
! 
!---------------------------------------------------------------------- 
! 
!     COMPILING THIS PROGRAM ON WINDOWS, USING ifort COMPILER 
!     GIVE THE FOLLOWING COMMANDS: 
! 
!     1.) ifort -o R149 CIJ_R1_ALFA_EQ49_QMCS_TEMP.f90 %LINK_FNL% 
! 
!     2.) R149 
! 
!---------------------------------------------------------------------- 
! 
  USE UMACH_INT 
      USE RNSET_INT 
      USE RNNOR_INT 
  USE GQRUL_INT 
      USE ANORIN_INT 
 IMPLICIT REAL*8 (A-H,O-Z) 
      REAL*8 YR1(:,:),YFG(:,:),YAG(:,:) 
      REAL*8 ALFA(:,:) 
      REAL*8 X(:),XX(:),XQMC(:) 
      REAL*8 QX(:),QW(:) 
      REAL*8 H(:,:,:),PF(:),HIJ(:,:) 
      REAL*8 USUM(:) 
 CHARACTER (LEN=1) :: CLAM 
      CHARACTER (LEN=25):: FILE1,FILE2,FILE3,FILE4 
!       
      ALLOCATABLE YR1,ALFA,X,XX,QX,QW,H,PF,USUM,YFG,HIJ,XQMC,YAG 
! 
 PI = 4.*DATAN(1.0D0) 
      N = 9 
! 
      PRINT*,'ENTER THE EIGENVALUE OF INTEREST (1, 2, OR 3)' 
      READ*,ILAM 
! 
      NBAS = 5 
      NGAUSS = NBAS + 1 
! 
      WRITE(CLAM,'(I1)') ILAM 
      FILE1 = 'L'//CLAM//'_R1A.DAT' 
      FILE2 = 'L'//CLAM//'_R1F.DAT' 
      FILE3 = 'L'//CLAM//'_R1H_5QMC.DAT' 
      FILE4 = 'L'//CLAM//'_MCS.DAT' 
      OPEN(10,FILE=FILE1,STATUS='UNKNOWN') 
      OPEN(20,FILE=FILE2,STATUS='UNKNOWN') 
      OPEN(30,FILE=FILE3,STATUS='UNKNOWN') 
      OPEN(40,FILE=FILE4,STATUS='UNKNOWN') 
! 
      ALLOCATE (ALFA(N,NBAS),YR1(N,NGAUSS),HIJ(N,NGAUSS), & 
                X(N),XX(NGAUSS),QX(NGAUSS),QW(NGAUSS),XQMC(N), & 
                H(N,NBAS,NGAUSS),PF(NBAS),USUM(N),YFG(N,NGAUSS), & 
                YAG(N,NGAUSS) ) 
! 
!! 
!      PRINT*,'____________________________________' 
!      PRINT* 
!      PRINT*,'EXACT MEAN = ',YMEAN 
!      PRINT*,'EXACT VARIANCE = ',VAREXACT 
!      PRINT*,'____________________________________' 
! 
   CALL DGQRUL (NGAUSS,4,0.,0.,0,QXFIX,QX,QW) 
   DO IGAUSS = 1,NGAUSS 
   XX(IGAUSS) = QX(IGAUSS)*DSQRT(2.D0) 
        QW(IGAUSS) = QW(IGAUSS)/DSQRT(PI) 
   ENDDO 
! 
!     INITIALIZE COEFFICIENTS 
! 
      Y0 = 0.D0 
      DO I = 1,N 
       DO J = 1,NBAS 
       ALFA(I,J) = 0.D0 
       ENDDO 
      ENDDO 
! 
!     CALCULATE/STORE RESPONSE FUNCTION AT GAUSS-POINTS 
! 
      DO IX = 1,N 
  DO I = 1,N 
  X(I) = 0. 
  ENDDO 
       DO IGAUSS = 1,NGAUSS 
       X(IX) = XX(IGAUSS) 
  CALL RESPON (X,Y,ILAM) 
       YR1(IX,IGAUSS) = Y 
! 
       ENDDO 
      ENDDO 
! 
