-XX)
v D=(XX-XTAB(I) ) / (XTAB(I+1)-XTAB(D)
v WORK(M)=(FTAB(I)+D*(FTAB(I+1)-FTAB(I)))

CVP IFU.GT.NNTAB) W0RK(M)=FLUX0(XX)
*VOCL STMT.IF(O)

v IF(I.GT.NNTAB) THEN
v XXV=1.DO-XX
v XL=DLOG(1.DO/XXV)
v XK=A0+XXV*(A1+XXV*A2)+(BO+XXV*(B1+XXV+B2))*XL
v XE=COV+XXV*(C1+XXV*C2)+ XXV*(D1+XXV*D2) *XL
v WORK(M)=((1.DO-XX/2.DO)*XK-XE)/(PI*SQRT(XX))
v END IF
v 10 CONTINUE
v DO 20 M = 1 ,N
v FLUX=FLUX-CO(M)+SQRT(X(M))*W0RK(M)
v 20 CONTINUE

RETURN
END

Fig. 6.6 Vector version of subroutine FLUX.
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SUBROUTINE FFFT2

DO 100 I=2,NR-1
DO 200 J=1,NZ-1

FAINF1(J,I)= PSKI.J+1) (a)
FAINF1(NZ+J-2,I)=PSI(I,NZ-J+l) (b)

200 CONTINUE
100 CONTINUE

• • • •
DO 10 I=1,NR,NR-1

DO 20 J=1,NZ-1
FAINF1(J,I)=PSI(I,J+l)-PSI (1,1)
FAINF1(NZ+J-2,I)=PSI(I,NZ-J+l)-PSI(1,1)

20 CONTINUE
10 CONTINUE

C
CALL SFFT( NR,2*NZF,TABLE ,FAINF1,FAINF3)

C
ANZ =-1.ODO/DFLOAT(NZF)
DO 40 1=1,NR

DO 30 J=1,NZN
GN(J,I)= ANZ*FAINF1(2*J-1,I)

30 CONTINUE
40 CONTINUE
C

RETURN
END

Fig. 6.7 Original version of subroutine FFFT2.

- 1 9 3 -



JAERI-Data/Code 2000-018

s2
v2
v2
v2
v2
s2
V
V
V

s
V
V
V
V

s
V
V
V

s2
v2
v2
v2
s2

200
100

201

20
10

11
C

C

30
40
C

SUBROUTINE FFFT2

DO 100 I=2,NR-1
DO 200 J=2,NZ-1

FAINF1(J,I)= PSI(I,J+l) (a)
FAINF1(NZ+J-2,I)=PSI(I,NZ-J+l) (b)

CONTINUE
CONTINUE
DO 201 I=2,NR-1

FAINFKl.I) = PSIU.2)
CONTINUE

DO 10 I=1,NR,NR-1
DO 20 J=2,NZ-1

FAINF1(J,I)=PSI(I)J+1)-PSI(IJ1)
FAINF1(NZ+J-2,I)=PSI(I,NZ-J+l)-PSI(1,1)

CONTINUE
CONTINUE
DO 11 I=1,NR,NR-1

FAINF1(1,I)=PSI(I,2)-PSI(1,1)
CONTINUE

CALL SFFT( NR,2*NZF,TABLE .FAINF1.FAINF3)

ANZ =-1.0D0/DFL0AT(NZF)
DO 40 1=1,NR

DO 30 J=1,NZN
GN(J,I)= ANZ*FAINF1(2*J-1,I)

CONTINUE
CONTINUE

RETURN
END

Fig. 6.8 Vector version of subroutine FFFT2.
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NAMELIST/DSK/IREAD, JREAD, IWRITE, JWRITE, MCPU
> .ITDSK, IERATO, JERATO, NPRNT, KTMAX, IFILE

