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*--------------------------------------------------------------

* Date created:   April 4, 1983

* Date modified:  November 10, 1995 (Updated)

*--------------------------------------------------------------

*

*          Solving linear algebraic systems of equations

*

*                      Ax=b    or    ATx=b

*                    =======================

*

*                              by

*               LU factorization of sparse matrices.

*

*

*                       Dr. Neculai Andrei

*               Research Institute for Informatics

*          Center for Advanced Modeling and Optimization

*           8-10, Averescu Avenue, Bucharest 1, Romania

*                    E-mail: nandrei@ici.ro

*                                        

*

*                          MAIN PROGRAM

*                        ================

* Main program for a large-scale sparse linear system equations

* Ax=b solving taking into account the sparsity of the A matrix 

* using LU factorization of the coefficient matrix with Markowitz's 

* pivot strategy. (AT is the transpouse of the matrix A.)

* The calling sequence is as follows:

*

*       LU -----> RF01A

*          |         ---> RM01A,  

*          |         ---> RM04A.

*          .----> RS01A

*

* where:

*

* LU      Main program for solving linear algebraic sysyems of

*         equations Ax=b or ATx=b using LU factorization of the

*         matrix with Markowitz's pivot selection strategy.

*

* RF01A   Subroutine for LU factorization of the matrix A.

*

* RS01A   Subroutine for solving large-scale systems of linear

*         equations computing: A**(-1)*b  or A**(-T)*b, for a

*         given vector b, using the LU factorization of the

*         matrix A (given by RF01A subroutine), exploiting the

*         sparsity in all cases.

*

* RM01A   Subroutine for sorting the non-zeros of a sparse matrix

*         from arbitrary order to column order, but unordered 

*         within each column.

*

* RM04A   Subroutine for compressing the column / row array of U

*         factor (from the LU factorization of a sparse matrix) in

*         order to eliminate the spaces between columns / rows.

*

*

*                                                 Neculai Andrei

******************************************************************

      IMPLICIT DOUBLE PRECISION (A-H,O-Z)

      double precision a(1000), b(100)

      double precision z(100)

      integer indl(1000), indc(1000), ip(100,2), iz(100,8)

      integer lc(2,3)

      double precision mesaj

      logical transp


  open(unit=1,file='sys.dat',status='old')


  open(unit=2,file='sys.out',status='unknown')

C--- Read the input data:

C    N    The dimension of the matrix.

C    NZ   The number of non-zeros of the matrix,

C    IA   The length of arrays A, INDL and INDC which store

C         the matrix.

      read(1,1) n, nz, ia

1     format(3i4)     

C--- Read the input matrix of the system Ax=b:

C    INDL   array with the row number of the non-zeros.

C    INDC   array with the column number of the non-zeros.

C    A      array with non-zeros of the matrix.

      read(1,2) (indl(i), i=1,nz)

      read(1,2) (indc(i), i=1,nz)

2     format(40i2)

      read(1,3) (a(i),i=1,nz)

3     format(20f4.1)

      write(2,10)n, nz, ia

10    format(4x,'n=',i4,4x,'nz=',i4,4x,'ia=',i4)      

C--- LU factorization of the matrix with Markowitz pivot 

*    strategy.

      mesaj=0.d0

      call rf01a(a,indl,indc,n,nz,ia,ip,iz,z,mesaj,0.1d0)

C--- Read the right-hand side of the system.

      read(1,3) (b(i),i=1,n)

C--- Solve the system Ax=b.

      transp = .false.

      call rs01a(a,indl,indc,n,ia,ip,iz,z,b,mesaj,transp)

C--- Write out the solution of the system.

      write(2,4) (i,b(i),i=1,n)

4     format(5x,i3,4x,e20.13)

      stop

      end

***************************************************************                  
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* Last line LU.FOR
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*

       subroutine rf01a(a,indl,indc,n,nz,ia,ip,iz,z,mesaj,cpv)

*

C0. Purpose.

*   ========

*   This subroutine belongs to a package of subroutines dedicated 

*   to LU factorization of a large-scale sparse matrix, solve the

*   corresponding systems of linear equations and update the LU

*   factorization when a column of the matrix is modified,

*   exploiting the sparsity in all cases.

*

*   Its primary application is to be used for large-scale sparse

*   matrices inversion in LU representation of the matrices and

*   handling large-scale linear programming bases in simplex

*   algorithms.

*

*   It implements a sparse variant of the Bartles-Golub algorithm

*   with the Markowitz pivot preassigned procedure.

*

*   The RF01A subroutine produces a LU factorization of a given

*   sparse matrix, where L is an inferior-triangular matrix whose 

*   inverse is held as a product of elementary matrices, and U is

*   a permutation of a superior-triangular matrix.

*

*   For more details about the LU factorization of a large-scale

*   sparse matrix with Markowitz's pivotal strategy, please see;

*

*     1. J.K. Reid, FORTRAN subroutines for handling sparse linear

*        programming bases. Report AERE - R.8269, Harwell, 1976.

*     2. J.K. Reid, A sparsity-exploiting variant of Bartles-Golub

*        decomposition for linear programming bases. Mathematical

*        Programming, vol. 24, (1982) pp.55-69.

*     3. N. Andrei, C. Rasturnoiu, Sparse Matrices and their

*        Applications. (Matrice rare si aplicatiile lor). Editura

*        Tehnica, Bucuresti, 1983.

*-----------------------------------------------------------------

*

C1. Argument list.

*   ==============

*   CALL RF01A(A,INDL,INDC,N,NZ,IA,IP,IZ,Z,MESAJ,CPV)

*

*   Parameters:

*   ===========

*   A     A real array of length IA. On entry to RF01A it must be

*         set to contain, in any order, the non-zeros of the matrix.

*         On exit from RF01A it contains the L and U factors of the

*         matrix.

*   INDL  An integer array of length IA. On entry to RF01A, INDL(k)

*         must be set to contain the row number of the non-zero held

*         in A(k), k=1,2,...,NZ.

*         On exit from RF01A it contains the row number of the non-

*         zero from L factor of the matrix. 

*   INDC  An integer array of length IA. On entry to RF01A, INDC(k)

*         must be set to the column number of the non-zero held in

*         A(k), k=1,2,...,NZ.

*         On exit from RF01A it contains the column number of the

*         non-zero from U factor of the matrix.

*   N     Integer, must be set by the user to the order of the
*         matrix.

*         It is not altered by the RF01A subroutine.

*   NZ    Integer, must be set to the number of non-zero elements in

*         the matrix. It is not altered by RF01A.

*   IA    Integer, must be set to indicate the size of arrays A, 

*         INDL and INDC. IA must exceed NZ by a margin sufficient to

*         avoid overfrequent compression of the A, INDL and INDC

*         arrays. It is not altered by RF01A.

*   IP    Integer working array of dimension (N,2).

*   IZ    Integer working array of dimension (N,8).

*   Z     Real working array of length N.

*   MESAJ Real parameter used to transmit the error diagnostics and

*         information about the numerical stability of the 

*         factorization. After a successful entry to RF01A, MESAJ

*         is positive and equal to the modulus of the largest element

*         in any of the reduced matrices. After an unsuccessful entry

*         a mesaje is issued and MESAJ is set negative to indicate

*         one of the following situations:

*         -1  N or NZ is not positive,

*         -2  LIN (COL) I has no elements,

*         -3  K-th element is out of the range with row I and 

*             column J,

*         -4  Duplicate element in row I and column J,

*         -5  The following LIN (COL) are dependent,

*         -6  Ia is too small.

*   CPV   Real parameter set in the interval (0,1] to control the

*         choice of pivots. The value 0.1 has been found to be 

*         satisfactory in the test examples.

*

C2. Use of COMMON.

*   ==============

*   RF01A contains the following COMMON BLOCK:

*   COMMON /RF01C/mic,no,eps,ieml,iemu,ncp,ilin,icol

*   The following elements must be set by data in common:

*   MIC   real parameter to control the stability. Any elements

*         of the upper triangular factor that are less than MIC are

*         reset to zero value. Suggested value for MIC: 0.0.

*   NO    Integer, index of the line printer.

*   EPS   Real parameter set by the user to the relative accuracy 

*         of the floating-point computations.

*

C3. Other Subroutines.

*   ==================

*   The following subroutines are called by RF01A:

*   RM01A  to sort the non-zeros of a sparse matrix from arbitrary

*          order to column order, but unordered withing each column.

*   RM04A  to compress an array of positive integers with the 

*          columns or rows structure of the U and L factors.

*

*                                                      April, 1983

*                                                   Neculai Andrei
*-----------------------------------------------------------------

      IMPLICIT DOUBLE PRECISION (A-H,O-Z)

      double precision a(ia), z(n), mic, mesaj

      integer indl(ia), indc(ia), iz(n,8), ip(n,2), lc(2,3)

      common /rf01c/mic,no,eps,ieml,iemu,ncp,ilin,icol

      data lc(1,1),lc(1,2),lc(1,3), lc(2,1),lc(2,2),lc(2,3)/

     *1hL,1hI,1hN, 1hC,1hO,1hL/

      if(cpv .gt. 1.d0) cpv=1.d0

      if(cpv .lt. eps) cpv = eps

      if(n .lt. 1 .or. nz .lt. 1) go to 58

      mesaj = 0.d0

      do 1 i=1,n

        z(i) = 0.d0

        do 1 j=1,5

1     iz(i,j) = 0

*

* Flush out small entries, count elements in row and columns.

