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This report describes parallelization of the kinetic ballooning shooting code,

KBSHOOT, developed at the Plasma Physics Laboratory, University of

Saskatchewan, Canada, for running on the VPP500 machine. The speed of the

code, which was highly vectorized, has been further enhanced by parallelization.

The CPU time has been reduced by three times for the 4PE (Processing

Element) mode and eight times for the 16PE mode, as compared to that of the

original code with the 1PE mode.
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FUNCTION Y

FUNCTION Y2
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MATN TAGGER

ZROOT

Y - BESJO

1 The Tree Structure of KBSHOOT code
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OO

ex-count
270000

270000
270000
270000
270000
270000
270000
270000

270000
270000
270000
270000
270000
270000
270000
270000

270000
54000000
54000000
54000000

54000000
.2160E11
.2160E11

.2160E11

.4634E10

true v-cost
1350000

13770000
13770000
13770000
810000
1080000
14580000
19440000

270000
270000
810000
810000
810000
810000
810000
810000

540000
.2700E09
54000000
.2970E10

.1080E09

.2374E10

.5934E09

21.5 .1780E10

.9267E10

s-cost
1350000

13770000
13770000
13770000
810000
1080000

14580000
19440000

270000
270000
810000
810000
810000
810000
810000
810000

540000
.2700E09
54000000
.2970E10

.1080E09

.8640E11

.2160E11

.6480E11

.9267E10

S
M
S
S

V
V
V

V

COMPLEX FUNCTION Y2(T,Y,P,W)
COMPLEX Y,P,W,AINTEG,AI0,AIl,AI2,UeT,UINTEG
REAL PI, T,JO, DXI.DXJ
COMMON/COMMOl/ HH.MAX, EP.ETA.BO, N, S,A,AKPARA2,Q,

& E, TAU, ETAe, ETAi, IFLUIDe

PI = 4.*ATAN(1.)
SI = SIN(T)
CO = COS(T)
ZETA = S*T-A*SI
F = 2.*EP*(C0+ZETA*SI)
ARG = SQRT(B0*(l.+ZETA**2))
DELTA=SQRT(AKPARA2*2./BO)*EP/Q

C

DXI = 0.025
DXJ = 0.025
AINTEG = CMPLX(O.)
AIO=CMPLX(O.)
AI1=CMPLX(O.)
AI2=CMPLX(0. )
UINTEG = CMPLX(O. )
UeT=CMPLX(O.)

Cvocl loop.noeval,nopreex
DO 10 1=1,200

XI = FLOAT(I-1)*DXI +.5*DXI
XI2 = XI*XI —, <j= ®
JO = BESJO( SQRT(2.)*ARG*XI ) —J

Cvocl 1oop,noeval,nopreex
DO 20 J=-200,199

XJ = FLOAT(J)*DXJ +.5*DXJ
XJ2 = XJ*XJ

IF( (XI2+XJ2) .GT. 25.0 ) GO TO 20

>I
I
o

o
SL

I
o
OO

2 The Original Subroutine Y2



I
CO

I

.1697E11

.1697E11

.1697E11

.1697E11

.2160E11
54000000
270000
270000
270000

270000

0

0

0

0

0
0
0
0
0
0

0

0

0

.7877E11

.7458E10

.1072E11

.1072E11

.1780E10

.1620E09
29970000
29970000
29970000

0.0 540000

0 0

0

0

0

0
0
0
0
0
0

0 0

0

0

.2867E13

.2715E12

.3902E12

.3902E12

.6480E11

.1620E09
29970000
29970000
29970000

540000

0

0

0

0

0
0
0
0
0
0

0

0

0

V

V
V
V
V
V

V
V
V
V
V
V

V

V

c

t

c
1/

r-L

r

r

L

c

&
&

20
10

&

&

AINTEG = ( W*TAU+1.+ETA1*( XI2+XJ2-1.5 ) )
/ ( W*TAU+F*( XI2/2.+ XJ2 )-DELTA*XJ ) * J0**2
* EXP(- XI2 - XJ2) * XI

AI0=AI0+AINTEG*DXI*DXJ —,
AI1=AI1+AINTEG*DXI*DXJ*XJ <j= ©
AI2=AI2+AINTEG*DXI*DXJ*XJ2 —•

CONTINUE
CONTINUE
AI0=2.*AI0/SQRT(PI)
AI1=2.*AI1/SQRT(PI)
AI2=2.*AI2/SQRT(PI)