IFILE = 60
IREAD = 0
JREAD = 0
IWRITE= 0
JWRITE= 0
MCPU = 570
ITDSK =1000
IERATO= 0
JERATO= 0
NPRNT = 6
KTMAX = 1

/"* ______._,__»__ __. __.__,_._ ______
WRITE(6,*) ' READS NAMELIST &DSK AND &PLT AT *AAOPT*J

READ(5, DSK)
WRITE(6,DSK)

Fig. 6.9 Example of statements in subroutine AAOPT before modification.

c==-==
CVP
CVP >
—

CVP
CVP
CVP»

NAMELIST/DSK/IREAD, JREAD, IWRITE, JWRITE, MCPU

IFILE =
IREAD =
JREAD =
IWRITE=
JWRITE-
MCPU =

,ITDSK, IERATO, JERATO, NPRNT, KTMAX, IFILE

60
0
0
0
0

570
ITDSK =1000
IERAT0-
JERATO=
NPRNT =
KTMAX =

WRITE(6
READ(5,
WRITE(6

0
0
6
1

*) ' READS NAMELIST &DSK AND &PLT AT *AAOPT*'
DSK)
DSK)

Fig. 6.10 Example of statements in subroutine AAOPT after modification.
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CVP

CVP

CVP

CVP

CVP

CVP

BLOCK DATA
INCLUDE 'AAA'
INCLUDE 'PAR'
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE 'EQV
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE
INCLUDE

'GEO'
'EQUIVALENCE'
'CTETIP'
'VAC

'CNT'
'BAL'
'COMBOP'
'COMFMT'
'CNEOTB'
'NEOSPL'
'NEODGN'
'CMOLYM'

NAMELIST READ -> DATA statement [DSK]
DATA NPRNT/6/, KTMAX/1/, MCPU/1000/, IERATO/66/

NAMELIST READ -> DATA statement [NEWRUN]
DATA ITMAX/1/, LOHM/.FALSE./, LNEO/.FALSE./,

AI0N/2.D0/, ZION/l.DO/, BT0L/3.8D0/, CIEXT/ O.ODO/,
RMAJ/3.42D0/, RPLA/1.OODO/, ELIP/1.2D0/, TRIG/0.20D0/,

1
2
3
4
5
6
7
8
9
A
B
C
D
E

RCNT/3.42dO/,
CD/1.0D20,
CTE/1.0D4,
CTI/1.0D4,
CSE/l.ODO,

1.0D19 ,0.5D0, 1.5D0, 4.DO, O.DO, O.DO/,
1.0D4, 0.5D0/,
1.0D4, 0.5D0/,
l.ODO, 1.5D0, 0.2D0, 1.0D7, O.DO/,

ZL0W/6.D0/, ALOW/12.DO/,
CZEFF/l.ODO, l.ODO, l.ODO, 1.5D0, 4.0D0/,
NR/65/, NZ/65/, NV/101/, NSUMAX/101/,
JSHAPE/-1/ ,FIXSET/1.0D-2/,
MABIKI/2/, IGUESS/O/, NUMAX/101/,
IEQMAX/20/,EEQMAX/1.OD-3/,ESETUP/1.OD-4/,IBLMAX/50/,
CFCT/l.ODO, O.DO, 0.90D0, 0.1D0, 20.DO/

[COILP]

1.80D0,
4.80D0,

NAMELIST READ -> DATA statement
DATA NCLNUM/7/, WIV/l.DO/,
1 (RC0IL(l,I),I=l,7)/1.80D0,
2 2.60D0, 4.OODO, ,
3 (ZC0ILU,I),I-l,7)/0.10D0, 0.50D0,
4 2.OODO, 2.OODO, 0.90D0,
NAMELIST READ -> DATA statement
DATA NSFX/-13/, NFREAD/O/,
1 (WNV(I),I=0,2)/1.0D2, 1.0D2, 1.
READ -> DATA statement
DATA TITLE/
1 ' === IN.21.dat ==== JT-60 Ex. 1 TOKAMAK ===='/

END

Fig. 6.11 Block data 'BLKDTA'.