*

      l=1

      iemu=nz

      do 4 ifa=1,nz

        if(l .gt. iemu) go to 5

        do 2 k=l,iemu

          if(dabs(a(k)) .le. mic) go to 3

          i=indl(k)

          j=indc(k)

          mesaj=amax1(dabs(a(k)),mesaj)

          if(i .lt. 1 .or. i .gt. n) go to 62

          if(j .lt. 1 .or. j .gt. n) go to 62

          iz(i,1)=iz(i,1) + 1

2       iz(j,2) = iz(j,2) +1

        go to 5

3       l=k

        a(l)=a(iemu)

        indl(l)=indl(iemu)

        indc(l)=indc(iemu)

4     iemu=iemu-1

5     ieml=0    

      ilin=iemu

      icol=ilin

*                                         

* MCP is the maximum number of compresses permited.

*

      mcp=max0(n/10,20)

      ncp=0

      k=1

      do 6 ir=1,n

        k=k+iz(ir,2)

        ip(ir,2)=k

        do 6 l=1,2

          if(iz(ir,l) .le. 0) go to 60

6     continue

*

* Reorder the matrix by rows.

*

      call rm01a(a,indc,indl,n,iemu,0,ip)

      kl=iemu

      do 8 ii=1,n

        ir=n+1-ii

        kp=ip(ir,1)

        do 7 k=kp,kl

          j=indc(k)

          if(iz(j,5) .eq. ir) go to 64

          iz(j,5)=ir

          kr=ip(j,2)-1

          ip(j,2)=kr

7       indl(kr)=ir

8     kl=kp-1

*

* Set up linked lists of rows and columns with equal number

* of non-zero elements.

*

      do 9 l=1,2

        do 9 i=1,n

          nz=iz(i,l)

          in=iz(nz,l+2)

          iz(nz,l+2)=i

          iz(i,l+6)=in

          iz(i,l+4)=0

9     if(in .ne. 0) iz(in,l+4)=i

*

* Start of the main elimination loop.

*              ======================

*

      do 53 ipv=1,n

*

* Find the pivot using the Markowitz strategy.

* JCOST is cheapest Markowitz cost found so far in row IPP and

* column JP.

*

        jcost=n*n

        do 18 nz=1,n

          if(jcost .le. (nz-1)**2) go to 19

          j=iz(nz,4)

*

* Determine columns with NZ non-zero elements.

*

          do 13 ifa=1,n

            if(j .le. 0) go to 14

            kp=ip(j,2)

            kl=kp+iz(j,2)-1

            do 12 k=kp,kl

              i=indl(k)

              kcost=(nz-1)*(iz(i,1)-1)

              if(kcost .ge. jcost) go to 12

              if(nz .eq. 1) go to 11

*

* Find the largest element in row of potential pivot.

*

              amax=0.d0

              k1=ip(i,1)

              k2=iz(i,1)+k1-1

              do 10 kk=k1,k2

                amax=amax1(amax,dabs(a(kk)))

10            if(indc(kk) .eq. j) kj=kk

*

* Stability test.

*

              if(dabs(a(kj)) .lt. amax*cpv) go to 12                                                                                        

11            jcost=kcost

              ipp=i

              jp=j

              if(jcost .le. (nz-1)**2) go to 19

12          continue

13        j=iz(j,8)

*

* Determine the rows with NZ non-zero elements.

*

14        i=iz(nz,3)

          do 17 ifa=1,n

            if(i .le. 0) go to 18

            amax=0.d0

            kp=ip(i,1)

            kl=kp+iz(i,1)-1

*

* Find the largest element in the row.

*

            do 15 k=kp,kl

15          amax=amax1(dabs(a(k)), amax)

            au=amax*cpv

            do 16 k=kp,kl

*

* Stability test.

*

              if(dabs(a(k)) .lt. au) go to 16

              j=indc(k)

              kcost=(nz-1)*(iz(j,2)-1)

              if(kcost .ge. jcost) go to 16

              jcost=kcost

              ipp=i

              jp=j

              if(jcost .le. (nz-1)**2) go to 19

16          continue

17        i=iz(i,7)

18      continue

*

* Remove rows and columns involved in elimination.

*

19      kp=ip(jp,2)

        kl=iz(jp,2)+kp-1

        do 24 l=1,2

          do 23 k=kp,kl                                                                      

            if(l .eq. 2) go to 20

            i=indl(k)

            go to 21

20          i=indc(k)

21          il=iz(i,l+4)

            in=iz(i,l+6)

            if(il .eq. 0) go to 22

            iz(il,l+6)=in

            go to 23

22          nz=iz(i,l)

            iz(nz,l+2)=in

23        if(in .gt. 0) iz(in,l+4)=il

          kp=ip(ipp,1)

24      kl=kp+iz(ipp,1)-1

*

* Store the pivot.

*

        iz(ipp,5)=-ipv

        iz(jp,6)=-ipv
*
* Eliminate pivot row from the column array and find the pivot

* in row array.

*

        do 27 k=kp,kl

          j=indc(k)

          kpc=ip(j,2)

          iz(j,2)=iz(j,2)-1

          klc=kpc+iz(j,2)

          do 25 kc=kpc,klc

            if(ipp .eq. indl(kc)) go to 26

25        continue

26        indl(kc)=indl(klc)

          indl(klc)=0

27      if(j .eq. jp) kr=k

        au=a(kr)

        a(kr)=a(kp)

        a(kp)=au

        indc(kr)=indc(kp)

        indc(kp)=jp

*

* Perform the elimination.

*

        nzc=iz(jp,2)

        if(nzc .eq. 0) go to 48

          do 47 nc=1,nzc

            kc=ip(jp,2)+nc-1

            ir=indl(kc)

            kr=ip(ir,1)

            krl=kr+iz(ir,1)-1

            do 28 knp=kr,krl

              if(jp .eq. indc(knp)) go to 29

28          continue

29          am=a(knp)

            a(knp)=a(kr)

            a(kr)=am

            indc(knp)=indc(kr)

            indc(kr)=jp

            am=-a(kr)/a(kp)

*

* Compress the row array.

*

      if(ilin+iz(ir,1)+iz(ipp,1)+ieml .le. ia) go to 30

      if(ncp.ge.mcp .or. iemu+iz(ir,1)+iz(ipp,1)+ieml.gt.ia) go to 69                                                                                                                           

*

            call rm04a(a,ip,n,ia,indc,iz,.true.)

*

            kp=ip(ipp,1)

            kr=ip(ir,1)

30          krl=kr+iz(ir,1)-1

            kq=kp+1

            kpl=kp+iz(ipp,1)-1

*

* Place the pivot row in z array.

*

            if(kq .gt. kpl) go to 32

            do 31 k=kq,kpl

              j=indc(k)

31          z(j)=a(k)

32          ip(ir,1)=ilin+1

            indc(kr)=0

            kr=kr+1

            if(kr .gt. krl) go to 37

            do 36 ks=kr,krl

              j=indc(ks)

              au=a(ks)+am*z(j)

              indc(ks)=0

* 

* Elimination of the very small elements from U array.

*

              if(dabs(au) .le. mic) go to 33

              mesaj=amax1(mesaj,dabs(au))

              ilin=ilin+1

              a(ilin)=au

              indc(ilin)=j

              go to 36

33            iemu=iemu-1

              k=ip(j,2)

              kl=k+iz(j,2)-1

              iz(j,2)=kl-k

              do 34 kk=k,kl

                if(indl(kk) .eq. ir) go to 35

34            continue

35            indl(kk)=indl(kl)

              indl(kl)=0

36          z(j)=0.d0

*

* Scan pivot row for fills.

*

37          if(kq .gt. kpl) go to 45

            do 44 ks=kq,kpl

              j=indc(ks)

              au=am*z(j)

              if(dabs(au) .le. mic) go to 44

              ilin=ilin+1

              a(ilin)=au

              indc(ilin)=j

              iemu=iemu+1

*

* Create new element in column array.

*

              nz=iz(j,2)

              k=ip(j,2)

              kl=k+nz-1

*

* If it is possible place new element at the end of the present

* entry.

*

              if(kl .ne. icol) go to 38

              if(icol+ieml .ge. ia) go to 40

              icol=icol+1

              go to 39

38            if(indl(kl+1) .ne. 0) go to 40

39            indl(kl+1)=ir

              go to 43

40            if(icol+ieml+nz+1 .lt. ia) go to 41

              if(ncp .ge. mcp .or. iemu+ieml+nz+1 .ge. ia) go to 69

*

* Compress the column array.

*

              call rm04a(a,ip(1,2),n,ia,indc,iz(1,2),.false.)

              k=ip(j,2)

              kl=k+nz-1

41            ip(j,2)=icol+1

              do 42 kk=k,kl

                icol=icol+1

                indl(icol)=indl(kk)

42            indl(kk)=0

              icol=icol+1

              indl(icol)=ir

43            mesaj=amax1(mesaj,dabs(au))

              iz(j,2)=nz+1

44          z(j)=0.d0

45          iz(ir,1)=ilin+1-ip(ir,1)

            if(ieml+icol+1 .le. ia) go to 46

*

* Compress the column array if it is necessary.

*

            if(ncp .ge. mcp) go to 69

            call rm04a(a,ip(1,2),n,ia,indc,iz(1,2),.false.)

46          k=ia-ieml

            ieml=ieml+1

            a(k)=am

            indl(k)=ipp

            indc(k)=ir

            iemu=iemu-1

47        continue

*

* Insert the rows and the columns involved in elimination in

* linked lists of equal numbers of non-zero elements.

