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Parallelization of Kinetic Ballooning Shooting Code KBSHOOT
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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.

Keywords: Kinetic Ballooning Mode, Tokamak, Plasma, Shooting Code,
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*INCLUDE PARM
1X0OCL PROCESSOR PP(AN) o D

COMPLEX W, 0
COMPLEX FAI

COMPLEX Y
c
COUNT = G
IXOCL PARALLEL REGION ENe)
TF (VAR.GE.0.0) THEN
10 CONTINUE
BO = VAR
A2 = A *A
S2=5*§
ETA = ( TAU*ETAe + ETAT ) / ( TAU + 1.0)
AKPARA2 = 1.0 / 3.0
& % (1.0 + S2*(PI12/3.0-0.5)
& - 8.0%A*S/3.0 + 3.0%A2/4.0 )
& / { 1.0 + $2/3.0%(P12-7.5)
& - 10.0*A%S/S.0 + 5.0%A2/12.0 )
AKPARA? = AKPARAZ * PARAKF
C

CALL ZROOT(Y,EPS,NSIG,PRTB,W, ITMAX, INFER, IER)
CO8/03/96 O = WXSQRT(BO*A/(4.*EP*(1.+ETA)))

0 = WESQRT(BO*A/ (2. *(1.+TAU)/TAUX*Z*EP*(1.+ETA)))
C
COUNT = COUNT + 1
WRITE(6,99) VAR,W,0, INFER, INSERT(COUNT)
C WRITE(2,92) VAR,W,0, INFER, INSERT({COUNT)
C
IF ({AIMAG(W).LT.0.0).OR. (VAR.LT.VARMIN}} GOTO 100
C
VAR = VAR + INCLUDE
C
GOTO 10
ENDIF
C
100 CONTINUE
IXOCL END PARALLEL = @
T
WRITE(6,53)
1T = 0
DO T = 0., MAX, HH
IT=1T+1
IF( MOD(IT,25) .EQ. 1 ) WRITE(6,94) THETA(IT),FAI(IT)
END DO
c
STOP
91 FORMAT(1X,F7.4,2X,2(1X,F9.4),2X,2(1X,F9.4},3X,13,3X, A)
92 FORMAT(  F7.4,2X,2{1X,F9.4),2X,2(1X,F9.4),3X,13,3X,A)
93 FORMAT(//,’ THETA',' ', ' REAL FAI'," '
& ' IMAG FAI')
94 FORMAT(F7.4," ', F9.4," ‘. F9.4)
99 FORMAT(F7.4," ', 4{F9.4," Y, 13,° '
END

4 The Parallel Version of MAIN routine
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COMPLEX FUNCTION Y2(T,Y,P,W)
*INCLUDE PARM
IXOCL PROCESSOR PP{NN) e O

NN) o

COMPLEX Y, P, W, AINTEG, AT, A1, AT2, UeT, UINTEG

REAL PI, T,Jd0, DXI,DXJ

COMMON/COMMO1/ HH,MAX, EP,ETA,BO, N, S,A,AKPARAZ,Q,

& E, TAU, ETAe, ETA{, IFLUIDe

PI = 4.%ATAN{1.)
ST = SIN(T)

CO = COS{T)

ZETA = S*T-A*SI

F = 2.%ED*(CO+ZETA*SI)

ARG = SQRT(BO*(1.+ZETA%*2))
DELTA=SQRT(AKPARA2*2 /BOY*EP/Q

noton

DXI = 0.025
DXJ = 0.025
AINTEG = CMPLX(C.)
AID=CMPLX(D. )}
AI1=CMPLX{0.)
AT2=CMPLX{0.)
UINTEG = CMPLX(O0.)
UeT=CMPLX{0. )
C
Cvocl loop,nceval,nopreex
!XOCL SPREAD DO/{QQ} o @
0C 10 I=1,2C0
XI FLOAT(I-1)*DXI +.5*D0XI
XI2 = XI*XI
JO = BESJO{ SQRT{2.)*ARG*XI }
Cvocl Toop,noeval,nopreex
pc 20 J=-200,199
XJ = FLOAT(J)*DXJ +.5*DXJ
XJ2 = XJ*xXJ

[ i

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

AINTEG = ( WrTAU+1.+ETAT*( XI2+XJ2-1.5 ) )
J ( WRTAU+F*( XI2/2.+ XJ2 )-DELTA*XJ ) * JO**2
& * EXP(- XI2 ~ XJ2) * XI
ALO=AIO+AINTEG*DXI*DXJ
AT1=AT1+AINTEG*DXI*DXJ*XJ
AI2=AI2+AINTEGHDXI*DXI*XJ2
20 CONTINUE
10 CONTINUE
IXOCL END SPREAD SUM(AIO),SUM(AI1),SUM(AT?) & @
AI0=2 FAIC/SUGRT{PI]
AI1=2.*AI1/SQRT(PI)
AI2=2.*AT2/SQRT(PI)

e

C —z==== —==z== ===== == —o=—=oooDoSomoo— ===
IF( E .GI. 0.0 ) THEN

C

o
IF(IFLUIDe.EQ.1) THEN

C — e ——

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

5 The Parallel Version of Subroutine Y2
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& [{{W-5.0/3.0%F /2. )¥*2-10.0/9. 0*(F /2. )**2)
UeT=SQRT(E)*UeT
C —_————
ELSE
C ————
[XQCL SPREAC DO/(QQ) = B
D0 1T I=1,200
XI = FLOAT(I-1)}*DXI + 0.5*DXI
XI2 = XI*XI
DO 21 J=1,200
X3 = FLOAT(J 1}*DXd + 0.5*DXJ
XJ2 = XJ*XJ
C
IF( { (XI2+XJ2) .GT. 25.0 ) .OR.
& ( XI2 .LT. {XJ2*{1.0-E)/(2.C*E)) ) } GO TO 21
C
UINTEG = ( W-1.0-ETAe*( XI2+XJ2-1.5 ) )
(3 /(O W-FX( XI2/2. % X2 ) )
& * EXP(- X12 - XJ2) * XI
C
UeT = UeT+UINTEG*DXI*DXJ
C
21 CONTINUE
11 CONTINUE
IXOCL END SPREAD SUM{UeT) =G
UeT = 4. %U=T/SURT{PI)
C _____
ENDIF
C _____
C
CMY WRITE(B,*) UeT
CMY WRITE(6,*) HH,MAX,EP,ETA,BO,N,S, A, AKPARAZ,Q
CMY WRITE(B,*) E,TAU,ETAe,ETAT, IFLUIDe
CMY STOP
C
ENDIF
C Porefncfemne et et -y S ey —=== =-== -=
C
Y2 = -2 ¥ZETA*(S-A*CO)/(1.+ZETA**2) * P
& + A/{8.*(ETA+1. Y*EP*( 1, +ZETA**2))
& * ({ (1.0-sqrt{E))*{W-1.0) - AII*DELTA }
& * { (1.0-0.6%sqrt(£)}*(W-1.0) - AI1*DELTA )
& / (1.0 + TAU - TAU*ATO - UeT }
& - {1.0-0.6%sqrt(E))*( (W-F)*(W-1.0) + ETAe*F }
& + AI2*DELTA**2/TAU ) *
C
RETURN
END

<5 The Parallel Version of Subroutine Y2 (continued)
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