1.80D0,
4.80D0/
l.OODO,
0.30D0/
[FIXP]

.0D2/
[TITLE]

-196-
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#! /b in /csh -f
#@$-eo
#@$-q vppd4
#@$-r BxV
#@$-lPv 4
#@$-C SELENEJ
#@$-lM 50mb
#S$-1T 10:00
cd $QSUB_WORKDIR
setenv fuO6bf 1024
setenv fuO6 $H0ME/wkvfl/SELENEJbf4ke.test.vfl.outlist.nasi
timex -Hn ../parasrc/apm.out -Wl,-p30

Fig. 6.12 Modification of execution Shellscript.
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*DECK

C
C

C
C

C
CVP»

CVP«

C

CC
cc
CC
PTtJAT

AAMAIN
PROGRAM SELENEJ
INCLUDE 'AAA'
INCLUDE 'CNT'
INCLUDE 'COMBOP'
INCLUDE 'NEODGN'

CALL STGRD
FLUXES
AT THE

CALL EqBVAC
FLUXES

BY COIL SYSTEMS
EDGE OF THE COMPUTATIONAL BOX

BY COIL SYSTEMS
AT FIXED POINTS

CALL EQPVAC
PROFILES OF PLASMA & CURRENT and toroidal flow

WRITE(6,*) ' #######
call gettod(rtimes)
CALL CLOCKVCSVU.SCPU

CALL STPLSM

CPU KEISOKU START ######'

2,2)

INITIAL PSI (GUESS VALUE)

WRITE( IFTS13 ) ( REAL(
WRITE( IFTS14 ) ( REAL(
WRITE( IFTS15 ) ( REAL(
«n"7 /no le\A~OlWJilH3l/Ui/UtC

c
cy.
CVP»

CVP«

RG(IR) ), IR=1,NR )
ZG(IR) ), IR=1,NZ )
PSKI) ), IR = 1, NR • NZ )

IF(LNEO) CALL NEOCEF

call gettod(rtimee)
CALL CLOCKV(EVU,ECPU
WRITE(6,*) ' #######

,2,2)
CPU KEISOKU FINISH ######'

rtime = rtimee - rtimes
TVU = EVU - SVU
TCPU = ECPU - SCPU
WRITE(6,*) ' ELPAS =
WRITEC6,*) ' CPU = '
WRITE(6,*) ' VU = '

•

END

',rtime, ' micro SEC '
,TCPU,' micro SEC '
,TVU ,' micro SEC >

Fig. 6.13 Addition of time measurement statements in Main routine.
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SUBROUTINE EQLIN

DO 1210 M = 2 , NV
PSIOL(M) = DPSI*(M-2)

1210 CONTINUE

DO 1220 M = 2 , NV
C..SEARCH STARTING POINT

F0.77.)

1220 CONTINUE

N=NV+1
DO 1230 M = 2, NV

C. .INITIALIZE LINE INTEGRALS

1230 CONTINUE

DO 1231 M = 2, NV
MLT(M) = 1
KLT(M) = 1

1231 CONTINUE

1111 CONTINUE
MCNT = 0

*VOCL LOOP.NOVREC
DO 1240 M = 2, NV

97.2%)

1240 CONTINUE

IF(MCNT.NE.O) THEN
GO TO 1111

END IF

N=NV+1
DO 1250 M = 2, NV

o.m
1250 CONTINUE

STOP
END

Fig. 6.14 Outline of vector version of subroutine EQLIN.
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160