!     CALCULATE/STORE RESPONSE FUNCTION AT MEAN INPUT 
! 
 DO I = 1,N 
 X(I) = 0. 
 ENDDO 
 CALL RESPON (X,Y,ILAM) 
      YM = Y 
! 
! 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 CONSTANT COEFFICIENT 
! 
  YU = 0.D0 
  DO IX = 1,N 
   DO IGAUSS = 1,NGAUSS 
   YU = YU + YR1(IX,IGAUSS)*QW(IGAUSS) 
   ENDDO 
  ENDDO 
! 
      Y0 = YU - DFLOAT(N-1)*YM 
! 
!      PRINT* 
!      PRINT*,'MEAN OF RESPONSE = ',Y0 
!      PRINT* 
! 
!     CALCULATE UNIVARIATE COEFFICIENTS 
! 
      VARAPDD = 0.D0 
 DO I = 1,N 
  DO J = 1,NBAS 
   YYU = 0.D0 
    DO 10 IX = 1,N 
     DO 10 IGAUSS = 1,NGAUSS 
    IF (IX.NE.I) GO TO 10 
    YYU = YYU + YR1(IX,IGAUSS)*H(IX,J,IGAUSS)*QW(IGAUSS) 
 10   CONTINUE 
! 
      ALFA(I,J) = YYU 
!      VARAPDD = VARAPDD + YYU**2 
! 
       ENDDO 
      ENDDO 
! 
! 
! 
!     CALCULATE/STORE APDD AND FPDD AT SAMPLE-POINTS 
! 
!     CALCULATING NSAMP NUMBER OF ALFA 
!     BY FITTING Y(X) = ALFA*YAPDD + (1-ALFA)*YFPDD 
! 
!      PRINT*,'ENTER SAMPLE POINTS FOR QMCS ' 
!      READ*,NSAMP 
! 
      NSAMP = 500 
! 
      OPEN(1000,FILE='SOBOL_POINTS.DAT', STATUS='OLD', & 
           ACCESS='SEQUENTIAL', FORM='FORMATTED') 
! 
      CALL UMACH (2, NOUT) 
      ISEED = 123457 
      CALL RNSET (ISEED) 
! 
      YMC0 = 0.D0 
      YMOM2 = 0.D0 
      YADD1 = 0.D0 
      YADD2 = 0.D0 
      YFDD1 = 0.D0 
      YFDD2 = 0.D0 
      YEXPWW = 0.D0 
      YTOP = 0.D0 
      YBOT = 0.D0 
      DO ISAMP = 1,NSAMP 
! 
!      CALL D_RNNOR (X,N) 
! 
      READ(1000,'(9E25.15E3)') ( XQMC(I), I = 1,9 ) 
 DO I=1,N 
 X(I) = D_ANORIN( XQMC(I) ) 
      ENDDO 
! 
      YADD = Y0 
      DO I = 1,N 
       CALL BASIS (X(I),PSIF,NBAS,PF) 
       DO J = 1,NBAS 
       YADD = YADD + ALFA(I,J)*PF(J) 
       ENDDO 
      ENDDO 
! 
      YWADD = YADD - Y0 
! 
       YFDD = Y0 
       DO I = 1,N 
       CALL BASIS (X(I),PSIF,NBAS,PF) 
   YFSUM = 0.D0 
    DO J = 1,NBAS 
     YFSUM = YFSUM + ALFA(I,J)*PF(J) 
    ENDDO 
    YFDD = YFDD*(1.D0+(1.D0/Y0)*YFSUM) 
       ENDDO 
! 
      YWFDD = YFDD - Y0 
! 
 CALL RESPON (X,YMCS,ILAM) 
      YWMCS = YMCS - Y0 
! 
      YTOP = YTOP + (YWMCS - YWFDD)*(YWADD - YWFDD) 
      YBOT = YBOT + (YWADD - YWFDD)**2 
! 
      ENDDO 
! 