*

48        k1=ip(jp,2)

          k2=iz(jp,2)+k1-1

          iz(jp,2)=0

          do 53 l=1,2

            if(k2 .lt. k1) go to 52

            do 51 k=k1,k2

              if(l .eq. 2) go to 49

              ir=indl(k)

              indl(k)=0

              go to 50

49            ir=indc(k)

50            nz=iz(ir,l)

              if(nz .le. 0) go to 66

              in=iz(nz,l+2)

              iz(ir,l+6)=in

              iz(ir,l+4)=0

              iz(nz,l+2)=ir

51          if(in .ne. 0) iz(in,l+4)=ir

52          k1=ip(ipp,1)+1

53        k2=iz(ipp,1)+k1-2

        do 54 i=1,n

          j=-iz(i,5)

          iz(j,3)=i

          j=-iz(i,6)

          iz(j,4)=i

54      iz(i,2)=0

        do 55 i=1,n

          kp=ip(i,1)

          kl=iz(i,1)+kp-1

          do 55 k=kp,kl

            j=indc(k)

55      iz(j,2)=iz(j,2)+1

        k=1

        do 56 i=1,n

          k=k+iz(i,2)

56      ip(i,2)=k

        icol=k-1

        do 57 ii=1,n

          i=iz(ii,3)

          kp=ip(i,1)

          kl=iz(i,1)+kp-1

          do 57 k=kp,kl

            j=indc(k)

            kn=ip(j,2)-1

            ip(j,2)=kn

57      indl(kn)=i

        go to 73

*

* The following lines implements te failure exists.

*

58      if(no .gt. 0) write(2,59)

59      format(/5x,'N or NZ is not positive')

        mesaj=-1.d0

        go to 71

60      if(no .gt. 0) write(2,61) (lc(l,i),i=1,3),ir

61      format(/5x,3a1,i5,'has no elements')

        mesaj=-2.d0

        go to 71

62      if(no .gt. 0) write(2,63) k,i,j

63      format(/5x,i4,'-th element is out of the range',

     *  'with row ',i4,' and column ',i4)

        mesaj=-3.d0

        go to 71

64      if(no .gt. 0) write(2,65) ir,j

65      format(/5x,'Duplicate element in row ',i4,' and column ',i4)

        mesaj=-4.d0

        go to 71

66      ipv=ipv+1

        iz(ipv,1)=ir

        do 67 i=1,n

          ii=-iz(i,l+4)

67      if(ii .gt. 0) iz(ii,1)=i

        if(no .gt. 0) write(2,68) (lc(l,i),i=1,3),(iz(i,1),i=1,ipv)

68      format(/5x,'The following ',3a1,' are dependent:',

     *  /5x,10(3x,i5))

        mesaj=-5.d0

        go to 71

69      if(no .gt. 0) write(2,70)

70      format(/5x,'IA is too small')

        mesaj=-6.d0

71      if(no .gt.0) write(2,72)

72      format(/5x,'Error in RF01A subroutine',/)

73      return

        end

*-------------------------------------------------------------

* Last line RF01A

        BLOCK DATA

*-------------------------------------------------------------

        common/rf01c/mic,no,eps,ieml,iemu,ncp,ilin,icol

        double precision mic

        data mic, no, eps / 0.d0, 6, 1.0d-7/

        end           

*--------------------------------------------------------------                                                                                                                                                                                                      

* Last line block data

*---------------------------------------------------------------

*

      subroutine rs01a(a,indl,indc,n,ia,ip,iz,z,b,mesaj,transp)

*

C0. Purpose.

*   ========

*   This subroutine belongs to a package of subroutines dedicated

*   to solve large-scale systems of linear equations by computing

*   A**(-1)*B, or A**(-T)*B for a given vector B, using the LU

*   factorization of the matrix A, exploiting sparsity in all

*   cases.

*   It is recommended that RS01A subroutine to be used in direct

*   conjunction with RF01A subroutine, or any other equivalent.

*   For more details about the solving of a large-scale sparse

*   system of linear equations with the coefficient matrix LU

*   factorized, please see:

*     1. J.K. Reid, FORTRAN subroutines for handling sparse linear

*        programming bases. Report AERE - R.8269, Harwell, 1976.

*     2. J.K. Reid, A sparsity-exploiting variant of Bartles-Golub

*        decomposition for linear programming bases. Mathematical

*        Programming, vol. 24, (1982) pp.55-69.

*     3. N. Andrei, C. Rasturnoiu, Sparse Matrices and their

*        Applications. (Matrice rare si aplicatiile lor). Editura

*        Tehnica, Bucuresti, 1983.

*-----------------------------------------------------------------

*

C1. Argument list.

*   ==============

*   CALL RS01A(A,INDL,INDC,N,IA,IP,IZ,Z,B,MESAJ,TRANSP)

*

*   A      Real array of length IA. On entry to RS01A it must be set

*          to contain the non-zeros of the L and U factors.

*   INDL   Integer array of length IA. On entry to RS01A, INDL(k)

*          must be set to contain the row number of the non-zero held

*          in A(k), k=1,2,...,IA.

*          It is not altered by RS01A.

*   INDC   Integer array of length IA. On entry to RS01A, INDC(k)

*          must be set to contain the column number of the non-zero 

*          held in A(k), k=1,2,...,IA.

*          It is not altered by RS01A.

*   N      Integer, must be set to the order of the matrix.

*          It is not altered by RS01A.

*   IA     Integer, must be set to indicate the size of A, INDL and

*          INDC arrays.

*          It is not altered by RS01A.

*   IP     Integer working array of dimension (N,2).

*   IZ     Integer working array of dimension (N,4).

*   Z      Real working array of length N.

*   B      Real array of length N. On entry to RS01A it contains the

*          right-hand-side term of the system.

*          On exit from RS01A it contains the solution:

*          A**(-1)*B  if  TRANSP=.FALSE.  or

*          A**(-T)*B  if  TRANSP=.TRUE. .

*   MESAJ  Integer used to transmit the error diagnostics.

*          A non-negative value on entry to RS01A determine the

*          running of the subroutine. In a string of subroutines

*          if a previous subroutine gives a negative value for

*          MESAJ, then RS01A is suppressed.

*   TRANSP Logical parameter which must be set by the user to:

*          .FALSE. if A**(-1)*B is required from RS01A or 

*          .TRUE.  if A**(-T)*B is required from RS01A.

*

C2. Use of common.

*   ==============

*   RS01A contains the following common block:

*   COMMON/RF01C/MIC,NO,EPS,IEML,IEMU,NCP,ILIN,ICOL

*   (Please see RF01A subroutine where all these parameters

*   are explained.)

*

*                                                     April, 1983

*                                                  Neculai Andrei   

*----------------------------------------------------------------

      IMPLICIT DOUBLE PRECISION (A-H,O-Z)

      double precision a(ia),b(n),z(n),mic,mesaj

      integer indl(ia),indc(ia),iz(n,4),ip(n,2)

      logical transp

      common/rf01c/mic,no,eps,ieml,iemu,ncp,ilin,icol

*

      if(mesaj .lt. 0.d0) go to 13

      kl=ia-ieml+1

      if(transp) go to 8

*

* Compute A**(-1)*B where A is LU factorized.

*

* Partial updating of B by the inverse of L.

*

      if(ieml .le. 0) go to 2

      l=ia+1

      do 1 kk=1,ieml

        k=l-kk

        i=indl(k)

        if(b(i) .eq. 0.d0) go to 1

        j=indc(k)

        b(j)=b(j)+a(k)*b(i)

1     continue

2     do 3 i=1,n

        z(i)=b(i)

3     b(i)=0.d0

*

* Partial updating of B by the inverse of U.

*

      n1=n+1

      do 7 ii=1,n

        i=n1-ii

        i=iz(i,3)

        am=z(i)

        kp=ip(i,1)

        if(kp .gt. 0) go to 5

        kp=-kp

        ip(i,1)=kp

        nz=iz(i,1)

        k1=kp+nz-1

        k2=kp+1

        do 4 k=k2,k1

          j=indc(k)

4       am=am-a(k)*b(j)

5       if(am .eq. 0.d0) go to 7

        j=indc(kp)

        b(j)=am/a(kp)

        kp1=ip(j,2)

        k1=iz(j,2)+kp1-1

        if(k1 .eq. kp1) go to 7

        k2=kp1+1

        do 6 k=k2,k1

          i=indl(k)

6       ip(i,1)=-iabs(ip(i,1))

7     continue                                                                  

      go to 15

*

* Compute A**(-T)*B where A is LU factorized.

*

* Partial updating of B by the inverse of U transpose.

*

8     do 9 i=1,n

        z(i)=b(i)

9     b(i)=0.d0

      do 11 ii=1,n

        i=iz(ii,4)

        am=z(i)

        if(am .eq. 0.d0) go to 11

        j=iz(ii,3)

        kp=ip(j,1)

        am=am/a(kp)

        b(j)=am

        k1=iz(j,1)+kp-1

        if(kp .eq. k1) go to 11

        k2=kp+1

        do 10 k=k2,k1

          i=indc(k)

10      z(i)=z(i)-am*a(k)

11    continue

*

* Partial updating of B by inverse of L transpose.

*

      if(kl .gt. ia) return

      do 12 k=kl,ia

        j=indc(k)

        if(b(j) .eq. 0.d0) go to 12

        i=indl(k)

        b(i)=b(i)+a(k)*b(j)

12    continue

      go to 15

13    if(no.gt.0) write(2,14)

14    format(/5x,'Error in RS01A because the previous',

     *' subroutine have gave error')

15    return

      end

*

*-------------------------------------------------------------

* Last line RS01A                                                               

*---------------------------------------------------------------

*

      subroutine rm01a(a,indl,indc,n,nz,jdep,ipec)

*

C0. Purpose.

*   ========

*   This subroutine sorts the non-zeros of a sparse matrix from

*   arbitrary order to column order, but unordered within each

*   column.

*

C1. Argument list.

*   ==============

*   A     Real array of length NZ. On entry to RM01A it must be

*         set to contain in any order the non-zero elements of

*         matriz A.