140

120

100

80

60

40

20

n

^ i i i i i i i i

_

-

1 1 1 1 1 1 1 1

1 1

-

-

-

-

ft

\

ft
ft

1 1

0 10 20 30 40 50 60 70 80 90 100 110

M

Fig. 6.15 Number of iteration.
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!XOCL INDEX PARTITION Q=(PR0C=P,INDEX=2:101,PART=(15,19,23,43))
INCLUDE 'AAA'
INCLUDE 'GEO'
INCLUDE 'EQUIVALENCE'
INCLUDE 'EQV

c.tn»
DIMENSION VLVL(2:LN),SDWL(2:LN),BPVL(2:LN),CKVL(2:LN),SSVL(2:LN),
1 AAVL(2:LN),RRVL(2:LN),BBVL(2:LN),BFAVL(2:LN),
2 VLVG(2:LN),SDWG(2:LN),BPVG(2:LN),CKVG(2:LN),SSVG(2:LN),
3 AAVG(2:LN),RRVG(2:LN),BBVG(2:LN),BFAVG(2:LN)

!XOCL LOCAL VLVL(/Q).SDWLC/Q),BPVL(/Q),CKVL(/Q),SSVL(/Q)
!XOCL LOCAL AAVL(/Q),RRVL(/Q),BBVL(/Q),BFAVL(/Q)
!XOCL GLOBAL VLVG,SDWG,BPVG,CKVG,SSVG
!XOCL GLOBAL AAVG,RRVG,BBVG,BFAVG

EQUIVALENCE (VLVL,VLVG),(SDWL,SDWG),(BPVL,BPVG),(CKVL,CKVG),
1 (SSVL.SSVG),(AAVL.AAVG),(RRVL.RRVG),(BBVL.BBVG),
2 (BFAVL.BFAVG)

Fig. 6.16 Declaration of divided arrays (local and global arrays).

IF(NZFLG.EQ.O) THEN
!XOCL SPREAD DO

DO 8140 1 = 1 , 4
IF(I.EQ.l) THEN

ZFLG = .TRUE.
ELSE

ZFLG = .FALSE.
END IF

c.tn»
IF(I.EQ.l) THEN

ISTA = 2 «- % 1PE
IEND = 16

ELSE IFCI.EQ.2) THEN
ISTA = 17 <- fd 2PE
IEND = 35

ELSE IFCI.EQ.3) THEN
ISTA = 36 «- % 3PE
IEND = 58

ELSE IFCI.EQ.4) THEN
ISTA = 59 <-
IEND = 101

END IF
c.tn«
8140 CONTINUE

!XOCL END SPREAD
NZFLG = 1
END IF

Fig. 6.17 Definition of initial and terminal parameter of DO for each PE (EQLIN).
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SUBROUTINE EQLIN
PARAMETER (NPE = 4)
PARAMETER (LN = 101,LN2 = LN + 2)

!XOCL PROCESSOR PP(NPE)
!XOCL SUBPROCESSOR P(NPE)=PP(1:NPE)
!XOCL INDEX PARTITION Q=(PR0C=P,INDEX=2:101,PART=(15,19,23,43))

IF(NZFLG.EQ.O) THEN
!XOCL SPREAD DO

DO 8140 I = 1, 4 «-# PE T'CD DO A —

8140 CONTINUE
!XOCL END SPREAD

NZFLG = 1
END IF

DO 1230 M = ISTA.IEND
C.INITIALIZE LINE INTEGRALS

1230 CONTINUE

*VOCL LOOP.NOVREC
DO 1240 M = ISTA.IEND

1240 CONTINUE

IF(MCNT.NE.O) THEN
GO TO 1111

END IF

!XOCL BARRIER
!XOCL BROADCAST (RSU.ZSU.CSU.NSU) (ZFLG) <- x — ^ 1 5 ^

DO 1250 M = ISTA.IEND <-

1250 CONTINUE

!XOCL SPREAD MOVE *-
DO 8100 M = 2, NV

8100 CONTINUE
!XOCL END SPREAD (ID1)

C — SIMPLE LINEAR INTER POLATION

!XOCL MOVEWAIT (ID1)
RETURN
END

Fig. 6.18 Parallel version of subroutine EQLIN.
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IF(IPFLG.EQ.O) THEN
ICN = NY/NPE
A = REAL(NY)/REAL(NPE)
B = REAL(ICN)
IF(A.GT.B) THEN

