F0O8 — Least-squares and Eigenvalue Problems (LAPACK) f08ss

NAG Toolbox for MATLAB
f08ss

1 Purpose

f08ss reduces a complex Hermitian-definite generalized eigenproblem Az = ABz, ABz = Az or BAz = Az to
the standard form Cy = Ay, where 4 is a complex Hermitian matrix and B has been factorized by fO71r.

2 Syntax

[a, info] = f08ss(itype, uplo, a, b, 'n’, n)

3 Description

To reduce the complex Hermitian-definite generalized eigenproblem Az = ABz, ABz = Az or BAz = Xz to
the standard form Cy = Ay, f08ss must be preceded by a call to fO7fr which computes the Cholesky
factorization of B; B must be positive-definite.

The different problem types are specified by the parameter itype, as indicated in the table below. The table
shows how C is computed by the function, and also how the eigenvectors z of the original problem can be
recovered from the eigenvectors of the standard form.

itype | Problem | uplo B C z

1 | 4z=XBz |'U" | gy | uTqu' | Uy
Lolph | | Ly

2 ABz = )Xz | 'U' UNU | UaUu® Uy
L oh | g Ly

3 BAz= Xz | 'U' URU | U4U® Uty
L oh | Ly

4 References

Golub G H and Van Loan C F 1996 Matrix Computations (3rd Edition) Johns Hopkins University Press,
Baltimore

S  Parameters

5.1 Compulsory Input Parameters

1: itype — int32 scalar
Indicates how the standard form is computed.
itype = 1

if uplo ='U', ¢ = U 4U™";
ifuplo="L', C =L~ '4L7 M.

itype =2 or 3

if uplo ='U'", C = UAU";
if uplo ='L', C = LMAL.

Constraint: itype = 1, 2 or 3.
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2: uplo — string
Indicates whether the upper or lower triangular part of 4 is stored and how B has been factorized.
uplo ='U'
The upper triangular part of 4 is stored and B = U Hy.
uplo ='L'
The lower triangular part of 4 is stored and B = L.

Constraint: uplo ='U" or 'L".

3: a(lda,x) — complex array
The first dimension of the array a must be at least max(1,n)
The second dimension of the array must be at least max(1,n)
The n by n Hermitian matrix 4.

If uplo ='U'", the upper triangular part of 4 must be stored and the elements of the array
below the diagonal are not referenced.

If uplo ='L', the lower triangular part of 4 must be stored and the elements of the array
above the diagonal are not referenced.
4: b(ldb,*) — complex array
The first dimension of the array b must be at least max(1,n)
The second dimension of the array must be at least max(1, n)

The Cholesky factor of B as specified by uplo and returned by f07ft.

5.2 Optional Input Parameters

1: n — int32 scalar
Default: The second dimension of the array a The second dimension of the array b.
n, the order of the matrices 4 and B.

Constraint: n > 0.

5.3 Input Parameters Omitted from the MATLAB Interface
lda, 1db

5.4 Output Parameters
1: a(lda,x) — complex array
The first dimension of the array a must be at least max(1,n)
The second dimension of the array must be at least max(1,n)
The upper or lower triangle of a contains the corresponding upper or lower triangle of C as
specified by itype and uplo.
2: info — int32 scalar

info = 0 unless the function detects an error (see Section 6).
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6  Error Indicators and Warnings
Errors or warnings detected by the function:
info = —i
If info = —i, parameter i had an illegal value on entry. The parameters are numbered as follows:

7

1: itype, 2: uplo, 3: n, 4: a, 5: 1da, 6: b, 7: ldb, 8: info.

It is possible that info refers to a parameter that is omitted from the MATLAB interface. This
usually indicates that an error in one of the other input parameters has caused an incorrect value to
be inferred.

Accuracy

Forming the reduced matrix C is a stable procedure. However it involves implicit multiplication by B~ (if
itype = 1) or B (if itype = 2 or 3). When f08ss is used as a step in the computation of eigenvalues and
eigenvectors of the original problem, there may be a significant loss of accuracy if B is ill-conditioned with
respect to inversion. See the document for fO08sn for further details.

8

Further Comments

The total number of real floating-point operations is approximately 4’

The real analogue of this function is f08se.

