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INTEGER IT,I
REAL*3 IPP,K1K2,K3,K4,L1,L.2,L3,L4 M1 M2,M3 M4
REAL*8 DE,EMAX,Z230,2301,DZ30,EPS,IP,E,Z1,72,73

OPEN(1,FILE=BELASIUS. TXT,STATUS=UNKNOWN")
EMAX=12

EPS=0.000001

DE=0.01

7230=0.5

DZ30=0.2
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10

20

21

IP=20

IT=0

IPP=0

DO

I=0
IT=IT+1
Z1=0.
Z72=0.
Z3=7230
E=0.

IF (IPP.NE.0.) THEN
WRITE(,10) E,Z1,72,73
FORMAT(4(2X,F12.6))

END IF
DO

=1+1

K1=22

L1 =23

M1 =-05*Z1*Z3

K2=Z7Z2+L1*DE/2
L2=7Z3+MI1*DE/2
M2=-05*(Z1+KI1*DE/2)*(Z3+M1*DE/2)

K3=22+L2*DE/2
L3=23+M2*DE/2
M3 =-0.5*(Z1 +K2 * DE/2) * (Z3 + M2 * DE / 2)

K4=272+L3*DE
L4 =273 + M3 * DE
M4 =-0.5 * (Z1 + K3 * DE) * (Z3 + M3 * DE)

ZI=Z1+(K1+2*K2+2*K3+K4)/6*DE
Z2=72+(L1+2*L2+2+*L3+L4)/6*DE
Z3=273+(MI+2*M2+2*M3+M4)/6 *DE
E=E +DE
IF(IPP.NE.0.) THEN
IF(INT(I/IP)*IP.EQ.I) THEN
WRITE(1,10) E,Z1,22,Z3
END IF
END IF
IF (E.GT.EMAX) THEN
EXIT
END IF
END DO
ERR0=272-1
IF (ABS(ERRO0).LE.EPS) THEN
IF (IPP.LE.0.) THEN
IPP=I.
ELSE
WRITE(1,20)
FORMATY(’ D)
WRITE(1,21) IT
FORMAT(ITERATION COUNT=12)
WRITE(1,20)
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EXIT
END IF
ELSE
IF(IT.GT.1.) THEN
DZ30=-ERRO/(ERRO-ERR1)*(Z30-Z301)

ERR1=ERR0
Z301=230
730=730+DZ30
ELSE
ERR1=ERRO
Z301=230
Z30=230+DZ30
END IF
END IF
END DO
110  CONTINUE
CLOSE(1)
END

Clo a5 Jol cus, o a5 jelailen .ol oud a8 (V=) siz 4o (V-g)oS > gl
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.z.0=#_ =/l cof(): pUi
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B U
n= y\/g—_“: f f'= U S
vx o
8.00 D. 0:000000 01832057
0.20 0.00664 0.066408 0.331984
0.40 0.026560 0.132764 0.331470
0.60 0.059735 0.198937 0.330079
0.80 0.106108 0.264709 0.327389
1.00 0.165572 0.329780 0.323007
1.20 0.237949 0.393776 0.316589
1.40 0.322982 0.456262 0.307865
1.60 0.420321 0.516757 0.296663
1.80 0.529518 0.574758 0.282931
2.00 0.650024 0.629766 0.266752
2.20 0.781193 0.681310 0.248351
2.40 0.922290 0.728982 0.228092




2.60 1.072506 0.772455 0.206455
2.80 1.230977 0.811509 0.184007
3.00 1.396808 0.846044 0.161360
3.20 1.569095 0.876081 0.139128
3.40 1.746950 0.901761 0.117876
3.60 1.929525 0.923330 0.098086
3.80 2.116029 0.941118 0.080126
4.00 2.305746 0.955518 0.064234
4.20 2.498039 0.966957 0.050520
4.40 2.692360 0.975871 0.038973
460 2.888247 0.982683 0.029484
4.80 3.085320 0.987789 0.021871
5.00 3.283273 0.991542 0.015907
5.20 3.481867 0.994245 0.011342
5.40 3.680918 0.996155 0.007928
5.60 3.880290 0.997478 0.005432
5.80 4.079881 0.998375 0.003648
6.00 4.279620 0.998973 0.002402
6.20 4.479457 0.999362 0.001550
6.40 4.679356 0.999612 0.000981
6.60 4.879295 0.999768 0.000608
6.80 5.079259 0.999864 0.000370
7.00 5.279238 0.999921 0.000220
7.20 5.479226 0.999956 0.000129
7.40 5.679219 0.999975 0.000074
7.60 5.879215 0.999987 0.000041
7.80 6.079213 0.999993 0.000023
8.00 6.279212 0.999996 0.000012
8.20 6.479212 0.999998 0.000006
8.40 6.679212 0.999999 0.000003
8.60 6.879211 0.999999 0.000002
8.80 7.079211 1.000000 0.000001
9.00 7.279211 1.000000 0.000000
9.20 7.479211 1.000000 0.000000
9.40 7.679211 1.000000 0.000000
9.60 7.879211 1.000000 0.000000
9.80 8.079211 1.000000 0.000000
10.00 8.279211 1.000000 0.000000
10.20 8.479211 1.000000 0.000000
10.40 8.679211 1.000000 0.000000
10.60 8.879211 1.000000 0.000000
10.80 9.079211 1.000000 0.000000
11.00 9.279211 1.000000 0.000000
11.20 9.479211 1.000000 0.000000
11.40 9.679211 1.000000 0.000000
11.60 9.879211 1.000000 0.000000
11.80 10.079211 1.000000 0.000000
12.00 10.279211 1.000000 0.000000
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IMPLICIT NONE
CALL FREE_SHEAR()
END
c I
C T
c
C MAIN ENTRY FOR THIS APPLOCATION WHICH CALCULATE THE (ssue pmie METHOD FOR
C FREE_SHEAR FLOW
c
C T 11
SUBROUTINE FREE_SHEAR()
IMPLICIT NONE
C
C REQUIRED VARIABLES
C

INTEGER NX,NY ,NXP,NYP,STATE,NSTEP,ERROR,ML,MU,LDA SUB,STEP,

IPERIOD,START,J, I, NO,NSUB HISTORY,K

REAL*8 DT,LX, TIME, T,BETA ETA DX AL RE,CRATIO,DETA ACFL,PLLETA

real*8, ALLOCATABLE :: U(.,:),V(;,)),UP(;,)), VP(:,:),DXI(;,2),

1DX2(:,:)),DY 1(;,:),DY2(;,:),B_FLOW(.,:),A1(;,:), DUP(:,2),

IR(:,:),B2(;,:),OLD_R(:,),C1(:,2),C2(;,:),DX2T(:,:),UBX2(2),
IDY2T(:,:),RT(;,:),DVB1(:),DVB2(:),UBX1(:),UBY1(:),UBY2(:),OLD_V()

[,OLD_U(),V_TI(:),V_T2(:),XM(.,:), YM(,:), VORTICITY(.,:),

IINFLOWDU(:), OUTFLOWDU(:), ARKW(:), BRKW(:),DX 1B(:,)), DX2B(:,:)

1,DY2T_INV(.,)
c
c READ INPUT FILE GENERATED FROM VISUAL BASIC
o
OPEN(1,FILE=INPUT. MHD', STATUS=UNKNOWN")
READ(1,*) PERIOD,NX,NY NSTEP,START,STATE,LX,T,ACFL,BETA RE
1,CRATIO,HISTORY
CLOSE(1)
c
C PRINT DATA ON MONITOR
c
IF(STATE.EQ.0) THEN
WRITE(*,*)" JET FLOW
ELSE IF (STATE.EQ.1) THEN
WRITE(*,%)" alo# FLOW
ELSE IF (STATE.EQ.2) THEN
WRITE(*,*)" MIXING FLOW
END IF
c
c
WRITE(*,699)
699 | 70): 1V 7. ( J— INLET PARAMETERS-—-eemmemee- )
WRITE(*, 700)RE

700 FORMATCREYNOLDS NUMBER =F152)



701
702
704
705
706
707
708
800
801
802

803

O

O

WRITE(*,701)NSTEP
FORMAT(MAXIMUM NO. SIMULATION STEPS =115)
WRITE(*,702)T

FORMAT(T (NON-DIMENSIONAL TIME) =F15.2)
WRITE(*,704)PERIOD

FORMAT(SAVE TO DISK AFTER ... STEPS =115)
WRITE(*,705)NX

FORMAT(NX =115)

WRITE(*, 706)NY

FORMAT(NY =115)

WRITE(*,707)BETA

FORMAT(BETA (Y-COORD STRETCHING PARA.) ~F152)
WRITE(*,708)LX

FORMAT(LX (NON-DIMENSIONAL X-DOMAIN.) =F15.5)
WRITE(* 800)CRATIO

FORMAT(OUTFLOW CONVECTION VELOCITY =F15.4)
WRITE(*,801)ACFL

FORMAT(CFL NUMBER =F15.5)
WRITE(*,302)

FORMATY(' )

WRITE(*,803)

FORMAT(")

SET PARAMETERS

NSUB=3
ML=1

MU=ML
LDA=2*ML+MU+1
DX=LX/(NX-1)
DT=T/NSTEP
TIME=(START-1)*DT
NXP=NX

NYP=NY
PI=4.*DATAN(1.0_8)
DETA=1./(NY-1)

GET DYNAMIC ARRAY (POINTER)
ALLOCATE (UNYP,NXP),V(NYP,NXP),UP(NYP,NXP),B_FLOW(NYP,NXP),

IVP(NYP,NXP),DX (NXP,NXP),DX2(NXP,NXP),DY (NYP NYP) DY2(NYP,NYP),
1A1(NXP,NXP),DUP(NYP,NXP), ARKW(3), BRKW(3),R(NYP NXP),C {(NXP,NXP),

1C2(NXP,NXP),B2(NXP,NXP).DY 2T(NYP NYP),DX2 T(NXP,NXP),OLD_R(NYP NXP)
LLRT(NYP,NXP),DVB(NYP),DVB2(NYP),UBX (NYP),UBX2(NYP),UBY | (NXP)
1,UBY2(NXP),0LD_U(NYP),OLD_V(NYP),V_TI(NYP),V_T2(NYP),INFLOWDU(NYP)

1,OUTFLOWDU(NYP), DX B(NXP,NXP),DX2B(NXP NXP),DY2T _INV(NXP,NXP),

IXM(NYP,NXP), YM(NYP NXP),VORTICITY(NYP,NXP),STAT = ERROR)

o]

IF (ERROR.NE.0) STOP 'ERROR ALLOCATE AT MAIN'
SET ARRAYES ALEMENTS EQALL ZERO

U=0._8;V=0._8;UP=0,_8;VP=0._8DX|=0._8;DX2=0_8;DY1=0_8;DY2=0._8;
B_FLOW=0_8:Al=0,_8;DUP=0,_8;R=0,_8:82=0_8;0LD_R=0._8;C1=0._8;
C2=0._8;DX2T=0._8;UBX2=0._8:DY2T=0._8;RT=0._8;DVB1=0._8;DVR2=0_8;
UBXI=0._8;UBY1=0_8;UBY2=0._8;0LD_V=0._8;0LD_U=0_8;V_TI=0_$;
XM=0._8;YM=0._8;VORTICITY=0._8:INFLOWDU=0._8;0UTFLOWDU=0__8;

LS‘:')'-’ uLIP ‘_g«)ALWAS(&iW



(@]

(@]

12
11

101
100

DX1B=0._8;DX2B=0._8;V_T2=0._8;
TIME ADVANCMENT PARAMETERS

ARKW(1) =8./15.
ARKW(2) = 5./12.
ARKW(3) =.75
BRKW(1) = 0.
BRKW(2) =-17./60.
BRKW(3) =-5./12.

CALCULATE DRIVATE OPERATION

CALL DRIVED_Y(4,DY1,DY2,NY,NYP BETA)
CALL DRIVED_X(4,DX1,DX2,NX NXP LX)
CALL DRIVED_X(2,DX1B,DX2B,NX,NXP,LX)
AL=1/4.

CALL PADEBUELL2(2, AL, DX,NX,NXP,A1,B2)
CALL INVERSE(A1,C2,NX,NXP,ML,MU,LDA)
CALL TRANSPOSE(C2,NX,NXP)

CALL TRANSPOSE(B2,NX,NXP)

CALL TRANSPOSE(DX|,NX,NXP)

CALL TRANSPOSE(DX2,NX,NXP)

CALL TRANSPOSE(DX1B NX,NXP)

CALL TRANSPOSE(DX2B,NX,NXP)

SET VALUES OF DY2T AND DX2T WHICH NOT CONTAIN FIRST AND LAST ROW AF DY2 AND DX2

DO 11 [=2,NY-I
DO 12 J=2,NY-1
DY2T(I-1,J-1)=DY2(L])
CONTINUE
CONTINUE
ML=NY-2
MU=ML
LDA=2*ML+MU+1
CALL INVERSE(DY2T,DY2T_INV,NY-2,NYP,ML,MU,LDA)
DO 30 =2,NX-1
DO 40 J=2 NX-1
DX2T(-1,J-1)=DX2(L,J)
CONTINUE
CONTINUE

INITIAL CONDITION (L.C.)

[F (HISTORY.NE.1) THEN

CALL INITIALVALUES(STATE NY NXNYP,B_FLOW,LX BETA)

PRINT * "SOLVING, PLEASE WAIT..."
DO 100 I=1,NY
DO 101 I=I,NX
U(LI=B_FLOW(L])
V({ILI)=0_8
CONTINUE
CONTINUE
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ELSE
PRINT *,"SOLVING FROM HISTORY PLEASE WAIT.. "
OPEN(1,FILE=U_OUT TXT',STATUS="UNKNOWN)
OPEN(2,FILE='V_OUT.TXT',STATUS="UNKNOWN)
DO 104 I=1,NY
READ (1,*) (U(LJ),)=1,NX)
READ (2,%) (V(L,J),)=I NX)
104 CONTINUE
CLOSE(1)
CLOSE(2)
END IF
c
c
C BEGIN SOLUTION
C
C
K=NX/5

OPEN(100,FILE="Transit_u.DAT,STATUS=UNKNOWN")
WRITE(100,*) 'VARIABLES = "Time"
OPEN(101,FILE=Transit_v.DAT,STATUS=UNKNOWN')
WRITE(101,*) 'VARIABLES = "Time"
OPEN(102,FILE='Transit_W.DAT,STATUS="UNKNOWN")
WRITE(102,*) 'VARIABLES = "Time"
333 FORMAT(,"X='10,"™)
DO =K.NX.K
WRITE (100,333) [
WRITE (101,333) [
WRITE (102,333) I
END DO
DO 20 STEP=START,NSTEP
DO 10 SUB=1,NSUB
CALL ZARB(DY1,V,VP,NY NY,NX,NYP,NYP)
INFLOWDU(1:NY)=-VP(I:NY,1)
OUTFLOWDU(I:NY)=-VP(L:NY,NX)
DO 231 =1 NY
V_TI(D)=V({,1)
V_T2D=V({INX)
231 CONTINUE
CALL V_FROM_UILL(U,V,INFLOWDU,OUTFLOWDU,NX,NY
1 NXPNYP,DX1,DY1,DY2T_INV)
V(INY,1)=V_TI(I:NY)
V(I:NY,NX)=V_T2(1:NY)
DO 36 =1 NY
DO 37 I=1 NX
RT(LJ)=0._8
37 CONTINUE
UBX2(1)=0._8
UBX1()=0._8
DVB2(I)=0._8
36 CONTINUE
CALL RHS(U,V,INFLOWDU,OUTFLOWDU,R, DX 1,DX2,DY1,DY2
1 ,C2,B2,RE,NX,NY,NXP,NYP,DX,STEP,SUB,DT)
CALL TIMEADVANCMENT(RT,R,0LD_R,DT,ARKW(SUB),BRKW(SUB),
1 NX.NY,NYP)
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CALL SET_BC_CONDITION(V.U,ARKW(SUB),BRKW(SUB),DX1,DY |
1 ,OLD_V,OLD_U,DT,DVB!,DVB2,UBX!,UBX2,UBY1,UBY2NY,NX,NYP,NXP,
i CRATIO)
CALL POISSONSOLVER(RT,DUP,DY2,DX2,DY2T,DX2T,UBX1,UBX2
1 ,UBY1,UBY2,NY,NX,NYP,NXP)
DO 21 =1 NY
DO 22 J=I,NX
U(LJ)=U(LI+DUP(LY)
2 CONTINUE
21 CONTINUE
DO 23 I=I NY
V(L,1)=V(L1+DVBI(I)
V(I NX)=V(LNX)+DVB2(I)
23 CONTINUE
TIME=TIME+DT*(ARKW(SUB)+BRKW(SUB))
10 CONTINUE
NO=STEP/PERIOD
IF (NO*PERIOD.EQ.STEP) THEN
CALL SAVE_HISTORY(U,V,DUP,NX NY,NSTEP LX,T,ACFL,BETA RE
1 ,STEP+1,STATE,NO,PERIOD,CRATIO)
END [F
20 CONTINUE
CLOSE(100)
CLOSE(101)
CLOSE(102)
c
C END OF SOLUTION
c
OPEN(1,FILEEMAIN_TEST TXT STATUS=UNKNOWN)
DO 102 [=ILNY
WRITE(1,999)(V(L),J=1,NX)
999 FORMAT(500(2X,F20.6))
102 CONTINUE
CLOSE(])

81

PRINT *,"SOLUTION COMPLATE."
PRINT *,"Converting data to Tecplot format..."
CALL ZEROS(UP,NYP,NXP.NYP)
CALL ZEROS(VP,NYP NXP.NYP)
CALL ZARB(V,DX1,VP,NY,NX,NX,NYP NXP)
CALL ZARB(DY 1,U,UP,NY,NY NX NYP NYP)
CALL MINUS(VP,UP,VORTICITY ,NY,NX,NYP)
DO 81 I=I NY
ETA=(I-1)*DETA
DO 81 J=1,NX
VORTICITY(LJ)=0.5* VORTICITY(LJ)
XM(LI=DX*(J-1)
YM(LJ=BETA/DTAN(PI*ETA)
OPEN(I,FILE®UVMESH.DAT ,STATUS="UNKNOWN")
WRITE (1,*) 'VARIABLES = "X", "Y", *U" "V" "VORTICITY"

WRITE (1,*) 'ZONE I=, NX, ', J=, NY-2, ', DATAPACKING=POINT

DO 1 E2NY-1
DO 1J=1,NX

WRITE (1,*) XM(LJ), YM(L]),UQ,J), V(LJ), VORTICITY(L,J)

CLOSE(1)
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CALL SELF_SELMILARITY(STATE,XM,YM,U,V,NY NX NYP,RE,VORTICITY,UP)
PAUSE 'Press any key to continue...'
RETURN .
END SUBROUTINE i
T T
SUBROUTINE SELF_SELMILARITY(STATE, XM,YM,U,V,NY NX,NYP RE, '
1 VORTICITY,UP)

INTEGER ILLK.NX,NY ,NYP,M,STATE

REAL*8 XM(NYP,1),YM(NYP,1),U(NYP,1),V(NYP,1),RE,UP(NYP,1)

REAL*8 X1,X2,Y1,Y2, s33¢ poiza DELTA,UNORM,VORTICITY(NYP,1)

OPEN(1,FILE='SELF_SELMILARITY DAT,STATUS='UNKNOWN')

OPEN(2,FILEZ'DELTA.DAT ,STATUS='UNKNOWN")

OPEN(3,FILE=U.DAT' ,STATUS=UNKNOWN")

WRITE (1,*) "VARIABLES = "Y", "U/U0" ,"WB/UO"'