!      YMC0 = YMC0/DFLOAT(NSAMP) 
!      YMOM2 = YMOM2/DFLOAT(NSAMP) 
!      VAREXACT = YMOM2 - YMC0**2 
!      PRINT* 
!      PRINT*,'LAMBDA ',ILAM 
!      PRINT* 
!      PRINT* 
!      WRITE(*,'(A15,F10.6)')'MEAN = ',YMC0 
!      PRINT* 
!      PRINT* 
!      WRITE(*,'(A15,F10.6)')'VARIANCE = ',VAREXACT 
!      PRINT* 
!! 
!      YADD1 = YADD1/DFLOAT(NSAMP) 
!      YADD2 = YADD2/DFLOAT(NSAMP) 
!      VARAPDD = YADD2 - YADD1**2 
!! 
!      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* 
!! 
!      YFDD1 = YFDD1/DFLOAT(NSAMP) 
!      YFDD2 = YFDD2/DFLOAT(NSAMP) 
!      VARFPDD = YFDD2 - YFDD1**2 
!      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* 
! 
! 
      YTOP = YTOP/DFLOAT(NSAMP) 
      YBOT = YBOT/DFLOAT(NSAMP) 
! 
      ALFA1L = YTOP/YBOT 
!       
! 
! 
      BITA1L = 1.D0 - ALFA1L 
! 
      PRINT*,'***********ALFA****************' 
      PRINT* 
      PRINT*,'ALFA     = ',ALFA1L 
      PRINT* 
! 
!      VARHPDD = ( ALFA1L**2 + 2*ALFA1L*BITA1L )*VARAPDD & 
!                 + BITA1L**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* 
! 
 PRINT*, 'STARTING SIMULATION ....' 
!   
 KK = 1 
      KSTEP = NSAMP/10 
 ISEED = 123457 
 CALL RNSET(ISEED) 
      DO ISAMP = 1,1E6 
 DO I = 1,N 
 X(I) = DRNNOF() 
      CALL BASIS (X(I),PSIF,NBAS,PF) 
       DO J = 1,NBAS 
       HIJ(I,J) = PF(J) 
       ENDDO 
 ENDDO 
! 
       YADSUM = Y0 
       YMU = Y0 
       DO I = 1,N 
   YFSUM = 0.D0 
    DO J = 1,NBAS 
     YFSUM = YFSUM + ALFA(I,J)*HIJ(I,J) 
          YADSUM = YADSUM + ALFA(I,J)*HIJ(I,J) 
    ENDDO 
    YMU = YMU*(Y0+YFSUM)/Y0 
       ENDDO 
! 
      YHYB = ALFA1L*YADSUM + BITA1L*YMU 
! 
 CALL RESPON (X,YMCS,ILAM) 
! 
      WRITE(10,*)YADSUM 
      WRITE(20,*)YMU 
      WRITE(30,*)YHYB 
      WRITE(40,*)YMCS 
!       
      ENDDO 
! 
      CLOSE(10) 
      CLOSE(20) 
      CLOSE(30) 
      CLOSE(40) 
! 
      CALL HISTOGRAM(FILE1,1000000) 
      CALL HISTOGRAM(FILE2,1000000) 
      CALL HISTOGRAM(FILE3,1000000) 
      CALL HISTOGRAM(FILE4,1000000) 
! 
      STOP 
      END 
! 
! ----------------------------------------------------------- 
 SUBROUTINE RESPON (X,Y,ILAM) 
! 
! CALCULATES EIGENVALUE FOR A SAMPLE X 
! 
      IMPLICIT REAL*8 (A-H,O-Z) 
 REAL*8 X(10) 
      REAL*8 LAM1,LAM2,LAM3 
 REAL*8 MINV(3,3),KSTIFF(3,3),XK(6),A(3,3) 
 COMPLEX*16 EVAL(3) 
! 
! CHANGE 0.15 FOR OTHER CASES 
      COV = 0.3 
 ZMEAN = DLOG( 1./(DSQRT(1.D0+COV**2)) ) 
 ZSIGMA = DSQRT(DLOG(1.D0+COV**2)) 
! ZMEAN = DLOG( 1./(DSQRT(1.+0.15**2)) ) 
! ZSIGMA = DSQRT(DLOG(1.+0.15**2)) 
! 
 DO 22 I = 1,3 
 DO 22 J = 1,3 
 MINV(I,J) = 0. 