ICN = ICN + 1
END IF
MD = NY-(ICN*(NPE-1))

I = IDVPROCO
IF(I.EQ.NPE) THEN

1ST = (I-1)*ICN + 1
IEN = NR

ELSE
1ST = (I-1)*ICN + 1
IEN = i s t + ICN - 1

END IF

IPFLG = 1
END IF

IF(IDVPROCO.EQ.NPE) IEN = NR

Fig. 6.19 Definition of initial and terminal parameter of DO loop in each PE (SFFT).
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110
100

DO 100 J = 1,
DO 110 I =

Y(N2-J,
Y( J,

CONTINUE
CONTINUE

NHB-1
1,1

I) =
I)

m
= X(J
= X(J

,1)
,1)

+ XCNNB-J
- XCNNB-J

,D
,D

Fig. 6.20 Example of multiplex loop in subroutine SFFT original version.

110
100

DO 100 J = 1,
DO 110 I =

YCN2-J,
Y( J,

CONTINUE
CONTINUE

NHB-1
IST.IEN

I) =
I) =

- XCJ,
= X(J,

I)
I)

+ XCNNB-J
- XCNNB-J

,D

Fig. 6.21 Example of parallel multiplex loop in subroutine SFFT.
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C* MOVE

510
500

DO 500 J =
DO 510

X(J

= 1
I
I)

CONTINUE
CONTINUE

, NOO
= l.NR
= Y(J,I)

Fig. 6.22 DO 500 loop of subroutine SFFT original version.

C* MOVE

500
510

DO 510 I =
DO 500 J =

X(J,
CONTINUE
CONTINUE

IST.IEN
1,

I) '
NOO
= YCJ.I)

Fig. 6.23 DO 500 loop of subroutine SFFT parallel version.

CVPP SUBROUTINE SFFT (NR, N, C, X, Y)
SUBROUTINE SFFT (NR, N, C, X, W0RK2)

C
IMPLICIT REAL*8 (A-H.O-Z)

CVP DIMENSION C(N/4) ,X(N/2- l ,NR) ,Y(N/2- l ,NR)
DIMENSION C(N/4) ,X(N/2- l ,NR)

CVPP»
*INCLUDE PARA1

PARAMETER (NX=127,NY=65)
!XOCL PROCESSOR PP(NPE)
!XOCL SUBPROCESSOR P(NPE)=PP(1:NPE)
!XOCL INDEX PARTITION Q=(PROC=P,INDEX=1:NY,PART=BAND)
CVPP DIMENSION Y(NX,NY),X(NX,NY)

DIMENSION Y(NX,NY)
DIMENSION YG(NX.NY)

cXOCL LOCAL Y(:,/Q),X(:,/Q)
IXOCL LOCAL Y(:,/Q)
IXOCL GLOBAL YG
EQUIVALENCE (Y,YG)

DATA IPFLG/O/

Fig. 6.24 Declaration of array Y (SFFT).
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!XOCL

810
800

!XOCL
!XOCL

SPREAD MOVE
DO 800 I = 1, NR

DO 810 J • 1, NX
X(J,I) = YG(J.I)

CONTINUE
CONTINUE
END SPREAD (IDl)
MOVEWAIT (IDl)

Fig. 6.25 Data transfer in subroutine SFFT.

