THIS CODE CREATES A UNIVARIATE LINEAR HYBRID-PDD OF A POLYNOMIAL FUNCTION
Y(X) = ( (2/N) (X(l) + X(2) + .... + X(N-1) + X(N) ) )’™m
X(I)~uro,11, I=1,...,N; N=10, m = 5

COMPILING THIS PROGRAM ON WINDOWS, USING ifort COMPILER
GIVE THE FOLLOWING COMMANDS:

1.) ifort -o HPN5 HPDD N5 R5.f90 $LINK FNL$

2.) HPN5

USE GQRUL_INT

USE UMACH_ INT

IMPLICIT REAL*8 (A-H,0-%Z)
REAL*8 YR1(:,:),YFG(:,:),YR2(:,:,:,2)
REAL*8 ALFA(:,:)
REAL*8 X(:),XX(:)
REAL*8 QX(:),QW(:)
REAL*8 H(:,:,:),PF(:)
REAL*8 USUM(:)
REAL*8 YR5(100000)

CHARACTER (LEN=1) :: CN,CM
CHARACTER (LEN=20):: FILEl

ALLOCATABLE YR1,ALFA,X,XX,0X,0W,H,PF,USUM, YFG, YR2
PI = 4.*DATAN(1.0DO)
PRINT*, 'ENTER THE EXPONENT ''M'' IN THE FUNCTION'
READ*,M
PRINT*, 'ENTER THE POLYNOMIAL ORDER FOR PDD '

READ* ,NBAS

NBAS
NGAUSS

M
= 10

WRITE(CN, '(I1l)') N

WRITE(CM,'(Il)') M

FILEl = 'OUT_N'//CN//'_M'//CM//'_ FULL.DAT'
OPEN(10,FILE=FILEl, STATUS='UNKNOWN')

PRINT*,'N = ',N
PRINT*,'M = ',M

PRINT*, 'NBAS = ',NBAS
PRINT*, 'NGAUSS = ',NGAUSS

ALLOCATE (ALFA(N,NBAS),YR1(N,NGAUSS), &
X(N) , XX (NGAUSS) , OX (NGAUSS) , QW (NGAUSS), &
H(N,NBAS,NGAUSS) , PF(NBAS),USUM(N), YFG(N,NGAUSS), &
YR2 (N, N,NGAUSS,NGAUSS) )

IF(M.EQ.2) THEN

YMEAN = 16.D0/15.D0

VAREXACT = 1544.D0/5625.D0

ENDIF

IF(M.EQ.3) THEN

YMEAN = 6.D0/5.DO0

VAREXACT = 49052.D0/65625.D0

ENDIF

IF(M.EQ.4) THEN

YMEAN = 2648.D0/1875.D0

VAREXACT = 714432.D0/390625.D0

ENDIF

IF(M.EQ.5) THEN

YMEAN = 216.D0/125.D0

VAREXACT = 93961792.D0/21484375.D0
ENDIF

IF(M.EQ.6) THEN

YMEAN = 143552.D0/65625.D0

VAREXACT = 14753862542336.D0/1399658203125.D0
ENDIF

IF(M.EQ.7) THEN

YMEAN = 26752.D0/9375.D0

VAREXACT = 94953545728.D0/3662109375.D0
ENDIF

IF(M.EQ.8) THEN

YMEAN = 13441792.D0/3515625.D0

VAREXACT = 2748355137241088.D0/42022705078125.D0
ENDIF

PRINT*, ' '
PRINT*

PRINT*, 'EXACT MEAN = ', YMEAN

PRINT*, 'EXACT VARIANCE = ',VAREXACT

PRINT*, ' '

IF (NGAUSS .EQ. 0) STOP
CALL DGQRUL (NGAUSS,1,0.,0.,0,0XFIX,QX,QW)

DO IGAUSS = 1,NGAUSS
XX (IGAUSS) = QX (IGAUSS)