*         On exit from RM01A the non-zero elements of the matrix

*         are reordered so that column 1 precedes column 2 which

*         precedes column 3, etc. However, the order within

*         columns is arbitrary.

*   INDL  Integer array of length NZ. On entry to and exit from

*         RM01A the absolute value of INDL(k) is the row number

*         of the element in A(k).

*   INDC  Integer array of length NZ. On entry to and exit from

*         RM01A INDC(k)+JDEP is the column number of the element

*         held in A(k).

*   N     Integer, must be set by the user to the number of

*         matrix columns. It is not altered by RM01A.

*   Nz    Integer, must be set by the user to the number of

*         non-zeros in A. It is not altered by RM01A.

*   JDEP  Integer, must be set by the user to his required

*         displacement for column numbers, in range [0,32767].

*         Normally zero will be suitable, but positive values 

*         permit matrices with up to 65534 columns to be handeled.

*         JDEP is not altered by RM01A.

*   IPEC  Integer array of length N. On exit from RM01A, IPEC(i)

*         contains the pinr to the start of column i, i=1,2,...,N.

*

*   Note: This subroutine will be called by other library 

*         subroutines, but not by the user directly.

*

*                                                   February, 1983

*                                                   Neculai Andrei
*--------------------------------------------------------------------

      IMPLICIT DOUBLE PRECISION (A-H,O-Z)

      integer indl(nz), indc(nz), ipec(n)

      double precision a(nz)

*

      nul=-jdep

      do 1 j=1,n

1     ipec(j)=0

      do 2 k=1,nz

        j=indc(k)+jdep

        ipec(j)=ipec(j)+1

2     continue

      k=1

      do 3 j=1,n

        kl=k+ipec(j)

        ipec(j)=k

3     k=kl

      do 5 i=1,nz

        j1=indc(i)+jdep

        if(j1 .eq. 0) go to 5

        a1=a(i)

        i1=indl(i)

        indc(i)=nul

        do 4 j=1,nz

          loc=ipec(j1)

          ipec(j1)=ipec(j1)+1

          a2=a(loc)

          i2=indl(loc)

          j2=indc(loc)

          a(loc)=a1

          indl(loc)=i1

          indc(loc)=nul

          if(j2 .eq. nul) go to 5

          a1=a2

          i1=i2

4       j1=j2+jdep

5     continue

*

      l1=1

      do 6 j=1,n

        l2=ipec(j)

        ipec(j)=l1

6     l1=l2

*

      n1=n-1

      do 8 i=1,n1

        ks=ipec(i+1)-ipec(i)

        do 7 k=1,ks

          i1=ipec(i)+k-1

7       indc(i1)=i

8     continue

*

      ks=nz+1-ipec(n)

      do 9 k=1,ks

        i1=ipec(n)+k-1

9     indc(i1)=n

*

      return

      end

*----------------------------------------------------------------

* Last line RM01A                                                                            

*---------------------------------------------------------------

*

      subroutine rm04a(a,ip,n,ia,izl,iz,lincol)

*

C0. Purpose.

*   ========

*   This subroutine compress the column / row arrays of U factor

*   (from LU factorization of a sparse matrix) in order to

*   eliminate the spaces between columns / rows.

*   The length of compressed array is placed in ILIN if LINCOL=

*   .true., or in ICOL if LINCOL=.false.

*

C1. Argument list.

*   ==============

*   A      Real array of length IA. On entry to RM04A it contains

*          the elements of the U factor of the matrix. On exit 

*          from RM04A it contains the non-zeros of the U factor,

*          forward compressed.

*   IP     Integer array of length N. On entry to and exit from

*          RM04A, IP(i) contains the poinr to the start of column/

*          row i, i=1,2,...,n.

*   N      Integer, must be set to the order of the matrix. It is

*          not altered by RM04A.

*   IA     Integer, must be set to indicate the size of arrays

*          A and IZL. It is not altered by RM04A.

*   IZL    Integer working array of length IA.

*   LINCOL Logical parameter.

*

*                                                    April, 1983

*                                                 Neculai Andrei
*----------------------------------------------------------------

      IMPLICIT DOUBLE PRECISION (A-H,O-Z)

      double precision a(ia), mic

      integer ip(n), izl(ia), iz(n)

      logical lincol

      common/rf01c/mic,no,eps,ieml,iemu,ncp,ilin,icol

*

      ncp=ncp+1

      do 1 j=1,n

        nz=iz(j)

        if(nz .le. 0) go to 1

        k=ip(j)+nz-1

        iz(j)=izl(k)

        izl(k)=-j

1     continue

* 

      k1=0

      ip1=0

      k2=icol

      if(lincol) k2=ilin

*        

      do 3 k=1,k2                  

        if(izl(k) .eq. 0) go to 3

        k1=k1+1

        if(lincol) a(k1)=a(k)

        if(izl(k) .ge. 0) go to 2

        j=-izl(k)

        izl(k)=iz(j)

        ip(j)=ip1+1

        iz(j)=k1-ip1

        ip1=k1

2       izl(k1)=izl(k)

3     continue

*

      if(lincol) ilin=k1

      if(.not. lincol) icol=k1

*

      return

      end                       

*                                                   April, 1983

*                                                Neculai Andrei

*---------------------------------------------------------------

* Last line RM04A
*--------------------- Last line LU package  ---------------------*             

Example 1
Let us consider the following linear algebraic system of equations:
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For this system we have:
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The arrays INDL, INDC and A are as follows:

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18

	INDL
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	4
	4
	4
	4
	5
	5
	5
	5

	INDC
	1
	3
	5
	1
	2
	4
	5
	2
	3
	4
	1
	3
	4
	5
	2
	3
	4
	5

	A
	2.
	1.
	1.
	1.
	2.
	3.
	1.
	4.
	1.
	1.
	5.
	1.
	1.
	1.
	6.
	1.
	2.
	1.


We see immediately that, for example, the element from row 5 and column 2 has the value 6. 

For this example, the file sys.dat has the following structure and contents:

	   5  18 100

 1 1 1 2 2 2 2 3 3 3 4 4 4 4 5 5 5 5

 1 3 5 1 2 4 5 2 3 4 1 3 4 5 2 3 4 5

 2.0 1.0 1.0 1.0 2.0 3.0 1.0 4.0 1.0 1.0 5.0 1.0 1.0 1.0 6.0 1.0 2.0 1.0

10.022.015.017.028.0


The solution of this system given by LU package in sys.out file is:

	1     0.1000000000000E+01

2     0.2000000000000E+01

3     0.3000000000000E+01

4     0.4000000000000E+01

5     0.5000000000000E+01


Example 2

Consider the following system:
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For this system we have: 
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 In this case the file sys.dat is as follows:

	  10  45 100

 1 1 1 1 1 2 2 2 2 2 2 3 3 3 4 4 4 4 4 5 5 5 5 5 5 6 6 6 6 6 7 7 7 7 8 8 8 9 9 9

1010101010

 1 3 7 810 2 5 6 7 810 1 310 2 6 7 810 1 3 4 7 810 2 6 7 8 9 1 3 5 9 2 6 9 1 3 9

 2 5 7 8 9

 1.0 3.0 1.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 1.0 1.0

 1.0 4.0 1.0 1.0 1.0 2.0 2.0 1.0 1.0 1.0 1.0 3.0 2.0 1.0 2.0 2.0 1.0 1.0 1.0 1.0

 2.0 3.0 1.0 1.0 1.0

18.025.0 5.017.028.023.022.016.0 6.028.0


Observe that the matrix of the system is singular. In fact we see immediately that the columns 7 and 8 are identical. 

The output of the LU package is:

	    n=  10    nz=  45    ia= 100

     The following COL are dependent:

            4       5       6       7       8

     Error in RF01A subroutine

     Error in RS01A because the previous subroutine have gave error

       1     0.1800000000000E+02

       2     0.2500000000000E+02

       3     0.5000000000000E+01

       4     0.1700000000000E+02

       5     0.2800000000000E+02

       6     0.2300000000000E+02

       7     0.2200000000000E+02

       8     0.1600000000000E+02

       9     0.6000000000000E+01

      10     0.2800000000000E+02


Example 3

This is the above example in which the matrix 
[image: image20.wmf]A

 is modified as:
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Observe that we introduced a new non-zero element in row 9 and column 7 with value 5. In this case 
[image: image22.wmf]10,

n

=

 
[image: image23.wmf]46

nz

=

 and again consider 
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 The sys.dat file is as follows:

	  10  46 100

 1 1 1 1 1 2 2 2 2 2 2 3 3 3 4 4 4 4 4 5 5 5 5 5 5 6 6 6 6 6 7 7 7 7 8 8 8 9 9 9

1010101010 9

 1 3 7 810 2 5 6 7 810 1 310 2 6 7 810 1 3 4 7 810 2 6 7 8 9 1 3 5 9 2 6 9 1 3 9

 2 5 7 8 9 7

 1.0 3.0 1.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 1.0 1.0 1.0 2.0 1.0 1.0 1.0 1.0 1.0

 1.0 4.0 1.0 1.0 1.0 2.0 2.0 1.0 1.0 1.0 1.0 3.0 2.0 1.0 2.0 2.0 1.0 1.0 1.0 1.0

 2.0 3.0 1.0 1.0 1.0 5.0

18.025.0 5.017.028.023.022.016.026.028.0  


The output of the LU package is:

	    n=  10    nz=  46    ia= 100

       1     0.1000000000000E+01

       2     0.2000000000000E+01

       3     0.3000000000000E+01

       4     0.4000000000000E+01

       5     0.5000000000000E+01

       6     0.5000000000000E+01

       7     0.4000000000000E+01

       8     0.3000000000000E+01

       9     0.2000000000000E+01

      10     0.1000000000000E+01


It worth mentioning that the new non-zero element in row 9 and column 7 it is placed at the end of the arrays INDL, INDC and A. This emphasizes once again that the nonzero elements of the matrix can be introduced in an arbitrary order, but the arrays INDL, INDC and A must be correlated.
Example 4
Consider the following system:
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For this system 
[image: image26.wmf]10,
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 The sys.dat file has the following contents:

