F08 — Least-squares and Eigenvalue Problems (LAPACK) fO8we

NAG Toolbox

nag_lapack dgghrd (f08we)

1 Purpose

nag_lapack dgghrd (f08we) reduces a pair of real matrices (A4, B), where B is upper triangular, to the
generalized upper Hessenberg form using orthogonal transformations.

2 Syntax
[a, b, g, z, info] = nag_lapack_dgghrd(compq, compz, ilo, ihi, a, b, q, z, 'n’,
n)
[a, b, q, z, info] = f08we(compq, compz, ilo, ihi, a, b, q, z, 'n’, n)

3 Description

nag_lapack dgghrd (fO8we) is the third step in the solution of the real generalized eigenvalue problem
Az = ABz.

The (optional) first step balances the two matrices using nag lapack dggbal (fO8wh). In the second
step, matrix B is reduced to upper triangular form using the @R factorization function
nag_lapack dgeqrf (f08ae) and this orthogonal transformation @) is applied to matrix A by calling
nag_lapack dormqr (f08ag).

nag_lapack dgghrd (f08we) reduces a pair of real matrices (A4, B), where B is upper triangular, to the
generalized upper Hessenberg form using orthogonal transformations. This two-sided transformation is
of the form

QTAZ =H
Q"BZ=T

where H is an upper Hessenberg matrix, 7' is an upper triangular matrix and ) and Z are orthogonal
matrices determined as products of Givens rotations. They may either be formed explicitly, or they may
be postmultiplied into input matrices Q}; and Z;, so that

QAZT = (QIQ)H(Z,2)",
Q\BZT = (QiQ)T(Z,2)".

4 References

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

Moler C B and Stewart G W (1973) An algorithm for generalized matrix eigenproblems SIAM J.
Numer. Anal. 10 241-256

5 Parameters

5.1 Compulsory Input Parameters
I:  compq — CHARACTER(])
Specifies the form of the computed orthogonal matrix Q.

compq ='N
Do not compute Q.
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compq ='T'
The orthogonal matrix @) is returned.

compq ="'V’
q must contain an orthogonal matrix (1, and the product Q;Q is returned.

Constraint: compq = 'N', 'T' or 'V".

2: compz — CHARACTER(1)
Specifies the form of the computed orthogonal matrix Z.

compz = 'N'
Do not compute Z.

compz ='T'
The orthogonal matrix Z is returned.

compz ="'V’
z must contain an orthogonal matrix Z;, and the product 7,7 is returned.

Constraint: compz = 'N', 'V' or 'T"
3: ilo — INTEGER
4: ihi — INTEGER

o and ip; as determined by a previous call to nag lapack dggbal (fO8wh). Otherwise, they
should be set to 1 and n, respectively.

Constraints:
ifn >0, 1 <ilo <ihi <n;
if n=0, ilo =1 and ihi = 0.
5: a(lda,:) — REAL (KIND=nag_wp) array
The first dimension of the array a must be at least max(1,n).
The second dimension of the array a must be at least max(1,n).
The matrix A of the matrix pair (A, B). Usually, this is the matrix A returned by
nag_lapack dormqr (f08ag).
6: b(ldb,:) — REAL (KIND=nag wp) array
The first dimension of the array b must be at least max(1,n).
The second dimension of the array b must be at least max(1,n).
The upper triangular matrix B of the matrix pair (A, B). Usually, this is the matrix B returned by
the QR factorization function nag_lapack dgeqrf (f08ae).
7: q(ldg,:) — REAL (KIND=nag_wp) array
The first dimension, ldg, of the array q must satisfy

if compq ='I' or 'V, ldqg > max(1,n);
if compq ='N', ldg > 1.

The second dimension of the array q must be at least max(1,n) if compq ='T" or 'V' and at least
1 if compq ='N".

If compq ='V', @ must contain an orthogonal matrix ;.

If compq ='N', q is not referenced.
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8: z(ldz,:) — REAL (KIND=nag_wp) array
The first dimension, ldz, of the array z must satisfy

if compz ="'V' or 'T, ldz > max(1,n);
if compz ='N', ldz > 1.