WRITE (2,*) 'VARIABLES = "X"" 4542 p.izes DELTA™

M=2
IF JET FLOW
IF (STATE.EQ.0) THEN
NIM=NY/2+1 [
DO 1 K=1,NX i
UNORM=U(NIM K)
WRITE (3,*) XM(NIM,K),UNDM,K)
DO 3 I=2NY-1 :
IF (U(LK)>=0.5*UNORM) THEN ;
Y1=YM(LK) j
Y2=YM(I-1,K) :
XI1=U(LK) - :
X2=U(I-1,K) »
s33¢ paiime_DELTA=DABS((Y 1+(Y2-Y1)/(X2-X1)*(0.5*UNORM-X1))) :
WRITE (2,*) XM(LK), s5¢ amiz—e_DELTA |
EXIT
END IF
CONTINUE
DO 2 I=M,NY-M :
WRITE (1,*) YM(J K)/ (s34 poiis_DELTA,U(J KYUNORM,
1 VORTICITY(} K)* s54¢ poiis DELTA/UNORM ‘
CONTINUE i
CONTINUE :
IF o5, FLOW
ELSE IF(STATE.EQ.1) THEN l
NIM=NY/2+1
DO K=1,NX

UNORM=(1.-UNIM,K))
WRITE (3,*) XM(NIM,K),(1-UNIM,K))

DO [=2, NY-1
IF ((1.-U(LK))>=0.5*UNORM) THEN

YI=YM(IK)

Y2=YM(I-1,K)

XI1=(1.-U(LK))

X2=(1.-U(-1,K))

33 peiis DELTA=DABS((Y 1+{Y2-Y 1}/(X2-X1)*(0.5*UNORM-X1)))
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1001

WRITE (2,*) XM(LK), s22¢ poiies DELTA

EXIT
END [F
END DO
DO J=M,NY-M
WRITE (1,*) YM(L,K) 524 poiies DELTA (1.-U(J,K))/UNORM,
1 VORTICITY(J,K)* sose poizs_DELTA/UNORM
END DO
END DO
IF MIXING FLOW
ELSE
DO K=1NX
UNORM=1.0

6338 goizee DELTA=UNORM/MAXVAL(DABS(UP(:,K)))
WRITE (2,*) XM(1,K), 555 geizme DELTA

DO J=M,NY-M
WRITE (1,*) YM(J,KY 5026 meiins DELTA,U(JK)/UNORM,

1 VORTICITY(JK)* sose poizes DELTA/UNORM

END DO
END DO
END IF
CLOSE(1)
CLOSE(2)
CLOSE(3)
RETURN
END SUBROUTINE
U T )
SUBROUTINE SAVE_HISTORY(U,V,DUP,NX NY NSTEP LX,T,CFL,BETA,.RE
1,START,STATE,NO,PERIOD,CRATIO)
INTEGER NX,NY,NSTEP,START STATE,NO,PERIOD,BW
REAL*$ LX,LY,CFL,BETA,T,UINF,RE,UNNY,1),V(NY,1),CRATIO, DUP(NY. 1)
BW=MOD(NO,2)
IF (BW.EQ.1) THEN .
OPEN(1,FILE='SAVE_HISTORY0.DIB',STATUS="UNKNOWN')
ELSE
OPEN(1,FILE=SAVE_HISTORY.DIB', STATUS=UNKNOWN)
END IF
WRITE(1,1000) PERIOD,NX,NY,NSTEP,START,STATE,LX,T,CFL,BETA,RE
1,CRATIO 4
FORMAT(6(16,/),6(F15.8,/),14/)
DO 1 =1 NY
WRITE(1,1001) (U(LT),J=1,NX)
FORMAT(1000(2X,F15.8))
CONTINUE
DO2 I NY
WRITE(1,1001) (V(LJ).J=1,NX)
CONTINUE
WRITE(L,*)
WRITE(L,*)
WRITE(],*) ‘==> UP"
WRITE(1,*)
DO 3 IF1NY
WRITE(1,1007) L(DUP(L,J),J=1 NX)
CONTINUE



1007 FORMAT(I6,1000(2X,F15.6))
CLOSE(1)
BW=MOD(NO,2)
IF (BW.EQ.1) THEN
WRITE (*,1002) START-1

1002 FORMAT('DATA AT STEP="I6' WRITE ON "SAVE_HISTORY0.DIB")
ELSE
WRITE (*,1003) START-1
1003 FORMAT('DATA AT STEP="16 ' WRITE ON "SAVE_HISTORY1.DIB"}
ENDIF
RETURN
END SUBROUTINE
C

C i
SUBROUTINE SET_BC_CONDITION(V,U,C,D,DX1,DY1,0LD_V,0LD_U,DT,
IDVBI1,DVB2,UBX1,UBX2,UBY1,UBY2,NY,NX,NYP,NXP,CRATIO)
IMPLICIT NONE
INTEGER NX,NY,NXP,NYP,ERROR 1]

REAL*8 V(NYP,1),DX1(NXP,1),.DY 1(NYP,1),0LD_V(1),0LD_U(1),
IC,D,DVBI(1),DVB2(1),UBX1(1),UBX2(1),UBY I(1),UBY2(1),DT
REAL*$ VBP[ALLOCATABLE]()),S IJALLOCATABLE](:,:,CRATIO,
1T1 I{ALLOCATABLE](,:), T12{ ALLOCATABLE](:). U(NYP,1)

c
ALLOCATE (S1(NYP,NXP), VBP(NYP),T1 1(NYP,NXP), T12(NYP),STAT = ERROR)
IF (ERROR.NE.0) STOP 'ERROR ALLOCATE SET_BC_CONDITION'
c :
DO 10 I=1,NY
DVBI1(I)=0.
UBXI1(D)=0. -
C T1(I)=V(INX)
10 CONTINUE
C
DO 20 J=1,NX
UBY1(J)=0.
UBY2())=0.
20 CONTINUE
c
c CALL ZARB(DY1,T11,VBPNY NY,|NYP,NYP)
CALL ZARB(U,DX1,T{1,NY,NX,NX,NYP,NXP)
CALL ZARB(V,DX1,S1,NY,NX,NX,NYP,NXP)
DO 30 I=1,NY
VBP(I)=-CRATIO*T1 [(ILNX)
T12(I=CRATIO*S I(,NX)
30 CONTINUE
CALL TIMEADVANCMENT(UBX2.VBP,OLD U,DT,C,D,1,NY,NYP)
CALL TIMEADVANCMENT(DVB2,T12,0LD_V,DT,C,D, NY,NYP)
c
DEALLOCATE (S1,VBP,T11,T12,STAT = ERROR)
IF (ERROR.NE.0) STOP 'ERROR DEALLOCATE SET_BC_CONDITION'
RETURN
END SUBROUTINE
c T T
C T T

SUBROUTINE INITIALVALUES(STATE,NY,NX NYP,BASEFLOW,LX BETA)
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STATE DETERMINE THAT UP AND VP, HOW SHOULD GENERATE
=>STATE=0 JET FLOW
=>STATE=I] ais,s FLOW

=>STATE>=2 MIXING FLOW

REQUIRED VARIABLES

OO0 000of ™)

INTEGER NY,NX,NYP,STATE,LI
REAL*8 BASEFLOW(NYP,1),LX,BETA PLDETA,Y
PI=4 *ATAN(!._8)
DETA=1.0(NY-1)

c STATE=0 ===> JET FLOW
IF (STATE.EQ.0) THEN
DO 10 I=1 NY
DO 20 J=1 NX
ETA=(I-1)*DETA
Y=-BETA/DTAN(PI*ETA)
BASEFLOW(L,J)=1.-DTANH(Y**2.)
20 CONTINUE
10 CONTINUE

c STATE=1 ===> &b, FLOW

ELSE [F(STATE.EQ.1) THEN

DO 130 I=1,NY
DO 140 I=1,NX
ETA=(I-1)*DETA
~BETA/DTAN(PI*ETA)
BASEFLOW(L)=1.-0.692*DEXP(-DLOG(2._8)*Y**2 )
140 CONTINUE
130 CONTINUE
c STATE=1 ===> MIXING FLOW
ELSE [F(STATE.EQ.2) THEN
DO 230 I=1,NY
DO 240 J=1 NX
ETA=(I-1)*DETA
Y=-BETA/DTAN(PI*ETA)
BASEFLOW(I,1)=0.5*(3+DTANH(Y))
240 CONTINUE
230 CONTINUE
END IF
RETURN
END SUBROUTINE
C UL

SUBROUTINE POISSONSOLVER_TEST()
INTEGER NY,NX,NYP,NXP,LJ ERROR
REAL*8 DY2T[ALLOCATABLE(.,:},DX2T{ALLOCATABLE](;,}) LX,BETA,X,Y
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REAL*8 DY2[ALLOCATABLE|(;,),DX2[ALLOCATABLE](:,.),ETA DETA,DX

REAL*8 DY |[ALLOCATABLE](.,:),DX 1 [ALLOCATABLE](.,)

REAL*8 UBX1[ALLOCATABLE](:),UBX2[ALLOCATABLE](:),PLLETA,

1UBY I [ALLOCATABLE](:),UBY2[ALLOCATABLE](:),R[ALLOCATABLE](.,:),

IDU[ALLOCATABLE](:,:),F[ALLOCATABLEJ(.,:),FS[ALLOCATABLE](:,)

BETA=6.

LX=2.

NY=200

NX=200

NYP=NY

NXP=NX

ALLOCATE (DY2T(NYP,NYP),DX2T(NXP,NXP),R(NYP,NXP), DY2(NYP,NYP),

IDX2(NXP,NXP),DY |(NYP,NYP),DX |(NXP,NXP) UBX | (NYP),UBX2(NYP),
UBY I(NXP),UBY2(NXP) E(NYP,NXP), FS(NYP,NXP),STAT = ERROR)

DX=LX/(NX-1)

Pl=4.*ATAN(1.0)

DETA=1.0/(NY-1)

CALL DRIVED_Y(4,DY1,DY2 NY,NYP BETA)

CALL DRIVED_X(4,DX1,DX2,NX NXP,LX)

CALL TRANSPOSE(DX2,NX,NXP)

DO 11 [=2,NY-1
DO 12 J=2,NY-1
DY2T(-1,J-1}=DY2(L,J)
12 CONTINUE
1 CONTINUE
DO 30 [=2,NX-1
DO 40 J=2,NX-1
DX2T(I-1,J-1)=DX2(LJ)
40 CONTINUE
30 CONTINUE
DO 10 =1,NY

ETA=(I-1*DETA
Y=BETA/DTAN(PI*ETA)
DO 20 J=1,NX
X=(J-1)*DX
R(LT=DSIN(X)*(2.-Y**2)
F(LT)=Y**2*DSIN(X)+5
20 CONTINUE
UBXI(D)=Y**2*DSIN(.0_8)+5
UBX2(I)=Y**2*DSIN(LX)+5
10 CONTINUE
DO 110 J=[,NX
X=(J-1)*DX
UBY1(J)=0.
UBY2(J)=0.
110 CONTINUE
CALL POISSONSOLVER(R,FS,DY2,DX2,DY2T,DX2T,UBX1,UBX2
L,UBY,UBY2,NY,NX NYP NXP)
OPEN(1,FILE="POISSONSOLVER_TEST.TXT',STATUS=UNKNOWN)
DO | [=I,NY
WRITE(1,100) ((FS(LT)-F(L1)).}=1,NX)
100 FORMAT(1000(2X,F15.6))
I CONTINUE
CLOSE(1)
END SUBROUTINE
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THIS SUBROUTINE SOLVE POISSON DISCREATED EQATION

R =>RIGHT HAND SIDE OF POISSON

DU =>ON RETURN CONTAIN SOLUTION OF POISSON

DY2 =>SECOND ORDER OF o5 ,45 3435u dlilis MATRIX AT Y DIRECTION ( c.2i%5)

DX2 =>SECOND ORDER OF o5,23 3ya5u oMslis MATRIX AT Y DIRECTION ( c.2155)

SUBROUTINE POISSONSOLVER(R,DU,DY2,DX2,DY2T,DX2T,UBX1,UBX2
LLUBY L,UBY2NY NX,NYP NXP)

DEFINE REQUIRED VARIABLE

INTEGER NY NX NYP,NXP,I,JERROR FAIL
REAL*8 R(NYP, 1), DUNYP,1),DY2(NYP, ), DX2(NXP, 1),UBX1(1),UBX2(1)
1,UBY1(1),UBY2(1),DY2T(NYP,1),DX2T(NXP, )

ALLOCATE REQUIRED ARRAYS.

REAL*8 C[ALLOCATABLEX(,:)
ALLOCATE (C(NYP,NXP),STAT = ERROR)
IF (ERROR.NE.0) STOP

SET BOUNDARY CONDITION AT FIRST AND LAST STATION.
DO 31 =INY

DU(L, 1)=UBX ()

DU(ILNX)=UBX2(I)
CONTINUE
DO 32 J=1NX

DU(L.I=UBY1(})

DU(NY,J)=UBY2(J)
CONTINUE
SET RIGHT HAND SIDE OF POISSON EQUATION AFTER BOUNDARY CONDITION SETTING
DO 50 [=2,NY-1

DO 60 J=2,NX-1

C(I-1,J-1)=R(L,J)-DU(L, 1)*DX2(1,J}-DUILNX}* DX2(NX, I}

1 DY2(1,1y*DU(1,J}-DY2(LNY)*DUNY,)

CONTINUE
CONTINUE
USE POISSON SUBROUTINE TO SOLVE AX+XB=C MATRIX EQATION.
CALL POISSON(DY2T,DX2T,C,NY-2,NX-2 NYP NXP,FAIL)
DO 30 I=1,NY-2

DO 40 J=1,NX-2

DU(I+1,J+1)=C(LJ)

CONTINUE
CONTINUE
DEALLOCATE REQUIRED ARRAYS.
DEALLOCATE (C,STAT = ERROR)
IF (ERROR.NE.0) STOP 'ERROR DEALLOCATE POISSONSOLVER'
RETURN
END SUBROUTINE

I T T T
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TEST PART OF THE TIME-ADVANCEMENT SCHEME

oo oo NeNeleoNe!

W
SUBROUTINE TIME_SUB_TEST()

INTEGER SUB,STEP,ERROR NX1,NY1

REAL*8 TIME,DT

REAL*8 U[ALLOCATABLE](:,:), DUDT[ALLOCATABLEJ(;,"),
10LD_DUDT[ALLOCATABLE](.,:),RHS[ALLOCATABLE](: )
REAL*8 OLD_RHS{ALLOCATABLE](,:), ARKW[ALLOCATABLE](),
1BRKW[ALLOCATABLE]()

NX=1

NY=1

NX1=NX

NYI=NY

ALLOCATE (U(NY | NX1) DUDT(NY1,NX1),OLD_DUDTNY I,NX1),RHS(NY1,NX1),
10LD_RHS(NY,NX1),ARKW(3),BRKW(3),STAT = ERROR)

IF (ERROR NE.0) STOP

TIME=1.
ARKW(1) = 8./15.
ARKW(2) =5/12.
ARKW(3) =.75
BRKW(1)=0.
BRKW(2) =-17./60.
BRKW(3) =-5./12.
NSUB= 3
NSTEP=1000

C SET INITIAL CONDITIONS

U(1,1)=-EXP(-TIME)
DUDT(l,1)=EXP(-TIME)
DT=1/NSTEP

DO 20 STEP=1 NSTEP
DO 10 SUB=1,NSUB
DUDT(!, 1 )=EXP(-TIME)
CALL TIMEADVANCMENT(U,DUDT,0LD_DUDT,DT,ARKW(SUB),BRKW(SUB),
1 NXNY,NY1)
TIME=TIME+DT*(ARKW(SUB)+BRKW(SUB))
10 CONTINUE

WRITE(*,30) TIME,U(1,1),-EXP(-TIME),
1ABS((-EXP(-TIME)-U(1,))/(-EXP(-TIME)))
30 FORMAT(F18.7,F18.7,F18.7,F18.7)
20 CONTINUE
DEALLOCATE (U,DUDT,OLD_DUDT,RHS,0LD_RHS,ARKW,BRKW,STAT = ERROR)
IF (ERROR NE.0) STOP
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END SUBROUTINE
C i
C
C T I i i

SUBROUTINE TIME_SUB_TEST2()

INTEGER SUB,STEP,ERROR NXI,NY1,LJK.L

REAL*S TIME,DT,LX,LY,DX,DY,X,Y

REAL*8 U[ALLOCATABLE](,:), DUDT{ALLOCATABLEJ(...),
10LD_DUDT[ALLOCATABLE](;,:),RHS[ALLOCATABLE](;,)
REAL*8 OLD_RHS{ALLOCATABLE]J(;,:), ARKW[ALLOCATABLE](:),
IBRKW[ALLOCATABLE]()

PRINT *,"PLAESE ENTER A NY"

READ *NY

PRINT * "PLAESE ENTER A NX"

READ * NX

NX1=NX

NY1=NY

ALLOCATE (UNYI,NX1),DUDT(NY1,NX1),0LD_DUDT(NY1,NX1),RHS(NYI,NX1),
10LD_RHS(NY1,NX1),ARKW(3) BRKW(3),STAT = ERROR)

IF (ERROR NE.0) STOP -

LX=2

LY=3

TIME=I

ARKW(1) =8/15.

ARKW(2) =5./12.

ARKW(3) =.75

BRKW(1)=0.

BRKW(2) =-17./60.

BRKW(3) =-5.12.

NSUB=3
NSTEP=1000
DX=LX/(NX-1)
DY=LYANY-1)
c SET INITIAL CONDITIONS
DO 11 K=I,NY
Y=~(K-1*DY
DO 12 L=1 NX
X=(L-1)*DX
U(K,L)=X*Y*DSIN(TIME)*TIME
12 CONTINUE
1 CONTINUE
DT=! /NSTEP
OPEN(1,FILE=TIME_SUB_TEST2.TXT.STATUS=UNKNOWN’)
DO 20 STEP=1,10
DO 10 SUB=1,NSUB
DO 13 K=I NY
Y=(K-1)*DY
DO 14 L=1,NX
X=(L-1)*DX
DUDT(K,L)=X*Y*DCOS(TIME)* TIME+X* Y*DSIN(TIME)
14 CONTINUE
13 CONTINUE

CALL TIMEADVANCMENT(U,DUDT,OLD_DUDT,DT.ARKW(SUB),BRKW(SUB),
1 NX,NY,NY1)
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TIME=TIME+DT*(ARKW(SUB)+BRKW(SUB))

10 CONTINUE
DO 21 K=1 NY
Y=(K-1)*DY
DO 22 L=1 NX
X=(L-1)*DX
RHS(K,L)=X*Y*DSIN(TIME)* TIME
22 CONTINUE
21 CONTINUE
WRITE(1,1005) TIME
1005 FORMATC( 'F10.6' )]
DO 17K=I,NY
WRITE(1,30) (ABS(RHS(X,L)-U(K,L)),L=1,NX)
30 FORMAT(1000(2X ,F13.8))
17 CONTINUE
20 CONTINUE

DEALLOCATE (U, DUDT,OLD_DUDT,RHS,OLD_RHS , ARKW,BRKW STAT = ERROR)

IF (ERROR.NE.0) STOP

CLOSE(1)

RETURN

END SUBROUTINE
C T T T iy
C
C M iy

SUBROUTINE TIMEADVANCMENT(UK,FUK FUKMIN,DELT,C.DNX,NY,NYP)

C THIS ROUTINE PERFORM THE TIME ADVANCEMENT OF THE SIMULATION.
C IT APPLIES TO A MODEL EQUATION OF DU/DT = F(U)
C  EXPLICIT THIRD ORDER RUNGE KUTTA SCHEME OF WRAY

INTEGER LINYPNXNY
REAL*8 ADT,BDT,UK(NYP,1),FUK(NYP,1),FUKMIN(NYP, 1)
REAL*8 DELT,C,D

ADT=DELT*C
BDT=DELT*D

DO 10 =1 NY
DO 10 J=1,NX
UK(LJ}=UK(LJy+ ADT*FUK(LJ)+BDT*FUKMIN(LJ)
FUKMIN(I,J}=FUK(L])
10 CONTINUE
END SUBROUTINE

I i T
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SUBROUTINE V_FROM_UILL_TEST()

INTEGER NX,NY,1,JNXP,NYP,ERROR ML,MU,LDA
REAL*8 LX,LY,DETA X,DX,Y,ETA,BETA
REAL*8,ALLOCATABLE :: DY2T_INV(.,’)

REAL*8, ALLOCATABLE :: INFLOWDU(;),OUTFLOWDU()
REAL*8 U[ALLOCATABLE](;,)), V[ALLOCATABLE](.,.),

IDX1{ALLOCATABLE](:,:),DX2{ALLOCATABLE](:,:),DY {ALLOCATABLE](:,:)

1,DY2{ALLOCATABLEJ(,:),PI DY2T[ALLOCATABLE](:,))
NX=100

NY=100

NXP=NX

NYP=NY

LX=2

LY=2

BETA=S.

