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F08 — Least-squares and Eigenvalue Problems (LAPACK)

Note: please refer to the Users” Note for your implementation to check that a routine is available.

F08 Chapter Introduction
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Purpose

Solves an overdetermined or underdetermined real linear system

QR factorization of real general rectangular matrix

Form all or part of orthogonal ) from QR factorization determined by
FOSAEF (DGEQRF) or FO8BEF (DGEQPF)

Apply orthogonal transformation determined by FOSAEF (DGEQRF) or
FO8BEF (DGEQPF)

L@ factorization of real general rectangular matrix

Form all or part of orthogonal ) from L@ factorization determined by
FOSAHF (DGELQF)

Apply orthogonal transformation determined by FOSAHF (DGELQF)

Solves an overdetermined or underdetermined complex linear system

QR factorization of complex general rectangular matrix

Form all or part of unitary ) from QR factorization determined by FOSASF
(ZGEQRF) or FO8BSF (ZGEQPF)

Apply unitary transformation determined by FOSASF (ZGEQRF) or FO8BSF
(ZGEQPF)

LQ factorization of complex general rectangular matrix

Form all or part of unitary ) from L) factorization determined by FOSAVF
(ZGELQF)

Apply unitary transformation determined by FOSAVF (ZGELQF)

Computes the minimum-norm solution to a real linear least-squares problem
QR factorization of real general rectangular matrix with column pivoting
Computes the minimum-norm solution to a complex linear least-squares
problem

QR factorization of complex general rectangular matrix with column pivoting
Computes all eigenvalues and, optionally, eigenvectors of a real symmetric
matrix

Computes selected eigenvalues and, optionally, eigenvectors of a real
symmetric matrix

All eigenvalues and optionally all eigenvectors of real symmetric matrix,
using divide-and-conquer

Computes selected eigenvalues and, optionally, eigenvectors of a real
symmetric matrix (divide-and-conquer)

Orthogonal reduction of real symmetric matrix to symmetric tridiagonal form
Generate orthogonal transformation matrix from reduction to tridiagonal form
determined by FOSFEF (DSYTRD)

Apply orthogonal transformation determined by FOSFEF (DSYTRD)
Computes all eigenvalues and, optionally, eigenvectors of a complex
Hermitian matrix

Computes selected eigenvalues and, optionally, eigenvectors of a complex
Hermitian matrix

All eigenvalues and optionally all eigenvectors of complex Hermitian matrix,
using divide-and-conquer

Computes selected eigenvalues and, optionally, eigenvectors of a complex
Hermitian matrix (divide-and-conquer)
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Unitary reduction of complex Hermitian matrix to real symmetric tridiagonal
form

Generate unitary transformation matrix from reduction to tridiagonal form
determined by FO8FSF (ZHETRD)

Apply unitary transformation matrix determined by FOS8FSF (ZHETRD)
Computes all eigenvalues and, optionally, eigenvectors of a real symmetric
matrix (stored in packed format)

Computes selected eigenvalues and, optionally, eigenvectors of a real
symmetric matrix (stored in packed format)

All eigenvalues and optionally all eigenvectors of real symmetric matrix,
packed storage, using divide-and-conquer

Orthogonal reduction of real symmetric matrix to symmetric tridiagonal form,
packed storage

Generate orthogonal transformation matrix from reduction to tridiagonal form
determined by FOSGEF (DSPTRD)

Apply orthogonal transformation determined by FOSGEF (DSPTRD)
Computes all eigenvalues and, optionally, eigenvectors of a complex
Hermitian matrix (stored in packed format)

Computes selected eigenvalues and, optionally, eigenvectors of a complex
Hermitian matrix (stored in packed format)

All eigenvalues and optionally all eigenvectors of complex Hermitian matrix,
packed storage, using divide-and-conquer

Unitary reduction of complex Hermitian matrix to real symmetric tridiagonal
form, packed storage

Generate unitary transformation matrix from reduction to tridiagonal form
determined by FO8GSF (ZHPTRD)

Apply unitary transformation matrix determined by FO8GSF (ZHPTRD)
Computes all eigenvalues and, optionally, eigenvectors of a real symmetric
band matrix

Computes selected eigenvalues and, optionally, eigenvectors of a real
symmetric band matrix

All eigenvalues and optionally all eigenvectors of real symmetric band matrix,
using divide-and-conquer

Orthogonal reduction of real symmetric band matrix to symmetric tridiagonal
form

Computes all eigenvalues and, optionally, eigenvectors of a complex
Hermitian band matrix