The second dimension of the array z must be at least max(1,n) if compz ='V' or 'T' and at least
1 if compz ='N".

If compz ='V', z must contain an orthogonal matrix Z;.

If compz ='N', z is not referenced.

5.2 Optional Input Parameters

1: n — INTEGER
Default: the first dimension of the array z.
n, the order of the matrices A and B.

Constraint: n > 0.

5.3 Output Parameters

1: a(lda,:) — REAL (KIND=nag_wp) array
The first dimension of the array a will be max(1,n).
The second dimension of the array a will be max(1,n).

a stores the upper Hessenberg matrix H.

2: b(ldb,:) — REAL (KIND=nag_wp) array
The first dimension of the array b will be max(1,n).
The second dimension of the array b will be max(1,n).

b stores the upper triangular matrix 7.

3: q(ldg,:) — REAL (KIND=nag_wp) array
The first dimension, ldg, of the array q will be

if compq ='I' or 'V', ldg = max(1,n);
if compq ='N', ldg = 1.

1

The second dimension of the array q will be max(1,n) if compq ="'T or 'V' and at least 1 if

compq = 'N".
If compq ='T', q contains the orthogonal matrix Q.

If compq ="'V', q stores Q;Q.

4: z(ldz,:) — REAL (KIND=nag_wp) array
The first dimension, ldz, of the array z will be

if compz ='V' or 'T', ldz = max(1,n);
if compz ='N', ldz = 1.

The second dimension of the array z will be max(1,n) if compz ='V' or 'T' and at least 1 if
compz = 'N",

If compz ='T', z contains the orthogonal matrix Z.

If compz ='V', z stores Z,Z.
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5: info — INTEGER

info = 0 unless the function detects an error (see Section 6).

6  Error Indicators and Warnings

info = —7
If info = —i, parameter ¢ had an illegal value on entry. The parameters are numbered as follows:
1: compq, 2: compz, 3: n, 4: ilo, 5: ihi, 6: a, 7: 1da, 8: b, 9: 1db, 10: q, 11: 1dq, 12: z, 13: ldz,
14: 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.

7  Accuracy

The reduction to the generalized Hessenberg form is implemented using orthogonal transformations
which are backward stable.

8 Further Comments

This function is usually followed by nag lapack dhgeqz (f08xe) which implements the QZ algorithm
for computing generalized eigenvalues of a reduced pair of matrices.

The complex analogue of this function is nag_lapack zgghrd (f08ws).

9 Example
See Section 10 in nag lapack dhgeqz (f08xe) and nag lapack dtgevc (fO8yk).

9.1 Program Text

function f08we_example

fprintf (’£f08we example results\n\n’);

a=1_[1.0 1.0 1.0 1.0 1.0;
2.0 4.0 8.0 16.0 32.0;
3.0 9.0 27.0 81.0 243.0;
4.0 16.0 64.0 256.0 1024.0;
5.0 25.0 125.0 625.0 3125.0];
b =a’;
%’ Balance A and B
job = 'B’;
[a, b, ilo, ihi, lscale, rscale, info] = ...
£08wh (
jObl a, b);
bbal b(ilo:ihi,ilo:ihi)

abal a(ilo:ihi,ilo:ihi);
% QR factorize balanced B
[QR, tau, info] = f08ae(bbal);

% Perform C = Q"T*A
side = 'Left’;
trans = 'Transpose’;
[c, info] = f08ag(
side, trans, QR, tau, abal);

% Generalized Hessenberg form (C,R) -> (H,T)
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compg = 'No Q';

compz = 'No Z';
z = eye(4);
q = eye(4);

jlo = nag_int(1);
jhi = nag_int(ihi-ilo+1);
[HI T, ~, 7, info] =
f08we (
compq, compz, jlo, jhi,

o°

o°

job = 'Eigenvalues’;

—_,

f08xe(
job, compq, compz, jlo,

disp(’Generalized eigenvalues of
w = complex(alphar+i*alphai);

disp(w./beta);

9.2 Program Results

f08we example results

Generalized eigenvalues of

, ~, alphar, alphai, beta,

z) ;