QW (IGAUSS) = QW(IGAUSS)/2.D0

PRINT*, IGAUSS, XX (IGAUSS) , QW (IGAUSS)
ENDDO

INITIALIZE COEFFICIENTS

YO0 0.DO
DO I = 1,N

DO J = 1,NBAS
ALFA(I,J) = 0.DO
ENDDO

ENDDO

H ol

CALCULATE/STORE RESPONSE FUNCTION AT GAUSS-POINTS

IYR5 = 0
DO IGAUSS1 = 1,NGAUSS
DO IGAUSS2 = 1,NGAUSS
DO IGAUSS3 = 1,NGAUSS
DO IGAUSS4 = 1,NGAUSS
DO IGAUSS5 = 1,NGAUSS
IYR5 = IYR5+1
X(1) = XX(IGAUSS1)
X(2) = XX(IGAUSS2)
X(3) = XX(IGAUSS3)
X(4) = XX(IGAUSS4)
X(5) = XX(IGAUSS5)
CALL RESPON (X,Y,N,M)
YR5(IYR5) = Y
ENDDO
ENDDO
ENDDO
ENDDO
ENDDO

CALCULATE CONSTANT COEFFICIENT

IYR5 = 0
DO IGAUSS1 = 1,NGAUSS
DO IGAUSS2 = 1,NGAUSS
DO IGAUSS3 = 1,NGAUSS
DO IGAUSS4 = 1,NGAUSS
DO IGAUSS5 = 1,NGAUSS
IYR5 = IYR5+1
YO = YO + YR5(IYR5)*QW(IGAUSS1)*QW(IGAUSS2)* &
OW (IGAUSS3) *QW ( IGAUSS4 ) *QW ( IGAUSS5)
ENDDO
ENDDO
ENDDO
ENDDO
ENDDO

PRINT*
PRINT*, 'MEAN OF RESPONSE = ', YO
PRINT*

CALCULATE/STORE BASIS FUNCTIONS AT GAUSS POINTS (H)

DO I = 1,N
DO J = 1,NBAS
DO IGAUSS = 1,NGAUSS
XI = XX(IGAUSS)
CALL BASIS (XI,PSIF,J,PF)
H(I,J,IGAUSS) = PSIF
ENDDO
ENDDO
ENDDO

CALCULATE UNIVARIATE COEFFICIENTS

VARAPDD = 0.DO0
DO I = 1,N
DO J = 1,NBAS

YY5 = 0.DO
IYR5 = 0
DO IGAUSS1 = 1,NGAUSS
DO IGAUSS2 = 1,NGAUSS
DO IGAUSS3 = 1,NGAUSS
DO IGAUSS4 = 1,NGAUSS
DO IGAUSS5 = 1,NGAUSS
IYR5 = IYR5+1
IF (I .EQ. 1) KGAUSS = IGAUSS1
IF (I .EQ. 2) KGAUSS = IGAUSS2
IF (I .EQ. 3) KGAUSS = IGAUSS3
IF (I .EQ. 4) KGAUSS = IGAUSS4
IF (I .EQ. 5) KGAUSS = IGAUSS5
YY5 = YY5 + YR5(IYR5)*H(I,J,KGAUSS)*QW(IGAUSS1)* &
QW (IGAUSS2 ) *QW (IGAUSS3) *QW ( IGAUSS4 ) *QW ( IGAUSS5)

ENDDO
ENDDO
ENDDO
ENDDO
ENDDO

ALFA(I,J)

YY5
VARAPDD = VARAPDD + ALFA(I,J)**2

ENDDO
ENDDO

RELA = DABS(VARAPDD-VAREXACT)/VAREXACT

PRINT*

WRITE(*,'(A30,A3,F20.15)"') 'VARIANCE FROM ADDITIVE PDD ',' = ',VARAPDD
PRINT*

WRITE(*,'(A33,E20.12)"') 'RELATIVE ERROR = ',RELA

PRINT*

CALCULATING VARIANCE FROM FPDD

PROD = 1.0
DO I =1
ALSQSUM = 0.DO0

DO J = 1,NBAS
ALSQSUM = ALSQSUM + ALFA(I,J)**2
ENDDO
PROD = PROD*( 1.0 + (1/Y0**2)*ALSQSUM )
ENDDO

,N

VARFPDD = (YO**2)*(PROD - 1.0)