9

Example
uplo = 'L’;
itype = int32(1);
uplo = 'L’;

a = [complex(-7.36, +0), complex(0O, 0), complex(0, O0), complex(0, 0);
complex(0.77, +0.43), complex(3.49, +0), complex(0, 0), complex(O,
0);
complex(-0.64, +0.92), complex(2.19, -4.45), complex(0.12, +0),
complex (0, O);
complex(3.01, +6.97), complex(1.9, -3.73), complex(2.88, +3.17),
complex(-2.54, +0)];
b = [complex( 3.23, 0.00), complex(0, 0), complex(0, 0), complex(0, O);
complex( 1.51, 1.92), complex( 3.58, 0.00), complex(O, 0), complex(O,
0);
complex ( 1.90,-0.84), complex(-0.23,-1.11), <complex( 4.09, 0.00),
complex (0, 0);
complex ( 0.42,-2.50), complex(-1.18,-1.37), complex ( 2.33, 0.14),
complex( 4.29, 0.00)];
[b, info] = f07fr(uplo, b);
[aOut, info] = f08ss(itype, uplo, a, b)

alut =
-2.2786 0 0 0
1.7799 + 2.0310i -1.1255 0 0
2.2594 - 0.09961 0.0090 - 0.4261i -0.3715 0

-0.1206 - 2.52861i -1.0602 - 0.86001 2.3103 + 0.9198i -0.7133
info =
0

[NP3663/21] f08ss.3 (last)



	f08ss
	1 Purpose
	2 Syntax
	3 Description
	4 References
	5 Parameters
	5.1 Compulsory Input Parameters
	itype
	uplo
	b
	5.2 Optional Input Parameters
	n
	5.3 Input Parameters Omitted from the MATLAB Interface
	5.4 Output Parameters
	a
	info

	6 Error Indicators and Warnings
	info =-i

	7 Accuracy
	8 Further Comments
	9 Example

	NAG Toolbox for MATLAB Manual, Mark 21 Release 1
	A00 - Library Identification
	Chapter Introduction

	A02 - Complex Arithmetic
	Chapter Introduction

	C02 - Zeros of Polynomials
	Chapter Introduction

	C05 - Roots of One or More Transcendental Equations
	Chapter Introduction

	C06 - Summation of Series
	Chapter Introduction

	D01 - Quadrature
	Chapter Introduction

	D02 - Ordinary Differential Equations
	D02 - Ordinary Differential Equations
	D02M/N Introduction

	D03 - Partial Differential Equations
	Chapter Introduction

	D04 - Numerical Differentiation
	Chapter Introduction

	D05 - Integral Equations
	Chapter Introduction

	D06 - Mesh Generation
	Chapter Introduction

	E01 - Interpolation
	Chapter Introduction

	E02 - Curve and Surface Fitting
	Chapter Introduction

	E04 - Minimizing or Maximizing a Function
	Chapter Introduction

	F - Linear Algebra
	Chapter Introduction

	F01 - Matrix Factorizations
	Chapter Introduction

	F02 - Eigenvalues and Eigenvectors
	Chapter Introduction

	F03 - Determinants
	Chapter Introduction

	F04 - Simultaneous Linear Equations
	Chapter Introduction

	F05 - Orthogonalisation
	Chapter Introduction

	F07 - Linear Equations (LAPACK)
	Chapter Introduction

	F08 - Least-squares and Eigenvalue Problems (LAPACK)
	Chapter Introduction

	F11 - Sparse Linear Algebra
	Chapter Introduction

	F12 - Large Scale Eigenproblems
	Chapter Introduction

	G01 - Simple Calculations on Statistical Data
	Chapter Introduction

	G02 - Correlation and Regression Analysis
	Chapter Introduction

	G03 - Multivariate Methods
	Chapter Introduction

	G04 - Analysis of Variance
	Chapter Introduction

	G05 - Random Number Generators
	Chapter Introduction

	G07 - Univariate Estimation
	Chapter Introduction

	G08 - Nonparametric Statistics
	Chapter Introduction

	G10 - Smoothing in Statistics
	Chapter Introduction

	G11 - Contingency Table Analysis
	Chapter Introduction

	G12 - Survival Analysis
	Chapter Introduction

	G13 - Time Series Analysis
	Chapter Introduction

	H - Operations Research
	Chapter Introduction

	M01 - Sorting
	Chapter Introduction

	S - Approximations of Special Functions
	Chapter Introduction

	X01 - Mathematical Constants
	Chapter Introduction

	X02 - Machine Constants
	Chapter Introduction

	X03 - Inner Products
	Chapter Introduction

	X04 - Input/Output Utilities
	Chapter Introduction

	X05 - Date and Time Utilities
	Chapter Introduction