 IF (I .EQ. J) MINV(I,J) = 1./( 1.*DEXP(ZMEAN+X(I)*ZSIGMA) ) 
22 CONTINUE 
 DO 23 I = 1,5 
23 XK(I) = 1.*DEXP(ZMEAN+X(I+3)*ZSIGMA) 
! CHANGE 1.275 FOR OTHER CASES 
 XK(6) = 3.*DEXP(ZMEAN+X(9)*ZSIGMA) 
! XK(6) = 1.275*DEXP(ZMEAN+X(9)*ZSIGMA) 
 KSTIFF(1,1) = XK(1)+XK(4)+XK(6) 
 KSTIFF(1,2) = -XK(4) 
 KSTIFF(1,3) = -XK(6) 
 KSTIFF(2,1) = KSTIFF(1,2) 
 KSTIFF(2,2) = XK(4)+XK(5)+XK(2) 
 KSTIFF(2,3) = -XK(5) 
 KSTIFF(3,1) = KSTIFF(1,3) 
 KSTIFF(3,2) = KSTIFF(2,3) 
 KSTIFF(3,3) = XK(5)+XK(3)+XK(6) 
 DO 30 I = 1,3 
 DO 30 J = 1,3 
 A(I,J) = 0. 
 DO 30 K = 1,3 
30 A(I,J) = A(I,J) + MINV(I,K)*KSTIFF(K,J) 
 CALL DEVLRG (3, A, 3, EVAL) 
 LAM1 = DREAL(EVAL(3)) 
 LAM2 = DREAL(EVAL(2)) 
 LAM3 = DREAL(EVAL(1)) 
! 
      IF (ILAM.EQ.1) THEN 
      Y = LAM1 
      ELSEIF (ILAM.EQ.2) THEN 
      Y = LAM2 
      ELSEIF (ILAM.EQ.3) THEN 
      Y = LAM3 
      ENDIF 
! 
 RETURN 
 END 
! 
! 
! ------------------------------------------------------------- 
! 
 SUBROUTINE BASIS (XI,PSIF,IDEG,PF) 
! 
! DEFINES HERMITE POLYNOMIALS - NORMALIZED W.R.T. N(0,1) PDF 
! DO NOT INCLUDE THE 0-ORDER, BECAUSE THE 0-ORDER GIVES MEAN 
!     ALREADY INCLUDED IN Y0 
! 
      IMPLICIT REAL*8 (A-H,O-Z) 
 REAL*8 XI,PSIF,PF(IDEG) 
! 
  PF(1) = XI 
  PF(2) = XI**2 - 1.D0 
  DO J = 3,IDEG 
   PF(J) = XI*PF(J-1) - DFLOAT(J-1)*PF(J-2) 
  ENDDO 
  FNRM = 1. 
  DO J = 1,IDEG 
   FNRM = FNRM*DFLOAT(J) 
   PF(J) = PF(J)/DSQRT(FNRM) 
  ENDDO 
! 
      PSIF = PF(IDEG) 
 RETURN 
 END 
! 
!*************************************************************       
! 
      SUBROUTINE HISTOGRAM(FILEIN,nobs) 
 
! GET THE 'HISTOGRAM' FOR A SET OF OBSERVATION (NORMALIZED) 
!  
! 1.  Data can be chopped (truncated) if lower bound is known 
!     incorporated on 7/29/94. 
!  
 implicit real*8 (a-h,o-z) 
      implicit integer (i-k,m-n) 
 character*60 option 
 CHARACTER*20 FILEIN, FILEHISTO, FILEPDF 
 REAL*8 x(:),div(:),table(:) 
 ALLOCATABLE x,div,table 
 ALLOCATE (x(nobs),div(nobs),table(nobs)) 
! 
! 
! print*, 'ENTER DATAFILE NAME' 
! print*, '---> ' 
! read (5, '(a)') data 
 open (1,file=FILEIN,status='old') 
       FILEHISTO = 'CDF_'//FILEIN 
       FILEPDF = 'PDF_'//FILEIN 
 open (10,file=FILEHISTO,status='unknown') 
 open (20,file=FILEPDF,status='unknown') 
! 