ML=NY.2

MU=NY-2

LDA=2*ML+MU+1

ALLOCATE (U(NYP,NXP),V(NYP,NXP),DX | (NXP,NXP),DX2(NXP,NXP),

IDYI(NYP,NYP),DY2(NYP.NYP),DY2T(NYP NYP).INFLOWDU(NYP),
IOUTFLOWDU(NYP),DY2Z(NYP,NYP),DY2T_INV(NYP NYP),STAT = ERROR}

IF (ERROR NE.0) STOP
DX=LX/(NX-1)

PI=4.*DATAN(._8)

DETA=1/(NY-1)

OPEN(1 FILE='V_FROM_UILL TXT,STATUS="UNKNOWN')
CALL DRIVED_Y(4,DY1,DY2,NY.NYP,BETA)

CALL DRIVED_X(4,DX1,DX2,NX,NXP,LX)

CALL TRANSPOSE(DX[,NX,NXP)

DO 11 =2, NY-1
DO 12 J=2,NY-1
DY2T(-1,J-1)=DY2(L])
CONTINUE
CONTINUE

CALL INVERSE(DY2T,DY2T_INV,NY-2,NYP,ML,MU,LDA)
DO 111 I=1,NY
ETA=(I-1)*DETA
Y=BETA/DTAN(PI*ETA)
INFLOWDU(I)=0.
OUTFLOWDU(1)=0.
DO 111 J=1,NX
X=()-1)*DX
U(LI=2*X*Y*DEXP(-Y**2.)
CONTINUE
CALL V_FROM_UILL(U,V INFLOWDU OUTFLOWDU NX,NY NXP NYP
1,DX1,DY1,DY2T_INV)
DO 20 I=1,NY
ETA=(I-1)*DETA
Y=-BETA/DTAN(PI*ETA)
WRITE(1,30) (V(LI-(4.-Y**2.),J=1 NX)
FORMAT(500(2X F18.6))
CONTINUE
DEALLOCATE (U,V.DX1,DX2,DY1,DY2 STAT = ERROR)
IF (ERROR NE.0) STOP

gs‘f’J:‘OL:‘)?LS“)J‘CW"'n“"“'-—” o 35 (Ao, J
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RETURN
END SUBROUTINE
TR
MBI TR0
SUBROUTINE V_FROM_UILL(U,V,INFLOWDU,OUTFLOWDU,
1 NX,NY,NXPNYP,DX1,DY1,DY2T_INV)
INTEGER NX,NY,ERROR,LJ,NYP,NXP
REAL*8 U(NYP,1),V(NYP,1),DXI(NXP,1),DY I(NYP,1),DY2T_INV(NYP,1)
REAL*8 INFLOWDU(1),O0UTFLOWDU(1)
REAL*8 TEMPT[ALLOCATABLE](:,:), TEMPV[ALLOCATABLE](;,")
ALLOCATE (TEMPT(NYP ,NXP), TEMPV(NYP ,NXP),STAT = ERROR)
IF (ERROR NE.0) STOP 'ERROR ALLOCATE V_FROM_UILL'
CALL ZARB(U,DX1,TEMPT,NY,NX,NX,NYP,NXP)
TEMPT(1:NY,1)=INFLOWDU(1:NY)
TEMPT(1:NY,NX)=OUTFLOWDU(1:NY)
CALL ZARB(DY 1, TEMPT,TEMPV,NY,NY,NX,NYP,NYP)
DO 200 J=1 NX
V(1,1)=0.
V(NY.J)=0.
CONTINUE
DO 22 =1 NY-2
DO 12 J=1,NX
TEMPT(L)=-TEMPV(I+1,])
CONTINUE
CONTINUE

CALL ZARB(DY2T_INV,TEMPT,TEMPV,NY-2,NY-2 NX,NYP,NXP)
DO 20 [=2NY-1
DO 10 J=1,NX
V(IL)=TEMPV(-1,])
CONTINUE
CONTINUE
DEALLOCATE (TEMPT,TEMPV,STAT = ERROR)
IF (ERROR NE.0) STOP 'ERROR DEALLOCATE V_FROM_UILL'
RETURN
END SUBROUTINE
T 10

FEEEEREE R ARk Rk kb k bk k kb kk ke kkkkkkkhhkhhkkkkkkkkkhhkkr kR p kR pkk k¥
FEkERF bk kR Rk Rk kR Rk kkhk kR kkk ko kkkkkkkkkh kR kkkkkkkkkkkkk
krkkkkkkhkghkkkkhhkk ko kR h ko rkkkh kkkkkkk ke kkkkkkkkhkkhkkkkk
*khkkhhkkkhhhhkhkn bbbk hhkhkkhk kb p bk khk khkhxukkhkkkkkkkhkkkkkkhkkkk
l‘***#!**‘l*ll*l***( RIGHTHAND SIDE )*tt*tt*tt!tttttttttttttt*tt
kkkkkpkrhhhhpkkhk Rk kkpkkkkkk kR ok kkkk ko kkkkk

*kkkkkhkhhhkkhkhkh kR kkk kb kkh ko kkkkkk ke kkhkkh hhkkk

COMPUTE RIGHT HAND SIDE OF ROTATIONAL FORM OF NAVIER EQATION
HHHHTTHTH AT i

SUBROUTINE RHS(U,V,INFLOWDU,OUTFLOWDU,R,DX1T,DX2T,DY1,DY2
1,AX2 INV,BX2, RENX,NY,NXP,NYP,DX,STEP,SUB,DT)

IMPLICIT NONE
DEFINE REQIRED VARIABLES.

INTEGER NX,NY,ERROR,NXP,NYP,[.J.STEP,SUB,K



REAL*8 U(NYP,1),V(NYP, 1), R(NYP,1),DX1 T(NXP, 1), DX2T(NXP, 1),DX

REAL*$ INFLOWDU(1),0UTFLOWDU(1),DT

REAL*8 DY I(NYP,1),DY2(NYP,1),RE AX2_INV(NXP,1)BX2(NXP,1)

REAL*$ HI[ALLOCATABLE](;,:),H2[ALLOCATABLE](.,"),
ITI[ALLOCATABLE](;,"), T2[ALLOCATABLEJ(.,:), T3{ALLOCATABLEI(.,:)

REAL*8 T4[ALLOCATABLE](;,:), TEMP[ALLOCATABLE](;,:),

IUT[ALLOCATABLE](.,")

ALLOCATE (HI(NYP,NXP), H2(NYP NXP),TI(NYP,NXP),T2(NYP,NXP),
1T3(NYP NXP), THNYP,NXP), TEMP(NYP NXP),UT(NYP,NXP),STAT=ERROR)
IF (ERROR.NE.0) STOP
c CALCULATE DU/DY
CALL ZARB(DY,U,TI,NY,NY,NX,NYP,NYP)
c CALCULATE DX/DV )
CALL ZARB(V,DXIT,T2NY NX,NX NYP NXP)
C CALCULATE W=DV/DX-DU/DY
CALL MINUS(T2,T1,T3,NY,NX,NYP)
K=NX/5
IF(SUB==1) THEN
WRITE(100,100) (STEP-1)*DT,(U(NY/2+1,I) ,I=K,NX,K)
WRITE(101,100) (STEP-1)*DT,(V(NY/2+1,1) ]I=K,NX,K)
WRITE(102,100) (STEP-1)*DT(T3(NY/2+1,I) ,I=K NX,K)
100 FORMAT(100(2X,F13.8))

END IF
C CALCULATE HI=V.*W

CALL E_ZARB_E(V,T3,HI,NY,NX,NYP)
C CALCULATE D2H1/DY?2

CALL ZARB(DY2,H1,T2,NY,NY,NX,NYP,NYP)
C CALCULATE -U.*W

CALL GARINE(U,T4,NY,NX,NYP)

CALLE_ZARB_E(T4,T3 H2,NY,NX,NYP)
C CALCULATE D(-U *W)DY

CALL ZARB(DY1,H2, T4,NY,NY,NX,NYP,NYP)
C CALCULATE DD(-U *W)yDYDX

CALL ZARB(T4,DXIT,T3NY,NX,NX,NYP,NXP)
CALL MINUS(T2,T3,TI,NY,NX,NYP)
CALL ZARB(U,BX2,TEMP NY,NX,NX.NYP,NXP)
DO 30 =1NY
TEMP(L, 1)=TEMP(I, 1) -3./DX*INFLOWDU(I)
TEMP(LNX)=TEMP(LNX) +3./DX*OUTFLOWDU(l)
30 CONTINUE
CALL ZARB(TEMP,AX2_INV,T2NY NX NX NYPNXP)
CALL ZARB(DY2,U, T3 NY,NY,NX,NYP,NYP)
CALL SUM(T2,T3,T4 NY NX,NYP)
CALL ZARB(DY2,T4,HI NY,NY,NX,NYP,NYP)
CALL ZARB(T4,DX2T,H2,NY,NX,NX,NYP NXP)
CALL SUM(H1,H2, T2 NY,NX,NYP)

DO 10 I=1,NY
DO 20 J=1 NX
REAL)=  TIIIHT2(LI)RE
20 CONTINUE
10 CONTINUE

DEALLOCATE (H1,H2,T1,T2,T3,T4, TEMP,UT,STAT = ERROR)
IF (ERROR.NE.0) STOP
RETURN
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END SUBROUTINE
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SUBROUTINE DRIVATE_TEST_X1()
INTEGER N,NP,LERROR,J
REAL*8 LX,DX,X
REAL*8 D2[ALLOCATABLE](;,)),FI[ALLOCATABLE](;),
1F2{ALLOCATABLE](;,).C[ALLOCATABLE](;,.),D1 [ALLOCATABLE](.,")
PRINT * 'PLEASE ENTER N'
READ *N
NP=N+1
ALLOCATE (D2(NP,NP),F [(NP,NP),F2(NP,NP),C(NP,NP),
IDI(NP,NP)STAT = ERROR)
IF (ERRORNE.0) STOP
LX=1.
DX=LX/(N-1)
CALL DRIVED_X(4,D1,D2,N,NP,LX)
CALL FUNCI(FI,N,NP LX)
CALL ZARB(DL,F1,C,N,N,|,NP,NP)
CALL FUNCPL(F2,N,NP,LX)
OPEN(1,FILE=DRIVATE_TEST_XI.TXT STATUS=UNKNOWN')
DO2I =IN
X=(-1)*DX
WRITE(1,22) X,F1(11),C(,1),F2(1,1),DABS((C(L, 1)-F2(1, 1))
FORMAT(400(2X,F18.8))
CONTINUE
CLOSE(1)
RETURN
END SUBROUTINE
W T 11

SUBROUTINE DRIVATE_TEST_X!_BOUNDARY()

INTEGER N,NP,LERROR J

REAL*8 LX,DX.X

REAL*$ D2[ALLOCATABLE](;,.),FI [ALLOCATABLE](.,),
1F2JALLOCATABLE](;,),CJALLOCATABLEJ(.,.),D1[ALLOCATABLE](.,)

PRINT *'PLEASE ENTER N'

READ *N

NP=N+1

ALLOCATE (D2(NP,NP),F |(NP,NP),F2(NP NP),C(NP,NP),
ID1(NP,NP),STAT = ERROR)

IF (ERROR.NE.0) STOP

LX=1.0

DX=LX/(N-1)

CALL DRIVED_X(4,D1,D2,N,NP,LX)

CALL FUNCI(F1,N,NP,LX)

CALL ZARB(D1,FI1,C,NN.1 NP,NP)

CALL FUNCPI(F2,N,NP,LX)

C(1,1)=F2(1,1)



A (AR Gﬁtﬁdl{gdoxw.ﬁ(oi%@]

(@}

22
21

(@]

22
21

C(N,1)=F2(N,1)
OPEN(1 FILE=DRIVATE_TEST_X1_BOUNDARY.TXT',STATUS=UNKNOWN)
DO 21 E=I,N
X=(--1)*DX
WRITE(1,22) X,FI(L1),C(L,1),F2(L,1),DABS((C(I, 1)-F2(1, 1))
FORMAT(400(2X,F18.8))
CONTINUE
CLOSE(1)
RETURN
END SUBROUTINE
I
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SUBROUTINE DRIVATE_TEST X1_2()

INTEGER N,NP,LERROR,J

REAL*8 LX,DX X

REAL*8 D2[ALLOCATABLE](:,:)).FIJALLOCATABLE](:,’),
1F2[ALLOCATABLE](.,").C[ALLOCATABLE](:,:),DI1 [ALLOCATABLEI(: ")

PRINT *,'PLEASE ENTER N'

READ * N

NP=N+1

ALLOCATE (D2(NP,NP) F I(NP NP) F2(NP,NP),C(NP,NP),
IDI(NP,NP),STAT = ERROR)

IF (ERROR.NE.0) STOP

LX=2

DX=LX/(N-1)

CALL DRIVED_X(4,D1,D2,N,NP,LX)

CALL FTEST(F1,F2,N,NP,LX)

CALL ZARB(D1,F1,C,N,N,1,NP,NP)

OPEN(1,FILE=DRIVATE_TEST XI1_2.TXT ,STATUS=UNKNOWN')

DO 21 =1,N

X=(I-1)*DX
WRITE(1,22) X,C(L,1),F2(1,1),DABS((C(, 1)-F2(L, 1))F2(L, 1))

FORMAT(5F18.7)

CONTINUE

CLOSE(1)

END SUBROUTINE

T T LT T
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SUBROUTINE DRIVATE_TEST_X2()

INTEGER N,NP,LERROR,J

REAL*8 LX, DX, X

REAL*8 D2[ALLOCATABLE](;,:),FI[ALLOCATABLE](.,"),
1F2[ALLOCATABLE](;,:),CIALLOCATABLE](;,)),D1 [ALLOCATABLE](;,)

PRINT *'PLEASE ENTER N'

READ *N

NP=N+1

ALLOCATE (D2(NP NP),FI1(NP,NP), F2(NP,NP),C(NP,NP),
IDI(NP,NP),STAT = ERROR)

{F (ERROR.NE.Q) STOP

LX=1.

DX=LX/(N-1)

CALL DRIVED_X(4,D1,D2,N,NP,LX)

CALL FUNC2(F1,N,NP,LX)

CALL ZARB(D2,F1,C,N,N,] NP ,NP)

CALL FUNCP2(F2,N,NP,LX)
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OPEN(1,FILE=DRIVATE_TEST_X2.TXT',STATUS=UNKNOWN’)
DO 21 I=1,N
X=(1-1)*DX
WRITE(1,22) X,F1(L,1),C(1, 1),F2(L,1),DABS((C(I,1)-F2(1,1)))
FORMAT(400(2X,F18.8))
CONTINUE
CLOSE(1)
RETURN
END SUBROUTINE
AT
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SUBROUTINE DRIVATE_TEST_X2_BOUNDARY()
INTEGER N,NP ] ERROR,J

REAL*8 LX,DX,AL,X

REAL*8 B[ALLOCATABLE](:,:),F1[ALLOCATABLE](;,)),

1F2{ALLOCATABLE](.,.),C[ALLOCATABLE](.,:), AITALLOCATABLE](.,")

REAL*8 G[ALLOCATABLE](;,:),GI{ALLOCATABLE](:,:)
PRINT *'PLEASE ENTER N'

READ *N

NP=N

ALLOCATE (B(NP,NP),F1(NP NP),F2(NP,NP),C(NP,NP),

IA(NP,NP),GNP,NP),GI (NP,NP),STAT = ERROR)

IF (ERROR NE.0) STOP

LX=15

DX=LX/(N-1)

AL=1./4.

CALL PADEBUELL2(2,AL,DX,N,NP,A,B)

DO 10 I=IN
X=(I-1)*DX
F1(1,1)=DSIN(X)

CONTINUE

CALL ZARB(B,FI,C,N.N,I,NP,NP)
C(1,1)=C(1,1)}-3./DX*DCOS(DBLE(0))
C(N,1)=C(N,1+3./DX*DCOS(DBLE(1.5))

CALL INVERSE(A,G,N,NP,1,1,4)

CALL ZARB(G,C,F2,N.N,1 NP NP)

CALL DRIVED_X(4,A,B,N,NP,LX)

CALL ZARB(B,F1,G1,N.N,N,NP,NP)

OPEN(! FILEZDRIVATE_TEST_X2_BOUNDARY.TXT' STATUS=UNKNOWN)

DO 21 EIN

X=(-1y*DX

WRITE(1,22) X, DABS((-DSIN(X)-F2(1,1))), DABS((-DSIN(X)-G1(I, 1))

FORMAT(500(F18.10,2X))

CONTINUE

CLOSE(1)

END SUBROUTINE

WU 1
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SUBROUTINE DRIVATE_TEST_Y1()

INTEGER N,NP,|ERROR J

REAL*8 BETAETA DETAY

REAL*$ D2[ALLOCATABLE](.,:),F | [ALLOCATABLE](:,:),

1F2{ALLOCATABLE](,.),C[ALLOCATABLE](;,:),D1[ALLOCATABLE](;,)

PRINT *,'PLEASE ENTER N'

LS‘:”)? QL?.)-? Lgod.cptjlw A5 (Sdowmowd
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READ *N

NP=N+1

ALLOCATE (D2(NP,NP) F1{NP,NP),F2(NP,NP),C(NP,NF),
IDI(NP,NP),STAT = ERROR)

IF (ERROR.NE.0) STOP

BETA=4.0

PI=4 *DATAN(DBLE(1.0))

DETA=1/(N-1)

CALL DRIVED_Y(4.D1,D2 N,NP,BETA)

CALL FMAPINGI(F1,N NP, BETA)

CALL FMAPINGPI(F2,N,NP,BETA)

CALL ZARB(D1,F1,C,N,N,1,NP,NP)

OPEN(1,FILE=DRIVATE_TEST_Y1.TXT,STATUS=UNKNOWN")

D021 FIN
ETA=(I-1)*DETA
= BETA/DTAN(PI*ETA)
WRITE(1,22) Y,F1(1,1).F2(1,1),C(L1) ,)DABS((C(S, [ -F2(L, 1))
2 FORMAT(400(2X F18.6))
21 CONTINUE
CLOSE(1)
END SUBROUTINE
C T T O 1]
C
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SUBROUTINE DRIVATE_TEST_Y2()
INTEGER N,NP,LERROR,J

REAL*8 BETA,ETA,DETA,Y,PL .
REAL*8 D2[ALLOCATABLE](,:),FI{ALLOCATABLE](:,:),
IF2[{ALLOCATABLE](;,:),C{ALLOCATABLE](;,:), DI{ALLOCATABLE](;,)
PRINT *'PLEASE ENTER N'
READ *N
NP=N+1
ALLOCATE (D2(NP,NP),F1(NP,NP),F2(NP,NP),C(NP,NP),
IDI(NP,NP),STAT = ERROR)
IF (ERROR.NE.0) STOP
BETA=4.0
Pi=4.*DATAN(1.0_8)
DETA=1./(N-1)
CALL DRIVED _Y(4,D1,D2,N,NP,BETA)
CALL FMAPING1(F1,N,NP,BETA)
CALL FMAPINGP2(F2,N,NP,BETA)
CALL ZARB(D2,F1,C,N,N,1,NP,NP)
OPEN(1,FILEZDRIVATE_TEST_Y2.TXT,STATUS=UNKNOWN")
DO2I I=1,N
ETA=(I-1)*DETA
Y=BETA/DTAN(PI*ETA)
WRITE(1,22) Y, F2(L,1),C(L,1),DABS((C(,1)-F2(I, 1)))

2 FORMAT(4F18.7)
21 CONTINUE

CLOSE(I)