	  10 28 100

 1 1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 7 7 7 8 8 8 9 9 91010

 1 2 1 2 3 2 3 4 3 4 5 4 5 6 5 6 7 6 7 8 7 8 9 8 910 910

2.0 1.0 1.0 2.0 1.0 1.0 2.0 1.0 1.0 2.0 1.0 1.0 2.0 1.0 1.0 2.0 1.0 1.0 2.0 1.0

1.0 2.0 1.0 1.0 2.0 1.0 1.0 2.0

3.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.0   


The output of the LU package is:
	    n=  10    nz=  28    ia= 100

       1     0.1000000000000E+01

       2     0.1000000000000E+01

       3     0.1000000000000E+01

       4     0.1000000000000E+01

       5     0.1000000000000E+01

       6     0.1000000000000E+01

       7     0.1000000000000E+01

       8     0.1000000000000E+01

       9     0.1000000000000E+01

      10     0.1000000000000E+01


Example 5

Consider the system of order 100 of the following structure:
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For this system 
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 The system is generated by the program LUTOT5.FOR.
The output of the LUTOT5.FOR package is as follows:

	    n= 100    nz= 298    ia=2200

       1     0.1000000000000E+01

       2     0.1000000000000E+01

       3     0.1000000000000E+01

       4     0.1000000000000E+01

       5     0.1000000000000E+01

       6     0.1000000000000E+01

       7     0.1000000000000E+01

       8     0.1000000000000E+01

       9     0.1000000000000E+01

      10     0.1000000000000E+01

      11     0.1000000000000E+01

      12     0.1000000000000E+01

      13     0.1000000000000E+01

      14     0.1000000000000E+01

      15     0.1000000000000E+01

      16     0.1000000000000E+01

      17     0.1000000000000E+01

      18     0.1000000000000E+01

      19     0.1000000000000E+01

      20     0.1000000000000E+01

      21     0.1000000000000E+01

      22     0.1000000000000E+01

      23     0.1000000000000E+01

    ...................................

      90     0.1000000000000E+01

      91     0.1000000000000E+01

      92     0.1000000000000E+01

      93     0.1000000000000E+01

      94     0.1000000000000E+01

      95     0.1000000000000E+01

      96     0.1000000000000E+01

      97     0.1000000000000E+01

      98     0.1000000000000E+01

      99     0.1000000000000E+01

     100     0.1000000000000E+01


Example 6
Consider the system of order 100 with the following structure:
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For this system 
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 This system is generated by the program LUTOT6.FOR.

The output of the LUTOT6.FOR package is as follows:

	    n= 100    nz= 300    ia=2200

       1     0.1000000000000E+01

       2     0.1000000000000E+01

       3     0.1000000000000E+01

       4     0.1000000000000E+01

       5     0.1000000000000E+01

       6     0.1000000000000E+01

       7     0.1000000000000E+01

       8     0.1000000000000E+01

       9     0.1000000000000E+01

      10     0.1000000000000E+01

      11     0.1000000000000E+01

      12     0.1000000000000E+01

      13     0.1000000000000E+01

      14     0.1000000000000E+01

      15     0.1000000000000E+01
   .................................
      79     0.1000000000000E+01

      80     0.1000000000000E+01

      81     0.1000000000000E+01

      82     0.1000000000000E+01

      83     0.1000000000000E+01

      84     0.1000000000000E+01

      85     0.1000000000000E+01

      86     0.1000000000000E+01

      87     0.1000000000000E+01

      88     0.1000000000000E+01

      89     0.1000000000000E+01

      90     0.1000000000000E+01

      91     0.1000000000000E+01

      92     0.1000000000000E+01

      93     0.1000000000000E+01

      94     0.1000000000000E+01

      95     0.1000000000000E+01

      96     0.1000000000000E+01

      97     0.1000000000000E+01

      98     0.1000000000000E+01

      99     0.1000000000000E+01

     100     0.1000000000000E+01


Example 7

Let us consider the following linear algebraic system treated by Wilkinson in: J. H. Wilkinson, The algebraic eigenvalue problem, Clarendon Press, Oxford, 1965. This is a system of order 3. The system is introduced by means of the LUTOT7.FOR package, where we changed the format of the reading the values of the matrix.
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The contents of sys.dat file is as follows:

	   3   9 100

1 1 1 2 2 2 3 3 3

1 2 3 1 2 3 1 2 3

0.0000030.2134720.3321470.2155120.3756230.4766250.1732570.6632570.625675

0.2352620.1276530.285321


The solution generated by LUTOT7.FOR package is as follows:

	    n=   3    nz=   9    ia= 100

       1    -0.9912894252216E+00

       2     0.5320393391306E-01

       3     0.6741214693735E+00


This is the correct solution !
This system is difficult to be solved by ordinary packages using simple LU factorization of the matrix without Markowitz strategy for pivot selection, or some other packages for solving linear systems of equations. To see this, let us consider as pivot the element 0.000003 in row 1 and column1. The reduced system is:
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Now taking -15334.9 as a pivot for the second elimination step we get:
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Using back substitution, we obtain the following solution:
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which is very poor. 
Wilkinson compared this solution with that obtained when a better pivoting strategy is considered. Going back to the initial system, Wilkinson selected the element 0.215512 as pivot in row 2 and column 1. The transformed system is:
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The back substitution gives the correct solution.
Example 8
Consider the following symmetric system:
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In this case 
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 and again we set 
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 The file sys.dat is as follows:

	   4  12 100

 1 1 1 2 2 2 3 3 3 4 4 4

 1 2 3 1 2 4 1 3 4 2 3 4

   4.0  -1.0  -1.0  -1.0   4.0  -1.0  -1.0   4.0  -1.0  -1.0  -1.0   4.0     

    .0    .01000.01000.0


The solution given by LUTOT package is:

	    n=   4    nz=  12    ia= 100

       1     0.1250000000000E+03

       2     0.1250000000000E+03

       3     0.3750000000000E+03

       4     0.3750000000000E+03


Example 9 (Hilbert matrix)
Let us consider a linear algebraic system with Hilbert matrix. It is known that Hilbert matrix is very ill conditioned and often it is used for testing inversion algorithms and the accuracy of linear system solvers.
The elements of the Hilbert matrix are:
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Consider the system 
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 is the Hilbert matrix and 
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 is selected in such a manner that the solution of the system is 
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The LU package which implements this numerical example is in LUTOT9.FOR.

For 
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 the LUTOT9.FOR package outputs the following solution:

	    n=   5    nz=  25    ia=1000

       1     0.1000000000000E+01

       2     0.9999999999993E+00

       3     0.1000000000003E+01

       4     0.9999999999946E+00

       5     0.1000000000003E+01


For 
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 the corresponding solution is:

	    n=  10    nz= 100    ia=1000

       1     0.9999999986143E+00

       2     0.1000000117746E+01

       3     0.9999975247056E+00

       4     0.1000022265888E+01

       5     0.9998947215457E+00

       6     0.1000287285893E+01

       7     0.9995316071759E+00

       8     0.1000450192939E+01

       9     0.9997647721726E+00

      10     0.1000051514160E+01


For 
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 due to the ill conditioning of the matrix the solution is completely deteriorated.
	    n=  15    nz= 225    ia=1000

       1     0.1000000056871E+01

       2     0.9999890893075E+00

       3     0.1000495931999E+01

       4     0.9904765079267E+00

       5     0.1097025605229E+01

       6     0.4123193748995E+00

       7     0.3242446369670E+01

       8    -0.4488562083125E+01

       9     0.9345326840385E+01

      10    -0.5620240293169E+01

      11     0.5785655762103E+00

      12     0.7699535986615E+01

      13    -0.5794505868083E+01

      14     0.4103578559945E+01

      15     0.4335482593351E+00


The Hilbert matrix is not a good test matrix. It is too special. It is symmetric positive definite, and more important it is totally positive. This means that Gaussian elimination produce small componentwise relative backward error. Therefore, the Hilbert matrix is not a typical ill conditioned matrix.
Example 10 (Random generated matrix)
Consider a linear algebraic system whose elements of the matrix are random generated and a known solution. The system is considered in LUTOT10.FOR. For this system we consider the components of the solution as 
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For 
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 the solution given by LUTOT10 is:

	    n=    100    nz=  10000    ia=  50000

       1     0.1000000000002E+01

       2     0.2000000000007E+01

       3     0.3000000000005E+01

       4     0.3999999999994E+01

       5     0.5000000000005E+01

       6     0.6000000000013E+01

       7     0.7000000000001E+01

       8     0.8000000000002E+01

       9     0.9000000000000E+01

      10     0.1000000000001E+02

      11     0.1100000000000E+02

      12     0.1200000000000E+02

      13     0.1300000000000E+02

      14     0.1399999999999E+02

      15     0.1499999999999E+02

      16     0.1600000000001E+02

      17     0.1700000000000E+02

      18     0.1800000000000E+02

      19     0.1900000000000E+02

      20     0.2000000000000E+02

      21     0.2100000000000E+02

      22     0.2200000000001E+02

      23     0.2300000000001E+02

      24     0.2400000000000E+02

      25     0.2500000000000E+02

      26     0.2600000000000E+02

      27     0.2700000000000E+02

      28     0.2800000000000E+02

      29     0.2900000000000E+02

      30     0.3000000000000E+02

      31     0.3100000000000E+02

      32     0.3200000000000E+02

      33     0.3299999999999E+02

      34     0.3400000000000E+02

      35     0.3499999999999E+02

      36     0.3600000000001E+02

      37     0.3699999999999E+02

      38     0.3800000000000E+02

      39     0.3900000000000E+02

      40     0.3999999999999E+02

      41     0.4100000000001E+02

      42     0.4200000000000E+02

      43     0.4300000000000E+02

      44     0.4400000000000E+02

      45     0.4500000000000E+02

      46     0.4600000000000E+02

      47     0.4699999999999E+02

      48     0.4800000000000E+02

      49     0.4899999999999E+02

      50     0.5000000000000E+02

      51     0.5100000000001E+02

      52     0.5200000000000E+02

      53     0.5300000000000E+02

      54     0.5400000000000E+02

      55     0.5500000000000E+02

      56     0.5600000000000E+02

      57     0.5699999999999E+02

      58     0.5800000000000E+02

      59     0.5900000000000E+02

      60     0.6000000000000E+02

      61     0.6099999999999E+02

      62     0.6200000000000E+02

      63     0.6300000000000E+02

      64     0.6400000000001E+02

      65     0.6500000000000E+02

      66     0.6600000000000E+02

      67     0.6700000000000E+02

      68     0.6800000000000E+02

      69     0.6900000000000E+02

      70     0.7000000000000E+02

      71     0.7100000000000E+02

      72     0.7200000000001E+02

      73     0.7300000000000E+02

      74     0.7399999999999E+02

      75     0.7500000000000E+02

      76     0.7600000000001E+02

      77     0.7700000000000E+02

      78     0.7800000000000E+02

      79     0.7900000000000E+02

      80     0.8000000000001E+02

      81     0.8100000000000E+02

      82     0.8200000000000E+02

      83     0.8300000000000E+02

      84     0.8400000000000E+02

      85     0.8500000000000E+02

      86     0.8600000000000E+02

      87     0.8700000000000E+02

      88     0.8800000000001E+02

      89     0.8900000000000E+02

      90     0.8999999999999E+02

      91     0.9099999999999E+02

      92     0.9200000000000E+02

      93     0.9300000000000E+02

      94     0.9400000000001E+02

      95     0.9500000000000E+02

      96     0.9599999999999E+02

      97     0.9700000000000E+02

      98     0.9800000000000E+02

      99     0.9899999999999E+02

     100     0.9999999999999E+02


For 
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 we get a solution in the same structure as above:
	    n=   1000    nz=1000000    ia=8000000

       1     0.1000000001750E+01

       2     0.2000000000029E+01

       3     0.3000000005189E+01

       4     0.3999999998824E+01

       5     0.5000000003754E+01

       6     0.5999999999333E+01

       7     0.6999999990657E+01

       8     0.7999999996611E+01

       9     0.8999999998180E+01

      10     0.9999999996456E+01
   ...............................
     990     0.9900000000025E+03

     991     0.9910000000023E+03

     992     0.9920000000006E+03

     993     0.9930000000070E+03

     994     0.9939999999965E+03

     995     0.9950000000032E+03

     996     0.9960000000003E+03

     997     0.9970000000075E+03

     998     0.9979999999985E+03

     999     0.9990000000061E+03

    1000     0.1000000000003E+04


Example 11 (Pentha-diagonal matrix)
Now, let us consider a linear algebraic system with a pentha-diagonal matrix and known solution. For 
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 the system is as follows:
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Consider 
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 The package LUTOT11.FOR, which implements this system of equations, gives the solution:

	    n=    100    nz=    490    ia=1000000

           1     0.1000000000000E+01

           2     0.1000000000000E+01

           3     0.1000000000000E+01

           4     0.1000000000000E+01

           5     0.1000000000000E+01

           6     0.1000000000000E+01

           7     0.1000000000000E+01

           8     0.1000000000000E+01

           9     0.1000000000000E+01

          10     0.1000000000000E+01

          11     0.1000000000000E+01

          12     0.1000000000000E+01

          13     0.1000000000000E+01

          14     0.1000000000000E+01

          15     0.1000000000000E+01

          16     0.1000000000000E+01

          17     0.1000000000000E+01

          18     0.1000000000000E+01

          19     0.1000000000000E+01

          20     0.1000000000000E+01

          21     0.1000000000000E+01

          22     0.1000000000000E+01

          23     0.1000000000000E+01

          24     0.1000000000000E+01

          25     0.1000000000000E+01

          26     0.1000000000000E+01

          27     0.1000000000000E+01

          28     0.1000000000000E+01

          29     0.1000000000000E+01

          30     0.1000000000000E+01

          31     0.1000000000000E+01

          32     0.1000000000000E+01

          33     0.1000000000000E+01

          34     0.1000000000000E+01

          35     0.1000000000000E+01

          36     0.1000000000000E+01

          37     0.1000000000000E+01

          38     0.1000000000000E+01

          39     0.1000000000000E+01

          40     0.1000000000000E+01

          41     0.1000000000000E+01

          42     0.1000000000000E+01

          43     0.1000000000000E+01

          44     0.1000000000000E+01

          45     0.1000000000000E+01

          46     0.1000000000000E+01

          47     0.1000000000000E+01

          48     0.1000000000000E+01

          49     0.1000000000000E+01

          50     0.1000000000000E+01

          51     0.1000000000000E+01

          52     0.1000000000000E+01

          53     0.1000000000000E+01

          54     0.1000000000000E+01

          55     0.1000000000000E+01

          56     0.1000000000000E+01

          57     0.1000000000000E+01

          58     0.1000000000000E+01

          59     0.1000000000000E+01

          60     0.1000000000000E+01

          61     0.1000000000000E+01

          62     0.1000000000000E+01

          63     0.1000000000000E+01

          64     0.1000000000000E+01

          65     0.1000000000000E+01

          66     0.1000000000000E+01

          67     0.1000000000000E+01

          68     0.1000000000000E+01

          69     0.1000000000000E+01

          70     0.1000000000000E+01

          71     0.1000000000000E+01

          72     0.1000000000000E+01

          73     0.1000000000000E+01

          74     0.1000000000000E+01

          75     0.1000000000000E+01

          76     0.1000000000000E+01

          77     0.1000000000000E+01

          78     0.1000000000000E+01

          79     0.1000000000000E+01

          80     0.1000000000000E+01

          81     0.1000000000000E+01

          82     0.1000000000000E+01

          83     0.1000000000000E+01

          84     0.1000000000000E+01

          85     0.1000000000000E+01

          86     0.1000000000000E+01

          87     0.1000000000000E+01

          88     0.1000000000000E+01

          89     0.1000000000000E+01

          90     0.1000000000000E+01

          91     0.1000000000000E+01

          92     0.1000000000000E+01

          93     0.1000000000000E+01

          94     0.1000000000000E+01

          95     0.1000000000000E+01

          96     0.1000000000000E+01

          97     0.1000000000000E+01

          98     0.1000000000000E+01

          99     0.1000000000000E+01

         100     0.1000000000000E+01


Consider now: 
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 The solution is as follows:

	    n=    100    nz=    490    ia=1000000

           1     0.1691138512022E+03

           2    -0.4057171683646E+03

           3     0.2170566236811E+04

           4    -0.3750722380837E+03

           5    -0.4328520876463E+03

           6    -0.3030942461902E+03

           7    -0.4194732796774E+03

           8     0.1456470412535E+03

           9     0.5207263511869E+02

          10     0.3361534405977E+02

          11     0.9324736651267E+02

          12    -0.4992600483367E+02

          13     0.2226526739500E+01

          14    -0.1302475740035E+01

          15    -0.2145289211204E+02

          16     0.1750908966266E+02

          17    -0.2976788242484E+01

          18     0.1123400012950E+01

          19     0.6810480124902E+01

          20    -0.4189763125102E+01

          21     0.3024924797308E+01

          22     0.8517837928666E+00

          23    -0.5331454003170E+00

          24     0.2604321040639E+01

          25     0.1901435881764E+00

          26     0.1125901625726E+01

          27     0.1399142043178E+01

          28     0.5111597340481E+00

          29     0.1294134595445E+01

          30     0.9294224471513E+00

          31     0.9003738246534E+00

          32     0.1146603650498E+01

          33     0.8986012533989E+00

          34     0.1032477718420E+01

          35     0.1022962735906E+01

          36     0.9568469354113E+00

          37     0.1033777768643E+01

          38     0.9866249714453E+00

          39     0.9954878419843E+00

          40     0.1012421167896E+01

          41     0.9890379965288E+00

          42     0.1005131813726E+01

          43     0.1000551914831E+01

          44     0.9965213865945E+00

          45     0.1003479267090E+01

          46     0.9981260485633E+00

          47     0.1000099383542E+01

          48     0.1000940717210E+01

          49     0.9989182328613E+00

          50     0.1000659292824E+01

          51     0.9998844016849E+00

          52     0.9997574109499E+00

          53     0.1000329558568E+01

          54     0.9997748527681E+00

          55     0.1000061904259E+01

          56     0.1000058267787E+01

          57     0.9999017105795E+00

          58     0.1000074980508E+01

          59     0.9999729564648E+00

          60     0.9999876352766E+00

          61     0.1000028640240E+01

          62     0.9999755776492E+00

          63     0.1000010697633E+01

          64     0.1000001959125E+01

          65     0.9999918752958E+00

          66     0.1000007793374E+01

          67     0.9999960185967E+00

          68     0.9999999961684E+00

          69     0.1000002230782E+01

          70     0.9999975615904E+00

          71     0.1000001419842E+01

          72     0.9999998106536E+00

          73     0.9999994130343E+00

          74     0.1000000748051E+01

          75     0.9999995099510E+00

          76     0.1000000117688E+01

          77     0.1000000145342E+01

          78     0.9999997751710E+00

          79     0.1000000164665E+01

          80     0.9999999456148E+00

          81     0.9999999673959E+00

          82     0.1000000066087E+01

          83     0.9999999459384E+00

          84     0.1000000022177E+01

          85     0.1000000005976E+01

          86     0.9999999810586E+00

          87     0.1000000017378E+01

          88     0.9999999915836E+00

          89     0.9999999994877E+00

          90     0.1000000005266E+01

          91     0.9999999945284E+00

          92     0.1000000003039E+01

          93     0.9999999997363E+00

          94     0.9999999985977E+00

          95     0.1000000001676E+01

          96     0.9999999989581E+00

          97     0.1000000000194E+01

          98     0.1000000000334E+01

          99     0.9999999995379E+00

         100     0.1000000000301E+01


Observe that the solution is deteriorated. The matrix is ill conditioned.
Considering 
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the LUTOT11.FOR package was successfully tested to solve the linear algebraic systems of the above structure for different values of 
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	1000
	4990