! print*, 'ENTER NUMBER OF OBSERVATION - DATA SIZE  [nobs]' 
! print*, '---> ' 
! read*, nobs 
! nobs = 1e6 
!  
        do i=1,nobs 
   read (1,*) x(i) 
        end do 
! 
! print*, 'OPT FOR MULTIPLYING WITH A CONSTANT (y/n)  [n]' 
! read(5,'(a)') option 
 if (option .eq. ' ') option = 'n' 
 if (option .eq. 'Y' .or. option .eq. 'y') go to 212 
 go to 213 
212 print*, 'ENTER THE MULTIPLIER' 
 print*, '---> ' 
 read*, factor 
 do 214 i = 1,nobs 
214 x(i) = x(i)*factor 
! 
! compute lower and upper bounds of samples 
! 
213 xmax = x(1) 
 xmin = x(1) 
 do 20 i = 1,nobs 
 if (x(i) .ge. xmax) xmax = x(i) 
 if (x(i) .le. xmin) xmin = x(i) 
20 continue 
! 
 print* 
 print*, 'xmax,xmin:',xmax,xmin 
! 
! 
! print* 
! print*, 'OPT FOR SUBTRACTING A VALUE FROM SAMPLES (y/n)    [n]' 
! read(5,'(a)') option 
 if (option .eq. ' ') option = 'n' 
 if (option .eq. 'Y' .or. option .eq. 'y') go to 812 
 go to 813 
812 print*, 'ENTER A VALUE FOR SUBTRACTION' 
 print*, '---> ' 
 read*, valuel 
 do 814 i = 1,nobs 
814 x(i) = x(i) - valuel 
 xmin = xmin -valuel 
 xmax = xmax - valuel 
! 
! compute mean and std. dev 
! 
813 print* 
 print*, 'COMPUTING ESTIMATES OF MEAN AND STD. DEVIATION......' 
! 
 xmom1 = 0. 
 xmom2 = 0. 
 do 961 i = 1,nobs  
 xmom1 = xmom1 + x(i) 
961 xmom2 = xmom2 + x(i)**2 
 xmom1 = xmom1/dfloat(nobs) 
 xmom2 = xmom2/dfloat(nobs) 
! 
 print* 
 write(*,'(A22,F10.5)') 'Mean = ', xmom1 
 write(*,'(A22,F10.5)') 'Standard Deviation = ' & 
      , dsqrt( xmom2 - xmom1**2 ) 
      write(*,'(A22,F10.5)') 'Coeff. of Variation = ' & 
      , dsqrt( xmom2 - xmom1**2 )/xmom1 
! 
! 
! print* 
! print*, 'ENTER NUMBER OF CELLS OF HISTOGRAM [k]' 
! print*, '---> ' 
! read*, k 
 k = 100 
! 
 dx = (xmax-xmin)/dfloat(k) 
 print* 
 print*, 'dx =',dx 
 print* 
! 
! call dowfrq (nobs,x,k,iopt,xlo,xhi,clhw,div,table) 
! 
! write your own freqency calcs - can't use imsl in PC 
! 
 do 100 i = 1,k 
100 div(i) = xmin + dfloat(i)*dx - 0.5*dx 
! 
 do 200 i = 1,k 
 table(i) = 0. 
 do 200 j = 1,nobs 
 if (  x(j) .ge. (div(i)-0.5*dx) .and. & 
             x(j) .lt. (div(i)+0.5*dx)  ) table(i) = table(i)+1. 
200 continue 
! 
! 
 area = 0. 
      write (20,111) div(1)-2*0.5*dx, 0. 
 do 10 i = 1,k 
! 
 area = area + table(i)/dfloat(nobs) 
! 
 write (10,111) div(i)+0.5*dx, area 
 write (20,111) div(i), table(i)/(dfloat(nobs)*dx) 
! 
10 continue 
! 
111 format (5x, 2(5x,e20.8)) 
 print*, 'area under histogram =',area 
! 
! 
      RETURN 
      END 
! 
!!     ******************************************************************* 
!     