END SUBROUTINE
C WU
c W
C

SUBROUTINE FTEST(F,F1,N,NP,LX)
INTEGER N.NP,LLMLERROR
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INTEGER H,M,$,MS
REAL P
REAL*8§ LX,F(NP,1),F I(NP,1),A[ALLOCATABLE](")
REAL*8 SUM1,SUM2,X,DX
ALLOCATE (A(NP) STAT=ERROR)
TF (ERROR NE.0) STOP
CALL GETTIM(H,M,S,MS)
CALL SEED(MS)
DX=LX/(N-1)
M1=30
DO 30 J=1, M1
CALL RANDOM(P)
A(y=P*10
30 CONTINUE
DO 101=1,N
SUMI1=0.
SUM2=0. -
X=(I-1)*DX
DO 20 J=1,M1
SUMI=SUM1+A(J)*(DSIN(X)+ X*J*DCOS(J*X))
SUM2=SUM2+A(I)*(DCOS(X)-X*(**2)*DSIN(F* X+ *DCOS(J* X))
20 CONTINUE
F(1,1)=SUMI
FI(,1)=SUM2
10 CONTINUE
RETURN
END SUBROUTINE
o W ]
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SUBROUTINE FUNCPI(F2,N,NP,LX)
INTEGER N,NP.]
REAL*$ F2(NP,1),DX,LX,X
DX=LX/(N-1)
DO 10 =1 N
X=(I-1)*DX
F2(1,1)=DEXP(X)+X*DEXP(X)
10 CONTINUE
RETURN
END SUBROUTINE

C T T T T

SUBROUTINE FUNC1(F2,N,NP,LX)
INTEGER N,NP!
REAL*8 F2(NP,1),DX,X,LX
DX=LX/(N-1)
DO 10 =1 N
X=<(-1)*DX
F2(1,1)=DEXP(X)*X
10 CONTINUE
RETURN
END SUBROUTINE

C I T
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SUBROUTINE FUNCP2(F2,N,NP,LX)
INTEGER N,NP,I
REAL*8 F2(NP,1),DX,LX,X
DX=LX/(N-1)
DO 10 I=1,N
X=(1-1)*DX
F2(L,1)=4*X**2*DEXP(X**2)+2. *DEXP(X**2)
CONTINUE
RETURN
END SUBROUTINE

T

SUBROUTINE FUNC2(F2,N,NP LX)
INTEGER N,NP,I
REAL*8 F2(NP,1),DX X,LX
DX=LX/(N-1)
DO 10 1N
X=(I-1)*DX
F2(I,1)=DEXP(X**2)
CONTINUE
RETURN
END SUBROUTINE

IR
U
SUBROUTINE FMAPINGP2(F2 N,NP,BETA)
INTEGER N,NP,[
REAL*8 F2(NP,1),BETA, DETA ETA,Y,PI
Pi=4 *DATAN(I._8)
DETA=1.0/(N-I)
DO 10 I=1.N
ETA=(I-1}*DETA
Y=BETA/DTAN(PI*ETA)
F2(I,1=-2. *DEXP(-Y**2 )+4 *Y**2 *DEXP(-Y**2.)
CONTINUE
RETURN
END SUBROUTINE

T T ]
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SUBROUTINE FMAPINGP1(F2, N,NP,BETA)
INTEGER N,NP,I
REAL*8 F2(NP,1),BETA DETA PLETA,Y
Pl=4.*DATAN(!._8)
DETA=1.0(N-1)
DO 10I=1N
ETA=(l-1)*DETA
Y=-BETA/DTAN(PI*ETA)
F2(1,1)=-2. *Y*DEXP(-Y**2)
CONTINUE
RETURN



END SUBROUTINE
C T T T T T T T
SUBROUTINE FMAPING1(F2,N,NP,BETA)
INTEGER N,NP,I
REAL*8 F2(NP,1),DETA,Y,ETA BETA,PLLY LETA
PI=4 *ATAN(1.0)
DETA=1.0/(N-1)
DO 10 [=1,N
ETA=(I-1)*DETA
Y=BETA/DTAN(PI*ETA)
F2(L,1)=DEXP(-Y**2.)
10 CONTINUE
RETURN
END SUBROUTINE

I T
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SUBROUTINE GAUSSJ_TEST()

INTEGER LJN,ERROR,H,M1,S,MS,M,NP,MP

REAL*8 AO[ALLOCATABLE](;,),BOJALLOCATABLE](.,.),
ICO[ALLOCATABLE](;,}), DO[ALLOCATABLE](:,")

PRINT *,"PLEASE ENTER NUMBER OF ROWS OR COLUMNS(A)"

READ(* %) N

NP=N+1

PRINT * "PLEASE ENTER NUMBER OF COLUMNS(B)"

READ(*,¥) M

MP=M+1

ALLOCATE (AO(NP,NP),BO(NP,MP),CO(NP,MP),DONP,NP),
ISTAT=ERROR)

IF (ERROR NE.0) STOP

DO 100 I=1,N
DO 100 J=1.M
IF (1EQ.J) THEN
BO(LD=1.
ENDIF
100 CONTINUE
CALL GETTIM(H,M1,8,MS)
CALL SEED(MS)
DO 110 [=1,N
DO 110 J=1,N
CALL RANDOM(P)
AO(LJ)=P
110 CONTINUE
DO 200 I=I,N
DO 200 I=I,N
DO(LI)=AO(L])
200 CONTINUE
CALL GAUSSJ(AO,N,NP,BO,M)
CALL ZARB(D0,B0,CO,N,N,M,NP,NP)
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OPEN(2 FILE='GAUSS]_TEST.TXT,STATUS=UNKNOWN')

DO 10 I=I,N
WRITE(2,20)(CO(1,1).J=1,M)
FORMAT(100(2X,F20.10))

CONTINUE

DEALLOCATE (A0,B0,C0,D0,STAT = ERROR)

IF (ERROR NE.0) STOP

RETURN

END SUBROUTINE

T

WIS

SUBROUTINE GAUSSJ(A,N.NP,B M)

INTEGER M,N,NP,ERROR

REAL*8 A(NP,1),B(NP, 1)

REAL*$ BIG,DUM PIVINV

INTEGER LICOL,IROW,J.K,L.LL

INTEGER INDXC[ALLOCATABLE](:),INDXR{ALLOCATABLE](),
1PIV{ALLOCATABLE(:)
ALLOCATE (INDXC(NP),INDXR(NP),IPIV(NP),STAT=ERROR)

IF (ERROR.NE.0) STOP
DO 11 J=IN
PIV(1)=0
CONTINUE
DO 22 I=IN
BIG=0.
DO 13J=IN
IF(IPIV(J).NE.1)THEN
DO 12K=1,N
IF (IPIV(K).EQ.0) THEN
IF (ABS(A(1K)).GE.BIG)THEN
BIG=ABS(A(J,K))
IROW=]
ICOL=K
ENDIF
ENDIF
CONTINUE
ENDIF
CONTINUE
IPIV(ICOL)=IPIV(ICOL)+1
IF (IROW.NE.ICOL) THEN
DO 14 L=1.N
DUM=A(ROW,L)
A(IROW,L)=A(ICOL,L)
A(ICOL,L)=DUM
CONTINUE
DO 15 L=1.M
DUM=B(IROW,L)
B(IROW,L)=B(ICOL,L)
B(ICOL.L)=DUM
CONTINUE

ENDIF
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INDXR(I)=IROW
INDXC(I)=ICOL
TF (A(ICOL,ICOL).EQ.0.) PAUSE
PIVINV=[./A(ICOL,ICOL)
A(ICOL ICOL)=1.
DO 16 L=1,N
A(ICOL,L)=A(ICOL,L)*PIVINV
16 CONTINUE j
DO 17L=1.M
B(ICOL,L)=B(ICOL,L)*PIVINV
17 CONTINUE
DO 21 LL=1N
IF(LL NE.ICOL) THEN
DUM=A(LL,ICOL)
A(LL,ICOL)=0.
DO 18 L=1,N
A(LL,Ly=A(LL,L}-A(ICOL,L)*DUM
18 CONTINUE
DO 19 L=I.M
B(LL,L)=B(LL,L)-B(ICOL,L)*DUM
19 CONTINUE
ENDIF
21 CONTINUE
22 CONTINUE
DO 24 L=N, -1
IF(INDXR(L).NE.INDXC(L))THEN
DO 23 K=1 N
DUM=A(K,INDXR(L)) ,
A(K,INDXR(L))=A(K,INDXC(L))
A(K,INDXC(L)y=DUM
23 CONTINUE ]
ENDIF
24 CONTINUE
DEALLOCATE (INDXC,INDXR,IPIV,STAT = ERROR)
IF (ERROR NE.0) STOP
RETURN
END
I U1
I 1
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SUBROUTINE INVERSE_TEST()

INTEGER LJ ML,MU,LDANX,NY,ERROR

REAL*8 AJALLOCATABLE](:,:),B[ALLOCATABLE](;,)),CIALLOCATABLE](;,)
1,D[ALLOCATABLE](;,)

REAL*$ LX,BETA

INTEGER H,M,S,MS

PRINT *,“PLEASE ENTER NUMBER OF ROWS OR COLUMNS"

READ(*,*) NX

NXP=NX

ALLOCATE (A(NXP,NXP),B(NXP NXP),C(NXP,NXP),D(NXP NXP),STAT=ERROR)

IF (ERROR NE.0) STOP

LX=2.

BETA=1.

NY=NX

CALL GETTIM(H,M,S,MS)
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CALL SEED(MS)
DO 10 =1,NX
DO 10 J=1,NY
CALL RANDOM(P)
AQLT)=P
10 CONTINUE
ML=10
MU=ML
LDA=2*ML+MU+!
CALL ZEROS(C,NX,NX,NX)
CALL INVERSE(A,D,NX,NXP ML, MU,LDA)
CALL ZARB(D,A,C,NX,NX,NY NXP,NXP)
OPEN(! FILE=INVERSE_TEST.TXT',STATUS=UNKNOWN')
DO 20 I=1,NY
WRITE(1,30) (C(LJ),J=1,NX)
30 FORMAT(100(2X,F18.5))
20 CONTINUE
DEALLOCATE {A,B,C,D,STAT = ERROR)
IF (ERROR NE.0) STOP
RETURN
END SUBROUTINE

C W]
C U T T
SUBROUTINE INVERSE(A,C,N,NP,ML,MU,LDA)
INTEGER N,NP,ML,MU,LDA,LJ,INFO,ERROR
DOUBLE PRECISION A(NP, 1),C(NP,1)
REAL*8 ABD[ALLOCATABLE](;,)
INTEGER IPVT[ALLOCATABLE](.)
ALLOCATE (ABD(LDA NP),IPVT(NP),STAT = ERROR)
IF (ERROR NE.0) STOP
c COMPUTES C(NP,NP) AS THE INVERSE OF A(NP,NP)
C  WHERE AIS A DIAGOANL MATRIX
C  WITH ML SUB-DIAGONAL AND MU SUPPERDIAGONAL MATRIX

C INITIALIZE C
DO 10 I=1,N
CED-1.
10 CONTINUE

CALL BANDFORM(N,ML,MU,A,ABD,NP,LLDA)
CALL DGBFA(ABD,LDAN,MLMU,IPVT,INFO)

IF (INFO.NE.0.) THEN

IF(INFO.GT.0) THEN
WRITE(*,15) INFO
15 FORMAT('THE 13 TH ARGUMENT HAD AN ILLEGAL VALUE)
ELSE
WRITE(*,16)
16 FORMAT(FACTOR U IS SINGULAR')

END IF
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J=0
DO I7ELN

CALL DGBSI(ABD,LDAN, ML MU,IPVT,C(1,1).J)

CONTINUE
AX=C —>X=INVERSE(A)C (IF C=I (IDENTITY MATRIX))
THEN X=INVERSE(A)
DEALLOCATE (ABD,IPVT)
IF (ERROR.NE.0) STOP
RETURN
END
s

W
SUBROUTINE BANDFORM(N,ML,MU,A, ABD,NP,LDA)
RELATES ABD(2*ML+MU+1,NP) TO A(NP,NP) IN ORDER
TO USE SGI SOLVER (DGBFA,DGBSL)
INTEGER N,ML,MU,NP,LDA
REAL*$ A(NP,1),ABD(LDA,1)
INTEGER LI1,12,J K.M
M=ML+MU+1
DO 11J=1N
11=MAX0(1,J-MU)
2=MINO(N,J+ML)
DO 11 =I1,12
=1-1+M
ABD(K,J)=A(L])
CONTINUE
RETURN
END
WU T

HHTHTTTTET T T T

SUBROUTINE DGBFA(ABD,LDA N,ML,MU,IPVT,INFO)
INTEGER LDAN,ML MU,IPVT(1),INFO
DOUBLE PRECISION ABD(LDA,1)

DGBFA FACTORS A DOUBLE PRECISION BAND MATRIX BY ELIMINATION.

DGBFA IS USUALLY CALLED BY DGBCO, BUT IT CAN BE CALLED
DIRECTLY WITH A SAVING IN TIME IF RCOND IS NOT NEEDED.

ON ENTRY

ABD DOUBLE PRECISION(LDA, N)
CONTAINS THE MATRIX IN BAND STORAGE. THE COLUMNS
OF THE MATRIX ARE STORED IN THE COLUMNS OF ABD AND
THE DIAGONALS OF THE MATRIX ARE STORED IN ROWS
ML+| THROUGH 2*ML+MU+1 OF ABD .
SEE THE COMMENTS BELOW FOR DETAILS.

-3 Qb_ﬂ GO s A5 (Sdaras
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LDA INTEGER
THE LEADING DIMENSION OF THE ARRAY ABD .
LDAMUST BE .GE. 2*ML +MU + 1 .

N INTEGER
THE ORDER OF THE ORIGINAL MATRIX.

ML INTEGER
NUMBER OF DIAGONALS BELOW THE MAIN DIAGONAL.

0.LEML LT N.

MU INTEGER
NUMBER OF DIAGONALS ABOVE THE MAIN DIAGONAL.
0 .LE MU LT.N.
MORE EFFICIENT IF ML .LE. MU .
ON RETURN

ABD AN UPPER TRIANGULAR MATRIX IN BAND STORAGE AND
THE MULTIPLIERS WHICH WERE USED TO OBTAIN [T.
THE FACTORIZATION CAN BE WRITTEN A =L*U WHERE
L IS A PRODUCT OF PERMUTATION AND UNIT LOWER
TRIANGULAR MATRICES AND U IS UPPER TRIANGULAR.

[PVT INTEGER(N)
AN INTEGER VECTOR OF PIVOT INDICES.

INFO INTEGER
=0 NORMAL VALUE.
=K IF U(KK).EQ.0.0. THIS IS NOT AN ERROR
CONDITION FOR THIS SUBROUTINE, BUT IT DOES
INDICATE THAT DGBSL WILL DIVIDE BY ZERO IF
CALLED. USE RCOND IN DGBCO FOR A RELIABLE
INDICATION OF SINGULARITY.

BAND STORAGE

[F A IS A BAND MATRIX, THE FOLLOWING PROGRAM SEGMENT
WILL SET UP THE INPUT.

ML = (BAND WIDTH BELOW THE DIAGONAL)
MU = (BAND WIDTH ABOVE THE DIAGONAL)
M=ML+MU +1
DO20J=1I,N
I = MAXO(1, I-MU)
12 = MINO(N, J+ML)
DO10I=1I1,12
K=I-J+M
ABD(K,) = A(L))
10  CONTINUE
20 CONTINUE

THIS USES ROWS ML+1 THROUGH 2*ML+MU+I OF ABD.

IN ADDITION, THE FIRST ML ROWSIN ABD ARE USED FOR
ELEMENTS GENERATED DURING THE TRIANGULARIZATION.

THE TOTAL NUMBER OF ROWS NEEDED IN ABD IS 2*ML+MU+1 .



THE ML+MU BY ML+MU UPPER LEFT TRIANGLE AND THE
ML BY ML LOWER RIGHT TRIANGLE ARE NOT REFERENCED.

LINPACK. THIS VERSION DATED 08/14/78 .
CLEVE MOLER, UNIVERSITY OF NEW MEXICO, ARGONNE NATIONAL LAB.

SUBROUTINES AND FUNCTIONS

BLAS DAXPY,DSCAL,IDAMAX
FORTRAN MAXO0,MINO

INTERNAL VARIABLES

ool oNeoEeNeoNoNoNoNoNeoNe)

DOUBLE PRECISION T -
INTEGER LIDAMAX,10,J,JU JZ,J0,J1,K.KPI,L LM,M,MM,NM1

@]

M=ML+MU+ 1
INFO =0

ZERO INITIAL FILL-IN COLUMNS

@}

J0=MU +2
It = MINO(N,M) - 1
IF (J1 LT. J0) GO TO 30
DO 2017 =10, J1
0=M+1-1Z
DO 101=10, ML
ABD(L,JZ) = 0.0D0
{0 CONTINUE
20 CONTINUE
30 CONTINUE
Z=1
u=0
C
C GAUSSIAN ELIMINATION WITH PARTIAL PIVOTING
c
NMIl=N-1
IF (NMI1 LT. 1) GO TO 130
DO 120 K = 1, NMI
KPI=K+ I
C
C  ZERO NEXT FILL-IN COLUMN
C
1Z=1Z+1
IF (JZ .GT. N) GO TO 50
IF (ML LT. 1) GO TO 50
DO401=1,ML
ABI(LJZ) = 0.0D0
40  CONTINUE
50 CONTINUE
C
C  FINDL=PIVOT INDEX
C



LM = MINO(ML,N-K)
L = IDAMAX(LM+1,ABD(M,K),1) + M - 1
IPVT(K)=L+K -M

C
C  ZERO PIVOT IMPLIES THIS COLUMN ALREADY TRIANGULARIZED
C
IF (ABD(L,K} .EQ. 0.0D0) GO TO 100
C
C INTERCHANGE IF NECESSARY
C
IF (L .EQ. M) GO TO 60

T = ABD(L,K)

ABD(L,K) = ABD(MK)

ABD(MK)=T

60  CONTINUE

C
C COMPUTE MULTIPLIERS
C

= -1.0DO/ABD(MK)

CALL DSCAL(LM,T,ABD(M+1,K).1)

C
C ROW ELIMINATION WITH COLUMN INDEXING
C

TU = MINO(MAXO0(JU,MU+IPVT(K)).N)
MM =M
IF (JU .LT. KP1) GO TO 90
DO 80 J=KP1, JU
L=L-1
MM =MM- 1
T =ABD(L.J)
IF (L .EQ. MM) GO TO 70
ABD(L,J) = ABD(MM,)
ABD(MM,))=T
70  CONTINUE
CALL DAXPY(LM,T,ABD(M+1 K),|, ABD(MM+1,7),1)
80  CONTINUE
90  CONTINUE
GOTO 110
100 CONTINUE
INFO=K
110 CONTINUE
120 CONTINUE
130 CONTINUE
IPVI(N) =N
IF (ABD(M,N) .EQ. 0.0D0) INFO = N
RETURN
END
SUBROUTINE DGBSL(ABD,LDA N,ML MU IPVT,B,JOB)
INTEGER LDA,N,MLMU,IPVT(1),JOB
DOUBLE PRECISION ABD(LDA, 1),B(1)

DGBSL SOLVES THE DOUBLE PRECISION BAND SYSTEM
A*X=B OR TRANS(A)*X =B
USING THE FACTORS COMPUTED BY DGBCO OR DGBFA.

o000 0

ON ENTRY
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ABD DOUBLE PRECISION(LDA, N)
THE OUTPUT FROM DGBCO OR DGBFA.

LDA INTEGER
THE LEADING DIMENSION OF THE ARRAY ABD.

N INTEGER
THE ORDER OF THE ORIGINAL MATRIX.

ML INTEGER
NUMBER OF DIAGONALS BELOW THE MAIN DIAGONAL.

MU INTEGER -
NUMBER OF DIAGONALS ABOVE THE MAIN DIAGONAL.

IPVT INTEGER(N)
THE PIVOT VECTOR FROM DGBCO CR DGBFA.

B  DOUBLE PRECISION(N)
THE RIGHT HAND SIDE VECTOR.

JOB INTEGER
=0 TO SOLVE A*X=B,
=NONZERO TO SOLVE TRANS(A)*X =B, WHERE
TRANS(A) IS THE TRANSPOSE.

ON RETURN
B THE SOLUTION VECTOR X. .