DO 220 IR-l.NR
PSI(IR)=FLUX(RG(IR),ZG( 1),RS,ZS,CS,NS)
PSI(IR)=PSI(IR)+CVAC(O)
IBL = IBL+1
DO 210 N-l.NCLNUM

210 PSI(IR)=PSI(IR)+CVAC(N)*BVAC(IBL,N)
220 CONTINUE

C
IM=1
DO 240 IZ=2,NZ
IM=IM+NR
PSI(IM)=FLUX(RG( 1),ZG(IZ),RS,ZS,CS,NS)
PSI(IM)=PSI(IM)+CVAC(0)
IBL=IBL+1
DO 230 N-l.NCLNUM

230 PSI(IM)=PSI(IM)+CVAC(N)*BVAC(IBL,N)
240 CONTINUE

C
IP=NR
DO 260 IZ=2,NZ
IP=IP+NR
PSI(IP)=FLUX(RG(NR),ZG(IZ),RS,ZS,CS,NS)
PSI(IP)=PSI(IP)+CVAC(0)
IBL=IBL+1
DO 265 N=1,NCLNUM

265 PSI(IP)=PSI(IP)+CVAC(N)*BVAC(IBL,N)
260 CONTINUE

Fig. 6.26 Call statement of function FLUX in subroutine EQBND original version.
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IF(NZFLG.EQ.O) THEN <- ])
DO 800 IZ = 2, NZ

IL2CIZ) = (IZ-1)*NR+1
IL3(IZ) = IZ*NR

800 CONTINUE
NZFLG = 1
END IF

!XOCL SPREAD NOBARRIER DO/Q
DO 810 IR = 1,NR

WPSI(IR)=FLUX(RG(IR),ZG( 1),RS,ZS,CS,NS)
810 CONTINUE

!XOCL END SPREAD NOBARRIER
!XOCL SPREAD NOBARRIER DO/R

DO 820 IZ = 2.NZ
WPSI2(IZ)=FLUX(RG( 1),ZG(IZ),RS,ZS,CS,NS)
WPSI3(IZ)=FLUX(RG(NR),ZG(IZ),RS,ZS,CS,NS)

820 CONTINUE
!XOCL END SPREAD NOBARRIER

!XOCL SPREAD MOVE
DO 830 IR = 1, NR

PSI(IR) = WPSIG(IR)
830 CONTINUE

IXOCL END SPREAD (ID1)

!XOCL SPREAD MOVE
DO 840 IZ = 2, NZ

PSHIL2CIZ)) = WPSI2GCIZ)
840 CONTINUE

IXOCL END SPREAD (ID2)

IXOCL SPREAD MOVE
DO 850 IZ = 2, NZ

PSI(IL3(IZ)) = WPSI3GCIZ)
850 CONTINUE

IXOCL END SPREAD (ID3)

Fig. 6.27 Call statement of function FLUX in subroutine EQBND parallel version.
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•INCLUDE PARA1 ! PARAMETER(NPE=4)
PARAMETER (NZZ = 65)
PARAMETER (NY = 65)

!XOCL PROCESSOR PP(NPE)
!XOCL SUBPROCESSOR P(NPE)=PP(1:NPE)
!XOCL INDEX PARTITION Q=(PROC=P,INDEX=1:NY,PART=BAND)
!XOCL INDEX PARTITION R=(PR0C=P,INDEX=2:NZZ,PART=BAND)

DIMENSION WPSI(NY),WPSIG(NY),WPSI2(2:NY),WPSI2G(2:NY)
DIMENSION WPSI3(2:NY),WPSI3G(2:NY),IL2(2:NY),IL3(2:NY)

!XOCL LOCAL WPSK/Q) ,WPSI2(/R) ,WPSI3(/R)
!XOCL GLOBAL WPSIG,WPSI2G,WPSI3G

EQUIVALENCE (WPSI.WPSIG),(WPSI2.WPSI2G),(WPSI3.WPSI3G)
DATA NZFLG/O/

Fig. 6.28 Declaration of local arrays.
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!XOCL

850
!X0CL
CVPP«
!XOCL

CVPP

210
220

C
!X0CL

CVPP

230
240

SPREAD MOVE
DO 850 IZ = 2, NZ
PSKIL3UZ)) = WPSI3GCIZ)

CONTINUE
END SPREAD (ID3)