IF( E .GT. 0.0 ) THEN

IF(IFLUIDe.EQ.l) THEN

UeT=((W-7.0/3.0*F/2.)*(W-1.0)-ETAe*F/2.)
/((W-5.0/3.0*F/2. )**2-10.0/9.0*(F/2. )**2)

UeT=SQRT(E)*UeT

ELSE

DO 11 1=1,200
XI = FLOAT(I-1)*DXI + 0.5*DXI
XI2 = XI*XI

DO 21 J=l,200
XJ = FLOAT(J-1)*DXJ + 0.5*DXJ
XJ2 = XJ*XJ

IF( ( (XI2+XJ2) .GT. 25.0 ) .OR.
( XI2 .LT. (XJ2*(1.0-E)/(2.0*E)) ) ) GO TO 21

UINTEG = ( W-1.0-ETAe*( XI2+XJ2-1.5 ) )

>
W
ST
a

a.

C3
IjO
N3

2 The Original Subroutine Y2 (continued)



o

I

0

0
0
0

0

270000

270000

270000
270000

0

0
0
0

0

0

.1094E09

0
540000

0 V

0 V
0 V
0

0

0

.1094E09

0
540000

p
u.

PL

r

C
C
CMY
CMY
CMY
CMY
r

L

c

n
L

&
&

21
11

&
&
&
&
&
&

/ ( W-F*( XI2/2. + XJ2 ) )
* EXP(- XI2 - XJ2) * XI

UeT = UeT+UINTEG*DXI*DXJ

CONTINUE
CONTINUE
UeT = 4.*UeT/SQRT(PI)

ENDIF

WRITE(6,*) UeT
WRITE(6,*) HH)MAX)EP,ETA,B0,N,S,A,AKPARA2,Q
WRITE(6,*) E,TAU,ETAe,ETAi,IFLUIDe
STOP

ENDIF

Y2 = -2.*ZETA*(S-A*CO)/(1.+ZETA**2) * P
+ A/(4.*(ETA+1.)*EP*(1.+ZETA**2))
* ( ( (1.0-sqrt(E))*(W-1.0) - AI1*DELTA )
* ( (1.0-0.6*sqrt(E))*(W-1.0) - AI1*DELTA )
/ ( 1.0 + TAU - TAU*AI0 - UeT )
- (1.0-0.6*sqrt(E))*( (W-F)*(W-1.0) + ETAe*F )
+ AI2*DELTA**2/TAU ) * Y

RETURN
END

O
P

9a.
to

-J

I
o
CO
to

'2 The Original Subroutine Y2 (continued)



20
10

DO 10 1=1,200
XI = FLOAT(I-1)*DXI +.5*DXI
XI2 = XI*XI
JO = BESJO( SQRT(2.)*ARG*XI )

DO 20 J=-200,199

AIO=AIO+AINTEG*DXI*DXJ
AI1=AI1+AINTEG*DXI*DXJ*XJ
AI2=AI2+AINTEG*DXI*DXJ*XJ2

CONTINUE
CONTINUE

C©2

1PE 2PE

20
10

DO 10 1=1,50 O
50 =~710AT.
XI2 = XI*XI
JO = BESJO

DO 20 J=-200,199

AI0=AI0+AINTEG*.
AI1=AI1+AINTEG*.
AI2=AI2+AINTEG*.

CONTINUE
CONTINUE

20
10

DO 10 1=51,100 <
XI = FLOAT.
XI2 = XI*XI
JO = BESJO.

DO 20 J=-200,199

AIO=AIO+AINTEG*.
AI1=AI1+AINTEG*.
AI2=AI2+AINTEG*.

CONTINUE
CONTINUE

3PE

20
10

DO 10 1=101,150
XI = FLOAT.
XI2 = XI*XI
JO = BESJO.

DO 20 J=-200,199

AIO=AIO+AINTEG*.
AI1=AI1+AINTEG*.
AI2=AI2+AINTEG*.