ERROR CONDITION

A DIVISION BY ZERO WILL OCCUR IF THE INPUT FACTOR CONTAINS A
ZERO ON THE DIAGONAL. TECHNICALLY THIS INDICATES SINGULARITY
BUT IT IS OFTEN CAUSED BY IMPROPER ARGUMENTS OR IMPROPER
SETTING OF LDA . IT WILL NOT OCCUR IF THE SUBROUTINES ARE
CALLED CORRECTLY AND IF DGBCO HAS SET RCOND .GT. 0.0

OR DGBFA HAS SET INFO .EQ.0 .

TO COMPUTE INVERSE(A) * C WHERE C IS A MATRIX
WITH P COLUMNS
CALL DGBCO(ABD,LDA,N,ML MU,IPVT,RCOND,Z)
IF (RCOND IS TOO SMALL) GO TO ...
DO10J=1,P
CALL DGBSL(ABD,LDA N,ML MU,IPVT,C(1,]),0)
10 CONTINUE

LINPACK. THIS VERSION DATED 08/14/78 .
CLEVE MOLER, UNIVERSITY OF NEW MEXICO, ARGONNE NATIONAL LAB.

SUBROUTINES AND FUNCTIONS

BLAS DAXPY.DDOT
FORTRAN MING
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C INTERNAL VARIABLES

C
DOUBLE PRECISION DDOT,T

INTEGER K KB,L,LA,LB,LM,M,NM1

M=MU+ML+1
NMI=N-1
IF (JOB .NE. 0) GO TO 50

JOB=0,SOLVE A*X=B
FIRST SOLVE L*Y =B

oo

IF (ML .EQ. 0) GO TO 30
IF (NM1 LT. 1) 6O TO 30
DO 20K = I, NM1
LM = MINO(ML,N-K)
L=IPVT(K)
T=B(L)
IF (L .EQ. K) GO TO 10
B(L) = B(K)
BEK)=T
10 CONTINUE
CALL DAXPY (LM, T,ABD(M+1,K),1,B(K+1),1)
20 CONTINUE

30 CONTINUE
C
C NOW SOLVE U*X =Y
C
DO40KB=1I,N
K=N+1-KB

B(K) = B(KYABD(M,K)
LM = MINO(K,M) - 1
LA=M-LM
LB=K-LM
T=-B(K)
CALL DAXPY(LM,T,ABD(LA K),1,B(LB),1)
40 CONTINUE
GO TO 100
50 CONTINUE

JOB = NONZERO, SOLVE TRANS(A)* X =B
FIRST SOLVE TRANS(U)*Y =B

ool eNe]

DO60K=1,N
LM = MINO(K,M) - 1
LA=M-LM
LB=K-LM
T = DDOT(LM,ABD(LA,K),1,B(LB).1)
B(K) = (B(K) - TYABD(M,K)
60 CONTINUE

NOW SOLVE TRANS(L)*X =Y

«

IF (ML .EQ. 0) GO TO 90
IF (NM1 .LT. 1) GO TO 90
DO 80 KB =1, NMI
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K=N-KB
LM = MINO(ML,N-K)
B(K) = B(K) + DDOT(LM,ABD(M+1 K), | B(K+1),1)
L=IPVEK)
IF (L .EQ. K) GO TO 70
T=B(L)
B(L) = B(K)
B(K)=T
70  CONTINUE
80  CONTINUE
90 CONTINUE
100 CONTINUE
RETURN
END

SUBROUTINE DAXPY(N,DA,DX,INCX,DY,INCY)

CONSTANT TIMES A VECTOR PLUS A VECTOR.
USES UNROLLED LOOPS FOR INCREMENTS EQUAL TO ONE.

JACK DONGARRA, LINPACK, 3/11/78.

O000o0

DOUBLE PRECISION DX(1),DY(1),.DA
INTEGER LINCX, INCY,IX.IY.M,MPI N

IF(N.LE.0)RETURN
IF (DA .EQ. 0.0D0) RETURN
IF(INCX.EQ.1.AND.INCY.EQ.1)GO TO 20

CODE FOR UNEQUAL INCREMENTS OR EQUAL INCREMENTS
NOTEQUALTO 1

o000

X=1
Iy=1
IF(INCX.LT.0)[X = (-N+1)*INCX + 1
IF(INCY LT.0)Y = (-N+1)*INCY + |
DO 101=IN

DY(IY) = DY(IY) + DA*DX(IX)

IX = [X + INCX

IY =I¥ + INCY

10 CONTINUE

RETURN

CODE FOR BOTH INCREMENTS EQUAL TO 1

CLEAN-UP LOOP

OO0O0000

20 M = MOD(N,4)
IF(M .EQ.0) GO TO 40
DO30 1= 1M
DY(I) = DY(l) + DA*DX(I)
30 CONTINUE
IF(N LT. 4 ) RETURN
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40MPL=M+ |
DO 50 1=MPI,N,4
DY(I) = DY(I) + DA*DX(I)
DY(1+ 1)=DY(I+ 1)+ DA*DX( + 1)
DY(I +2)=DY(I +2) + DA*DX(I +2)
DY(I+3)=DY(I +3) + DA*DX(I + 3)
50 CONTINUE
RETURN
END
SUBROUTINE DSCAL(N,DA,DX,INCX)

SCALES A VECTOR BY A CONSTANT.

USES UNROLLED LOOPS FOR INCREMENT EQUAL TO ONE.
JACK DONGARRA, LINPACK, 3/11/78.

MODIFIED 3/93 TO RETURN IF INCX .LE. 0.

OO0 0n0

DOUBLE PRECISION DA,DX(1)
INTEGER 1INCX,M,MPI,N,NINCX

IF(N.LE.0 OR. INCX LE.0 )RETURN
IFINCX.EQ.1)GO TO 20

CODE FOR INCREMENT NOT EQUAL TO 1

O

NINCX = N*INCX
DO 10 1= I,NINCX,INCX
DX(I) = DA*DX(I)
10 CONTINUE
RETURN

CODE FOR INCREMENT EQUAL TO 1

CLEAN-UP LOOP

OO0 00O0

20 M = MOD(N,5)
IF(M .EQ. 0 ) GO TO 40
DO30I=1M
DX(I) = DA*DX()
30 CONTINUE
IF(N LT. 5 ) RETURN
40MPl=M+1
DO 50 1=MPIN,5
DX(I) = DA*DX(I)
DX(I+ 1) =DA*DX(+ 1)
DX(I +2) = DA*DX(I + 2)
DX(I + 3) = DA*DX(I + 3)
DX(I + 4) = DA*DX(I + 4)
50 CONTINUE
RETURN
END
INTEGER FUNCTION IDAMAX(N.DX,INCX)

FINDS THE INDEX OF ELEMENT HAVING MAX. ABSOLUTE VALUE.
JACK DONGARRA, LINPACK, 3/11/78.
MODIFIED 3/93 TO RETURN IF INCX LE. 0.

O 000
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C
C
C

C
C

OO

(oo oNe!

DOUBLE PRECISION DX(1),DMAX
INTEGER LINCX,IX,N

IDAMAX =0
[F(N.LT.] .OR. INCX.LE.0 ) RETURN
IDAMAX = |

IF(N.EQ.1) RETURN
IF(INCX.EQ.1)GO TO 20

CODE FOR INCREMENT NOT EQUAL TO 1

X=1
DMAX = DABS(DX(1))
IX = IX + INCX
DOI10I=2N
IF(DABS(DX(IX)).LE. DMAX) GO TO 5
IDAMAX =1
DMAX = DABS(DX(IX))
5 IX=IX+INCX
10 CONTINUE
RETURN

CODE FOR INCREMENT EQUAL TO 1

20 DMAX = DABS(DX(1))
DO301=2N
IF(DABS(DX(I)).LE.DMAX) GO TO 30
IDAMAX =1
DMAX = DABS(DX(I))
30 CONTINUE
RETURN
END
DOUBLE PRECISION FUNCTION DDOT(N,DX,INCX,DY,INCY)

FORMS THE DOT PRODUCT OF TWO VECTORS.
USES UNROLLED LOOPS FOR INCREMENTS EQUAL TO ONE.
JACK DONGARRA, LINPACK, 3/11/78.

DOUBLE PRECISION DX(1),DY(1),DTEMP
INTEGER LINCX,INCY,IX,IY,M,MPI N

DDOT = 0.0D0
DTEMP = 0.0D0

IFN.LE.O)RETURN
IF(INCX.EQ.1.AND.INCY.EQ.1)GO TO 20

CODE FOR UNEQUAL INCREMENTS OR EQUAL INCREMENTS
NOT EQUAL TO 1

X=1
IY=1
[F(INCX.LT.0)IX = (-N+1)*INCX + 1
[F(INCY LT.0)IY = (-N+1)*INCY + |
DO101=IN

DTEMP = DTEMP + DX(IX)*DY(IY)

(s Oz (§998 prlians 3S (Shoze.d
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IX=IX+INCX

IY =IY +INCY
10 CONTINUE

DDOT = DTEMP

QO0O0O000O0

RETURN

CODE FOR BOTH INCREMENTS EQUAL TO 1

CLEAN-UP LOOP

70 M = MOD(N,5)
IF(M EQ. 0} GO TO 40
DO301=1,M
DTEMP = DTEMP + DX(I)*DY(l)
30 CONTINUE
IF(N .LT.5)GO TO 60
AOMPI=M~+1
DO 501=MPLN,S
DTEMP = DTEMP + DX(I)*DY(D) + DX(I + 1)*DY({ + 1) +
* DX(L+2y*DY(I+2) + DX(1+ 3)*DY(I + 3) + DX(I + 4)*DY(I + 4)
50 CONTINUE
60 DDOT = DTEMP
RETURN

C

END

W]
SUBROUTINE LEG_TEST2()

INTEGER LJ,NX,NY,ERROR,H,M1,8,MS KODE

REAL*8 AO[ALLOCATABLE](;,:),BO[ALLOCATABLE](:),

1CO[ALLOCATABLE](;,:),DO[ALLOCATABLE](:,"), X[ALLOCATABLE](),

1XO[ALLOCATABLE](:), X00[ ALLOCATABLE](:), BOO[ALLOCATABLE](:)
REAL*$ LX,BETA

INTEGER M, T[ALLOCATABLE]())

PRINT * “PLEASE ENTER NUMBER OF ROWS OR COLUMNS(A)"
READ(* *) NX

M=NX

NXP=NX

KODE=4

ALLOCATE (AO(NXP,NXP),BO(NXP),CO(NXP,NXP),DOQNXP,NXP),

IT(NXP),X(NXP),X0(NXP),X00(NXP),BOO(NXP) STAT=ERROR)

100

OPEN(1,FILE='LEG_TEST2.TXT',STATUS=UNKNOWN')
IF (ERROR.NE.0) STOP

LX=2.

BETA=I.

NY=NX

CALL GETTIM(HM1,S5,MS)

CALL SEED(MS)

DO 100 I=1,NX
CALL RANDOM(P)
BO(1)=1.
BOO()=P
X00(Iy=B00(I)
CONTINUE

CALL DRIVED_X(KODE,A0,C0,NX NXP,LX)
DO 200 I=1,NX-1
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DO 200 J=1 NX-1
CALL RANDOM(P)
AO(LT)=AO(I+1,J+1)
DO(LT)=A0(L,J)
200 CONTINUE

CALL LEGS (AO,NX-1,NXP,B00,X,T)
DO 500 I=1,NX

c XO(TD)y=X®D

500 CONTINUE
CALL ZARB(D0,X,X0 NX,NX,1 NXP,NXP)
OPEN(2,FILE=LEG_TEST2_1.TXT,STATUS=UNKNOWN')

DO 10 I=1,NX-1

WRITE(2,20) (DO(LJ),J=1 NX-1)

20 FORMAT(100(2X,F30.15))
10 CONTINUE
RETURN
END SUBROUTINE
C
c .

SUBROUTINE LEGS_TEST()
REAL*8 X(10),B(10),A(10,10)
INTEGER INDX(10),N,NP
N=3
NP=10
A(1,1)=100.0
A(1,2)=100.0
A(1,3)=100.0
A(2,1)=-100.0
A(2,2)=300.0
A(2,3)=100.0
A(,1)=100.0
AG,2=100.0
A(3,3)=300.0
B(1)=200.0
B(2)=0.0
B(3)=0.0
CALL LEGS (A,N,NP,B,X INDX)
c
WRITE (6, 999) (X(D), [=1,N)
STOP
999 FORMAT (F16.8)
RETURN
END SUBROUTINE
c I
c
SUBROUTINE ILLEQATIONSOLVER_TEST()
INTEGER ERROR,I,J,H,M1,5,MS,N,M,NP,MP,INDX[ALLOCATABLE](;,")



REAL*8 AO[ALLOCATABLE](;,:),BO[ALLOCATABLE](:,:),
1C[ALLOCATABLE](.,), X[ALLOCATABLE](.,"),
IPI{ALLOCATABLE](;,),LX
N=200
M=15
NP=N
MP=M
LX=2.
ALLOCATE (AO(NP,NP),BO(NP,MP), X(NP,MP),INDX(NP,MP),C(NP,NP),
1P1(NP,MP),STAT=ERROR)
IF (ERROR.NE.0) STOP
CALL GETTIM(H,M1,8,MS)
CALL SEED(MS)
DO 10 [=1,N-1
DO 20 J=1,M
CALL RANDOM(P)
BO(LJ)=P
20 CONTINUE
10 CONTINUE
CALL DRIVED_X(4,A0,C.N,NP,LX)
DO 30 I=1,N-1
DO 40 J=1,N-1
AO(LI)=A0(I+1,J¢1)
40 CONTINUE
30 CONTINUE
CALL ILLEQATIONSOLVER(AO,N-1,NP,B0,X,M,MP,INDX)
OPEN(1,FILE=ILLEQATIONSOLVER_TEST.TXT,STATUS=UNKNOWN")
CALL ZARB(A0,X,P1,N-1,N-1,M,NP,NP)

DO 50 I=1,N-1
WRITE(L,1001) (P1(LJ}-BO(LI),J=1,M)

1001 FORMAT(500(2X,F15.6))
50 CONTINUE

CLOSE(1)

RETURN

END SUBROUTINE
C I T T A1

SUBROUTINE ILLEQATIONSOLVER(A,N,NP,B,X,M,MP,INDX)
INTEGER N,NP,M,MP,ERROR,LJ K,INDX(NP, |)
REAL*8 A(NP,NP),B(NP,MP) X(NP,MP)
REAL*8 AO[ALLOCATABLE](:,:),BO[ALLOCATABLE](;,:)
ALLOCATE (AO(NP,NP),BO(NP,MP),STAT=ERROR)
IF (ERROR.NE.0) STOP
DO 10 I=1,N
DO 20 J=I N
AO(LI)=A(LT)
20 CONTINUE
DO 30 J=1,M
BO(LI)=B(L])
30 CONTINUE
10 CONTINUE
DO 40 J=1 M
CALL LEGS(AG,N,NP,BO(1,1),X(1,7),INDX(1,7))
DO 40 K=1 N
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DO 40 I=1,N
AOK.D=A(K D)
40 CONTINUE
RETURN
END SUBROUTINE
C W T T

SUBROUTINE LEGS(A,N,NP,B,X,INDX)
C
C SUBROUTINE TO SOLVE THE EQUATION A(N,N)*X(N) = B(N) WITH THE
C PARTIAL-PIVOTING GAUSSIAN ELIMINATION SCHEME.
C
INTEGER N,NP
REAL*8 A(NP,NP),B(13,X(1)
INTEGER INDX(1)
c
CALL ELGS(A,N,NP,INDX)
C
DG 1001=1,N-1
DO 90J=I+1,N
B(INDX(J)) = BUNDX(J))
* -A(INDX(J),Iy*B(INDX(1))
90 CONTINUE
100 CONTINUE
c
X(N) = B(INDX(N))/A(INDX(N),N)
DO 2001=N-1, 1,-1
X(1) = BNDX(D)
DO 190 J=I+1,N
X(I) = X(1)-AUINDX D, Iy X}
190 CONTINUE
X(I)= X(IYAINDX(),])
200 CONTINUE
C
RETURN
END
C
C I
SUBROUTINE ELGS(A,N,NP,INDX)
C
C SUBROUTINE TO PERFORM THE PARTIAL-PIVOTING GAUSSIAN ELIMINATION.
C A(N,N) IS THE ORIGINAL MATRIX IN THE INPUT AND TRANSFGRMED
C MATRIX PLUS THE PIVOTING ELEMENT RATIOS BELOW THE DIAGONAL IN
C THE OUTPUT. INDX(N) RECORDS THE PIVOTING ORDER.

C

INTEGER N,NP
REAL*8 A(NP,NP),C[ALLOCATABLEJ(.) C1

INTEGER INDX(1),ERROR
ALLOCATE (C(NP),STAT=ERROR)
IF (ERROR NE.0) STOP

C INITIALIZE THE INDEX

C

DO 50 I=1,N
INDX(D) = I
50 CONTINUE



C
C FIND THE RESCALING FACTORS, ONE FROM EACH ROW
C
DO 100 I=1,N
C1=0.0
DO 90 I=1,N
C1=DMAXI(C1,ABS(A(L))))
90 CONTINUE
c@=Cl
100 CONTINUE
C
C SEARCH THE PIVOTING (LARGEST) ELEMENT FROM EACH COLUMN
C
DO 200 J=1,N-1
PI1=0.0
DO 150 I=J,N
PI= ABS(AUNDX(1),1))/CNDX(D)
IF (PLGT.PI1) THEN
PIi =PI
K =1
ELSE
ENDIF
150 CONTINUE
C
C INTERCHANGE THE ROWS VIA INDX(N) TO RECORD PIVOTING ORDER
C
ITMP = INDX(J)
INDX(J) = INDX(K)
INDX(K) = [TMP
DO 170 [=J+I,N
PJ = A(NDX(D),JYA(INDX(J),J)
C
C RECORD PIVOTING RATIOS BELOW THE DIAGONAL
C
A(INDX(D),J) = PJ
C
C MODIFY OTHER ELEMENTS ACCORDINGLY
C

DO 160 K=J+1,N
A(INDX(I),K) = A(INDX(I).K)-PI* AUNDX(),K)
160 CONTINUE
170 CONTINUE
200 CONTINUE
C
RETURN

C Rkkkhkkkkkhakkkk ko kak ko kkk kR ke kR Rk kR kR Rk kR Rk kR kR Rk
C Rk Rk kR Rk kk Rk ok kR kR Rk Rk kR Rk Rk kR kR Rk Rk kR Rk R Rk
C tttt*tt*tttt*ttt***t*ttt(DRIVATE‘S COMPU’I‘E)****#**#*#t*tt***tt***
C Fkkkkkkkkkhkkkhk Rk hokkkkokh ok kokkkkok Rk kokk Rk kR kk kR kK k&
C
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C THIS SUBROTINE COMPUTE FIRST AND SECOND ORDER OF DRIVATE
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AT X DIRECTION

Dt --> REAL*8 INPUT MATRIX(NP,NP) .ON RETURN FIRST DRIVATE MATRIX
D2 --> REAL*8 INPUT MATRIX(NP,NP).ON RETURN SECOND DRIVATE MATRIX
N > INTEGER FIRST DIMENSION OF D1 & D2

NP --> INTEGER THE ORDER OF D1 & D2

LX --> REAL*8 LONG OF SPACE AT X DIRECTION

SUBROUTINE DRIVED_X(KODE,D1,D2,N,NP,LX)
INTEGER N,NP,ML,MU,LDA, ERROR,L] KODE

REAL*8 DI{NP,1),D2(NP,1),LX, DX,AL

REAL*8 AI[ALLOCATABLE](;,:),BI[ALLOCATABLE](.,.),

ICI{ALLOCATABLE](;,")

ALLOCATE (AI(NP,NP),BI(NP,NP),CI(NP,NP),STAT = ERROR)
IF (ERROR.NE.0) STOP

AL=1./3.

ML=1

MU=ML

LDA=2*ML+MU+1

DX=LX/(N-1)

DI(I:N,LI:N)=0._8

D2(1:N,I:N)=0._8

AI(L:N,I:N)=0._8

BI(I:N,I:N)=0._8

CI(I:N,I:N)=0._8

CALL PADEBUELL1(KODE,AL,DX,N,NP,A1,B1)
CALL INVERSE(A1,C1,N,NP,ML,MU,LDA)
CALL ZARB(C1,B1,D1,N,N,N,NP NP)

DO 80 I=1,NP
DO 80 J=1 NP
Al(LD)=0.
BI(LJ)=0.
CHLI=0.
D2(L1)=0.
CONTINUE
AL=1/4.