MOVEWAIT (ID1) <- |S]#j
IBL = 0
DO 220 IR=1,NR
PSI(IR)=FLUX(RG(IR),ZG( D.RS.ZS,
PSI(IR)=PSI(IR)+CVAC(O)
IBL = IBL+1
DO 210 N=1,NCLNUM
PSI(IR)=PSI(IR)+CVAC(N)*BVAC(IBL,
CONTINUE

MOVEWAIT (ID2) <- [Wlffl
IM=1
DO 240 IZ=2,NZ
IM=IM+NR
PSI(IM)=FLUX(RG( 1),ZG(IZ),RSJZS,
PSI(IM)=PSI(IM)+CVAC(O)
IBL=IBL+1
DO 230 N=1,NCLNUM
PSI(IM)=PSI(IM)+CVAC(N)*BVAC(IBL,
CONTINUE

C
!X0CL

CVPP

265
260

MOVEWAIT (ID3) «- PIS!
IP=NR
DO 260 IZ=2,NZ
IP=IP+NR
PSI(IP)=FLUX(RG(NR),ZG(IZ),RS,ZS,
PSI(IP)=PSI(IP)+CVAC(O)
IBL=IBL+1
DO 265 N=1,NCLNUM
PSI(IP)=PSI(IP)+CVAC(N)*BVAC(IBL,
CONTINUE

CS.NS)

N)

CS.NS)

N)

CS.NS)

N)

Fig. 6.29 Synchronism for data transfer.
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7. fc

•? W

CAL,

=>- K EDDY-

f r ^ - K SELENEJ

VPPSOO

AP3000 8GB : 4PE x 2GB)

, 2GB/PE, * ^ 15.2GB ^ « t

JT-6031

-ft (5$) ,

(2$) ,

(4
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A EDDYCAL <D$LmikV®.m Ltz MPI 7-f If =5 'J

MPI

mpi_init(ierr)

fits = MPI

ierr : =^y~ ='— K

mpi_comm_si2e(comm, size, ierr)

comm : ̂  ̂ a--^1—

size : a ^ i ^ -

ierr : ̂ 7 — =3— K

mpi_comm_rank(comm, rank, ierr)

conun : ^

r a n k : =>

ierr

mpi_comm_f inalize(ierr)

mm • MPI

ierr : x 7 -

mpi_barrier(comm, ierr)
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comm

ierr

mpi_bcast(buf, count, datatype, root, comm, ierr)

mm-tz.

buf

count

datatype

root

comm

ierr

7'n — K

—n—

mpi_allreduce(sendbuf, recvbuf, count, datatype, op, comm, ierr)

sendbuf

recvbuf

count

datatype

op

comm

ierr

•yVr

;y77

:^7 7

• mpi_allgather(sendbuf, sendcount, sendtype, recvbuf, recvcount, recvtype,

comm, ierr)

sendbuf

sendcount

sendtype

recvbuf

x co 7° n -ir T, \zmm-f 5.

COT K

j ^ f f /-<y 7 r cOJglt

S f f /< y 7 7 COT K
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recvcount : 1

recvtype : ̂it '<v y 7

comm : ̂ > a.->r-

ierr : X7-3-K
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ttftB EDDYCAL l) (ft

• subrou t ine PJ_HOUSEH(mytid, mypid, nproc , mpi_group, b , n , n l , np, tO, t l ,

i e r r ,

u , pq, wl)

mm

mytid

mypid

nproc

mpi_group

b

n

nl

np

tO

t l

ierr

u

pq

wl

9 v
Householder f t^l :J ;otH

T <D 7° P ir 7s \z. =• if— £ fi 5 .

^ (y > 9 : 0~nproc-l)

input T ~- 9 •

: f-fCDUMK if SrtT* 0 7v±7(Offitt7'ti-£X%r^ (y>? :

0 ~ nproc-1) . input ̂ f—9.

: ^a(i#JnLr^?)7<'o-fe^.fc. input x — ̂ .

: 3 ^ 3 = > r - ^ , input x*—:?.