CONTINUE
CONTINUE

4PE

20
10

DO 10 1=151,200
XI = FLOAT.
XI2 = XI*XI
JO = BESJO

DO 20 J=-200,199

AI0=AI0+AINTEG*.
AI1=AI1+AINTEG*
AI2=AI2+AINTEG*

CONTINUE
CONTINUE

2T
o

o
to
N3

3 The Image of Parallel Processing
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•INCLUDE PARM
!XOCL PROCESSOR PP(NN)

COMPLEX W,0
COMPLEX FAI
COMPLEX Y

C
COUNT = 0

!XOCL PARALLEL REGION <J=> ©
Ih (VAR.GE.0.0) THEN

10 CONTINUE
BO = VAR
A2 = A * A
S2 = S * S
ETA = ( TAU*ETAe + ETAi ) / ( TAU + 1.0 )
AKPARA2 = 1 . 0 / 3 . 0

& * ( 1.0 + S2*(PI2/3.0-0.5)
& - 8.0*A*S/3.0 + 3.0*A2/4.0 )
& / ( 1.0 + S2/3.0*(PI2-7.5)
& - 10.0*A*S/9.0 + 5.0*A2/12.0 )

AKPARA2 = AKPARA2 * PARAKF
C

CALL ZROOT(Y,EPS(NSIG,PRTB,W,ITMAX)INFER,IER)
C08/03/96 0 = W*SQRT(B0*A/(4.*EP*(l.+ETA)))

0 = W*SQRT(B0*A/(2.*(l.+TAU)/TAU**2*EP*(l.+ETA)))
C

COUNT = COUNT + 1
WRITE(6,99) VAR,W,O,INFER,INSERT(COUNT)

C WRITE(2,92) VAR,W,O,INFER,INSERT(COUNT)
C

IF ((AIMAG(W).LT.O.0).OR.(VAR.LT.VARMIN)) GOTO 100
C

VAR = VAR + INCLUDE
C

GOTO 10
ENDIF

C
100 CONTINUE
!XOCL END PARALLEL <=> (3)
C

WRITE(6,93)
IT = 0

DO T = 0., MAX, HH
IT = IT + 1
IF( M0D(IT,25) .EQ. 1 ) WRITE(6,94) THETA(IT),FAI(IT)

END DO

STOP
91 FORMAT(1X,F7.4,2X,2(1X,F9.4),2X,2(1X,F9.4),3X,I3,3X,A)
92 FORMAT( F7.4,2X,2(1X,F9.4),2X,2(1X,F9.4),3X)I3.3X.A)
93 FORMAT{//,' THETA1,1 ', r REAL FAI1,'

& ' IMAG FAI1)
94 F0RMAT(F7.4,' ', F9.4,1 ', F9.4)
99 FORMAT(F7.4,' ', 4(F9.4,' ' ) , 13,' ', A)

END

[4 The Parallel Version of MAIN routine

- 1 2 -
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COMPLEX FUNCTION Y2(T,Y,P,W)
•INCLUDE PARM
!XOCL PROCESSOR PP(NN) <= Q
!XOCL SUBPROCLSSOR QQ(NN) <=• (2)

COMPLEX Y,P,W,AINTEG,AIO,All,AI2,UeT,UINTEG
REAL PI, T.JO, DXI.DXJ
COMMON/COMM01/ HH.MAX, EP.ETA.BO, N, S,A,AKPARA2,Q,

& E, TAU, ETAe, ETAi, IFLUIDe
C

PI = 4.*ATAN(1.)
SI = SIN(T)
CO = COS(T)
ZETA = S*T-A*SI
F = 2.*EP*(C0+ZETA*SI)
ARG = SQRT(BO*(1.+ZETA**2))
DELTA=SQRT(AKPARA2*2./BO)*EP/Q

C
DXI = 0.025
DXJ = 0.025
AINTEG = CMPLX(O.)
AIO=CMPLX(O.)
AI1=CMPLX(O.)
AI2=CMPLX(0.)
UINTEG = CMPLX(O.)
UeT=CMPLX(O.)

C
Cvocl loop.noeval.nopreex
!XOCL SPREAD DO/(QQ) C= ©

DO 10 1=1,200
XI = FLOAT(I-1)*DXI +.5*DXI
XI2 = XI*XI
JO = BESJO( SQRT(2.)*ARG*XI )