CALL PADEBUELL2(KODE,AL,DX,N,NP,A1,B1)
CALL INVERSE(A1,C1,N,NP,ML,MU,LDA)
CALL ZARB(C1,B1,D2,N,N,N,NP,NP)
DEALLOCATE (A1,81,Cl, STAT = ERROR)
IF (ERROR.NE.0) STOP

END SUBROUTINE

i

i

THIS SUBROTINE COMPUTE FIRST AND SECOND ORDER OF DRIVATE

AT Y DIRECTION (MAPPED CONDITION)

D1 --> REAL*8 INPUT MATRIX(NP,NP} ON RETURN FIRST DRIVATE MATRIX

D2 --> REAL*8 INPUT MATRIX(NP,NP).ON RETURN SECOND DRIVATE MATRIX

N > INTEGER FIRST DIMENSION OF D1 & D2

NP --> INTEGER THE ORDER OF D1 & D2

BETA --> REAL*8 STERTCHED PARAMETER IF BETA->INFINITE=>SPACE IS EQUAL
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LY --> REAL*8 LONG OF SPACE AT Y DIRECTION

@]

SUBROUTINE DRIVED_Y(KODE,D1,D2,N,NP,BETA)

INTEGER N,NP,LDA ML MU,ERROR KODE

REAL*$ DI(NP,1),D2(NP,1), AL, BETA,DETA PI

REAL*8 AI[ALLOCATABLE](;,),BI[ALLOCATABLE](;’),
IC1[ALLOCATABLE](:,:), LAND1 [ALLOCATABLE](.,:),
1LAND2[ALLOCATABLE](;,:), LAND3[ALLOCATABLE](;,"),

1JA1{ALLOCATABLE](:,:),JA2{ALLOCATABLE](.,.),A2[ALLOCATABLE](.,"),

1B2{ALLOCATABLE](:,:)

ALLOCATE (A1(NP,NP),B1(NP,NP),C I(NP,NP), LAND(NP,NP) JAI(NP NP),
1JA2(NP,NP), LAND2(NP,NP),LAND3(NP,NP), A2(NPNP), B2(NP,NP),
ISTAT = ERROR)
IF (ERROR.NE.0) STOP
AL=1/3.0
ML=1
MU=ML
LDA=2*ML+MU+1
PI=4.*ATAN(1.0)
DETA=1./(N-1}
DO 20 I=1,NP
DO 20 J=1,NP
LANDI(IJ)=0.
LAND2(LJ)=0.
LAND3(I,J)=0.
C1(1,3)=0.
AL(LI)=0.
B1(1,Jy=0.
A2(1,N)=0.
B2(I,J)=0.
20 CONTINUE

CALL PADEBUELLI(KODE,AL,DETA,N,NP,A1,B1)
CALL INVERSE(A1,CI,N,NP,ML,MU,LDA)

CALL MAPING_I(LANDI1,LAND2,LAND3,BETA,N,NP)
CALL ZARB(LANDI,C1,JA1,N,N,N,NP,NP)

CALL ZARB(JA1,B1,D1,N,N,N,NP,NP)

DO 10 I=1,NP
DO 10 J=1,NP
ALLT)=0.
JAL(LT)=0.
10 CONTINUE
AL=1/4.0

CALL PADEBUELL2(KODE,AL,DETA N,NP,A2 B2)

CALL INVERSE(A2,A1 N,NP ML, MU,LDA)

CALL ZARB(LAND2,A1,JA2,N,N,N,NP,NP)

CALL ZARB(JA2,B2,JA1,N,N,N,NP,NP)

CALL ZARB(LAND3,C1,A2,N,N,N,NP,NP)

CALL ZARB(A2,B1,JA2, N,N,N,NP,NP)

CALL SUM(JAL,JA2,D2,N,N,NP)

DEALLOCATE (A1,B1,C1,LANDI JAL JA2, LAND2,LAND3,A2 B2
1 ,STAT=ERROR)



END
R
T

aO0O00a0n

IF (ERROR.NE.0) STOP
RETURN

T T T

SUBROUTINE PADEBUELL [{(KODE,ALPHA DX,N,NP,A,B)
INTEGER KODE,N,NP {
REAL*8 A(NP,1),B(NP,1),ALPHA DX,Z ALPHA
Z=1.0/ALPHA
DO 10 [=4,N-3
A(LD=Z
A(LI+D=1.
ALEFD)=AQIH)
B(LI+2)=(4.-2)12.*DX)
B(LI-2)=-B(LI+2)
B(LI+1)=(1.+2.#Z)/(3.*DX)
B(LI-1)=-B(LI+1)
CONTINUE
=3
ALPHA1=(16.+32.*Z)/(40.-Z)
ALPHAI=1/ALPHALI
A(LD=ALPHA]
AQLED=1.
AQ-D=AQLIH])
B(LI+2)=(4.-ALPHA1)/(12.*DX)
B(L1-2)=-B(L1+2)
B(LI+1)=(1.+2.*ALPHA1)/(3.*DX)
B(LI-1)=B(LI+1)
[=N-2
ALPHA1=(16.+32.*Z)/(40.-Z)
ALPHAI=1/ALPHALI
A(LD=ALPHAI
AQLI+)=1.
ALLD=ALEF)
B(LI+2)=(4.-ALPHA1)/(12 *DX);
B(LL-2)=B(LI+2);
B(LI+1)=(1 +2.*ALPHA1)/(3.*DX);
B(LL 1)=B(LI+1);

=2
ALPHA1=4.

A(LD=ALPHAI

AQLH=L

ALI-I)=ALT+)
B(LI+1)=(1.+2.*ALPHA1)/(3.*DX),
B(LI-1)=B(L+1);

I=N-|
A(LD=ALPHAI
AQFD=L
ALI-D=ALIF])
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B(LI+1)=(1.+2.*ALPHA1)/(3.*DX)
B(LI-1)=B(LI+1)

IF(KODE.EQ.0) THEN
AL D=1.
ANN)=1.

AN N-1)=2.
B(1,1)=1.
B(N,N)=2.5/DX
B(N,N-1)=-2./DX
B(N,N-2)=0.5/DX

ELSE IF(KODE.EQ.1) THEN
A(LD=L
A(12)=2.
B(1,1)=-2.5/DX
B(1,2)=2./DX
B(1,3)=0.5/DX
ANN)=1
B(N.N)=1.

ELSEIF (KODE.EQ.2) THEN
A(LD=1.
B(L,1)=1.
ANN)=1,
B(N,N)=1.

ELSE
A(L1)=1.
AN N)=A(L1)
A(1,2)=2.
AN N-1)=A(1,2)
B(1,1y=-2.5/DX
B(1,2)=2./DX
B(1,3)=0.5/DX
B(N,N)=-1.0*B(1,1)
B(N,N-1)=1.0*B(1,2)
B(N,N-2)=-1.0*B(1,3)

END IF

RETURN

END SUBROUTINE

I T

I T LT
SUBROUTINE PADEBUELL2(KODE,ALPHA,DX,N,NP.A B)

PREPARE A & B FOR 2ND DERIVATIVE MATRICES OF EQ 14 OF BUELL

A(NP,NP),B(NP,NP) ARE SQUARE MATRICES IN AF'= BF

DX —> SPATIAL INCREMENT IN X DIRECTION

GAMMA --> NUMBER IN EQ 14

KODE --> IF ONE ==>PREPARE MATRICES AT BOUNARIES AS SUGGESTED BY 17
OTHERWISE AS 16

INTEGER KODE,N,NP,J
REAL*8 A(NP,1),B(NP,1),ALPHA,DX,Z
Z=1.0/ALPHA
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DO 10 J=3N-2
AQJRZ
AQJ+D=1.
AQJ-D=AQ,J+1)
B(J,J+2)=(10.-Z)/(12.*DX*DX);
B(J,J-2)=B(J J+2)
B(,J+1)=4.%(Z-1.)/8 .*DX*DX)
B(J,J-1)=B(I.J+1)
BULR *BU+2+B(J+1)

CONTINUE

AN-1,N-1)=10.

AQ2)=AN-IN-1)

=

Z=10.

AU JH=L

AQJ-1)=AQ,J+1)

B(J,J+1)=4.*(Z-1.)/8 *DX*DX);

B(J,J-1)=B{,1+1)

BU.)2 *B(I,J+1)

J=N-1
AQJH=L.

AQJ-D=AQL,J+1)
B(J,J+1)=4.%Z-1./8 *DX*DX);
B(I,J-1)=B(J,J+1)

BU.I)2 .*B(JJ+1)

IF (KODE.EQ.0) THEN ! TO USE DERIVATIVES AT BOUNDARIES

A(L =L
A(2)=2.
ANN)=L
ANN-I)=11.
B(1,1)=1.5(DX*DX)
B(1,3)=1.5(DX*DX)
B(N,N)=13 (DX*DX)
B(N,N-1)=-27./(DX*DX)
B(N,N-2)=15./(DX*DX)
B(N,N-3)=1./(DX*DX)
ELSEIF (KODE.EQ.1) THEN
AL D=L
A(L2)=11.
B(1,1)=13./(DX*DX)
B(1,2)=27.(DX*DX)
B(1,3)=15./(DX*DX)
B(1,4)=-1 (DX*DX)
ANN)=1.
AQN,N-1)=2.
B(N,N)=-1.5DX*DX)
B(N,N-2)=1.5/(DX*DX)
ELSEIF (KODE.EQ.2) THEN
A(LD=L.
A(2)=2.
B(1,1)=-1.5ADX*DX)
B(1,3)=1.5/(DX*DX)
AQNN)=L.
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ANN-1)=2.
B(N,N)=-1.5/(DX*DX)
B(N,N-2)=1.5(DX*DX)

ELSE

A(LD=1.

AN,N)=A(L1)
A(12)=11.
ANN,N-1)=A(1,2)
B(N,N)=13./(DX*DX)
B(L,1)=B(N,N)
B(N,N-1)=27/(DX*DX)
B(1,2)=B(N,N-1)
B(N,N-2)=15 /(DX*DX)
B(1,3)=B(N,N-2)
B(N,N-3)=1 /(DX*DX)
B(1,4)=B(N,N-3)

END IF

END SUBROUTINE

I ]

i
THIS SUBROUTINE COMUTE MATRIX LANDAILLANDA2 LANDA3 IN -.2i%

METHOD .

LANDI -->REAL*8 INPUT MATRIX(NP,NP) LANDA1

LAND? -->REAL*8 INPUT MATRIX(NP,NP) LANDA2

LAND3 -->REAL*8 INPUT MATRIX(NP,NP) LANDA3

N --> INTEGER FIRST DIMENSION OF LAND1 & LAND2,LAND3
NP —> INTEGER THE ORDER OF LAND1 & LAND2,LAND3

SUBROUTINE MAPING_I(LAND1,LAND2,LAND3,BETA,N,NP)
INTEGER N,NP,[
REAL*8 LAND1(NP,1),LAND2(NP,1),LAND3(NP, 1),BETA,ETA,Y,DETA
REAL*8 PI
PI=4.*DATAN(1__8)
DETA=1./(N-1)
DO 10 =IN
ETA=(I-1)*DETA
Y=-BETA/DTAN(PI*ETA)
LAND [(LI)=(DSIN(PI*ETA))**2./(PI*BETA)
LAND2(I)={(DSIN(PI*ETA))**2 /(PI*BETA))**2.
LAND3(LT)=2. *(DSIN(PI*ETA))* *3.#DCOS(PI*ETA)/(PI*BETA**2.)
CONTINUE
RETURN
END SUBROUTINE

i
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C AT T
SUBROUTINE SUM(A,B,C,M,N,MA)
REAL*S A(MA,1),B(MA,1),C(MA,1)
DO 10 =1,M
DO 10 J=IN
10 CULI=AQLI+BAT)
END
C I T T
SUBROUTINE MINUS(A,B,C,M,N,MA)
REAL*8 A(MA,1),B(MA,1),C(MA, 1)
DO 10 I=1,M
DO 10 J=1,N
10 CLI=ALI-BLY)
END .

c HIHHITHHIT 1
C I
SUBROUTINE MTRANSE_TEST()
REAL*$ A(10,10),B(10,10)

INTEGER LJ
DO 101=1,3
READ(*,*) (A(L]),J=1,2)

10 CONTINUE

CALL MTRANSPOSE(A,B,2,2,10,10)

DO 20 [=1,2

WRITE(*,30) (B(,3),J=1,3)

30 ' FORMAT(3(2X,F8.3))
20 CONTINUE

END SUBROUTINE

i

ZARB MULTIPLY A & B (A*B)
A ——>FISRT MATRIX

B --->SECOND MATRIX

C —->(A*B)

M -->NUMBER OF ROWS OF FIRST MATRIX(A)

N -->NUMBER OF COLUMNS OF FIRST MATRIX(A)

L --->NUMBER OF COLUMNS OF SECOND MATRIX(B)
MA-->ORDER OF MATRIX(A)

NB-->ORDER OF MATRIX(B)

oo oNsNoNeoNeoNoNe oo oo No e

SUBROUTINE ZARB(A,B,C,M,N,LMANB)
REAL*8 A(MA,1),B(NB,1),C(MA, 1)
DO 30 I=1.M
D020 J=1.L
C(LT)=0.
DO 10K=1,N
C(LI=C(LI)+AQLK)*B(K.J)



20 CONTINUE
30 CONTINUE
END

c U
c U T
SUBROUTINE E_ZARB_E_TEST()
REAL*8 A(20,20),B(20,20),C(20,20)
A(L1)=1.

A(1,2)=2.

AR 1=3.

AQ2)=4.

B(1,1)=3.

B(1,2)=2.

B@,1)=1.

B(2,2)=0.

CALL E_ZARB_E(A,B.C.2,2,20)

PRINT  *C(1,1),C(1,2)

PRINT *C(2,1C(22)

RETURN

END SUBROUTINE
U

g

E_ZARB_E MULTIPLY A & B (A.*B)[MULTIPLY ELEMENT BY ELEMENT]
A —>FISRT MATRIX

B —-->SECOND MATRIX

C-->(A.*B)

M -—>NUMBER OF ROWS OF FIRST MATRIX(A)

N --->NUMBER OF COLUMNS OF FIRST MATRIX(A)

MA--->ORDER OF MATRIX(A)

o000 0000

SUBROUTINE E_ZARB_E(A,B.C,M.N,MA)
REAL*8 A(MA,1),B(MA,1),C(MA, 1)
DO 30 =1 M
DO 20 J=I N
C(LI=ALD*B(LY)

20 CONTINUE
30 CONTINUE

END

C M

SUBROUTINE ZEROS(A,N,M,NP)
INTEGER NP,N,M,1]
REAL*8 A(NP, 1)
DO 10 =1.N
DO 20 I=1,.M
A(LT)=0.
20 CONTINUE
10 CONTINUE
RETURN
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30

20

END SUBROUTINE
I )
T T T
SUBROUTINE GARINE(A,B,M,N,NP)
INTEGER M,N,LJ
REAL*$ A(NP,1),B(NP,1)
DO 10 =1,M
DO 10J=IN
B(LJ)=-1.*A(L])
CONTINUE
RETURN
END SUBROUTINE
I T ST 1
SUBROUTINE TRANSPOSE IS A COMPAQ VISUAL FORTRAN FOR TRANSPOSE A
MATRIX NXN . TRANSPOSE OF MATRIX OVERWRITE ON MATRIX A,ON RETURN.
U1
SUBROUTINE TRANSPOSE(A,N,NP)
INTEGER N,LJ
REAL*8 A(NP,{), TEMP
DO 10 <1,N
DO 20 J=1 -1
TEMP=A(L,J)
ALT=AQD
A{JJ=TEMP
CONTINUE
CONTINUE
RETURN

END SUBROUTINE
SUBROUTINE MTRANSPOSE IS A COMPAQ VISUAL FORTRAN FOR TRANSPOSE A

MATRIX NXN ,TRANSPOSE OF MATRIX OVERWRITE ON MATRIX A,ON RETURN.
WU 11
SUBROUTINE MTRANSPOSE(A,B,NX,NY,NXP,NYP)
INTEGER NX,NY,LJ
REAL*8 A(NXP,1),B(NYP, 1)
DO 30 I=1,NYP
DO 30 J=1 NXP
B(LJ)=0.
CONTINUE
DO 10 I=1,NX
DO 20 J=1,NY
B@I.D=ALY)
CONTINUE
CONTINUE
RETURN
END SUBROUTINE
I
SUBROUTINE F(X,VALUE)
VALUE=SIN(X)
RETURN
END SUBROUTINE
SUBROUTINE FPRIM(X,VALUE)
VALUE=COS(X)
RETURN
END SUBROUTINE
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SUBROUTINE POISSON_TEST()
INTEGER M1,N1,M11
INTEGER NAI,NU1FAILI,NCI,NV1,NB1
INTEGER LJ,ERROR
INTEGER H,M,S,MS
REAL*8 EAL,EBI,SUMI
REAL*8 A1[ALLOCATABLE](;,:),BI[ALLOCATABLE](:,2),
1CI[ALLOCATABLEJ(;,:),X1[ALLOCATABLE](.,:), TI [ALLOCATABLE](: ),
IT2{ALLOCATABLE](;,:), X0[ALLOCATABLE](.,")
REAL*8 UI[ALLOCATABLE](;,),VI[ALLOCATABLE](;,})
CALL GETTIM(H,M,S,MS)
CALL SEED(MS)
PRINT *,“PLEASE ENTER NUMBER OF ROWS(MARTX X):"
READ * M|
PRINT *,"PLEASE ENTER NUMBER OF COLUMNS(MARTX X):"
READ * N1
NAI=MI
NU1=M]

" NBI=NI

14

NVI=N1
NC1=M1
ALLOCATE (AI(NAI,NA1)BI(NBINB1),X1(NA1,NB1),XO(NA1,NB1),
1 CINAL,NB1),UI{NAL,NA1),VI(NBI,NBI), TI(NAI,NB1),

| T2(NA1,NB1),STAT = ERROR)

IF (ERROR NE.0) STOP

DO 10 =1, M
DO 10J=1,Ml
CALL RANDOM(P)
Al(LD=P*10+5
CONTINUE
DO 13 I=I,N1
DO 13 J=I,NI

CALL RANDOM(P)
BI(LJ)=P*10+5.
CONTINUE
DO 14 =1 M1
DO 14 J=1,N1
CALL RANDOM(P)
XI(IJ=P*10+5,
CONTINUE
CALL ZARB(AL X1, TI,MI,MI,NI,NALNAI)
CALL ZARB(X1,B1,T2,MI,NI,NI,NAI,NBI)
CALL SUM(T1,T2.CI,MI,NI,NAI)
OPEN(!,FILE=POISSON_TEST.TXT' STATUS=UNKNOWN')
WRITE(1,201)



201 FORMAT('THIS PROGRAM WAS DEVELOPED BY M.H.DIBAEE TO SOLVE')

WRITE(1,202)

202 FORMAT('THE MATRIX EQUATION AX+XB=C WHERE A & B & C ARE")

WRITE(1,203)
203 FORMAT(REAL MATRIX")
WRITE(1,20)

20 FORMAT(" 3
CALL POISSON(A1,B1,CI,MI,NI,NAI,NBI,FAILL)
WRITE(1,47) FAILI

47 FORMAT(12)

DO 21 =1 M1
WRITE(1,22) (ABS(XI(LI)-C1{LN))YX (L), J=1,N1)
22 FORMAT( 1000(2X,F15.8))
21 CONTINUE
CLOSE(1)
RETURN
END SUBROUTINE

C

C T e i

C
SUBROUTINE POISSON(A,B,C,M,N,MP,NP FAIL)
INTEGER M,N,MP,NP FAIL ERROR,[JM11
INTEGER NAI,NULFAILI NCI,NVI| NBI
REAL*8 A(MP,1),B(NP,1),C(MP,1),EA1,EBI
REAL*8 U[ALLOCATABLE](;,:), V[ALLOCATABLEJ(;,:)
REAL*8 A1{ALLOCATABLE](;,:),BI[ALLOCATABLE](;,:)
IF (M.GT.N) THEN