RELF = DABS(VARFPDD-VAREXACT)/VAREXACT

PRINT*

WRITE(*,'(A30,A3,F20.15) ") 'VARIANCE FROM FACTORIZED PDD ',' = ',VARFPDD
PRINT*

WRITE(*, ' (A33,E20.12)") 'RELATIVE ERROR = ', RELF

PRINT*

CALCULATE FPDD AT GAUSS POINTS

YEXPYY = 0.DO
IYR5 = 0
DO IGAUSS1 = 1,NGAUSS
DO IGAUSS2 = 1,NGAUSS
DO IGAUSS3 = 1,NGAUSS
DO IGAUSS4 = 1,NGAUSS
DO IGAUSS5 = 1,NGAUSS
IYR5 = IYR5+1

YMU = YO
DO I = 1,N
XI = 0.DO

IF (I.EQ.1) XI = XX(IGAUSS1)

IF (I.EQ.2) XI = XX(IGAUSS2)

IF (I.EQ.3) XI = XX(IGAUSS3)

IF (I.EQ.4) XI = XX(IGAUSS4)

IF (I.EQ.5) XI = XX(IGAUSS5)
USUM(I) = 0.
DO J = 1,NBAS
CALL BASIS (XI,PSIF,J,PF)
USUM(I) = USUM(I) + ALFA(I,J)*PSIF
ENDDO
YMU = YMU*(1.DO+(1.D0/Y0)*USUM(I))

ENDDO

YEXPYY = YEXPYY + YR5(IYR5)*YMU*QW(IGAUSS1)*QW(IGAUSS2) &
*QW ( IGAUSS3 ) *QW ( IGAUSS4 ) *QW ( IGAUSS5)

ENDDO
ENDDO
ENDDO
ENDDO
ENDDO

YEXPWW = YEXPYY - YO*%*2
PRINT*, 'E[WW]/Y0"2 = ',YEXPWW/YO0**2

ALFALL

( VARFPDD - YEXPWW )/( VARFPDD - VARAPDD )

BITAIL

1.00 - ALFAlL

VARHPDD = ( ALFAlL**2 + 2*ALFAIL*BITAlL )*VARAPDD &
+ BITA1lL**2*VARFPDD

RELH = DABS(VARHPDD-VAREXACT)/VAREXACT

PRINT*

WRITE(*,'(A30,A3,F20.15)") 'VARIANCE FROM HYBRID PDD ',' = ',VARHPDD
PRINT*

WRITE(*,'(A33,E20.12)"') 'RELATIVE ERROR = ',RELH

PRINT*

PRINT*
PRINT*, 'ALFA = ',ALFAl1L
PRINT*, 'BITA = ',BITA1L
PRINT*

WRITE(10,'(5(F25.16))')RELA,RELF,RELH,ALFAlL,BITALL
CLOSE(10)

STOP
END

khkkhkkhkkhhhhkkhkkhdhhhhkhdhdhhhkhkhdhhhkhkhkhdhhhkhkhdhdhhhkhddhdhhhk,kd,dhdhhk,k,dhhhk,d,dhdhdkhk,ddhd*k*%k
SUBROUTINE RESPON (X,Y,N,M)
CALCULATES Y FOR A SAMPLE OF Z

IMPLICIT REAL*8 (A-H,0-2)
REAL*8 X(20),%(20),Y

DO I =1,N

Z(I) = ( X(I) + 1.D0 )/2.DO
ENDDO

Y = 0.DO

DO I = 1,N

Y =Y + Z(I)

ENDDO

Y = ( (2/DFLOAT(N))*Y )**M

RETURN
END
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SUBROUTINE BASIS (XI,PSIF,IDEG,PF)

DEFINES LEGENDRE POLYNOMIALS - NORMALIZED W.R.T. U(-1,1) PDF
ALREADY INCLUDED IN YO

IMPLICIT REAL*8 (A-H,0-%7)
REAL*8 XI,PSIF,PF(IDEG)

PF(1l) = XI
PF(2) (1./2.)%(3.%XI**2 — 1.)
DO J = 3,IDEG
PF(J) = (1./DFLOAT(J))*( (2.*DFLOAT(J)-1.)*XI*PF(J-1) &
- DFLOAT(J-1)*PF(J-2) )

ENDDO

DO J = 1,IDEG

PF(J) = PF(J)*DSQRT(2.*DFLOAT(J)+1.)
ENDDO

PSIF = PF(IDEG)

RETURN
END
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