	2000
	9990

	3000
	14990

	4000
	19990

	5000
	24990

	6000
	29990

	7000
	34990

	9000
	44990

	10000
	49990

	15000
	74990

	20000
	99990

	25000
	124990

	30000
	149990

	40000
	199990


 In all these numerical experiments 
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Example 12 (Random generated matrix with zero elements)
Consider a linear algebraic system whose elements of the matrix are random generated and a known solution. The random elements in the matrix less than 0.5 are set to zero. The system is considered in LUTOT12.FOR. For this system we consider the components of the solution as 
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For 
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 the solution given by LUTOT12 is:

	    n=   1000    nz= 498944    ia=8000000

        1     0.9999999986158E+00

        2     0.1999999996790E+01

        3     0.3000000000368E+01

        4     0.4000000000934E+01

        5     0.4999999998901E+01

        6     0.5999999999870E+01

        7     0.7000000001104E+01

        8     0.7999999999034E+01

        9     0.8999999999229E+01

       10     0.9999999999536E+01

       11     0.1099999999660E+02

       12     0.1199999999749E+02

       13     0.1300000000239E+02

       14     0.1399999999994E+02

       15     0.1500000000151E+02

       16     0.1600000000095E+02

       17     0.1699999999952E+02

       18     0.1800000000040E+02

       19     0.1899999999822E+02

       20     0.1999999999704E+02

       21     0.2099999999972E+02

       22     0.2200000000724E+02

       23     0.2299999999981E+02

       24     0.2399999999525E+02

       25     0.2500000000297E+02

       26     0.2600000000016E+02

       27     0.2699999999663E+02

       28     0.2799999999599E+02

       29     0.2900000000010E+02

       30     0.3000000000033E+02

....................................

      971     0.9709999999991E+03

      972     0.9720000000017E+03

      973     0.9730000000014E+03

      974     0.9739999999968E+03

      975     0.9750000000018E+03

      976     0.9760000000002E+03

      977     0.9770000000009E+03

      978     0.9780000000006E+03

      979     0.9790000000000E+03

      980     0.9799999999980E+03

      981     0.9809999999971E+03

      982     0.9819999999998E+03

      983     0.9830000000039E+03

      984     0.9839999999993E+03

      985     0.9850000000008E+03

      986     0.9859999999985E+03

      987     0.9869999999993E+03

      988     0.9879999999988E+03

      989     0.9889999999994E+03

      990     0.9900000000024E+03

      991     0.9910000000010E+03

      992     0.9920000000001E+03

      993     0.9929999999984E+03

      994     0.9939999999974E+03

      995     0.9950000000002E+03

      996     0.9960000000007E+03

      997     0.9970000000012E+03

      998     0.9980000000040E+03

      999     0.9990000000009E+03

     1000     0.9999999999996E+03


Observe that the number of nonzero elements in the matrix is: 
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Example 13 (HB/lund_b)
Consider the system with the matrix HB/lund_b from UF Sparse Matrix Collection with the structure given in Figure HB/lunb_b. The nonzero elements and their locations are given in file mm1.txt.


[image: image76.emf]    Matrix HB/lund_b  


The system is considered in LUTOT13.FOR. For this system we consider the components of the solution as 
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 For this system 
[image: image79.wmf]147

n

=

 and 
[image: image80.wmf]1294.

nz

=

 The solution given by LUTOT13 is as follows:

	    n=    147    nz=   1294    ia = 800000

        1     0.1000000000000E+01

        2     0.2000000000000E+01

        3     0.3000000000000E+01

        4     0.4000000000000E+01

        5     0.5000000000000E+01

        6     0.6000000000000E+01

        7     0.7000000000000E+01

        8     0.8000000000000E+01

        9     0.9000000000000E+01

       10     0.1000000000000E+02

       11     0.1100000000000E+02

       12     0.1200000000000E+02

       13     0.1300000000000E+02

       14     0.1400000000000E+02

       15     0.1500000000000E+02

       16     0.1600000000000E+02

       17     0.1700000000000E+02

       18     0.1800000000000E+02

       19     0.1900000000000E+02

       20     0.2000000000000E+02

       21     0.2100000000000E+02

       22     0.2200000000000E+02

       23     0.2300000000000E+02

       24     0.2400000000000E+02

       25     0.2500000000000E+02

       26     0.2600000000000E+02

       27     0.2700000000000E+02

       28     0.2800000000000E+02

       29     0.2900000000000E+02

       30     0.3000000000000E+02

       31     0.3100000000000E+02

       32     0.3200000000000E+02

       33     0.3300000000000E+02

       34     0.3400000000000E+02

       35     0.3500000000000E+02

       36     0.3600000000000E+02

       37     0.3700000000000E+02

       38     0.3800000000000E+02

       39     0.3900000000000E+02

       40     0.4000000000000E+02

       41     0.4100000000000E+02

       42     0.4200000000000E+02

       43     0.4300000000000E+02

       44     0.4400000000000E+02

       45     0.4500000000000E+02

       46     0.4600000000000E+02

       47     0.4700000000000E+02

       48     0.4800000000000E+02

       49     0.4900000000000E+02

       50     0.5000000000000E+02

       51     0.5100000000000E+02

       52     0.5200000000000E+02

       53     0.5300000000000E+02

       54     0.5400000000000E+02

       55     0.5500000000000E+02

       56     0.5600000000000E+02

       57     0.5700000000000E+02

       58     0.5800000000000E+02

       59     0.5900000000000E+02

       60     0.6000000000000E+02

       61     0.6100000000000E+02

       62     0.6200000000000E+02

       63     0.6300000000000E+02

       64     0.6400000000000E+02

       65     0.6500000000000E+02

       66     0.6600000000000E+02

       67     0.6700000000000E+02

       68     0.6800000000000E+02

       69     0.6900000000000E+02

       70     0.7000000000000E+02

       71     0.7100000000000E+02

       72     0.7200000000000E+02

       73     0.7300000000000E+02

       74     0.7400000000000E+02

       75     0.7500000000000E+02

       76     0.7600000000000E+02

       77     0.7700000000000E+02

       78     0.7800000000000E+02

       79     0.7900000000000E+02

       80     0.8000000000000E+02

       81     0.8100000000000E+02

       82     0.8200000000000E+02

       83     0.8300000000000E+02

       84     0.8400000000000E+02

       85     0.8500000000000E+02

       86     0.8600000000000E+02

       87     0.8700000000000E+02

       88     0.8800000000000E+02

       89     0.8900000000000E+02

       90     0.9000000000000E+02

       91     0.9100000000000E+02

       92     0.9200000000000E+02

       93     0.9300000000000E+02

       94     0.9400000000000E+02

       95     0.9500000000000E+02

       96     0.9600000000000E+02

       97     0.9700000000000E+02

       98     0.9800000000000E+02

       99     0.9900000000000E+02

      100     0.1000000000000E+03

      101     0.1010000000000E+03

      102     0.1020000000000E+03

      103     0.1030000000000E+03

      104     0.1040000000000E+03

      105     0.1050000000000E+03

      106     0.1060000000000E+03

      107     0.1070000000000E+03

      108     0.1080000000000E+03

      109     0.1090000000000E+03

      110     0.1100000000000E+03

      111     0.1110000000000E+03

      112     0.1120000000000E+03

      113     0.1130000000000E+03

      114     0.1140000000000E+03

      115     0.1150000000000E+03

      116     0.1160000000000E+03

      117     0.1170000000000E+03

      118     0.1180000000000E+03

      119     0.1190000000000E+03

      120     0.1200000000000E+03

      121     0.1210000000000E+03

      122     0.1220000000000E+03

      123     0.1230000000000E+03

      124     0.1240000000000E+03

      125     0.1250000000000E+03

      126     0.1260000000000E+03

      127     0.1270000000000E+03

      128     0.1280000000000E+03

      129     0.1290000000000E+03

      130     0.1300000000000E+03

      131     0.1310000000000E+03

      132     0.1320000000000E+03

      133     0.1330000000000E+03

      134     0.1340000000000E+03

      135     0.1350000000000E+03

      136     0.1360000000000E+03

      137     0.1370000000000E+03

      138     0.1380000000000E+03

      139     0.1390000000000E+03

      140     0.1400000000000E+03

      141     0.1410000000000E+03

      142     0.1420000000000E+03

      143     0.1430000000000E+03

      144     0.1440000000000E+03

      145     0.1450000000000E+03

      146     0.1460000000000E+03

      147     0.1470000000000E+03


Example 14 (HB/1138_bus)
Consider the system with the matrix HB/1138_bus from UF Sparse Matrix Collection with the structure given in Figure HB/1138-bus. The nonzero elements and their locations are given in file hb-1138-bus.txt.
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Fig. HB-1138-bus
The system is considered in LUTOT14.FOR. For this system we consider the components of the solution as 
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 For this system 
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 The solution given by LUTOT14 is as follows:

	    n=   1138    nz=   2596    ia = 800000

        1     0.1138000000000E+04

        2     0.1137000000000E+04

        3     0.1136000000000E+04

        4     0.1135000000000E+04

        5     0.1134000000000E+04

        6     0.1133000000000E+04

        7     0.1132000000000E+04

        8     0.1131000000000E+04

        9     0.1130000000000E+04

       10     0.1129000000000E+04

       11     0.1128000000000E+04

       12     0.1127000000000E+04

       13     0.1126000000000E+04

       14     0.1125000000000E+04

       15     0.1124000000000E+04

       16     0.1123000000000E+04

       17     0.1122000000000E+04

       18     0.1121000000000E+04

       19     0.1120000000000E+04

       20     0.1119000000000E+04
       21     0.1118000000000E+04

       22     0.1117000000000E+04

       23     0.1116000000000E+04

       24     0.1115000000000E+04

       25     0.1114000000000E+04

       26     0.1113000000000E+04

       27     0.1112000000000E+04

       28     0.1111000000000E+04

       29     0.1110000000000E+04

       30     0.1109000000000E+04

       31     0.1108000000000E+04

       32     0.1107000000000E+04

       33     0.1106000000000E+04

       34     0.1105000000000E+04

       35     0.1104000000000E+04

       36     0.1103000000000E+04

       37     0.1102000000000E+04

       38     0.1101000000000E+04

       39     0.1100000000000E+04

       40     0.1099000000000E+04

       41     0.1098000000000E+04

       42     0.1097000000000E+04

       43     0.1096000000000E+04

       44     0.1095000000000E+04

       45     0.1094000000000E+04

       46     0.1093000000000E+04

       47     0.1092000000000E+04

       48     0.1091000000000E+04

       49     0.1090000000000E+04

       50     0.1089000000000E+04

       51     0.1088000000000E+04

       52     0.1087000000000E+04

       53     0.1086000000000E+04

       54     0.1085000000000E+04

       55     0.1084000000000E+04

       56     0.1083000000000E+04

       57     0.1082000000000E+04

       58     0.1081000000000E+04

       59     0.1080000000000E+04

       60     0.1079000000000E+04

       61     0.1078000000000E+04

       62     0.1077000000000E+04

       63     0.1076000000000E+04

       64     0.1075000000000E+04

       65     0.1074000000000E+04

       66     0.1073000000000E+04

       67     0.1072000000000E+04

       68     0.1071000000000E+04

       69     0.1070000000000E+04

       70     0.1069000000000E+04

       71     0.1068000000000E+04

       72     0.1067000000000E+04

       73     0.1066000000000E+04

       74     0.1065000000000E+04

       75     0.1064000000000E+04

    . . . . . . . . . . . . . . . . 

     1121     0.1800000000000E+02

     1122     0.1700000000000E+02

     1123     0.1600000000000E+02

     1124     0.1500000000000E+02

     1125     0.1400000000000E+02

     1126     0.1300000000000E+02

     1127     0.1200000000000E+02

     1128     0.1100000000000E+02

     1129     0.1000000000000E+02

     1130     0.9000000000000E+01

     1131     0.8000000000000E+01

     1132     0.7000000000000E+01

     1133     0.6000000000000E+01

     1134     0.5000000000000E+01

     1135     0.4000000000000E+01

     1136     0.3000000000000E+01

     1137     0.2000000000000E+01

     1138     0.9999999999999E+00


Example 15 (GH-1484)

Consider the system with the matrix GH1484 from UF Sparse Matrix Collection with the structure given in Figure GH1484. The nonzero elements and their locations are given in file GH1484.txt.
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The system is considered in LUTOT15.FOR. For this system we consider the components of the solution as 
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 For this system 
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 The solution given by LUTOT15 is as follows:

	    n=   1484    nz=   6110    ia = 800000

        1     0.1004628611809E+01

        2     0.2022974592107E+01

        3     0.3004628612062E+01

        4     0.4022974592268E+01

        5     0.5000166728527E+01

        6     0.6009876024723E+01

        7     0.7004094468458E+01

        8     0.7997542937210E+01

        9     0.9004094468091E+01

       10     0.9997542937709E+01

       11     0.1099578782022E+02

       12     0.1200243073319E+02

       13     0.1299578782679E+02

       14     0.1400243072281E+02

       15     0.1499484149300E+02

       16     0.1600268932743E+02

       17     0.1699677592961E+02

       18     0.1799553162993E+02

       19     0.1899801780813E+02

       20     0.1999610458551E+02

       21     0.2099771788686E+02

       22     0.2199602269535E+02

       23     0.2300258508638E+02

       24     0.2399278402842E+02

       25     0.2500210196282E+02

       26     0.2599305717672E+02

       27     0.2700267049892E+02

       28     0.2799428221731E+02

       29     0.2899849424242E+02

       30     0.2999785927493E+02

       31     0.3099849424266E+02

       32     0.3199785927477E+02

       33     0.3299958752834E+02

       34     0.3399860475867E+02

       35     0.3500356633018E+02

       36     0.3600666103980E+02

       37     0.3700356633043E+02

       38     0.3800666103965E+02

       39     0.3900189484738E+02

       40     0.4000395858024E+02

       41     0.4100064431406E+02

       42     0.4200438091391E+02

       43     0.4300064431367E+02

       44     0.4400438091378E+02

       45     0.4500011043202E+02

       46     0.4600129813982E+02

       47     0.4699806683257E+02

       48     0.4799758322551E+02

       49     0.4899813545916E+02

       50     0.4999766612841E+02
    . . . . . . . . . . . . . . . . . 

     1401     0.1400999999999E+04

     1402     0.1401999999998E+04

     1403     0.1402999999999E+04

     1404     0.1403999999998E+04

     1405     0.1404999999999E+04

     1406     0.1405999999998E+04

     1407     0.1407000000001E+04

     1408     0.1407999999999E+04

     1409     0.1409000000001E+04

     1410     0.1409999999999E+04

     1411     0.1411000000001E+04

     1412     0.1411999999999E+04

     1413     0.1413000000001E+04

     1414     0.1414000000000E+04

     1415     0.1415000000001E+04

     1416     0.1416000000000E+04

     1417     0.1417000000000E+04

     1418     0.1418000000000E+04

     1419     0.1419000000001E+04

     1420     0.1420000000000E+04

     1421     0.1421000000001E+04

     1422     0.1421999999999E+04

     1423     0.1423000000001E+04

     1424     0.1424000000000E+04

     1425     0.1425000000000E+04

     1426     0.1426000000000E+04

     1427     0.1427000000000E+04

     1428     0.1428000000000E+04

     1429     0.1429000000001E+04

     1430     0.1429999999998E+04

     1431     0.1431000000001E+04

     1432     0.1431999999998E+04

     1433     0.1433000000001E+04

     1434     0.1433999999999E+04

     1435     0.1435000000001E+04

     1436     0.1435999999999E+04

     1437     0.1436999999997E+04

     1438     0.1438000000002E+04

     1439     0.1439000000000E+04

     1440     0.1439999999999E+04

     1441     0.1441000000000E+04

     1442     0.1441999999999E+04

     1443     0.1443000000001E+04

     1444     0.1444000000000E+04

     1445     0.1445000000001E+04

     1446     0.1446000000000E+04

     1447     0.1447000000001E+04

     1448     0.1448000000000E+04

     1449     0.1449000000001E+04

     1450     0.1449999999999E+04

     1451     0.1450999999999E+04

     1452     0.1452000000001E+04

     1453     0.1453000000001E+04

     1454     0.1453999999999E+04

     1455     0.1455000000001E+04

     1456     0.1455999999999E+04

     1457     0.1456999999999E+04

     1458     0.1457999999998E+04

     1459     0.1458999999999E+04

     1460     0.1459999999998E+04

     1461     0.1460999999998E+04

     1462     0.1462000000002E+04

     1463     0.1462999999998E+04

     1464     0.1464000000002E+04

     1465     0.1464999999999E+04

     1466     0.1466000000002E+04

     1467     0.1466999999999E+04

     1468     0.1468000000002E+04

     1469     0.1469000000002E+04

     1470     0.1469999999999E+04

     1471     0.1471000000001E+04

     1472     0.1471999999999E+04

     1473     0.1473000000001E+04

     1474     0.1473999999999E+04

     1475     0.1475000000001E+04

     1476     0.1476000000000E+04

     1477     0.1477000000000E+04

     1478     0.1478000000000E+04

     1479     0.1479000000000E+04

     1480     0.1480000000000E+04

     1481     0.1481000000000E+04

     1482     0.1482000000000E+04

     1483     0.1483000000000E+04

     1484     0.1484000000000E+04


Notice:

The LU package has been generated in 1983, and updated in 1995. It belongs to the Sparse Matrix Computing Library (SMCL) used for linear algebra, linear programming and nonlinear optimization. In SMCL the following packages are included:

· BT for block-triangularization of large-scale sparse squared matrices,

· RF for solving large-scale linear algebraic systems using Product Form of Inverse with bumps and spikes preassigned pivot procedure,

· SIMEQ for solving linear algebraic systems using Gauss elimination with column pivoting and inverse of the matrix computation,

· RP for an efficient computation of sparse Jacobian of nonlinear systems of equations.

All these packages, as well as the associated CDs, are placed in the Library of Romanian Academy.
Dr. Neculai Andrei.
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