Ml 1=M+1
ELSE
- MI1=N+1
END IF -
NAI=MI11
NU1=M11
NB1=M11
NVI=MI1
NC1=MI11
EA1=10E-18
EBI1=EAl
ALLOCATE (AI(NA1,NA1),BI(NB1,NBI),
IU(NAL,NAI),V(NB1,NB1),STAT = ERROR)
IF (ERROR.NE.0) STOP
DO 10 =1, M
DO 20 J=1.M
ALDEA(LY)
20 CONTINUE
10 - CONTINUE
DO40=1,N
DO 50 J=I,N
B1(1,))=B(LJ)
50 CONTINUE
40 CONTINUE

CALL AXPXB(A1,UM,NALNU1,B1,V.NNBI,NV].C MP,EALLEBI FAIL)
DEALLOCATE (U,V,Al1,Bl1, STAT = ERROR)
IF (ERROR.NE.0) STOP



RETURN ,
END SUBROUTINE

C IR R
SUBROUTINE AXPXB_TEST()
INTEGER MI,N1,M11
INTEGER NA1,NULFAILI,NCI,NV1,NBI
INTEGER LJ,ERROR
INTEGER H,M,S.MS
REAL*8 EA1,EBI,SUMI
REAL*8 AI[ALLOCATABLE](,:),B1[ALLOCATABLE](...),
1CI[ALLOCATABLEJ(,,),X1[ALLOCATABLE](;,:), TI[ALLOCATABLE](.,.),
IT2{ALLOCATABLE](.,))
REAL*8 UI[ALLOCATABLEJ(.,:),VI[ALLOCATABLE](.,.)
CALL GETTIM(H,M,S,MS)
CALL SEED(MS)
PRINT *"PLEASE ENTER NUMBER OF ROWS(MARTX X)-"
READ * M1
PRINT *,"PLEASE ENTER NUMBER OF COLUMNS(MARTX X):
READ *N|
IF (M1.GT.N1) THEN
M11=M1+1
ELSE
MI1=N1+]
ENDFF
SUM1=0.
NAI=MI11 -
NUI=MI1
NB1=M!1
NV1=MI1
NC1=M11
ALLOCATE (AI(NA1NA1),BI(NB1,NB1),XI(NAI,NBI),
1 CI(NAI,NB1),UI(NAI ,NA1),VI(NB1 NB1), TI(NAI,NB1),
1 T2(NA1,NB1),STAT = ERROR)
IF (ERROR.NE.0) STOP
DO 10 =1 M1
DO 10 J=1, M1
CALL RANDOM(P)
AL(LT=P*10+5
10 CONTINUE
DO 13 =1,NT
DO 13 J=1,N1

CALL RANDOM(P)
BI(LI=P*10+5.
13 CONTINUE
DO 14 =1 M1
DO 14 J=1,N1
CALL RANDOM(P)
XI(LI)=P*10+5.
14 CONTINUE
CALL ZARB(AL X1,T1, M1 MI,N1,NALNAI)
CALL ZARB(X1,B1,T2, MI,NLLNI,NAI,NB1)
CALL SUM(T1,T2,CI,M1,NI,NAI)
OPEN(1,FILE=AXPXB_TEST.TXT' ,STATUS="UNKNOWN')
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WRITE(1,201)
201 FORMAT(THIS PROGRAM WAS DEVELOPED BY M.H.DIBAEE TO SOLVE)

WRITE(1,202)
202 FORMAT(THE MATRIX EQUATION AX+XB=C WHERE A & B & C ARE)
WRITE(1,203)
203 FORMAT(REAL MATRIX')
WRITE(1,20)
20 FORMAT( )
DO 24 =1, M1
DO 24 J=1 M1
WRITE(1,23) LLAL(LJ)
23 FORMAT( ACL2,12)='F8.4)
24 CONTINUE
DO 26 I=1,NI
DO 26 J=1NI
WRITE(1,25) L1BI(LJ)
25 FORMAT(' B(I212')='F8.4)
26 CONTINUE
DO 36 =1, M1
DO 36 J=I,NI
WRITE(1,35) L, X 1(L))
35 FORMAT( XO(L2,'12')='F8 4)
36 CONTINUE
DO 46 I=1 M1
DO 46 J=1,N1
WRITE(1,45) LJ,C (L))
45 FORMAT( C1(13'/13)="F10.4)
46 CONTINUE
EA1=0.000000001
EB1=0.000000001 ]
CALL AXPXB(AL,UI MI NAI,NUL,B1,VINI,NBI NV1,C1,NC1,EAL,EB],FAIL])
WRITE(1,47) FAILI
47 FORMAT(L2)
DO 21 =1, M1
DO 21 J=I,NI
SUM [=SUMIHC [ (LT)-X1(LD)**2
WRITE(1,22) LT(C1(LD)),ABS((C1(LI-X 1L )X 1(AI))

22 FORMAT( X(I2,12)=F104' 'F15.6)
21 CONTINUE
WRITE(1,28) SQRT(SUM1)/((N1*M1))
28 FORMAT(ERROR(RMS)=F10.5)
CLOSE(1)
RETURN
END SUBROUTINE
C
C

SUBROUTINE AXPXB(A,UM,NA NU,B,V,N,NB,NV,C,NC,EPSA,
IEPSB,FAIL)

C
C AXPXB IS A FORTRAN IV SUBROUTINE TO SOLVE THE REAL MATRIX

C EQUATION AX + XB =C. THE MATRICES A AND B ARE TRANS-

C FORMED INTO REAL SCHUR FORM, AND THE TRANSFORMED SYSTEM IS
C SOLVED BY BACK SUBSTITUTION. THE PROGRAM REQUIRES THE

C AUXILIARY SUBROUTINES HSHLDR, BCKMLT, SCHUR, AND SHRSLV.

C THE PARAMETERS IN THE ARGUMENT LIST ARE

C
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A ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX A. ON RETURN, THE LOWER TRIANGLE
AND SUPERDIAGONAL OF THE ARRAY A CONTAIN
A LOWER REAL SCHUR FORM OF A. THE ARRAY

A MUST BE DIMENSIONED AT LEAST M+1 BY

M+l1.

A DOUBLY SUBSCRIPTED ARRAY THAT, ON
RETURN, CONTAINS THE ORTHOGONAL MATRIX
THAT REDUCES A TO REAL SCHUR FORM.

M  THE ORDER OF THE MATRIX A.

NA THE FIRST DIMENSION OF THE ARRAY A.

NU THE FIRST DIMENSION OF THE ARRAY U.

B ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX B. ON RETURN, THE UPPER TRIANGLE
AND SUBDIAGONAL OF THE ARRAY B CONTAIN AN
UPPER REAL SCHUR FORM OF B. THE ARRAY B
MUST BE DIMENSIONED AT LEAST M+1 BY M+1.

V  ADOUBLY SUBSCRIPTED ARRAY THAT, ON
RETURN, CONTAINS THE ORTHOGONAL MATRIX
THAT REDUCES B TO REAL SCHUR FORM.

N  THE ORDER OF THE MATRIX B.

NB THE FIRST DIMENSION OF THE ARRAY B.

NV THE FIRST DIMENSION OF THE ARRAY V.

C  ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX C. ON RETURN, C CONTAINS THE
SOLUTION MATRIX X.

NC THE FIRST DIMENSION OF THE ARRAY C.

EPSA A CONVERGENCE CRITERION FOR THE REDUCTION
OF A TO SCHUR FORM. EPSA SHOULD BE SET
SLIGHTLY SMALLER THAN 10.**(-N), WHERE N
IS THE NUMBER OF SIGNIFICANT DIGITS IN
THE ELEMENTS OF THE MATRIX A.

EPSB A CONVERGENCE CRITERION FOR THE REDUCTION
OF B TO REAL SCHUR FORM.

FAIL AN INTEGER VARIABLE THAT, ON RETURN,
CONTAINS AN ERROR SIGNAL. IF FAILIS
POSITIVE (NEGATIVE) THEN THE PROGRAM WAS
UNABLE TO REDUCE A (B) TO REAL SCHUR
FORM. IF FAIL IS ZERO, THE REDUCTIONS
PROCEEDED WITHOUT MISHAP.

c
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C WHEN EPSA IS NEGATIVE THE REDUCTION OF A TO REAL SCHUR
C FORM IS SKIPPED AND THE ARRAYS A AND U ARE ASSUMED TO
C CONTAIN THE SCHUR FORM AND ACCOMPANYING ORTHOGONAL MATRIX.
C THIS PERMITS THE EFFICIENT SOLUTION OF SEVERAL EQUATIONS
C OF THE FORM AX + BX = C WHEN A DOES NOT CHANGE. LIKEWISE,
C IF EPSB IS NEGATIVE, THE REDUCTION OF B TO REAL SCHUR FORM
C IS SKIPPED.
C

REAL*8

1A(NA, 1, UNU,1),B(NB,1),V(NV,1),C(NC,1),EPSA EPSB,TEMP

INTEGER

IMNANU,N,NB,NV.NC FAIL M| MM NI,NMI,LJK

Ml =M+1

MMI =M-1

NI =N+l
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L

NMI =N-1
C

C IF REQUIRED, REDUCE A TO LOWER REAL*8 SCHUR FORM.

c
IF(EPSA LT. 0.) GO TO 35
DO 10 I=1,M
DO 10 J=iM
TEMP = A(L])
AGD = AQLD
A(Ll) = TEMP
10 CONTINUE
CALL HSHLDR(A,M,NA)
CALL BCKMLT(A,U,M,NA,NU)
IF(MM1 .EQ. 0) GO TO 25
DO 20 I=1, MM
ACFLD) = AIM1)
20 CONTINUE
CALL SCHUR(A,U,M,NA NU,EPSA FAIL}
IF(FAIL \NE. 0) RETURN
25 D0 30 I=LM
DO 30 J=IM
TEMP = A(L])
AL =Ad])
A(LD) = TEMP
30 CONTINUE
c
C IF REQUIRED, REDUCE B TO UPPER REAL*8 SCHUR FORM.
c
35 IF(EPSB LT, 0.) GO TO 45
CALL HSHLDR(B,N,NB)
CALL BCKMLT(B,V,N,NB,NV)
IF(NM1 .EQ. 0) GO TO 45
DO 40 I=1,NM1
B(I+1,)=B(LND)
40 CONTINUE
* CALL SCHUR(B,V,N,NB,NV EPSB FAIL)
FAIL = -FAIL
IF(FAIL .NE. 0) RETURN
c
C TRANSFORM C.
c
45D0 60 I=I,N
DO 50 I=1,M
AQIM1)=0.
DO 50 K=1,M
A(LMI) = AIM1) + UK, D*CK,J)
50 CONTINUE
DO 60 =1,M
C(LY) = A(LMI)
60 CONTINUE
DO 80 I=1.M
DO 70 J=IN
B(NLJ)=0.
DO T0K=IN
B(N1,J)=B(NL) + C(LK)*V(K.J)
70 CONTINUE



DO 80 JI=1,N
C{LJ)=B(NLI)
80 CONTINUE
c
C SOLVE THE TRANSFORMED SYSTEM.
C
CALL SHRSLV(A,B,C,M,N,NA,NB,NC)
c
C TRANSFORM C BACK TO THE SOLUTION.
c
DO 100 J=1,N
DO 90 I=1.M
ALMD =0.
DO 90 K=1.M
A(LMI1) = AM]) + ULK*C(K, )
90 CONTINUE
DO 100 I=1,M
C(L1) = A(LMI)
100 CONTINUE
DO 120 I=1,M
DO 110 J=I N
B(N1,J) = 0.
DO 110 K=1,N
B(NL,J)= B(NLJ) + CLK)*V(I,K)
110 CONTINUE
DO 120 J=I,N
C(Lh)=B(NLJ) -
120 CONTINUE
RETURN
END .
SUBROUTINE SHRSLV(A,B,C,M,N,NANB,NC)
C SHRSLV IS A FORTRAN IV SUBROUTINE TO SOLVE THE REAL*$ MATRIX
C EQATION AX + XB = C, WHERE A IS IN LOWER REAL*8 SCHUR FORM
C AND B IS IN UPPER REAL*8 SCHUR FORM. SHRSLV USES THE AUX-
C ILIARY SUBROUTINE SYSSLV, WHICH IT COMMUNICATES WITH
C THROUGH THE COMMON BLOCK SLVBLK. THE PARAMETERS IN THE
C ARGUMENT LIST ARE
A ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX A IN LOWER REAL*8 SCHUR FORM.
B ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIEX B IN UPPER REAL*$ SCHUR FORM.
C A DOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX C.
M  THE ORDER OF THE MATRIX A.
N THE ORDER OF THE MATRIX B.
NA THE FIRST DIMENSION OF THE ARRAY A.
NB  THE FIRST DIMENSION OF THE ARRAY B.
NC THE FIRST DIMENSION OF THE ARRAY C.

cHeNeNoNeNoNoNeNoNe Mo NP

REAL*8
1A(NA,1),B(NB,1),C(NC,1),T.P
INTEGER
IM,N,NA,NB,NC,K,KM1,DK,KK,L,LM1,DL,LL,L.IB,J.JANSYS
COMMON/SLVBLK/T(5,5),P(5),NSYS
L=1

10 LMi=L-1
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15

20
30
40

45

50
60

70

80

90

DL=1
IF(L EQ.N) GO TO 15
IFB(L+1,L) NE.0)DL=2

LL=L+DL-1
IF(L .EQ. 1) GO TO 30
DO203=LLL

DO 20 =1 M

DO 20 IB=1,LM]1

C(L)) = C(LT} - CLIB)*B(B,I)

CONTINUE
K=1
KM1 =K-1
DK =1
IF(K .EQ. M) GO TO 45
IF(A(K,K+1) .NE. 0.) DK =2
KK = K+DK-1
IF(K .EQ. 1) GO TO 60
DO 50 =K, KK
DO 50 J=L,LL
DO 50 JA=1, KMI

C(LT) = C(LY) - A(LIAY*C(JA,J)

CONTINUE

[F(DL EQ. 2) GO TO 80
IF(DK .EQ. 2) GO TO 70
T(1,1) = AKK) + BL,L)
IF(T(1,1) EQ. 0.) STOP
C(K,L) = C(K,LYT(L,1)
GO TO 100

T(1,1)= A(K.K) + B(LL)
T(1,2) = A(K.KK)
T2.1) = AKK.K)
T(2,2) = A(KK,KK) + B(L,L)
P(1)=C(K,L)
P(2)=C(KKL)
NSYS =2
CALL SYSSLV
CK.L)=PF(1)
C(KK,L) = P(2)
GO TO 100

IF(DK .EQ. 2) GO TO 90
T(1,1) = A(K,K) + B(L,L)
T(1,2) = B(LL,L)
T(2,1)= B(L,LL)
T(2,2) = A(K.K) + BLL.LL)
P(1)=C(K,L)
P(2) =C(K,LL)
NSYS =2
CALL SYSSLV
C(K.L)=P(1)
C(K,LL) = P(2)
GO TO 100

T(1,1)= A(KK) + B(L.L)
T(1,2) = A(K.KK)
T(1,3)=B(LL.L)
TL,4)=0.
T2,1) = AKK.X)



T(2.2) = A(KK,KK) + B(L,L)
T(2.3)=0.
T(2,4)=T(1,3)
T(3,1) = B(L,LL)
T(3.2)=0.
TG3,3)= AKK) +B(LLLL)
TG,4)=T(1,2)
T@.1)=0.
T(4,2)="T(3,1)
T4,3)=T(2,1)
T(4,4) = A(KK.KK) + B(LL,LL)
P(1)=C(K,L)
P(2) = C(KK,L)
P(3) =C(K,LL)
P(4) = C(KK,LL)
NSYS =4
CALL SYSSLV
CK.L) = B(1)
C(KK,L) = P(2)
C(K,LL) = P(3)
C(KK,LL) = P(4)
100 K=K+DK
IF(K .LE. M) GO TO 40
L=L+DL
IF(L .LE. N) GO TO 10
RETURN
END :
SUBROUTINE ATXPXA(A,U,C,N,NANU,NC EPS,FAIL)
c
C ATXPXA IS A FORTRAN IV SUBROUTINE TO SOLVE THE REAL*8 MATRIX
C EQUATION TRANS(A)*X + X*A = C, WHERE C IS SYMMETRIC AND
C TRANS(A) DENOTES THE TRANSPOSE OF A. THE EQUATION IS
C TRANSFORMED SO THAT A IS IN UPPER REAL*8 SCHUR FORM, AND THE
C TRANSFORMED EQUATION IS SOLVED BY A RECURSIVE PROCEDURE.
C THE PROGRAM REQUIRES THE AUXILIAR Y SUBROUTINES HSHLDR,
C BCKMLT, SCHUR, AND SYMSLV. THE PARAMETERS IN THE ARGUMENT
CLIST ARE
A ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX A. ON RETURN, THE UPPER TRIANGLE
AND THE FIRST SUBDIAGONAL OF THE ARRAY A
CONTAIN AN UPPER REAL*8 SCHUR FORM OF A.
THE ARRAY A MUST BE DIMENSIONED AT LEAST
N+I BY N+1.
U ADOUBLY SUBSCRIPTED ARRAY THAT, ON
RETURN, CONTAINS THE ORTHOGONAL MATRIX
THAT REDUCES A TO UPPER REAL*8 SCHUR FORM.
A DOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX C. ON RETURN, C CONTAINS THE
SOLUTION MATRIX X.
N THE ORDER OF THE MATRIX A.
NA  THE FIRST DIMENSION OF THE ARRAY A.
NU  THE FIRST DIMENSION OF THE ARRAY U.
NC  THE FIRST DIMENSION OF THE ARRAY C.
EPS A CONVERGENCE CRITERION FOR THE REDUCTION
OF A TO REAL*8 SCHUR FORM. EPS SHOULD BE
SET SLIGHTLY SMALLER THAN 10.**(-N),
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WHERE N IS THE NUMBER OF SIGNIFICANT
DIGITS IN THE ELEMENTS OF THE MATRIX A.

FAIL AN INTEGER VARIABLE THAT, ON RETURN,
CONTAINS AN ERROR SIGNAL. IF FAIL IS
NONZERO, THEN THE PROGRAM WAS UNABLE TO
REDUCE A TO REAL*8 SCHUR FORM. IF FAIL IS
ZERO, THE REDUCTION PROCEEDED WITHOUT
MISHAP.

OO0 000aaf n

C WHEN EPS IS NEGATIVE, THE REDUCTION OF A TO REAL*8 SCHUR
C FORM IS SKIPPED AND THE ARRAYS A AND U ARE ASSUMED TO
C CONTAIN THE SCHUR FORM AND ACCOMPANYING ORTHOGONAL MATRIX.
C THIS PERMITS THE EFFICIENT SOLUTION OF SEVERAL EQUATIONS
C WITH DIFFERENT RIGHT HAND SIDES.
C
REAL*8
1AQNA,1),UNU, 1),C(NC,1),EPS
INTEGER
IN,NA,NU,NC FAILNI,NM1,LJK
NI =N¢l
NMI =N-[
C
C IF REQUIRED, REDUCE A TO UPPER REAL*8 SCHUR FORM.
C
IF(EPS .LT. 0.) GO TO 15
CALL HSHLDR(A,N,NA)
CALL BCKMLT(A,U,N,NA,NU)
DO 10 [=1,NM1
A+ = A(ND)
10 CONTINUE
CALL SCHUR(A,U,N,NA,NU,EPS FAIL)
[F(FAIL NE. 0) RETURN
C
C TRANSFORM C.
C
15D020 I=1.N
C,) = CD2.
20 CONTINUE
DO 40 <IN
DO 30 J=I.N
ANLI)=0.
DO 30 K=IN
ANLY) = ANLT) + CLK*UK.T)
30 CONTINUE
DO 40 I=1,N
C(L)) = A(NL])
40 CONTINUE
DO 60 J=IN
DO 50 I=1,N
A(IND)=0.
DO 50 K=1 N
A{LND) = AQN1) + UK D*C(K. )
50 CONTINUE
DO 60 [=1,N
C(LT) = A(LNT)
60 CONTINUE
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DO 70 [=1,N
DO 70 J=LN
CLYy=Ceh+Cun
can=Ccan
70 CONTINUE
C
C SOLVE THE TRANSFORMED SYSTEM.
C
CALL SYMSLV(A,C,N,NANC)
C
C TRANSFORM C BACK TO THE SOLUTION.
C
DO 80 =N
C(LD = CALD/2.
80 CONTINUE
DO 100 I=1,N
DO 90 J=1.N
A(NLT)=0.
DO 90 K=I,N
A(NLI) = A(NLT) + CLK)*U(T.K)
90 CONTINUE
DO 100 J=1N
C(LT) = A(NL,J)
100 CONTINUE
DO 120 J=I,N
DO 110 I=1,)N
AIND)=0.
DO 110K=1.N
A(LN1)= A(LN1) + ULK)*C(K,J)
110 CONTINUE
DO 120 I=1 N
C(LJ)= A(LN1)
120 CONTINUE
DO 130 [=1,N
DO 130 F=IN
C(LY) = C(L)) +C(L)
cu=Cun
130 CONTINUE
RETURN
END
SUBROUTINE SYMSLV(A,C,N,NA,NC)
C
€ SYMSLV IS A FORTRAN IV SUBROUTINE TO SOLVE THE REAL*8 MATRIX
C EQUATION TRANS(A)*X + X*A = C, WHERE C IS SYMMETRIC, A IS
C IN UPPER REAL*8 SCHUR FORM, AND TRANS(A) DENOTES THE TRANS-
C POSE OF A. SYMSLV USES THE AUXILIARY SUBROUTINE SYSSLV,
C WHICH IT COMMUNICATES WITH THROUGH THE COMMON BLOCK
C SLVBLK. THE PARAMETERS IN THE ARGUMENT LIST ARE
C A ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX A IN UPPER REAL*8 SCHUR FORM.
C  ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX C.
N THE ORDER OF THE MATRIX A.
NA  THE FIRST DIMENSION OF THE ARRAY A.
NC  THE FIRST DIMENSION OF THE ARRAY C.