Computes selected eigenvalues and, optionally, eigenvectors of a complex
Hermitian band matrix

All eigenvalues and optionally all eigenvectors of complex Hermitian band
matrix, using divide-and-conquer

Unitary reduction of complex Hermitian band matrix to real symmetric
tridiagonal form

Computes all eigenvalues and, optionally, eigenvectors of a real symmetric
tridiagonal matrix

Computes selected eigenvalues and, optionally, eigenvectors of a real
symmetric tridiagonal matrix

All eigenvalues and optionally all eigenvectors of real symmetric tridiagonal
matrix, using divide-and-conquer

Computes selected eigenvalues and, optionally, eigenvectors of a real
symmetric tridiagonal matrix (Relatively Robust representations).

All eigenvalues and eigenvectors of real symmetric tridiagonal matrix,
reduced from real symmetric matrix using implicit QL or QR

All eigenvalues of real symmetric tridiagonal matrix, root-free variant of ()L
or QR

All eigenvalues and eigenvectors of real symmetric positive-definite
tridiagonal matrix, reduced from real symmetric positive-definite matrix
Selected eigenvalues of real symmetric tridiagonal matrix by bisection
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Selected eigenvectors of real symmetric tridiagonal matrix by inverse iteration,
storing eigenvectors in real array

All eigenvalues and eigenvectors of real symmetric tridiagonal matrix,
reduced from complex Hermitian matrix, using implicit QL or QR

All eigenvalues and eigenvectors of real symmetric positive-definite
tridiagonal matrix, reduced from complex Hermitian positive-definite matrix
Selected eigenvectors of real symmetric tridiagonal matrix by inverse iteration,
storing eigenvectors in complex array

Computes the minimum-norm solution to a real linear least-squares problem
using singular value decomposition

Computes the singular value decomposition of a real matrix, optionally
computing the left and/or right singular vectors

Computes the minimum-norm solution to a real linear least-squares problem
using singular value decomposition (divide-and-conquer)

Computes the singular value decomposition of a real matrix, optionally
computing the left and/or right singular vectors (divide-and-conquer)
Orthogonal reduction of real general rectangular matrix to bidiagonal form
Generate orthogonal transformation matrices from reduction to bidiagonal
form determined by FOSKEF (DGEBRD)

Apply orthogonal transformations from reduction to bidiagonal form
determined by FOSKEF (DGEBRD)

Computes the minimum-norm solution to a complex linear least-squares
problem using singular value decomposition

Computes the singular value decomposition of a complex matrix, optionally
computing the left and/or right singular vectors

Computes the minimum-norm solution to a complex linear least-squares
problem using singular value decomposition (divide-and-conquer)

Computes the singular value decomposition of a complex matrix, optionally
computing the left and/or right singular vectors (divide-and-conquer)
Unitary reduction of complex general rectangular matrix to bidiagonal form
Generate unitary transformation matrices from reduction to bidiagonal form
determined by FOSKSF (ZGEBRD)

Apply unitary transformations from reduction to bidiagonal form determined
by FOSKSF (ZGEBRD)

Reduction of real rectangular band matrix to upper bidiagonal form
Reduction of complex rectangular band matrix to upper bidiagonal form
SVD of real bidiagonal matrix reduced from real general matrix

SVD of real bidiagonal matrix reduced from complex general matrix
Computes all eigenvalues and, optionally, left and/or right eigenvectors of a
real nonsymmetric matrix

Computes all eigenvalues and, optionally, left and/or right eigenvectors of a
real nonsymmetric matrix; also, optionally, the balancing transformation, the
reciprocal condition numbers for the eigenvalues and for the right
eigenvectors

Orthogonal reduction of real general matrix to upper Hessenberg form
Generate orthogonal transformation matrix from reduction to Hessenberg form
determined by FOSNEF (DGEHRD)

Apply orthogonal transformation matrix from reduction to Hessenberg form
determined by FOSNEF (DGEHRD)

Balance real general matrix

Transform eigenvectors of real balanced matrix to those of original matrix
supplied to FOSNHF (DGEBAL)

Computes all eigenvalues and, optionally, left and/or right eigenvectors of a
complex nonsymmetric matrix

Computes all eigenvalues and, optionally, left and/or right eigenvectors of a
complex nonsymmetric matrix; also, optionally, the balancing transformation,
the reciprocal condition numbers for the eigenvalues and for the right
eigenvectors