•.£zfvtxfcy-'<?yy?ft&&titLmttftftm (b(nl,np)) .

input&output x — 9.

. input ?—9.

b 0^-«fe7C<Of-^X. input x - ^ .

b (d&**3 $ flX ̂  5 ̂ Ĵ < ̂  b/U(Dm. input X - ̂ .

(tO(n)) . output 7—9.

(tl(n)) . output 7—9.

— =i— K (0 ̂ lESIlT) . output 7—9.

(pq(n)) . work 7—9.

. vroik7-9.

• subrou t ine PJ.EIGTRI(mytid, mypid, nproc , mpi_group, tO, t l , n , n l , e , n e ,

j n e ,

nv, v, nvO, i e , i p , ke , j d g , i e r r , rO, r l , r 2 , f, i pv , w)

mytid >? • 0~nproc-l)

input 7—9.
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mypid

nproc

mpi-group

to

t l

n

nl :

e

ne

jne

nv

v

nvO

ie

ke

ierr

rO

rl

r2

f

ipv

w

: 7- —-

0 ~ nproc-1) . input 7—9.

'• MS(^#JH LTV^-67PO"fe^^C. input 7—9.

• =il^=->r—9. input 7—9.

(tO(n)) . input 7—9.

^ (tl(n)) . input 7—9.

i. input 7—9.

vOi" -S7c") t^X inputs — 9.

(e(ne)) . output 7—9.

. input 7— 9.

• 0

nv

input x — ̂ .

(v(nl,nvO)) .

. input 7—9.

. input 7—9.

(ie(ne)) . output x -

(ip(ne)) . output 7—9.

• ie(*) it^J^—f->X~$:)£)ic>fri5> (ke=0) . input 7—9.

" Ĵ gCj) ^ 0 <D t # j #@ t j-1 # § 0 0 ^ 1

(jdg(ne)) . output x —^.

— =i—K (0 T'IES/1^7) . output 7—9.

(rO(n)) . workx ' "^ .

(rl(n)) . work^ —^.

(r2(n)) . work 7- 9.

. work 7— 9.

) . work 7 — 9.

. work 7— 9.

• subroutine PJ_TEVCNV(mytid, mypid, nproc, mpi_group, b, t 0 , t l , n, n l , np,

e, ne , j n e , nv, v , nvO, i e , i p , jdg , i e r r , w)

mm • PJ-EIGTRI ^-i-

%, PJ.HOUSEH X^

mutid

mypid

: 0 ~ nproc-1)

input 7—9.

• 7— 9<DUMte

0 ~ nproc-1) . input 7—9
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nproc

mpi_group

b

tO

t l

n

nl

np

e

ne

nv

v

nvO

ie

ip

jdg

ierr

w

. input x — 9.
~*T~9. input 7—9.

input x — 9.

(tO(n)) . input 7—9.
(tl(n)) . input x'—?.

. input x - ^ .
Sfl̂ J b Of - feOt ' fX . input x — ̂ .

b lcWrfh£tiX\*'>Z>m-<? fvKDfc. input f—9.

(e(ne)) . input 7—9.
fi-»-t-5@=tfli[O» (^^o-ir^^H-) . input x ' - ^ .

. input x - ^ .
^ h^§r^^-t-2). input 7—9.

(v(nl.nvO)) . input&output 7~9.
: SB?IJ v K & i H ^ f c H ^ r ^ h^»fc^_hPS. input x ' - ^ .
: ^-H^t^^ h/vSr^o-C^57°n-fey!,(7D#^- (ie(ne)) . input
7-9.

I/11?) ( ip(ne) ) . input x — ̂ .

: jdg(j) ^ 0 © t t j # l t j - l #gW
(jdg(ne)) . input 7—9.

~=i~ K (0 f l t U T ) . output 7—9.
workx'-?.
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1
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1
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MPa( = 10bar)

1

0.0980665
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1
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