QOO0 000n0a0
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1A(NA,1),C(NC,1),T.P
INTEGER

IN,NANC,K.KK,DK.KM1,L.LL,DL,LDL,LIA JNSYS
COMMON/SLVBLK/T(5,5),P(5),NSYS

L=1

10

20

30

35

40
45

50

60

70

DL=1
IF(L .EQ. N) GO TO 20
[F(A(L+1,L) NE.0.)DL=2

LL=L+DL-1
K=L

KMI =K-1

DK=1

IF(K .EQ. N) GO TO 35

IF(A(K+1,K) NE.0.) DK =2

KK = K+DK-1
IF(K EQ.L)GO TO 45
DO 40 =K KK
DO 40 J=L,LL
DO 40 IA=L, KM
C(L)) = C(LJ) - A(IA,D*C(A,J)
CONTINUE
IF(DL .EQ. 2) GO TO 60

IF(DK .EQ. 2 ) GO TO 50-

T(L,1) = A(KK) + AL,L)

IF(T(1,1) .EQ. 0.) STOP

C(K.L) = C(K,LYT(1,1)

GO TO 90

T(1,1) = A(K) + A(L,L)

T(1,2) = A(KK,K)

T(2,1) = A(K.KK)

T(2,2) = A(KK,KK) + A(L,L)

P(1)=C(K.L)

P(2) = C(KK.L)

NSYS=2

CALL SYSSLV

C(K,L)=P(1)

C(KK.L)=P(2)

GO TO 90

IF(DK .EQ. 2) GO TO 70

T(1,1) = AGKK) + ALL)

T(1,2) = A(LL,L)

T@,1)= A(L,LL)

T(22) = A(K.K) + A(LL,LL)

P(1)=C(K.L)

P(2) = C(K,LL)

NSYS =2

CALL SYSSLV

C(K.L)=P(1)

C(K,LL)=P(2)

GO TO 90

IF(K NE. L) GO TO 80

T(1,1) = AL,L)

T(1,2) = AQLL,L)

T(1,3)=0.

T2,1) = AQL,LL)



T(22)= A(L.L) + A(LLLLL)
T(2,3) = T(1,2)
TG, =0.
T(3,2) = T(2.1)
T(3,3)= A(LL,LL)
P(1) = C(L,L)/2.
P(2)=C(LL,L)
P(3) = C(LL,LL)/2.
NSYS =3
CALL SYSSLV
C(LL)=P(1)
C(LL,L)=P(2)
C(L,LL) = P(2)
C(LL,LL) = P(3)
GO TO 90
80 T(1,1)=A(KK) + A(L.L)
T(1,2) = A(KK,K)
T(1,3)= A(LL,L)
T(1,4) = 0.
T,1) = A(K,KK)
T(2,2) = AKKK,KK) + A(L,L)
T2,3)=0.
T2,4)=T(1,3)
T(3,1)= A(L,LL)
T(32)=0.
T(3,3) = A(K,K) + A(LLLL)
T(3,4) = T(1,2)
T@,1)=0.
T(4,2)=T(3,1)
T(4,3)=T(2,1)
T(4,4) = A(KKK KK) + A(LL,LL)
P(1)=C(K,L)
P(2) = C(KK,L)
P(3) = C(K,LL)
P(4) = C(KK,LL)
NSYS =4
CALL SYSSLV
C(K,L)=P(1)
C(KK,L)=P(2)
C(K,LL) = P(3)
C(KK,LL) = P(4)
90 K=K+DK
IF(K .LE. N) GO TO 30
LDL=L+DL
IF(LDL .GT. N) RETURN
DO 120 J=LDLN
DO 100 I=L,LL
CL)=Cy,D
100 CONTINUE
DO 120 I=J,N
DO 110K=LLL
C(LY) = C(L) - CAULKI*AK,J) - AK,D*C(K,J)
110 CONTINUE
cUn=Ccal
120 CONTINUE
L=LDL
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GO TO 10
END
SUBROUTINE HSHLDR(A,N,NA)
c
C HSHLDR IS A FORTRAN IV SUBROUTINE TO REDUCE A MATRIX TO
C UPPER HESSENBERG FORM BY ELEMENTARY HERMITIAN TRANSFORMA-
C TIONS (THE METHOD OF HOUSEHOLDER). THE PARAMETERS IN THE
C ARGUMENT LIST ARE
A ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
MATRIX A. ON RETURN, THE UPPER TRIANGLE
OF THE ARRAY A MATRIX AND THE (N+1)-TH
COLUMN CONTAIN THE SUBDIAGONAL ELEMENTS
OF THE TRANSFORMED MATRIX. ON RETURN,
THE LOWER TRIANGLE AND THE (N+1)-TH ROW
OF THE ARRAY A CONTAIN A HISTORY OF THE
TRANSFORMATIONS.
N THE ORDER OF THE MATRIX A.
NA  THE FIRST DIMENSION OF THE ARRAY A.

OO0 0000000

REAL*8
1A(NA,1),MAX SUM,S,P
INTEGER
IN,NANM2N1LLLLJ
NM2 =N-2
N1=N+1
IF(N .EQ. 1) RETURN
[F(N.GT.2)GO TO §
A(IN1)=A(2,1)
RETURN
5 DO 80 L=1,NM2
Ll =L+1
MAX =0.
DO 10 =LIN
MAX = DMAX1(MAX,DABS(A(LL)))
10 CONTINUE
IF(MAX NE. 0.) GO TO 20
A(LNI1)=0.
A(N1,L)=0.
GO TO 80
20 SUM=0.
DO 30 [=LL,N
A(LL) = A(LLYMAX
SUM = SUM + A([L)**2
30 CONTINUE
S =DSIGN(DSQRT(SUM),A(L1,L))
A(LN1)=-MAX*S
A(L1LL)=S+A(LLL)
A(NI,L)=S*A(LLL)
DO 50 J=L1,N
SUM =0.
DO 40 I=L1,N
SUM = SUM + A(LL)*A(LJ)
40 CONTINUE
P =SUM/A(NL,L)
DO S0 IELLN
ALY = A(L)) - A(LL)*P
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C

50 CONTINUE
DO 70 [=I,N
SUM =0.
DO 60 J=L1 N
SUM = SUM + A(LJ)*A(J,.L)
60 CONTINUE
P =SUM/A(NLL)
DO 70 J=LI)N
ATy =A(LY) - P*A(J.L)
70 CONTINUE
80 CONTINUE
AQN-1N1) = AQN-1)
RETURN
END

SUBROUTINE BCKMLT(A,U,N,NA NU)

CBCKMLT IS A FORTRAN IV SUBROUTINE THAT, GIVEN THE OUTPUT
C OF THE SUBROUTINE HSHLDR, COMPUTES THE ORTHOGONAL MATRIX
C THAT REDUCES A TO UPPER HESSENBERG FORM. THE PARAMETERS

C
C

ool NeNe]

(@]

IN THE ARGUMENT LIST ARE

A ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE

OUTPUT FROM HSHLDR.
U A DOUBLY SUBSCRIPTED ARRAY THAT, ON
RETURN, CONTAINS THE ORTHOGONAL MATRIX.
N  THE ORDER OF THE MATRIX A IN HSHLDR.
NA THE FIRST DIMENSION OF THE ARRAY A.
NU THE FIRST DIMENSION OF THE ARRAY U.

C THE ARRAYS A AND U MAY BE IDENTIFIED IN THE CALLING
C SEQUENCE. [IF THIS IS DONE, THE ELEMENTS OF THE ORTHOGONAL

C MATRIX WILL OVERWRITE THE OUTPUT OF HSHLDR.

C

REAL*8
{A(NA, 1),UNNU,1),SUM,P
INTEGER

IN,NANILNMINM2LLLLLLS

NI =N+l
NMI1 =N-1
NM2 =N-2
UNNE= 1.
[F(NM1 .EQ. 0) RETURN
UNMI,N) = 0.
UN,NM1) = 0.
UNMINMI) = 1.
IF(NM2 .EQ. 0) RETURN
DO 40 LL=1,NM2
L=NM2-LL+1
Ll1=L+]
IF(A(N1,L) .EQ. 0.) GO TO 25
DO20J=LIN
SUM =0.
DO 10 LN
SUM = SUM + A(LL)*U(L])
10 CONTINUE
P=SUM/ANLL)
DO 20 I=LI,N



U(@,J) = UQLJ) - A(LL)*P
20 CONTINUE
25 DO 30 I=LI,N
UQL) = 0.
ULD =0.
30 CONTINUE
ULL)=1.
40 CONTINUE
RETURN
END
SUBROUTINE SCHUR(H,U,NN,NH,NU,EPS FAIL)

c

C SCHUR IS A FORTRAN IV SUBROUTINE TO REDUCE AN UPPER

C HESSENBERG MATRIX TO REAL*$ SCHUR FORM BY THE QR METHOD WITH ;

C IMPLICIT ORIGIN SHIFTS. THE PRODUCT OF THE TRANSFORMA-

C TIONS USED IN THE REDUCTION IS ACCUMULATED. SCHUR IS AN

C ADAPTATION OF THE ALGOL PROGRAM HQR BY MARTIN, PETERS, AND

C WILKINSON (NUMER. MATH. 14 (1970) 219-231). THE PARA-

C METERS IN THE ARGUMENT LIST ARE

H ADOUBLY SUBSCRIPTED ARRAY CONTAINING THE
UPPER HESSENBERG MATRIX H. ON RETURN, H
CONTAINS AN UPPER REAL*8 SCHUR FORM OF H.

THE ELEMENTS OF THE ARRAY H BELOW THE
THIRD SUBDIAGONAL ARE UNDISTURBED.

U A DOUBLY SUBSCRIPTED ARRAY CONTAINING ANY
MATRIX. ON RETURN, U CONTAINS THE MATRIX
U*R(1)*R(2)..., WHERE R(I) ARE THE TRANS-
FORMATIONS USED IN THE REDUCTION OF H.

NN THE ORDER OF THE MATRICES H AND U.

NH THE FIRST DIMENSION OF THE ARRAY H.

NU  THE FIRST DIMENSION OF THE ARRAY U.

EPS ANUMBER USED IN DETERMINING WHEN AN
ELEMENT OF H IS NEGLIGIBLE. H(LJ) IS
NEGLIGIBLE IF ABS(H(LJ)) IS LESS THAN OR
EQUAL TO EPS TIMES THE INFINITY NORM OF
H

FAIL AN INTEGER VARIABLE THAT, ON RETURN,
CONTAINS AN ERROR SIGNAL. IF FAIL IS
POSITIVE, THEN THE PROGRAM FAILED TO MAKE
THE FAIL-1 OR FAIL-2 SUBDIAGONAL ELEMENT
NEGLIGIBLE AFTER 30 ITERATIONS.

o000 n00000000000000n

REAL*8
1H(NH, 1),U(NU, 1),EPS,HN,RSUM, TEST,P,Q,R,S,W,X.Y,Z
INTEGER
INN,NA,NH,FAIL,LITS,J,JL K,L LL M,MM,M2,M3.N
LOGICAL
1LAST
N=NN
HN=0.
DO 20 [=1.N

JL=MAX0(1,-1)

RSUM = 0.

DO 10 J=ILN

RSUM = RSUM + DABS(H(LJ))
10 CONTINUE
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HN = DMAXI(HN,RSUM)
20 CONTINUE
TEST = EPS*HN
IF(HN EQ. 0.) GO TO 230
30 IF(N .LE. 1) GO TO 230
ITS=0
NA =N-1
NM2 =N-2
40 DO 50 LL=2,N
L =N-LL+2
IF(DABS(H(L,L-1)) .LE. TEST) GO TO 60
50 CONTINUE
L=1
GO TO 70
60 H(L,L-1)=0.
70 IF(L LT. NA) GO TO 72
N=L-1
GO TO 30
72 X = HON,NYHN
Y = H(NA,NAYHN
R = (H(N,NA)HN)*(H(NA,NYHN)
[F(ITS .LT. 30) GO TO 75
FAIL=N
RETURN i
75 IF(ITS.EQ.10 .OR. ITS.EQ.20) GO TO 80
S=X+Y
Y=X*Y-R
GO TO 90
80 Y = (DABS(H(N,NA)) + DABS(H(NA,NM2))/HN
$=15*Y
Y =Y*2
90 ITS =TS + |
DO 100 MM=L,NM2
M = NM2-MM+L
X = H(M,MYHN
R = H(M+1,M)/HN
Z = H(M+1,M+1 YHN
P= X*(X-S)+ Y + R*(H(M,M+1)/HN)
Q =R¥(X+Z-8)
R = R*(H(M+2,M+1/HN)
W = DABS(P) + DABS(Q) + DABS(R)
P=P/W
Q=QW
R=R/W
IF(M .EQ.L) GO TO 110
IF(DABS(H(M,M-1))*(DABS(Q)+DABS(R)) .LE. DABS(P)*TEST)
IGOTO 110
100 CONTINUE
110 M2 = M+2
M3 = M+3
DO 120 =M2N
H(Li-2)=0.
120 CONTINUE
IF(M3 .GT. N) GO TO 140
DO 130 [=M3 N
H(1,1-3)=0.



130 CONTINUE
140 DO 220 K=M,NA
LAST=K.EQNA
IF(K .EQ. M) GO TO 150
P=H(KK-1)
Q= H(K+1 K-1)
R=0.
IF(NOT.LAST) R = H(K+2,K-1)
X = DABS(P) + DABS(Q) + DABS(R)
IF(X .EQ. 0.) GO TO 220
P=P/X
Q=QX
R=R/X
150 S =DSQRT(P**2 + Q**2 + R**2)
IF(P LT.0)S=-§
IF(K NE. M) H(K K-1) = -S*X
IF(K.EQM .AND. L.NE.M) H(K K-1) = -H(K K-1)
P=P+S
X=P/S
Y=qQ/s
Z=R/S
Q=0Q/F
R=RP
DO 170 J=K,NN
P=H(K,J) + Q*HE+1,])
IF(LAST) GO TO 160
P =P + R*H(K+2,J)
HK+2,]) = HK+2,J) - P*Z
160 H(K+1,J) = H(K+1,J) - P*Y
H(K,J) = H(KJ) - P*X .
170 CONTINUE
¥ = MINO(K+3,N)
DO 190 I=1,]
P=X*H(LK)+ Y*H(LK+1)
IF(LAST) GO TO 180
P =P+ Z*HIK+2)
H(LK+2) = H(LK+2) - P*R
180  H(ILK+1)=H(LK+1)-P*Q
H(LK) = H(LK) - P
190 CONTINUE
DO 210 I=1,NN
P =X*U(LK) + Y*U(LK+1)
IF(LAST) GO TO 200
P=P + Z*U(LK+2)
U(LK+2) = ULK+2) - P*R
200 UEK+1)=ULK+])-P*Q
U(LK) = UQK) - P
210 CONTINUE
220 CONTINUE
GO TO 40
230 FAIL=0
RETURN
END
SUBROUTINE SYSSLV

C
C SYSSLV IS A FORTRAN IV SUBROUTINE THAT SOLVES THE LINEAR



C SYSTEM AX = B OF ORDER N LESS THAN 5 BY CROUT REDUCTION
C FOLLOWED BY BACK SUBSTITUTION. THE MATRIX A, THE VECTOR
C B, AND THE ORDER N ARE CONTAINED IN THE ARRAYS A,B, AND
C THE VARIABLE N OF THE COMMON BLOCK SLVBLK. THE SOLUTION
C IS RETURNED IN THE ARRAY B.
C
REAL*8 A,B,AA, TEMP
INTEGER N,NMI,N1,K,KMI,KP1,INTR LJ,II
COMMON/SLVBLK/A(5,5),B(5),N
REAL*8 MAX
1 NMI = N-1
NI =N+l
c
C COMPUTE THE LU FACTORIZATION OF A.
c
DO 80 K=1,N
KMl =K-1
IF(K.EQ.1) GO TO 20
DO 10 EK,N
DO 10 J=1, KMl
A(LK) = A(LK) - A(LT)*A(JK)
10 CONTINUE
20 TF(K.EQ.N) GO TO 100
KPl = K+
MAX = DABS(A(K,K))
INTR =K
DO 30 I=KP1,N
AA = DABS(A(LK))
IF(AA .LE. MAX) GO TO 30
MAX = AA
INTR =1
30 CONTINUE
IF(MAX .EQ. 0.) STOP
ANLK) = INTR
IF(NTR .EQ. K) GO TO 50
DO 40 J=1N
TEMP = A(K,J)
AKK.)) = A(INTR,])
A(INTR,J) = TEMP
40 CONTINUE
50 DO 80 JI=KPI,N
IF(K.EQ.1) GO TO 70
DO 60 [=1,KMI
AKJ) = AK)J) - AKD*ALY)
60 CONTINUE
70 AKJ) = AKIYAKK)
80 CONTINUE
C
C INTERCHANGE THE COMPONENTS OF B.
C
100 DO 110 J=1,NM1
INTR = A(N1,J)
IF(INTR .EQ. J) GO TO 110
TEMP = B())
B(J) = B(NTR)
B(INTR) = TEMP
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110 CONTINUE
C
C SOLVELX=B.
C
200 B(1) = B(1)A(L,1)
DO 220 I=2)N
Ml=I1
DO 210J=1,IMI
B() = B(l) - A(L))*B(J)
210 CONTINUE
B(I) = B(/A(LY)
220 CONTINUE
C
CSOLVEUX =B. .
C
300 DO 310 [I=1,NM1
[=NMI-II+1
Il =1+1
DO 310 J=I1,N
B() =B - ACL)*B()
310 CONTINUE
RETURN
END
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Abstract

Numerical solutions have been expanded in difference matters as result of
development in computer sciences and coming to existence computers with high
speed. Nicther numerical solutions don't the laboratory and experimental costs nor
gained results with lessdetails .

In this studey the general class of free shear flow been solved by mean of direct
numerical simulation. Two dimensional incompressable plan jet flow, mixing layer
and wake flow with no forcing werc examined. A software was developed which use
the method of compact finite difference in streamwise direction (x) and mapped
compact {inite difference scheme in cross-stream direction. The methods were
employed to solve Navier-Stokes eqations in rotational form. Neumann and Dirichlit
type boundary conditions were imposed at the inlet and outlet boundary of the
computational domain. The resultes of simulations thoroughly verified indicates the
high order accuracy of the results. Results also indicate the self similarity, when they

were viewed through the self-semilar coordinates.