Find eigenvalues of generalized Hessenberg form
= eigenvalues of (A,B).

info]
Hl TI ql

(A,B):");

f08we

-2.4367 + 0.00001
0.6069 + 0.79481
0.6069 - 0.79481i
1.0000 + 0.00001

-0.4104 + 0.00001

Mark 25

f08we.5 (last)



	nag_lapack_dgghrd (f08we)
	1 Purpose
	2 Syntax
	3 Description
	4 References
	Golub and Van Loan (1996)
	Moler and Stewart (1973)

	5 Parameters
	5.1 Compulsory Input Parameters
	compq
	compz
	ilo
	ihi
	a
	b
	q
	z

	5.2 Optional Input Parameters
	n

	5.3 Output Parameters
	a
	b
	q
	z
	info


	6 Error Indicators and Warnings
	info=-i

	7 Accuracy
	8 Further Comments
	9 Example
	9.1 Program Text
	9.2 Program Results


	NAG Toolbox for Matlab Manual, Mark 25
	Chapters of the Library
	A00 - library identification
	A00 Chapter Introduction

	A02 - complex arithmetic
	A02 Chapter Introduction

	C02 - zeros of polynomials
	C02 Chapter Introduction

	C05 - roots of one or more transcendental equations
	C05 Chapter Introduction

	C06 - summation of series
	C06 Chapter Introduction

	C09 - wavelet transforms
	C09 Chapter Introduction

	D01 - quadrature
	D01 Chapter Introduction

	D02 - ordinary differential equations
	D02 Chapter Introduction

	D03 - partial differential equations
	D03 Chapter Introduction

	D04 - numerical differentiation
	D04 Chapter Introduction

	D05 - integral equations
	D05 Chapter Introduction

	D06 - mesh generation
	D06 Chapter Introduction

	E01 - interpolation
	E01 Chapter Introduction

	E02 - curve and surface fitting
	E02 Chapter Introduction

	E04 - minimizing or maximizing a function
	E04 Chapter Introduction

	E05 - global optimization of a function
	E05 Chapter Introduction

	F - linear algebra
	F Chapter Introduction

	F01 - matrix operations, including inversion
	F01 Chapter Introduction

	F02 - eigenvalues and eigenvectors
	F02 Chapter Introduction

	F03 - determinants
	F03 Chapter Introduction

	F04 - simultaneous linear equations
	F04 Chapter Introduction

	F05 - orthogonalization
	F05 Chapter Introduction

	F07 - linear equations (lapack)
	F07 Chapter Introduction

	F08 - least squares and eigenvalue problems (lapack)
	F08 Chapter Introduction

	F11 - large scale linear systems
	F11 Chapter Introduction

	F12 - large scale eigenproblems
	F12 Chapter Introduction

	F16 - further linear algebra support routines
	F16 Chapter Introduction

	G01 - simple calculations on statistical data
	G01 Chapter Introduction

	G02 - correlation and regression analysis
	G02 Chapter Introduction

	G03 - multivariate methods
	G03 Chapter Introduction

	G04 - analysis of variance
	G04 Chapter Introduction

	G05 - random number generators
	G05 Chapter Introduction

	G07 - univariate estimation
	G07 Chapter Introduction

	G08 - nonparametric statistics
	G08 Chapter Introduction

	G10 - smoothing in statistics
	G10 Chapter Introduction

	G11 - contingency table analysis
	G11 Chapter Introduction

	G12 - survival analysis
	G12 Chapter Introduction

	G13 - time series analysis
	G13 Chapter Introduction

	H - operations research
	H Chapter Introduction

	M01 - sorting and searching
	M01 Chapter Introduction

	S - approximations of special functions
	S Chapter Introduction

	X01 - mathematical constants
	X01 Chapter Introduction

	X02 - machine constants
	X02 Chapter Introduction

	X03 - inner products
	X03 Chapter Introduction

	X04 - input/output utilities
	X04 Chapter Introduction

	X05 - date and time utilities
	X05 Chapter Introduction

	X06 - Multi-threading Utilities
	X06 Chapter Introduction