Unitary reduction of complex general matrix to upper Hessenberg form
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Generate unitary transformation matrix from reduction to Hessenberg form
determined by FOSNSF (ZGEHRD)

Apply unitary transformation matrix from reduction to Hessenberg form
determined by FOSNSF (ZGEHRD)

Balance complex general matrix

Transform eigenvectors of complex balanced matrix to those of original
matrix supplied to FOSNVF (ZGEBAL)

Computes for real square nonsymmetric matrix, the eigenvalues, the real
Schur form, and, optionally, the matrix of Schur vectors

Computes for real square nonsymmetric matrix, the eigenvalues, the real
Schur form, and, optionally, the matrix of Schur vectors; also, optionally,
computes reciprocal condition numbers for selected eigenvalues

Eigenvalues and Schur factorization of real upper Hessenberg matrix reduced
from real general matrix

Selected right and/or left eigenvectors of real upper Hessenberg matrix by
inverse iteration

Computes for complex square nonsymmetric matrix, the eigenvalues, the
Schur form, and, optionally, the matrix of Schur vectors

Computes for real square nonsymmetric matrix, the eigenvalues, the Schur
form, and, optionally, the matrix of Schur vectors; also, optionally, computes
reciprocal condition numbers for selected eigenvalues

Eigenvalues and Schur factorization of complex upper Hessenberg matrix
reduced from complex general matrix

Selected right and/or left eigenvectors of complex upper Hessenberg matrix by
inverse iteration

Reorder Schur factorization of real matrix using orthogonal similarity
transformation

Reorder Schur factorization of real matrix, form orthonormal basis of right
invariant subspace for selected eigenvalues, with estimates of sensitivities
Solve real Sylvester matrix equation AX + XB = C, A and B are upper
quasi-triangular or transposes

Left and right eigenvectors of real upper quasi-triangular matrix

Estimates of sensitivities of selected eigenvalues and eigenvectors of real
upper quasi-triangular matrix

Reorder Schur factorization of complex matrix using unitary similarity
transformation

Reorder Schur factorization of complex matrix, form orthonormal basis of
right invariant subspace for selected eigenvalues, with estimates of
sensitivities

Solve complex Sylvester matrix equation AX + XB = C, A and B are upper
triangular or conjugate-transposes

Left and right eigenvectors of complex upper triangular matrix

Estimates of sensitivities of selected eigenvalues and eigenvectors of complex
upper triangular matrix

Computes all the eigenvalues, and optionally, the eigenvectors of a real
generalized symmetric-definite eigenproblem

Computes selected eigenvalues, and optionally, the eigenvectors of a real
generalized symmetric-definite eigenproblem

Computes all the eigenvalues, and optionally, the eigenvectors of a real
generalized symmetric-definite eigenproblem (divide-and-conquer)

Reduction to standard form of real symmetric-definite generalized
eigenproblem Ax = ABx, ABx = A\x or BAx = Az, B factorized by
FO7FDF (DPOTRF)

Computes all the eigenvalues, and optionally, the eigenvectors of a complex
generalized Hermitian-definite eigenproblem

Computes selected eigenvalues, and optionally, the eigenvectors of a complex
generalized Hermitian-definite eigenproblem

Computes all the eigenvalues, and optionally, the eigenvectors of a complex
generalized Hermitian-definite eigenproblem (divide-and-conquer)
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Reduction to standard form of complex Hermitian-definite generalized
eigenproblem Ax = ABx, ABx = A\x or BAx = Ax, B factorized by FO7FRF
(ZPOTRF)

Computes all the eigenvalues, and optionally, the eigenvectors of a real
generalized symmetric-definite eigenproblem (packed storage format)
Computes selected eigenvalues, and optionally, the eigenvectors of a real
generalized symmetric-definite eigenproblem (packed storage format)
Computes all the eigenvalues, and optionally, the eigenvectors of a real
generalized symmetric-definite eigenproblem (packed storage format, divide-
and-conquer)

Reduction to standard form of real symmetric-definite generalized
eigenproblem Ax = ABz, ABx = Az or BAx = Az, packed storage, B
factorized by FO7GDF (DPPTRF)

Computes all the eigenvalues, and optionally, the eigenvectors of a complex
generalized Hermitian-definite eigenproblem (packed storage format)
Computes selected eigenvalues, and optionally, the eigenvectors of a complex
generalized Hermitian-definite eigenproblem (packed storage format)
Computes selected eigenvalues, and optionally, the eigenvectors of a complex
generalized Hermitian-definite eigenproblem (packed storage format, divide-
and-conquer)