Cvocl loop.noeval.nopreex
DO 20 J=-200,199

XJ = FLOAT(J)*DXJ +.5*DXJ
XJ2 = XJ*XJ

c

IF( (XI2+XJ2) .GT. 25.0 ) GO TO 20
c

AINTEG = ( W*TAU+l.+ETAi*( XI2+XJ2-1.5 ) )
& I ( W*TAU+F*( XI2/2.+ XJ2 )-DELTA*XJ ) * J0**2
& * EXP(- XI2 - XJ2) * XI

AIO=AIO+AINTEG*DXI*DXJ
AI1=AI1+AINTEG*DXI*DXJ*XJ
AI2=AI2+AINTEG*DXI*DXJ*XJ2

20 CONTINUE
10 CONTINUE

!XOCL END SPREAD SUM(AIO),SUM(AI1),SUM(AI2) O ©
AIO=2.*A1O/SORI(P1)
AI1=2.*AI1/SQRT(PI)
AI2=2.*AI2/SQRT(PI)

IF( E .GT. 0.0 ) THEN
C
c

IF(IFLUIDe. EQ.l) THEN
c

UeT=((W-7.0/3.0*F/2.)*(W-1.0)-ETAe*F/2.)

5 The Parallel Version of Subroutine Y2

- 1 3 -
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& /((W-5.O/3.O*F/2. )**2-10.0/9.0*(F/2.)**2)
UeT=SQRT(E)*UeT

C
ELSE

C
!XOCL SPREAD DO/(QQ) <= (5)

UU 11 1=1,200
XI = FLOAT(I-1)*DXI + 0.5*DXI
XI2 = XI*XI

DO 21 J=l,200
XJ = FLOAT(J-1)*DXJ + 0.5*DXJ
XJ2 = XJ*XJ

C
IF( ( (XI2+XJ2) .GT. 25.0 ) .OR.

& ( XI2 .LT. (XJ2*(1.0-E)/(2.0*E)) ) ) GO TO 21
C

UINTEG = ( W-1.0-ETAe*( XI2+XJ2-1.5 ) )
& / ( W-F*( XI2/2. + XJ2 ) )
& * EXP(- XI2 - XJ2) * XI

C
UeT = UeT+UINTEG*DXI*DXJ

C
21 CONTINUE
11 CONTINUE

!XOCL END SPREAD SUM(UeT) o ©
UeT = 4.*UeT/SQRT(PI)

C
ENDIF

C
C
CMY WRITE(6,*) UeT
CMY WRITE(6,*) HH.MAX.EP.ETA.BO.N.S.A.AKPARAZ.Q
CMY WRITE(6,*) EJAU.ETAe.ETAi, IFLUIDe
CMY STOP
C

ENDIF

Y2 = -2.*ZETA*(S-A*CO)/(1.+ZETA**2) * P
& + A/(4.*(ETA+1.)*EP*(1.+ZETA**2))
& * ( ( (1.0-sqrt(E))*(W-1.0) - AI1*DELTA )
& * ( (1.0-0.6*sqrt(E))*(W-1.0) - AI1*DELTA )
& / ( 1.0 + TAU - TAU*AI0 - UeT )
& - (1.0-0.6*sqrt(E))*( (W-F)*(W-1.0) + ETAe*F
& + AI2*DELTA**2/TAU ) * Y

RETURN
END

15 The Parallel Version of Subroutine Y2 (continued)
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vectorize

name
Y2
BESJO
Y
MAIN
ZROOT
TAGGER
(total)

- total 1

ex-count
270000

54000000
27
1
2
1

H I Dynamic Behavior of

•jet _
1ST

v-cost
.1273E12
.2053E11
11745837

40827
17963
11140

.1479E12

%
86.1
13.9
0.0
0.0
0.0
0.0

100.0

s-cost
.4170E13
.2053E11
11745837

40827
17963
11140

.4190E13

the Or

%
99.5
0.5
0.0
0.0
0.0
0.0

100.0

iginal Version of KBSHOOT

v-1eng
397
1

1251
1251

6
228

v-rate
99.7
0.0
0.0
0.0
0.0
0.0
99.2

v-effect
26.3-
1.0-
1.0-
1.0-
1.0-
1.0-

23.4-

37.9
1.0
1.0
1.0
1.0
1.0
32.1

overhd
0
0
0
0
0
0

3T
D
SB

en

I
2 CPU and Elaps Time of the Parallel Version

P\'M JKO<n*t-F)

^HfcJR (4 P E )

mum. (16 PE)

CPU mm
22m 19.66s

29m 39.07s

41m 10. 26s

vu mm
22m 01.79s

22m 11.54s

23m 02.02s

22m 27.96s

7m 52.02s

2m 49.41s

mm
1.0

2.8

7.9

o
CO

CPU mm/
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X
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