Reduction to standard form of complex Hermitian-definite generalized
eigenproblem Ax = ABz, ABx = Az or BAx = Az, packed storage, B
factorized by FO7GRF (ZPPTRF)

Computes all the eigenvalues, and optionally, the eigenvectors of a real
banded generalized symmetric-definite eigenproblem

Computes selected eigenvalues, and optionally, the eigenvectors of a real
banded generalized symmetric-definite eigenproblem

Computes all the eigenvalues, and optionally, the eigenvectors of a real
banded generalized symmetric-definite eigenproblem (divide-and-conquer)
Reduction of real symmetric-definite banded generalized eigenproblem

Az = ABz to standard form Cy = Ay, such that C has the same bandwidth as
A

Computes a split Cholesky factorization of real symmetric positive-definite
band matrix A

Computes all the eigenvalues, and optionally, the eigenvectors of a complex
banded generalized Hermitian-definite eigenproblem

Computes selected eigenvalues, and optionally, the eigenvectors of a complex
banded generalized Hermitian-definite eigenproblem

Computes all the eigenvalues, and optionally, the eigenvectors of a complex
banded generalized Hermitian-definite eigenproblem (divide-and-conquer)
Reduction of complex Hermitian-definite banded generalized eigenproblem
Az = ABz to standard form Cy = Ay, such that C has the same bandwidth as
A

Computes a split Cholesky factorization of complex Hermitian positive-
definite band matrix A

Computes the generalized singular value decomposition of a real matrix pair
Computes the generalized singular value decomposition of a complex matrix
pair

Computes, for a real nonsymmetric matrix pair, the generalized eigenvalues,
and optionally, the left and/or right generalized eigenvectors

Computes, for a real nonsymmetric matrix pair, the generalized eigenvalues,
and optionally, the left and/or right generalized eigenvectors; also, optionally,
the balancing transformation, the reciprocal condition numbers for the
eigenvalues and for the right eigenvectors

Orthogonal reduction of a pair of real general matrices to generalized upper
Hessenberg form

Balance a pair of real general matrices

Transform eigenvectors of a pair of real balanced matrices to those of original
matrix pair supplied to FOSWHF (DGGBAL)
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Computes, for a complex nonsymmetric matrix pair, the generalized
eigenvalues, and optionally, the left and/or right generalized eigenvectors
Computes, for a complex nonsymmetric matrix pair, the generalized
eigenvalues, and optionally, the left and/or right generalized eigenvectors;
also, optionally, the balancing transformation, the reciprocal condition
numbers for the eigenvalues and for the right eigenvectors

Unitary reduction of a pair of complex general matrices to generalized upper
Hessenberg form

Balance a pair of complex general matrices

Transform eigenvectors of a pair of complex balanced matrices to those of
original matrix pair supplied to FOSWVF (ZGGBAL)

Computes, for a real nonsymmetric matrix pair, the generalized eigenvalues,
the generalized real Schur form and, optionally, the left and/or right matrices
of Schur vectors

Computes, for a real nonsymmetric matrix pair, the generalized eigenvalues,
the generalized real Schur form and, optionally, the left and/or right matrices
of Schur vectors; also, optionally, computes reciprocal condition numbers for
selected eigenvalues

Eigenvalues and generalized Schur factorization of real generalized upper
Hessenberg form reduced from a pair of real general matrices

Computes, for a complex nonsymmetric matrix pair, the generalized
eigenvalues, the generalized complex Schur form and, optionally, the left and/
or right matrices of Schur vectors

Computes, for a complex nonsymmetric matrix pair, the generalized
eigenvalues, the generalized complex Schur form and, optionally, the left and/
or right matrices of Schur vectors; also, optionally, computes reciprocal
condition numbers for selected eigenvalues

Eigenvalues and generalized Schur factorization of complex generalized upper
Hessenberg form reduced from a pair of complex general matrices

Left and right eigenvectors of a pair of real upper quasi-triangular matrices
Left and right eigenvectors of a pair of complex upper triangular matrices
Solves the real linear equality-constrained least-squares (LSE) problem
Solves a real general Gauss—Markov linear model (GLM) problem

Solves the complex linear equality-constrained least-squares (LSE) problem
Solves a complex general Gauss—Markov linear model (GLM) problem
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